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Abstract. Geologically, the Arctic is one of the least-
explored regions of Earth. Obtaining data in the high Arctic
is logistically, economically, and environmentally expensive,
but the township of Longyearbyen (population of 2617 as of
2024) at 78° N represents a relatively easily accessible gate-
way to Arctic geology and is home to The University Centre
in Svalbard (UNIS). These unique factors provide a founda-
tion from which to teach and explore Arctic geology via the
classroom, the laboratory, and the field. UNIS was founded
in 1993 as the Norwegian “field university”, offering field-

based courses in Arctic geology, geophysics, biology, and
technology to students from Norway and abroad.

In this contribution, we present one of the educational
components of the international collaboration project NOR-
R-AM (a Norwegian-Russian-North American collaboration
in Arctic research and collaboration, titled Changes at the
Top of the World through Volcanism and Plate Tectonics)
which ran from 2017 to 2024. One of the key deliverables of
NOR-R-AM was a new graduate (Master’s and PhD-level)
course called Arctic Tectonics and Volcanism that we have
established and taught annually at UNIS since 2018 and de-
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tail herein. The course’s main objective is to teach the com-
plex geological evolution of the Arctic from the Devonian pe-
riod (∼ 420 million years ago, Ma) to the present day through
integrating multi-scale datasets and a broad range of geosci-
entific disciplines. We outline the course itself before pre-
senting student perspectives based on both an anonymous
questionnaire (n= 27) and in-depth perceptions of four se-
lected students. The course, with an annual intake of up to
20 MSc and PhD students, is held over a 6-week period, typ-
ically in spring or autumn. The course comprises modules on
field and polar safety, Svalbard/Barents Sea geology, wider
Arctic geology, plate tectonics, mantle dynamics, geo- and
thermochronology, and geochemistry of igneous systems. A
field component, which in some years included an overnight
expedition, provides an opportunity to appreciate Arctic ge-
ology and gather field observations and data. Digital out-
crop models, photospheres, and tectonic plate reconstruc-
tions provide complementary state-of-the-art data visualiza-
tion tools in the classroom and facilitate efficient fieldwork
through pre-fieldwork preparation and post-fieldwork quan-
titative analyses. The course assessment is centred around
an individual research project that is presented orally and
in a short and impactful Geology journal-style article. Con-
sidering the complex subject and the diversity of students’
backgrounds and level of geological knowledge before the
course, the student experiences during this course demon-
strate that the multi-disciplinary, multi-lecturer field-and-
classroom teaching is efficient and increases their motivation
to explore Arctic science.

1 Introduction

The Arctic is considered one of the last geoscientific fron-
tiers in the world (Fig. 1). This is partly a consequence of
the region being relatively poorly mapped (a result of acces-
sibility difficulties) and compounded by the debate around
its geological evolution. The Arctic offers geological di-
versity encompassing onshore and offshore environments
and includes active subduction zones in Alaska, deep sed-
imentary basins on the Siberian and Barents Sea shelves,
widespread ancient volcanism and magmatism, the world’s
slowest-spreading mid-ocean ridge (Gakkel Ridge in the
Eurasia Basin), and world-class examples of extensional and
compressional basins exposed on Svalbard (Fig. 2). The cen-
tre of the Arctic is a deep oceanic basin, which is surrounded
by shallower continental shelves of variable widths (Fig. 1).
The onshore domains are divided socio-politically into five
coastal nations and an additional three when considering
countries north of the Arctic Circle (66°34′ N). The Arctic is
home to approximately 1 million indigenous people that rep-
resent ca. 9 % of its total population (Nordregio, 2019). The
physiographic configuration underpins much of the climatic,
oceanographic, biological, and sociopolitical development of

the region in both the present day and recent past (hundreds
to hundreds of thousands of years ago) and deep time (mil-
lions of years ago).

The effects of climate change, notably manifested as a
global temperature increase, is up to 4 times greater in the
Arctic region than other regions of the world due to polar
amplification (Serreze and Barry, 2011). Consequently, the
Arctic demands immediate attention and a concentration of
efforts in order to prepare for the coming years and decades
and beyond. It is inevitable that there will be increased hu-
man activity in the Arctic, for example, through a combi-
nation of natural resource extraction, tourism, shipping, and
fisheries. Global attention from the broader public is increas-
ingly turning to the Arctic and is reflected in the media, gov-
ernmental policies, and educational resources (Ford et al.,
2021; Heininen et al., 2020). An opportunity for geoscien-
tists to contribute to this is through understanding and com-
municating the various driving forces that have created the
features of the region, including how the region has under-
gone changes in the past and how it will likely respond to
various forcing factors in the future.

Characterizing the present-day structure of the Arctic
Ocean basin and its surrounding submerged continental
shelves relies on reconciling multi-physical datasets col-
lected from multiple platforms, including scientific vessels,
aeroplanes, and satellites and using various technologies to
take liquid, gas, and rock samples from the seafloor and sub-
surface. For example, Kristoffersen (2011) synthesized the
geophysical exploration of the Arctic Ocean, pointing to the
challenges of thick sea ice during data acquisition and the ne-
cessity for Arctic-specific platforms like sub-ice submarines
and drifting ice stations like the German-led MOSAiC ice-
breaker drift (Krumpen et al., 2021) or the hovercraft-based
Fram-2014/15 (Kristoffersen et al., 2023) expeditions. Over
the past decade, exponentially more Arctic data have been
acquired. This was partly facilitated by the diminishing sea
ice and partly by geopolitical considerations related to the
United Nations Convention on the Law of the Seas (UN-
CLOS; Proelss, 2009). Through UNCLOS, the states geo-
graphically bordering the Arctic Ocean could apply to ex-
tend their continental shelf towards the central Arctic Ocean.
Brekke and Banet (2020) outline the procedure from the Nor-
wegian perspective, the maritime territorial margins of which
have been recently settled.

Understanding the geological evolution of the Arctic basin
itself relies largely on deciphering the geology of the sur-
rounding landmasses such as Svalbard. Historically, a lot
of Arctic research was conducted along N–S gradients –
by Norwegians in Svalbard, Danes in Greenland, Swedes
and Finns in northern Fennoscandia, Russians in Siberia,
US Americans in Alaska, and Canadians in Arctic Canada.
The same could be said for the tertiary educational systems,
where students often study in their country or continent of
origin. In contrast, Arctic indigenous students often move
from their homes to study outside the Arctic as most higher
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Figure 1. Tectonic elements map of Arctic. The red star marks the location of the University Centre in Svalbard (UNIS). The base map
is from Dallmann (2015). The blue circles indicate the location of NOR-R-AM activities as listed in Table 4. The green boxes indicate the
approximate location of NOR-R-AM-affiliated publications (Senger and Galland, 2022; Prokopiev et al., 2018, 2019; Ershova et al., 2022;
Rogov et al., 2023a, b, 2017; Vasileva et al., 2022; Abdelmalak et al., 2023; Abdelmalak et al., 2024; Nikishin et al., 2018; Anfinson et al.,
2022; Brustnitsyna et al., 2022; Ershova et al., 2018; Khudoley et al., 2019; Struijk et al., 2018; Døssing et al., 2020; Straume et al., 2020;
Straume et al., 2022; Gaina, 2022; Blischke et al., 2022; Døssing et al., 2017; Kurapov et al., 2021; Lebedeva-Ivanova et al., 2019).

education institutes are located south of the Arctic Circle.
Svalbard, however, has no indigenous population, and all
UNIS students have to migrate north to undertake studies
there. However, such a latitudinal and unilateral framework
limits a true system-wide perspective and the basic and ap-
plied scientific discoveries that come with it. A circum-polar
approach also involving multi-national partners from non-
Arctic nations with significant Arctic research programmes
(e.g. Germany, South Korea, and China) is required. Further-
more, to understand the deep time evolution of this part of the
world and its place in the global system, a wide range of geo-

science disciplines needs to be integrated. Ideally, research
and educational projects should reflect this by spanning both
spatial and temporal scales.

A limiting factor of conducting research in the Arctic are
the financial costs. This is particularly true for scientific field
campaigns that are conducted via either land, sea, air, or
space. Universities and academic institutions (funded either
internally or via external funding agencies) thus take a de-
liberate and measured approach to acquire funding to sup-
port such activities. Another consideration is the carbon foot-
print related to travel to and from the Arctic, with many re-
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Figure 2. Summary chart of the major stratigraphic groups in Svalbard (note that regional hiatuses exist in the Upper Cretaceous and the
Neogene) and the major tectonic and volcanic events affecting the area. HALIP: High Arctic Large Igneous Province. NAIP: North Atlantic
Igneous Province.

searchers becoming increasingly aware of the balance be-
tween climate change and its impacts on the environment
and undertaking the research and knowledge transfer about
it (e.g. Topp-Jørgensen et al., 2022). In addition to research,
the role of education (here considering tertiary-level courses)
and student mobility to and from (and within) the Arctic is
crucial. The intersection of scientific research and education
in the Arctic is thus an emerging opportunity.

Several pedagogical-meets-research approaches or activi-
ties have been recently implemented regarding Arctic and po-
lar science. For the geosciences, these include a high school
classroom implementation of the Arctic Climate Connec-
tions curriculum (Gold et al., 2015) a special volume fo-
cussing on polar education (Gold et al., 2021), and insights
into developing a field course in Arctic glaciers and land-
scapes (Malm, 2021).

The University Centre in Svalbard (UNIS; Fig. 1) is a
unique educational institution. It is a shareholding company
fully owned by the Norwegian Ministry of Education and Re-
search and does not charge tuition fees. It was established in
1993 to provide university-level education in Arctic studies,
to carry out high-quality research, and to contribute to the de-
velopment of Svalbard as an international research platform.
UNIS offers undergraduate-, graduate-, and postgraduate-
level courses, all delivered in the English language. One ex-
ample of the integration of research and education has been
presented by Senger et al. (2021b), who focussed on an an-
nual BSc-level course taught at UNIS, titled Integrated Geo-
logical Methods: from outcrop to geomodel. The course had
been partially externally funded through the University of the
Arctic (UArctic) and paved the way for the development of

the Svalbox digital outcrop model (DOM) database (Betlem
et al., 2023; Senger et al., 2021a). Svalbox facilitates further
activity including MSc and PhD projects that systematically
contribute to the growing database of DOMs.

UNIS courses require a field component, thus maximiz-
ing the benefit of being located in Svalbard, the natural
laboratory of the high Arctic. With this in mind, no UNIS
course could be held at universities on the Norwegian main-
land, and UNIS is thus considered Norway’s field univer-
sity. This is reflected amongst others in ongoing work as
part of two Norwegian Centres for Excellence in Educa-
tion, bioCEED and iEarth, where UNIS is actively involved,
particularly with field teaching and learning. Some of this
work reflects the increased use of digital tools such as dig-
ital field notebooks (Senger and Nordmo, 2021) or virtual
field guides (Eidesen and Hjelle, 2023) to bring the class-
room to the field sites and incorporate student accessibility
and inclusivity. Malm (2021) provides a more pedagogical
approach focussing on a graduate course on Arctic glaciers
and landscapes. Nonetheless, a truly circum-Arctic approach
that integrates the spatial and temporal range required to de-
cipher the deep-time evolution of the Arctic region is cur-
rently missing from the curriculum of Norwegian university
courses. Secondly, there are few publicly available thematic
datasets that have been pre-compiled and allow for the multi-
disciplinary teaching of Arctic geology.

In this contribution we present an international collab-
oration project, NOR-R-AM (a Norwegian-Russian-North
American collaboration in Arctic research and collaboration,
titled Changes at the Top of the World through Volcanism
and Plate Tectonics). In particular, we focus on describing a
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direct outcome of this project, which was a 10-ECTS (Euro-
pean Credit Transfer and Accumulation System) MSc- and
PhD-level course jointly developed by project members. The
6-week course was held at UNIS and was titled Arctic Tec-
tonics and Volcanism. The annual course has run consec-
utively from 2018 onwards. Throughout the course, inte-
gration across temporal and spatial scales across disciplines
and across various software tools is stressed as an important
learning objective. One of the key motivations of this con-
tribution is to provide adequate information, expert insights,
and data packages so that the course can also be taught (albeit
without the field component) elsewhere. As such, we also
provide two quality-controlled datasets along with teaching
material so that these datasets, and/or their formulations, can
be implemented elsewhere, whether it be in Arctic, polar,
geoscience, or other courses.

2 NOR-R-AM and NOR-R-AM2 projects

NOR-R-AM is the acronym for the project NOR-R-AM, a
Norwegian–Russian–North American collaboration in Arctic
research and collaboration. There were two successive gener-
ations of the project, NOR-R-AM and NOR-R-AM2, which
were funded for the periods of 2017–2019 and 2020–2024,
respectively. The projects were awarded funding from the
Norwegian Research Council under the INTPART call (Inter-
national Partnerships for Excellent Education, Research and
Innovation) and from SIU, the Norwegian Centre for Interna-
tional Cooperation in Education (now DIKU). At the time of
the calls (2016 and 2019, respectively), partnerships for this
call were possible with circum-Arctic nations USA, Canada,
and Russia, and the NOR-R-AM project formed as a collab-
oration with world leading groups in Arctic geosciences, in-
cluding

– University of Oslo, Norway (project lead);

– University Centre in Svalbard (UNIS), Norway;

– University of Alaska Fairbanks (UAF), USA;

– University of Texas (UTIG), USA;

– Sonoma State University, USA;

– Natural Resources Canada;

– University of Ottawa, Canada;

– Saint Petersburg State University, Russia (active partner
until February 2022);

The aim of the NOR-R-AM project was to set a scientific
basis for deciphering the timing, driving forces, and con-
sequences of volcanism in the Arctic region. While edu-
cating the next generation of Arctic experts, this interna-
tional collaboration also prepared a scientific platform for
future large, collaborative research initiatives in the Arctic.

Six work packages (WPs) were established, namely onshore
geology (WP1), offshore geology (WP2), Arctic seismic-
ity and deep interior (WP3), arctic volcanism and palaeo-
environment (WP4), circum-Arctic geodynamics (WP5), and
education (WP6), each led by a partner institution. In this
contribution, we focus on the WP6, education, with empha-
sis on the course we jointly developed and have taught at
UNIS since 2018.

3 The AG-x51 course: motivation, establishment,
incremental optimization, and limitations

The Arctic Tectonics and Volcanism course (AG-x51) was
a key deliverable of the NOR-R-AM project and is offered
at UNIS simultaneously as both an MSc-level (course code
AG-351) and a PhD-level (AG-851) course. This course ad-
dresses the diverse geological history of the Arctic region,
including both onshore and offshore regions from Paleozoic
to recent times (over 500 million years of history). This can
be described as a 4-dimensional perspective because it looks
at the surface, deep interior, present day, and deep past. The
course focusses on the interplay of plate tectonics (includ-
ing mountain building processes of rifting, seafloor spread-
ing, subduction, and orogenesis) and (arc, rifting and plume-
related) volcanism across several scales (Fig. 3). It explores
some of the outstanding questions within the Arctic research
community with regional case studies, scientific datasets, and
state-of-the-art software programs and methodologies. Based
at the gateway to the Arctic, Svalbard (Fig. 1), the course is
complemented by several field excursions, which examine
the well-exposed outcrops and specifically the igneous rocks
emplaced over large parts of the Svalbard Archipelago.

Entry requirements for this Master’s and PhD course are
the pre-existing enrolment in a relevant Master’s and PhD
programme, respectively, anywhere in the world. A general
background in structural geology, sedimentology, volcanol-
ogy, geodynamics, or geophysics was encouraged, and pre-
vious geological field experience was advantageous, though
not necessary. Many of the students who attended had little
or no experience in Arctic geology nor polar fieldwork.

As with all higher education in Norway, the course has
no tuition fee. Students only need to pay a semester fee (ca.
EUR 50) in order to sit all exams during a semester and con-
tribute ca. EUR 20 per day towards food for overnight ex-
cursions. The NOR-R-AM project fully funded the tuition
fees, travel, and accommodation for students from affiliated
institutions and the overnight food contribution to all stu-
dents. The harsh Arctic weather conditions, strong season-
ality, and several fieldwork-related hazards (mitigated by tar-
geted training) all contribute to a unique study experience.
The diverse society in Longyearbyen is inclusive, caring, and
safe irrespective of gender, sexual orientation, or national-
ity. Schengen transit visas are required for travel to and from
Svalbard through Norway, but due to the Svalbard Treaty,
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Figure 3. Synthesis of the Arctic Tectonics and Volcanism course with the main modules covered. The course addresses heterogeneity
laterally (Svalbard–Barents Shelf–Arctic–depth–global), in depth (shallow to deep processes), and across spatial and temporal scales (from
nanoscales through to global maps or gigascales). The maps are produced from the compiled thematic datasets provided by Senger and
Shephard (2023).

there are no visa requirements to study, live, or work in Sval-
bard itself.

The course is intentionally scientifically and geographi-
cally broad but is limited by the 6-week period applicable to
10-ECTS intensive courses. Financially, the biggest budget
posts are field activities and travel/salary costs for the signif-
icantly higher number of guest lecturers compared to other
UNIS courses. From a pedagogical perspective, students at-
tending the AGx51 course (and other UNIS courses too) typ-
ically have a varied background reflecting diverse home uni-
versities and study programmes. On the one hand, this re-
quires careful consideration for the teaching staff regarding
balancing the academic content. On the other hand, we con-
sider this heterogeneous background as beneficial in the con-
text of “experts in a team” as students are placed in groups
reflecting their complementary expertise and encouraged to
also teach each other.

Development and modification of the Arctic Tectonics and
Volcanism course has continually occurred since the 2-week
long pilot course was held in 2018. Annual course evalua-
tions from the students were considered when optimizing the
course. The primary elements of the course development can
be broadly summarized as follows:

– The overall course curriculum is in line with UNIS and
Norwegian University accreditation.

– The individual lectures are conducted by a large team of
scientists from different career stages in academia and
industry, which included theoretical and practical com-
ponents.

– The course included fieldwork, with single-day site vis-
its and multi-day field trips involving multiple trans-
port options (via sea and land, including using snow-
mobiles). The locations visited were dependent on the
time of year that the course was run (spring, summer,
and autumn); the availability of transport and logistics;
cost; and, finally, the weather and safety conditions on
the day.

– The goal remains to promote outreach and science com-
munication with both the community in Svalbard and
more widely.

The learning outcomes were designed to that, upon complet-
ing the course, the students will gain specific knowledge,
skills, and general competencies.
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– Knowledge. These include

– understanding the physical, chemical, and struc-
tural characteristics of volcanic provinces onshore
and offshore;

– being able to understand tectonic plate principles;

– being aware of the links between surface and deep
mantle, methods and models using various data in-
cluding seismology and satellite data;

– understanding the causal connections between tec-
tonic evolution and episodic bursts of volcanism
as well as the impacts volcanism can have on the
global climate.

– Skills. These include

– knowing how to identify first-order tectonic
provinces from geophysical and geological data;

– being able to make a first-order interpretation of
geophysical, geochemical, and geological data con-
nected to magmatic provinces;

– being able to make tectonic plate reconstructions
using modern software;

– being able to interpret mantle tomography models
and integrate them in large-scale tectonic interpre-
tation;

– being able to identify and characterize igneous
rocks in the field;

– being able to discuss how igneous plumbing sys-
tems may affect subsurface fluid migration.

– General competencies. These include

– gaining firsthand experience of actively working
both individually and in small groups,

– learning how to effectively and safely undertake
fieldwork in Arctic conditions,

– improving the presentation skills by presenting
their work to their peers and creatively tackling the
set problems,

– communicating their research findings through an
article-style report.

4 The AG-x51 course: modules

The course components were spread across eight topic-based
modules (Arctic geology and geophysics; Arctic plate tec-
tonics and mantle processes; regional geology and Arctic
and Barents Shelf connections; Svalbard geology, digital ge-
ology, and data mining; geochronology and thermochronol-
ogy; volcanism and palaeo-environmental implications; field
safety; and fieldwork), which are described below in terms
of major outstanding regional questions, key datasets, and/or
software.

4.1 Arctic geology and geophysics

Teaching about circum-Arctic geology and geophysics
within a single lecture (typically 1.5 h long with a 15 min
break) is a challenging task and was aided by the student
cohorts having a good geoscience background from their un-
dergraduate studies. A particular challenge was to capture
the most relevant and up-to-date information about this vast
topic and to prepare the students for understanding other as-
pects of Arctic’s structure and evolution during the rest of the
course. In the first teaching year (2018), when the course was
very short (10 d), the tour de force lecture presented what is
known about the region’s surface and subsurface by review-
ing the latest knowledge and the key datasets used. A central
role in this presentation was played by showing how an in-
ternational circum-Arctic mapping project gathered most of
the updated information held by the Arctic nations (Norway,
Russia, USA, Canada, Finland, Sweden, and Denmark) for
building geological, tectonic, and geophysical maps of the
Arctic (Fig. 4; Gaina et al., 2011; Petrov et al., 2021). The
students learned that collecting geoscientific data in the Arc-
tic is difficult and expensive and that wide collaboration with
other countries and scientists is essential for advancing the
knowledge of this remote region.

The lecture also emphasized the important role of remote
sensing data, and especially satellite data (including gravity
and magnetic anomalies), for deciphering the Arctic crustal
and lithospheric structure. In addition, it presented the role
of the upper and lower mantle and their heterogeneities in
the Arctic’s tectonic and magmatic evolution and how man-
tle structures could be identified using tomographic models
obtained from seismological data. With a field excursion or-
ganized later in the course, this foundational lecture briefly
mentioned how new geophysical data contribute to refined
tectonic models of Svalbard and the surrounding Barents
Sea.

The pedagogical approach for the course was modified for
subsequent years (2019, 2022, 2023, and 2024), when the
course was offered for a longer period (6 weeks) and the
students had more time to consult the recommended bibli-
ography. The next iterations of the Arctic geology and geo-
physics lecture(s) explored the understanding of this region
by presenting the main tectonic features according to their
ages, from oldest (cratons) to the youngest (oceanic basins).
Relevant methods for assessing their structure and ages, with
an emphasis on geophysical methods, were presented, and,
when possible, examples including Svalbard and surround-
ing regions were given. In a computer practical, the students
were also introduced to the free application GeoMapApp
(https://www.geomapapp.org, last access: 6 November 2024;
Ryan et al., 2009) used to display and analyse geoscientific
datasets. We made sure that the geological connections be-
tween land and sea and among various Arctic sub-regions
were presented in the regional (and even) global context and
that the latest published studies featured in the presentation,
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Figure 4. Maps showing the (a) geology (Harrison et al., 2008) and geophysics (Gaina et al., 2011) as a (b) gravity anomaly and (c) magnetic
anomaly of the circum-Arctic region. The black circle shows Svalbard and the surrounding area.

with many studies also included in the reading list. The lec-
ture was usually wrapped up by informing the future Arctic
scientists about the work in progress, the need for future stud-
ies, and the opportunities for student involvement in projects
such as NOR-R-AM. Because there were several guest lec-
turers in attendance throughout the course, the students had
the opportunity to discuss and ask more detailed questions
about active research and outstanding questions.

4.2 Arctic plate tectonics and mantle processes

Tectonics is a core theme of this course, and the various
links between tectonic processes such as ocean basin open-
ing, mountain building, subduction, sedimentary basin for-
mation, and volcanism and magmatism (including rift- and
mantle-plume-related events). The links to climatic, oceano-
graphic, and biogeographic changes are mentioned through-
out the lectures. Many of the students had already been in-
troduced to the concept of plate tectonics; nonetheless, this
module includes a set of introductory and more advanced lec-
tures. Following on from a refresher about plate tectonics at
the global scale, Arctic-specific tectonics were then delivered
by dividing history into three time periods (which could be
presented running either forwards or backwards in time), the
Cenozoic, Mesozoic, and Paleozoic. These three time peri-
ods cover the major Arctic tectonic events, including but not
being limited to North Atlantic and Eurasia Basin opening
and Eurekan deformation (Cenozoic), Amerasia Basin open-
ing and Pacific subduction (Mesozoic), and Ellesmerian de-
formation (Paleozoic). These events were discussed in terms
of their influence on the regional to local tectonic expressions
and influence on sedimentation.

In addition to theory-based lectures, several hands-on
computer tutorials about viewing, analysing, and modify-
ing plate reconstructions were undertaken over 2–3 sessions.
These tutorials are based on the widely used and open-source

plate tectonics software GPlates (Müller et al., 2018; Boy-
den et al., 2011), which was installed either directly on
the students’ personal laptops or on the desktop machines
in the UNIS computer lab. In addition to the default files
shipped with GPlates, the students were provided with an
Arctic dataset bundle (Senger and Shephard, 2023), which
included vector and raster data specific to the Arctic and had
been published in peer-reviewed articles by the wider Arc-
tic community, which could be easily loaded into GPlates.
The data include regional gravity and magnetics and deriva-
tives (Saltus et al., 2011; Gaina et al., 2011), crustal thick-
ness maps (Lebedeva-Ivanova et al., 2019), seismic tomog-
raphy models (Schaeffer and Lebedev, 2013; Ritsema et al.,
2011), and bathymetry (Jakobsson et al., 2012). The students
were taught about the mathematical method to rotate rigid
entities on a sphere; the Euler and finite rotations; how to
view and display plate reconstructions and related data, in-
cluding spreading rates and motion paths; and how to change
frames of reference (absolute and relative), import and export
data and images, and make animations of tectonic motions
through time.

Because plate tectonics is the surface manifestation of a
convecting mantle, it is also relevant to explore the structure
and evolution of the deeper Earth interior. It is also particu-
larly relevant for the discussion of large-scale volcanism be-
cause their emplacements are linked to the arrival of deep-
seated mantle plumes that rise throughout the mantle and
erupt at the surface. Such major volcanic and large igneous
provinces of the Arctic include Iceland, the Paleogene North
Atlantic Igneous Province (NAIP), the Cretaceous High Arc-
tic LIP (HALIP), and the Permian Siberian Traps LIP. In a
set of at least two lectures, the mantle is discussed from the
perspective of what the major features that contribute to its
heterogeneities are (including subducted slabs and plumes
and core–mantle boundary features), what the main geophys-
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ical methods and datasets allowing for the identification of
these mantle structures are (including gravity and the geoid,
seismic tomography, and numerical modelling and geochem-
istry), and what the potential role of mantle dynamics in the
enigmatic origins of the long-lived and pulsed HALIP is. As
part of this lecture, the community-based visualization web-
site SubMachine (Hosseini et al., 2018) was shown to the
students, who learned how to plot and analyse different seis-
mic tomography models both globally and specifically for
the Arctic region.

4.3 Regional geology with Arctic and Barents Shelf
connections

Svalbard plays a critical role in our understanding of the tec-
tonic and palaeogeographic evolution of the Arctic. In this
module, we explore the regional geologic setting of Sval-
bard and delve into the tectonic events that have shaped Sval-
bard by placing those tectonic events into the larger tectonic
evolution of the circum-Arctic. This begins by introducing
the students to the major continental blocks that surround
the present-day Arctic (i.e. Baltica, Laurentia, and Siberia;
Fig. 6a) and to some of the currently exposed continental
fragments within the Arctic (e.g. Svalbard, Franz Josef Land,
New Siberian Islands, and Wrangel Island) that lend insight
into the overall tectonic and palaeogeographic framework of
the Arctic (e.g. Blakey, 2021). We then focus on the Neopro-
terozoic and younger mountain building events (e.g. Tima-
nian, Caledonian, Ellesmerian/Svalbardian, Uralian, and Eu-
rekan mountain belts) that have either influenced the tectonic
structure of Svalbard or been a major sedimentary source
for sedimentary successions exposed in Svalbard. This sec-
tion of the course culminates with a focus on detrital zir-
con geochronologic datasets, time markers that allow for es-
tablishing the age of major tectonic events, that have been
collected from Paleozoic sedimentary strata across the Arc-
tic. The students also learned how data collected (as part of
this course) from Svalbard have aided our understanding of
Svalbard’s regional tectonic evolution (Anfinson et al., 2022;
Fig. 5).

To the south and east, Svalbard is directly connected to the
submerged parts of the Barents Shelf (Fig. 6b). Geoscientists
involved in ongoing petroleum exploration and production as
well as active CO2 storage in the southwestern Barents Shelf
use Svalbard as an excellent analogue to the reservoirs and
cap rocks further south (Olaussen et al., 2024; Henriksen et
al., 2011). The region is naturally rich in exploration wells
and seismic data, with a much denser coverage than on Sval-
bard. Not only are these data used to constrain the reservoir
extent and architecture, but they also understand the larger-
scale trends. Notable examples include detailed characteri-
zation of major sedimentary wedges in the Triassic and Cre-
taceous. The Triassic system, representing the largest delta
plain in Earth’s history (Klausen et al., 2019), is a westerly
prograding system seen as clinoforms in seismic data across

Figure 5. Tectonic plate reconstruction of Svalbard (located at the
yellow star) and the Arctic in the global tectonic setting at present
day (0 million years, Ma), 50 Ma (opening of the Eurasia Basin
and North Atlantic), 200 Ma (pre-opening Amerasia Basin), and
400 Ma (Arctic located in equatorial latitudes). These are based on
the global plate reconstruction of Müller et al. (2018) constructed
from regional studies and made using the GPlates software. Present-
day topography and bathymetry (cut to continental domains, light
blue in oceans) are for reference only.

the Barents Shelf (Glørstad-Clark et al., 2011; Gilmullina et
al., 2021) and as sand-prone sediments on Svalbard (Anell et
al., 2014; Lundschien et al., 2014). The Cretaceous system
is linked to uplift to the north associated with the HALIP
emplacement, regional tilting, and fluvial-dominated system
traversing Svalbard from the north depositing sediments to
the south (Midtkandal et al., 2019; Grundvåg et al., 2017).

4.4 Svalbard geology, digital geology, and data mining

The Svalbard Archipelago, with its polar climate, offers
vegetation-free and well-exposed outcrops testifying about
a diverse tectono-stratigraphic evolution of the region. Geo-
logically, Svalbard is presently the emergent part of the Bar-
ents Shelf but has been linked to Arctic Canada and northern
Greenland prior to the Eurekan Orogen. The nearly continu-
ous stratigraphic record from the Devonian to the Paleogene
(Olaussen et al., 2024) provides evidence of Svalbard’s over-
all northward motion through time overprinted by chang-
ing tectono-stratigraphic configurations. These include mid-
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Figure 6. (a) Schematic tectonic map of the modern Arctic depicting the general location of the Timanian, Caledonian, and Ellesmerian
mountain belts. Symbols indicate the location of Devonian detrital zircon data (see Anfinson et al. (2022); map adapted from Colpron and
Nelson, 2009). The detrital zircon locations are east Greenland (EG), Canadian Arctic Islands (CA), NC, northwest Canada (NC), Alexander
terrane (AT), Seward Peninsula (SP), New Siberian Islands (NI), northeast Siberia (NS), Severnaya Zemlya (SZ), Novaya Zemlya (NZ),
northern Baltica (NB), Svalbard (Sv), and western Norway (WN). The geographic references are Pearya terrane (PE), Lomonosov Ridge
(LR), Chukchi Borderland (CB), and Franz Josef Land (FJL). (b) Setting of Svalbard on the interface between the North Atlantic and Arctic
oceans and the rest of the Barents Shelf; the figure is from Dallmann (2015). (c) Geologic terrane map of Svalbard showing the location of
the northeastern, northwestern, and southwestern provinces. The tectonic elements are Billefjorden Fault Zone (BF), Breibogen Fault (BBF),
Raudfjorden Fault (RF), Eolussletta Shear Zone (ESZ), the Vimsodden–Kosibapasset shear zone (VK), and the Andre Land Basin (ALB).
The geographic references are Kronprinshoegda (Kh), Kongsfjorden (Kf), and Biscayarhalvoya (Bh). The map is adapted from Beranek et
al. (2020) and based on the geologic map of Gee (2015).

Carboniferous rifting, Permian platform carbonates, Meso-
zoic siliciclastic deposits intruded by an igneous complex,
and a Cenozoic fold-and-thrust-belt with an associated fore-
land basin. Late Cenozoic sediments are not present on Sval-
bard but occur in depocentres along the northern and western
shelf margins off Svalbard.

However, Svalbard’s high latitudinal position means that
the rocks are snow-free and accessible only during a short

summer season, typically from June to mid-September. Dur-
ing these times, boat-based transport and hiking is possi-
ble. Conversely, snow cover provides relatively easy ac-
cess to large-scale inland outcrops via a snowmobile (that
are too difficult to reach by foot) during the winter sea-
son with adequate light, from March to early May. The
high seasonal dependence, combined with sudden weather
events, has motivated us at UNIS to systematically acquire
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and openly share digital outcrop models (DOMs) and photo-
spheres through the Svalbox database (Betlem et al., 2023;
Senger et al., 2021a). These DOMs are georeferenced high-
resolution 3-dimensional representations of the outcrops and
facilitate quantitative sedimentological and structural work.
Through Svalbox, the DOMs are also put in a regional con-
text through spatial integration of maps (geological, topo-
graphical, palaeogeographic, geophysical, etc.), surface data
(digital terrain models, satellite imagery, etc.), and subsur-
face data (boreholes, geophysical profiles, published cross
sections, etc.) as illustrated for the Festningen geotope by
Senger et al. (2022). Photospheres are systematically ac-
quired as part of regular Svalbox campaigns and themati-
cally grouped in virtual field trips using the VR Svalbard
(https://vrsvalbard.com/, last access: 7 December 2024) plat-
form (Horota et al., 2024). These drone-based 360° pho-
tographs provide a bird’s eye perspective of the visited sites
and are complementary to the more quantitative DOMs. Pho-
tospheres are also integrated into thematic datasets, for in-
stance, related to the West Spitsbergen fold-and-thrust belt
(Horota et al., 2023) visited during the October 2022 field
campaign, to facilitate data access and the development of
student projects. Students actively use these digital resources
in the course to both prepare for fieldwork and conduct quan-
titative analyses as part of their individual research projects
(Fig. 7).

4.5 Geochronology and thermochronology

Providing constraints on the absolute timing and duration of
deformation as well as magmatic, metamorphic, or strati-
graphic processes is of critical importance for decipher-
ing the tectonic plate evolution of the Arctic. Radiometric
dates serve as both input parameters and/or testable bench-
marks for tectonic and thermal processes on all scales, from
tectonic plate reconstructions and timing of magmatism to
basin burial and maturation. The geochronology and ther-
mochronology component of the AG-x51 course consists of
three different learning modules: (1) overview and theory of
radiometric dating methods, (2) application to tectonic and
magmatic processes in the Arctic, and (3) hands-on exercises
in detrital zircon U–Pb provenance analysis. The overview
and theory for the geochronology portion covered the basics
of radioactive decay, including which long-lived isotopes un-
dergo radioactive decay and are commonly used in earth sci-
ence applications, half-lives, how we can use the measured
daughter and parent isotope ratios to calculate an age, and
what makes a good mineral or system to use (i.e. radioac-
tive parent with a well-defined half-life, no non-radiometric
daughter isotope at t = 0, mineralogic stability, etc.). We
then focussed on U–Pb geochronology, which is widely ap-
plied everywhere, including the Arctic, and how we measure,
calculate, plot, and evaluate U–Pb ages.

We discussed how U–Pb chronology can be applied to
a wide suite of Arctic questions with specific examples in-

cluding dating HALIP around the Arctic (Evenchick et al.,
2015; Corfu et al., 2013) and palaeogeographic reconstruc-
tions using detrital zircon U–Pb provenance (Anfinson et
al., 2012). The thermochronology portion introduced ther-
mally activated diffusion and closure temperature (Dodson,
1973) as they apply to noble gas thermochronology (i.e. Ar–
Ar and (U–Th) / He systems) and the basic principles of fis-
sion track thermochronology. We discussed the differences
in geo- and thermochronology and then the power or com-
bining different methods to understand thermal and tectonic
histories and discussed an example of using 40Ar/39Ar ther-
mochronology to understand Eurekan deformation on Sval-
bard (Schneider et al., 2019). The students were then intro-
duced to geochron.org, a public database for geo- and ther-
mochronology data, and did various searches for data so
they learned about resources to acquire and use available
geochronologic data in their own projects.

4.6 Volcanism and palaeo-environmental implications

The climatic impacts observed from historical volcanic erup-
tions are well documented in the geological record, which
allows us to assess the possible effects of elevated magmatic
activity through time. Global climate is both dynamic and
complex, and there is a plethora of ways that volcanic ac-
tivity can influence local, regional, and global environmental
conditions. This section of the course begins with an intro-
duction to volcanism and magmatic systems, covering how
melts are produced and how factors such as depth and de-
gree of partial melting affect the melt composition. We then
focus on the primary constituents of the melt and how this af-
fects the physical properties of the magma, such as viscosity
and saturation of volatile phases. We then follow the mag-
matic plumbing system towards the surface and investigate
how these factors drive the style and explosivity of eruptions
with the aid of a practical class. We end this section of the
course by applying this information to outcrops in Svalbard,
including the ash layers in the Palaeocene Firkanten Forma-
tion around Longyearbyen and also in Permian–Triassic sed-
iments at Festningen. These layers act as marker horizons,
which are used to help constrain plate reconstructions in the
Arctic (Jones et al., 2017).

Once an understanding of volcanic processes has been es-
tablished, we introduce the concepts of regional and global
climate. This includes concepts such as the greenhouse effect
and how changes in atmospheric concentrations of green-
house gases affect the climate through time. We then take this
information based on current observations into the palaeo-
climate realm, covering what methods of proxy data are used
to estimate palaeo-environmental conditions and at what
timescales each of these proxies can be used. Once these
key ideas are established, we focus on volcanism and how
elevated activity can perturb the climate system. This in-
cludes emissions of climate-sensitive gases such as sulfur
and carbon species and how different sources (e.g. volcanic
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Figure 7. Synthesis of key digital tools made available to the students. (a) Svalbox map (https://www.svalbox.no/map, last access: 6 Novem-
ber 2024) interface with digital outcrop models (blue dots) and photospheres (red dots). (b) An example of a digital outcrop model of
compressional tectonics at Lagmannstoppen (Lord et al., 2021). The model was used as a basis for a research project in 2023. (c) Zoom-in to
the Svalbox map interface across the famous geotype profile at Festningen. The geological layer is used as a base map. (d) Thematic virtual
field trip of Paleogene transpression that has amongst others tilted the layers at Festningen. The field trip is related to a thematic dataset used
in the course (Horota et al., 2023). (e) An overview of photosphere coverage in the VR Svalbard platform (https://www.vrsvalbard.com/map,
last access: 6 November 2024; Horota et al., 2024) including photospheres specifically targeting the AG-x51 course.

degassing vs. emissions from contact metamorphism around
shallow intrusions) have differing climatic impacts. We also
consider post-eruption processes, such as the silicate weath-
ering of volcanic ash as a significant atmospheric carbon
sink. This section of the course is concluded by investigat-
ing examples of large-scale volcanic activity and environ-
mental disturbances in the geological record in Svalbard, in-
cluding the NAIP coeval with the Palaeocene–Eocene ther-
mal maximum, the coincidence of HALIP and Cretaceous
ocean anoxic events (OAEs), and the Siberian Traps being
emplaced at the same time as the end-Permian mass extinc-
tion.

The role of contact metamorphism in large igneous
provinces (LIPs) is manifold and is directly relevant for the
Svalbard Archipelago. One of the most important effects of
LIPs is the thermal impact of magma on the host rocks.
The associated thermal maturation and/or cracking of or-
ganic matter found in sedimentary host rocks not only im-
pacts hydrocarbon resources, but also was responsible for re-
leasing massive quantities of greenhouse gases in the Earth’s
past, resulting in multiple mass extinction events (Svensen et
al., 2004; Wignall, 2001; Hesselbo et al., 2002). Numerical
modelling of these processes is an important tool to under-
stand the effects they have on the environment and to also
better constrain the physical parameters that drive them.

The course introduces the general physical processes and
the associated equations that occur during magmatic em-
placement. Basic modelling concepts and their advantages,
uses, and caveats are outlined. A practical course that walks

the students through the modelling of sill complexes with
global examples and data from various LIPs is carried out
using SILLi1D (Iyer et al., 2018), with a specific focus on
HALIP magmatism in Svalbard (Brekke et al., 2014; Sen-
ger et al., 2014a). SILLi1D is an open-source, 1-dimensional
finite-element (FEM) modelling tool that is specifically tai-
lored to study the thermal effects of sill intrusions on the sur-
rounding host rock. Model input is provided using MS Excel
worksheets, which makes it accessible to a large audience
with no previous programming skills. Input data are provided
in the form of a simplified present-day well log or outcrop-
ping sedimentary column and include relevant rock parame-
ters such as thermal conductivity, total organic carbon (TOC)
content, porosity, and latent heats. Multiple sills can be em-
placed within the system with varying ages and temperatures.
Besides sill processes, the model also includes sedimentation
and erosion, if any, to account for realistic basin evolution.
The model output includes the thermal evolution of the sedi-
mentary column through time and the host-rock changes that
take place following sill emplacement such as TOC changes,
thermal maturity (vitrinite reflectance), and amount of or-
ganic and carbonate-derived CO2. Rock parameters such as
thermal conductivity and porosity are uncertain but only play
a secondary role in controlling the overall thermal effects in
a sill complex. The relative timing of sill emplacement to-
gether with emplacement temperature, however, exerts first-
order thermal control in the aureole around a sill complex.
These parameters are also not well constrained. The SILLi
models can be used to better constrain such parameters if
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calibration data, such as vitrinite reflectance, are available by
minimizing the error in the modelled results to the data. The
amount of erosion also affects the background thermal ma-
turity and can also be better estimated, similarly to sill em-
placement parameters, by comparing the modelled maturity
to the data. A number of examples are worked through with
the students, with a few examples set aside as supervised ex-
ercises. The students are also encouraged to use the tool to
investigate sill-complex outcrops from HALIP.

4.7 Field safety

Undertaking safe field operations is of paramount impor-
tance, and compulsory safety courses are held for all stu-
dents and lecturers participating in the field component of
the course. The courses are coordinated by the experienced
safety and logistics staff of UNIS and are held over 2 to 3
full working days within the first week of the course. While
experience is not something that can be trained, the strategy
of the safety training is to give all participants irrespective of
academic position the required skills to be able to make in-
formed decisions about safety when in the field. Overall, 1 d
is spent on safe rifle handling and polar bear encounter pre-
vention, culminating in a practical shooting exercise at the
rifle range outside Longyearbyen. The second day involves
season-specific training; either survival suit or small-boat op-
erations (for fieldwork in summer/autumn); or snowmobile
safety and driving, sled packing, travel on sea ice/glaciers,
and avalanche rescue (for fieldwork in spring). The third day
includes first-aid techniques and navigation and communica-
tion protocols. Prior to undertaking any fieldwork (which by
UNIS rules is defined as anything outside the UNIS build-
ing), briefings are held by all trip attendees and UNIS safety
staff representatives. Before and during the fieldwork, plans
were regularly adapted to account for weather conditions and
wildlife sightings. As an example, the Paleogene basin infill
sequence was only investigated from a distance, aboard the
M/S Polarsyssel, in October 2023 due to a polar bear sighting
in the area (Fig. 8d).

4.8 Fieldwork

Fieldwork is an integral part of all UNIS courses, and this
course is also designed around a strong field component (Ta-
ble 1; Fig. 8). The time of year and season(s) of when the
course was run dictated the locations and operational require-
ments of the fieldwork and had to be adaptable to changing
environmental conditions and any unforeseen logistical re-
quirements at any time. Nonetheless, the fieldwork always
tied the broader Barents Shelf and Arctic geology evolution
to outcropping units that the students were describing and
discussing as part of their field tasks. We detail selected field
sites below, including the sites of Festningen, Diabasodden,
the West Spitsbergen fold-and-thrust belt, the Central Spits-
bergen Basin, and Billefjorden.

The Festningen profile, Svalbard’s only geotope (i.e. an
area formally protected because of geology), was visited in
both late summer and early spring (one year experienced
0.5 m snowfall in the month of May). At Festningen, the stu-
dents were able to visit and describe the main stratigraphic
intervals and discuss correlations to the Barents Shelf and
other Arctic basins. The entire section has been digitalized
as a high-resolution DOM and integrated with geoscientific
surface and subsurface data (Senger et al., 2022), which the
students actively use in both preparing field stop preparations
and post-fieldwork analyses.

Another key target for the field campaigns are the expo-
sures of the Diabasodden Suite (Senger et al., 2014b; Dall-
mann et al., 1999), the local equivalents of the Early Cre-
taceous HALIP. The dolerites are exposed throughout Sval-
bard, and we often targeted the excellent exposures at Bot-
neheia and Grønsteinfjellet. Here, both sills and dykes are
well exposed and intersect a potential CO2 storage reservoir-
cap rock system. This provides a theme for discussing how
igneous plumbing systems affect subsurface fluid flow and
also how the Svalbard dolerites correlate to the circum-Arctic
HALIP.

Depending on the season and transport options, we also
visit sites of relevance for tectono-stratigraphic evolution.
These include the West Spitsbergen fold-and-thrust belt (the
Svalbard part of the Eurekan mountain building event affect-
ing large parts of the Arctic; Braathen et al., 1999; Piepjohn
et al., 2016) and the associated foreland basin, the Central
Spitsbergen Basin (Helland-Hansen and Grundvåg, 2020),
as well as the mid-Carboniferous rift basin at Billefjorden
(Smyrak-Sikora et al., 2019). Key sites that cannot be visited
in person are addressed in lectures and using digital outcrop
models and virtual field guides, including the WSFTB the-
matic data package provided by Horota et al. (2023).

5 The AG-x51 course: assessment

All students must complete and pass the assessments to pass
the course and receive the 10 ECTS. The assessment was
broken into three components for the PhD-level students and
two for the Master’s students.

1. The first part was a pre-course assignment, which
comprised an oral presentation of a scientific peer-
reviewed paper which was presented to the class in the
first weeks. The students could choose which paper to
present from a set list provided before the start of the
course. This presentation was worth 20 % of the final
grade for the PhD students (0 % for the Master’s stu-
dents).

2. Another assessment was an oral presentation of a small
research project in the final week of the class that had
been developed throughout the course. This presenta-
tion was worth 20 % of the final grade for all students.
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Figure 8. Snapshots from the field component of the course. (a) Investigating a HALIP intrusion from a small boat and walking at Tsher-
makfjellet in July 2019. (b) Investigation of the Early Cretaceous Helvetiafjellet Formation at Festningen in October 2022. WSFB: West
Spitsbergen fold-and-thrust belt. The Polarsyssel boat used as a base is in the background. (c) Fieldwork at the Festningen profile in late
April 2023. (d) Polar bear seen through binoculars aboard the Polarsyssel, Van Keulefjorden, in October 2022. (e) Clinoforms in the infill
sediments of the central Spitsbergen Basin, as seen from Reindalen, in late April 2023. (f) Scooter-based excursion to Isfjord Radio, late April
2023. Thrust tectonics related to the West Spitsbergen fold-and-thrust belt are seen on the Vardeborgsfjellet mountain in the background.
(g) Investigation of the lower contact between a HALIP dolerite intrusion and Permian carbonate-dominated host rocks at Blomesletta, in
October 2023. Note the survival suits used for safe access to this beach-side locality. (h) Overview map with key field sites investigated as
part of the course, including Festningen (i), the Dicksonfjorden–Billefjorden area (j), and Van Keulenfjorden (k). Possible day excursions on
snowmobiles from Longyearbyen are illustrated in (h). The base topographic map (h) is from the online open-access map from NPI, which
is openly accessible at https://toposvalbard.npolar.no/ (last access: 6 November 2024). The base geological map (i, j, k) is from the Svalbox
portal and openly accessible at https://www.svalbox.no/map (last access: 6 November 2024).

The idea was that the students would be exposed to a
range of Arctic geology topics, datasets, and software
and would choose their proposed topic within the first
2 weeks, with ongoing guidance from someone from
the lecturer team throughout the course. The students
were encouraged not to simply choose a topic they may
already be familiar with (or that formed their existing
Master’s or PhD-level thesis) but to use this opportunity
to learn new skills and acquire knowledge.

3. Next, a Geology journal-style paper (four pages in-
cluding figures, tables, and references) was handed in
around 2 weeks after the course had concluded. This pa-
per was based on the research project presented in point
2 and was worth 60 % of the final grade for PhD stu-
dents and 80 % for Master’s students.

4. The final grades were a letter grade from A (excellent)
to F (fail) and delivered ca. 1 month after the end of the
course. For the oral presentation of the projects, the stu-
dents were given peer-evaluation forms to help provide
constructive feedback to each other and encouraged to
ask questions.

5. The research projects, with titles listed in Table 2, re-
flect the broadness of the course and also the students’
own research interests. Numerous project ideas with
associated datasets were made available, but students
could also develop their own project ideas. Some of the
projects, for instance, those looking into contact meta-
morphism studies using SILLi or tectonic plate recon-
structions using GPlates, were directly tied to one of
the course modules. Weekly update meetings with the
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Table 1. Summary of field activities undertaken as part of the course. LYR: Longyearbyen.

Field period Locations Platform

August 2018 (pilot course) Diabasodden Day trips (via boats) from LYR

June–July 2019 Tschermakfjellet, Diabasodden, and Endalen Day trips (via boats) from LYR

2020–2021 No course due to Covid-19 restrictions

October 2022 Diabasodden, Grønsteinfjellet, Van Keulenfjor-
den, Ekmanfjorden, and Billefjorden

Day trip (via boat) from LYR
4 d overnight excursion aboard
Polarsyssel

April–May–June 2023 Botneheia, Festningen, and Reindalen Day trips (via snowmobile) and 3 d
overnight trip with the base at Isfjord
Radio

Spring season options Sassendalen, Botneheia, Grønfjorden, and
Reindalen

Day trips (via snowmobile)

Anytime LYR town 1–2 h walking tour

lecturers were conducted with the students to ensure
smooth progress. However, a lot of individual respon-
sibility for time management was also strived towards
to reflect the challenges of authentic life geologists will
experience in future careers, be it in academia or the
private sector.

6 Student perspectives

The international approach that is needed for Arctic research
was reflected in the participants of the course. Over the
course of the years, students from educational institutions in
15 different countries (Table 2) and with nationalities from
all inhabited continents have enrolled in the course.

To characterize the student experiences, we designed a
questionnaire about the course and the NOR-R-AM project.
Students who have enrolled in the course were invited to
complete anonymous questionnaire about their experiences.
Students were informed that the questionnaire was a part of
a research project and that their participation was voluntary
and anonymous. Students provided informed consent to par-
ticipate in the project before beginning to fill out the ques-
tionnaire. The questionnaire was sent to all course partic-
ipants from 2018–2023 for completion in February 2024.
Overall, 27 of the 57 invitees (47 %) responded (5/15 from
2018, 4/13 from 2019, 11/15 from 2022, and 7/14 from
2023). In addition, four graduate students with significant
NOR-R-AM involvement (i.e. active participation in at least
three NOR-R-AM activities) were invited to provide discus-
sion on the course based on their involvement and perspec-
tives. These graduate students are co-investigators and co-
authors in this project.

In addition to the pedagogical questionnaire designed for
this contribution, UNIS conducts standardized course evalu-

ations for every course. These provide useful information for
the course responsible for optimizing the course from year
to year. The recurring theme of these questionnaires for AG-
x51 from 2019 to 2023 was that the field component was the
highlight of the course.

6.1 Student experiences questionnaire

Figure 9 summarizes the quantitative student experiences.
The response group covers all of the four years when the
course was run (2018–2023), with 55 % of respondents be-
ing MSc students and 63 % of the respondents never having
been above the Arctic Circle (Fig. 9a). There is, as usual, a
mix of students choosing the course based on the learning
objectives and the course being held at UNIS. Notably, the
vast majority (82 %) of the respondents did not take a course
on Arctic geology in the past. The student background was
varied, including a mix of geologists, geophysicists, and eco-
nomic geologists (Table 3).

The course received largely positive feedback on the num-
ber and scientific diversity of guest lecturers and the bal-
ance between fieldwork, lectures, and seminars (Fig. 9b). The
course contributed to improving the familiarity with Arctic
field conditions of the respondents and providing an under-
standing of Arctic geology (Fig. 9b). Approximately half of
the respondents still contribute to the Arctic research com-
munity.

Table 3 lists a selection of responses to the more open
questions. Practical skills and knowledge learned during the
course include both geoscientific concepts and also the ac-
tive use of different software, and especially GPlates. Sim-
ilarly, the biggest improvement experienced by the respon-
dents was understanding not only geoscientific topics (with
Arctic geology being the key improvement for many), but
also data integration, software skills, and development of in-
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Table 2. Titles of student research projects conducted over the years and the diverse geographic background of the students. In total, 15
students participated in the pilot course in 2018, but no individual assessment was conducted in the short course.

2019 (13 students) 2022 (15 students) 2023 (14 students) 2024 (13 students)

Notes on the course

Students from institutions in Norway,
Russia, the Netherlands, Sweden, Ger-
many, USA, and Austria

Students from institutions in Norway, the
Netherlands, Estonia, Finland, Canada,
Germany, USA, and Austria

Students from institutions in Norway,
Denmark, Sweden, Finland, USA, Ger-
many, Switzerland, Austria, and the
Netherlands

Students from institutions in Norway,
Sweden, Finland, Germany, Poland,
France, and the UK

Lecturers from institutions in Norway,
Russia, Canada, and USA

Lecturers from institutions in Norway,
USA, Canada, and Germany

Lecturers from institutions in Norway,
USA, and Germany

Lecturers from institutions in Norway,
USA, Germany, Sweden, and Switzerland

Titles of works

Paleogeographic reconstruction of the
Amerasian Basin during the Mesozoic
through geophysical observations

Linking tomography anomalies to Arctic
subduction: voting for the best candidate

Early Cretaceous High Arctic LIP timing
with anoxic events

Linking geochemistry and geodynamics
of recent volcanism in NW-Spitsbergen

Exploring the possibility of a common
mantle link between the Iceland
Plume, the High Arctic Large Igneous
Province, and the Siberian Traps

Assessing the use of fracture orientations
in sills as a proxy
for sill geometry: An example from the
Diabasodden Suite
of Svalbard

Heat flow modelling for geothermal po-
tential of Longyearbyen, Svalbard

Late Carboniferous rift basin develop-
ment: Virtual field trip – a case study for
sedimentary basin evolution

Structural analysis of the Old Red Sand-
stone Munindalen outcrop
(Dickson Land, Svalbard)

A large-scale Virtual Outcrop Model geo-
metrical analysis of igneous intrusions:
A central Spitsbergen example.

Modelling Svalbard sill intrusions and re-
sulting greenhouse gas
emission from contact metamorphism

The Barents Sea through time – quantifi-
cation of paleogeography

Quantifying fracture networks in doleritic
sills from Diabasodden, Svalbard

Satellite and airborne geophysical poten-
tial anomalous expressions of the crustal
structure in Svalbard

Mapping of Igneous Intrusions using On-
shore Magnetic Data

Assessing Palaeogene infill of the central
basin from core records of the Firkanten,
Basilika, and Grumantbyen Formations

Fracture analysis of Hatten intrusion in Is-
fjorden, Svalbard

Tectonic reconstruction of the Yermak
Plateau and Sophia Basin, NNW of
Svalbard

Fault-magma interactions: investigating
the influence of faults on magma emplace-
ment on Spitsbergen and Edgeøya

Greenhouse gas emissions from bedrock
in Svalbard – Mapping of potential
hotspots in the Adventelva catchment

HALIP and its possible impact on Meso-
zoic climate: modeling data for
Svalbard

The Late Mesozoic to Early Cenozoic
plate-tectonic evolution of the Greenland-
Barents Sea shear margin

Geochemical signatures of HALIP vol-
canism in sedimentary record

Approaching geology with language –
The geological meaning of place names in
Svalbard

Modelling the Eurekan deformation in the
Arctic, an integration of geophysical and
geomorphological observations in Gplates

Petrophysical evaluation of intrusions and
associated contact metamorphic zones

Tectonic Evolution of the Barents Sea
Margin: Fitting the Puzzle

Structural evolution in pre-Devonian
basement within the inner Billefjorden,
Svalbard, based on remote sensing

Paleocurrent, stratigraphic analyses, and
the detrital zircon record of the Devonian
strata in the Arctic region

Gas generation in contact metamorphic
aureoles: Sills and stacked Sills

Modeling gas generation in contact meta-
morphic aureoles
of the Botneheia stacked sill intrusions

HALIP Volcanism in the Sverdrup Basin
in Canadas Arctic Archipelago – A link
between age and magma composition and
geophysical data

The impact of contact aureoles on seismic
imaging:
A central Spitsbergen example

Deep-time paleoclimate in the arctic:
Proxy response at the Permian-Triassic
boundary.

Metallic mineral potential of selected
High Arctic Large Igneous
Provinces (HALIP) in circum-Arctic

Relating Seismic Anisotropy and Upper
Mantle Dynamics in the Arctic

Comparison of two enigmatic suture
zones in the Arctic:
the South Anyui Suture and the Caledo-
nian suture.

HALIP signal in the circum-Arctic strati-
graphic record

Analysis of Digital Outcrop Models of the
West Spitsbergen
Fold and Thrust Belt

HALIP intrusive rocks in the Barents Sea:
Identification and their underlying geo-
physical datasets

Trigger of the Permian-Triassic Mass Ex-
tinction: Impact or Volcanism?

Svalbard’s drift through geological time
and its link to paleoclimate

Fracture mapping of the Hyperittfossen
digital outcrop model to constrain
the paleo-stress field and tectonic history
of Svalbard

Estimating the rate of marine transgres-
sion from the ash and coal layers at the
base of the Central Basin

Geochronology and Geochemistry of
HALIP: clue to its origin. A review

Geodynamic Significance of Earthquakes
in Svalbard

Syn-magmatic crater formation in the
Arctic western Nansen Basin

The PETM signal in the Frysjaodden Fm.
on Svalbard

Mineral Deposits of Svalbard Crustal thickness evolution during North
Atlantic rifting

Geothermal potential of Svalbard, regard-
ing the Arctic Canada setting.

Burial history of Paleogene sediments on
Svalbard: paleotemperature implications
of the Paleocene-Eocene Thermal Maxi-
mum in the Arctic

Revealing Svalbard’s basement using re-
cently acquired gravity data
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Figure 9. Summary of the anonymous questionnaire circulated to past students of AGx51. Overall, 27 of 57 students responded. (a) Back-
ground of the respondents (in terms of career stage, year, and previous background) and post-course interaction with fellow students and the
NOR-R-AM scientific team. (b) Responses to Likert-scale questions on the students’ background and perspectives on various aspects of the
course. For the statement “My present research contributes to the Arctic research community”, we have also investigated the difference per
year. Likert-scale plots generated using Maurer (2013).

dependent research projects. The teaching methods were well
received, and the multi-disciplinary one-on-one supervision
of research projects and active learning was mentioned by
several students. The final student comments indicate sug-
gestions for improvement (such as more fieldwork and focus
on a single piece of software) and also demonstrate the non-
academic impact of the course, for instance, on networking
and the students’ personal development and networking.

6.2 Collective and individual student experiences

We (Anna Sartell, Fenna Ammerlaan, Julian Janocha, and
Rafael Horota) have each been involved in the AG-x51

course and the NOR-R-AM project at different stages of our
research careers. We all participated in the course either as
enrolled students during our MSc or PhD and/or have as-
sisted as polar bear guards. These perspectives allow us to
collectively reflect on the course and the opportunities that
came from it.

The course was taught by members of the NOR-R-AM
project, who are leading experts within their fields. This not
only allowed us to learn about Arctic volcanism and tectonics
from scientists with personal experience working in this re-
gion, but also gave us the opportunity to build professional
relationships. This was made possible by utilizing the ex-
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Table 3. Selected responses from text-based questions on the anonymous questionnaire.

Major field of study Sedimentology, structural geology, glaciology, geophysics, geodesy, data analysis, engineering geology, hydrogeology, tectonics, seis-
mology, petrology, geohazards, geodynamics, palaeomagnetism, higher education in geosciences, isotope geochemistry, geomorphol-
ogy, volcanology, geochronology, economic geology

What are the particular
practical skills or knowl-
edge you have acquired
during AGx51?

– An interplay between things we normally learn in single courses
– As a non-geology student, I think the most important skill/knowledge I took with me home was the idea of the overall picture of the
geological history of a region to further understand the “very” different fields that I’m working with in my normal study/work
– A better understanding of scales (related to tectonic structures)
– Short-paper writing with a deadline
– Working with plate reconstruction tools
– Doing fieldwork in the Arctic, driving a snowmobile, 3D tectonic modelling, working with Svalbox models, writing a report
– Building 3D outcrop models
– Working with a big range of Arctic datasets and software like GPlates, Petrel, Svalbox, VR Svalbard, Lime, Metashape, and digital
field notebooks
– Creating tectonic plate reconstructions in GPlates and adding own data to it
– Geological background of the Arctic region
– Arctic field safety
– Improved understanding of LIPs, sill and dyke emplacement
– Networking

Can you provide one fact
that you have learned dur-
ing AGx51?

– There are several ways to define a large igneous province
– HALIP was a tectonomagmatic event present in the entire Arctic region
– Fold-and-thrust belts have different parts with different structural expressions
– Uplift shaping the palaeogeography
– I learned that you can capture stunning and accurate surface models with ordinary drones paired with the right software in order to
visualize geological relationships for later use in research and education (virtual field trips)
– Fish fossils could be found in the Old Red Devonian Sandstones of Svalbard
– The Gakkel Ridge is the slowest spreading centre in the world, has focussed magmatism, and has no transform faults
– The burial history of the Central Tertiary Basin
– Arctic geological research is amazing!

What was the biggest im-
provement in your knowl-
edge and skills that you at-
tribute to participating in
the course?

– My understanding of the geological history within the Arctic area was much improved; I have a greater understanding of how the
field of geology works
– Field excursions helped developed my skills in interpreting outcrops and own topic during the course, enhanced information search-
ing, and writing skills
– The conception, planning, and execution of the research article while incorporating new software and geological background knowl-
edge
– Better understanding of Arctic volcanism and the palaeo-environment
– Geological English, in particular, writing and presentation skills
– GPlates and the importance of integrating datasets
– Creating tectonic plate reconstructions in GPlates
– Broader knowledge of geodynamics in general
– Better understanding of geochemistry
– Interesting topic about the use of scientific colouration that I use today

How would you describe
the teaching methods in
AGx51? And if relevant,
how did they differ in
terms of teaching methods
to other courses you have
taken.

– It was less guided than in other courses I had, which was often positive (learned to figure out a lot by myself)
– There was emphasis on the student to do some background reading and self-analysis (of literature or data)
– The teaching methods were suitable for a small and focussed group, with an emphasis on individual progress I was not familiar with
compared to the lectures/courses at my home university
– For me, the teaching method was unique as we got lectures from so many different experts in their own respective fields in such a
short period of time. While, at times, it was a lot of information to progress, the final research project with one of the lecturers allowed
you to go more in depth about a specific topic which especially sparked your interest and not something you were necessarily familiar
with
– I really appreciate fieldwork combined with working in class before and after about what we saw. Having passionate guest teachers
was really inspiring
– Active learning – hands-on activities, core shack visits
– Geology-style manuscript and presentation, doing our own research
– I liked the teaching methods. However, I did feel like we only had a small amount of time for our own projects
– Many lectures had a more relaxed/informal structure than lectures I have had elsewhere
– Very multi-disciplinary and practical. Way more practical and one-on-one supervision compared to other courses

Are there any other com-
ments not covered about
that you would like to make
in relation to the AGx51
course?

– It was a very good opportunity to see how studying can be different. It was also somehow helpful to me to decide if I want to do a
PhD (I got to know PhD students much better than in normal courses, and they could share their experiences). I really liked meeting
students from other universities and comparing our experiences
– I think keeping future classes as small as possible is key for a good learning–interaction atmosphere
– I would have appreciated focussing on working with just one computer program to get a good introduction
– I wish there were more field trips! I know the logistics are hard, but we went all the way there, and I wish I had seen more geology in
situ. Other than that, I look back on the course extremely fondly, and I learned a lot
– I am so glad I participated in that course!
– Those 6 weeks are in the top 3 of the best 6 weeks of my life, and I’d like to thank everyone who contributed to this course and to
making UNIS such a nice place in general
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tensive time spent with our international peers and instruc-
tors during the course, including that during lectures, prac-
tical sessions, research projects, fieldwork, and social activ-
ities. This networking has led to many continuing personal
development opportunities. To mention just a few of the op-
portunities, the course had profound implications on our ca-
reer by collaborating with NOR-R-AM partners on our Mas-
ter and PhD theses and even including some as official co-
supervisors. Some of us were also able to join other NOR-R-
AM courses, such as the geochronology workshop in Austin,
Texas, or the field trip to Alaska. Moreover, NOR-R-AM was
able to provide travel and analysis grants to accomplish the
goals of the collaborations beyond those of the course. An
overview of how the course functioned as a stepping stone
for further involvement in the NOR-R-AM program and what
impact this had on our individual career paths is illustrated by
Fig. 10.

6.2.1 Anna Sartell

I took the AG-x51 course as a Master’s student in summer
2019. The teaching comprised the lectures, practical ses-
sions, field days, and term project. For me as a student, the
course promoted active learning and a hands-on approach to
the topics taught. The learning went beyond memorizing lit-
erature, and we rather learned how to use the knowledge we
gained. The clear focus on practical learning throughout AG-
x51 made this course very different to the rest of my edu-
cation experience in a positive sense. The highlight of the
course itself was the opportunity to work closely with one
of the lecturers on our term project to expand further on what
we had learned. Looking back, the biggest highlight has been
the network that I gained from the course, which led to both
my MSc and PhD theses being based on the topics of this
course, HALIP, and including some of the lecturers as my
supervisors.

6.2.2 Fenna Ammerlaan

In autumn 2022, I was a Master’s student of the AG-x51
course. For me, the teaching approach in the different mod-
ules created a motivating environment as you recognized that
you were being taught by experts in their respective fields.
I believe this increased the effectiveness of the knowledge
transfer even though the number of teaching staff involved
sometimes resulted in some overlap between the lectures. My
personal highlight was the fieldwork conducted. Integrating
what can be abstract geological concepts with physical ob-
servations helps to fully understand the material taught in
class. This course was unique for me due to the international
environment, diversity in student and lecturer backgrounds,
intensity of the course, and fieldwork. Combining this with
the remoteness of Svalbard, it felt like being part of a small
community rather than just attending a course. This commu-
nity has since become an important part of my professional

network and has been key in my academic career. It has re-
sulted in a temporary research assistant job at UNIS, and I
have since commenced a PhD working on North Atlantic ge-
ology in Norway.

6.2.3 Rafael Horota

I was involved with the AG-x51 course as both a student (in
autumn 2022) and a polar bear guard (in spring 2023) during
my PhD in higher education research. My involvement was
motivated by the chance to gain firsthand experience from
leading experts in Arctic volcanism and tectonics, and to ap-
ply cutting-edge technology like drone data collection in the
context of geological Arctic field teaching. The teaching ap-
proach of the course, integrating lectures, practical sessions,
research projects, fieldwork, and social activities, had pos-
itively impacted me as a student. Personal highlights were
the possibility of collecting drone imagery, which was instru-
mental for my research, and the fact that it supported field-
work. This experience, coupled with collaborations estab-
lished through the course, has been invaluable for my profes-
sional and academic growth. Compared to other courses, the
AG-x51 course stood out due to its hands-on approach and its
fostering of international networks. The course’s blend of tra-
ditional academic learning with innovative research methods
and technology application provided a richer, more engaging
learning environment than I had experienced anywhere else.

6.2.4 Julian Janocha

Whilst I was not a student in the AG-x51 course, I was em-
ployed as a student assistant in the summer of 2018 to work
as a polar bear guard during field trips and to aid in the orga-
nization of social events. This was my first contact with the
NOR-R-AM project. In autumn of 2019, I had the chance
to participate in the geochronology short course organized
at the University of Texas at Austin. This event was one of
the most influential events in my research career. Learning
about detrital zircon provenance and its applications inspired
me to include it in my PhD project, which I started the fol-
lowing summer. This inspiration led to a 3-month long re-
search stay at the University of Texas at Austin in the win-
ter of 2022, during which I accomplished a detrital zircon
provenance analysis for my PhD project and my participa-
tion in the Alaska field trip. The financial contributions by
NOR-R-AM for both analysis and travel costs were essen-
tial for the success of this research stay. Overall NOR-R-AM
has had a large influence on my professional career by offer-
ing courses, building a professional network, and providing
financial support for collaborations.
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Figure 10. Summary flowchart of the involvement of four selected students in the NOR-R-AM project, including the UNIS course and
additional activities.

Figure 11. Synthesis of the spatial and temporal elements provided in the supplementary material (Senger and Shephard, 2023). (a) Interac-
tive geological map of Svalbard, also showing the location of published profiles (dashed lines; includes both seismic profiles and geological
cross sections) and location of boreholes and selected published sedimentary logs from outcrops. (b) Zoom-in to a 3D view of Billefjorden
where a digital terrain model was draped with a geological map and two profiles across the Billefjorden Fault Zone are co-visualized. (c) Pub-
lished palaeogeographic map (Dallmann, 2015) from the Barremian (125 Ma) overlain with the extent of HALIP magmatism on Svalbard.
(d) Published magnetic anomaly map (Dallmann, 2015). (e) An example of crustal thickness map at present day as illustrated in GPlates.
The software also facilitates the digital visualization of tectonic plate reconstructions through geological time.
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7 Discussion

7.1 Spatio-temporal perspective on Arctic evolution:
teaching across country boundaries

Although our understanding of the geologic evolution of
the Arctic is aided by geophysical surveys within the Arc-
tic Ocean, we largely base our comprehension of this region
on studies concerning the geology of the surrounding land-
masses. Hence, within the Arctic, arguably more than any-
where else on Earth, there is a considerable need for cross-
country research and teaching collaboration to get a more
complete picture of the region’s geologic evolution. This
becomes even more apparent as we travel further back in
time. For instance, our rather incomplete understanding of
the opening of the Amerasian Basin in the Mesozoic requires
correlation between tectonic and magmatic events and geo-
logic units from the Canadian Arctic, Alaska, and northeast-
ern Siberia (Shephard et al., 2013). Looking at earlier times,
in order to understand the extent of the late Proterozoic/Early
Paleozoic Timanian Orogen, we require a comprehensive re-
view of sparse geologic evidence of this mountain-building
event identified in locations such as Siberia, Scandinavia,
North America, and numerous Arctic archipelagos (e.g. Sval-
bard, New Siberian Islands, and Severnaya Zemlya; e.g. Gee
et al., 2006). The further we delve back in time, the more un-
certain the reconstruction of the Arctic’s geologic evolution
becomes and the more a spatio-temporal perspective on Arc-
tic evolution demands an interdisciplinary and collaborative
effort that transcends national boundaries. The NOR-R-AM
collaborative project has aimed to address this through pro-
viding numerous international educational opportunities (e.g.
the course described in this contribution) in order to bring re-
searchers and students from various Arctic countries together
and to gain perspective on the geology of the Arctic regions
from other countries.

In addition, the vast and remote landscapes of the Arc-
tic, coupled with harsh climatic conditions, have limited
the accessibility and comprehensive mapping of geological
features and acquisition of field data. The scarcity of geo-
science data highlights two needs within the Arctic com-
munity: (1) cross-country collaboration to generate a reli-
able database to store this patchwork of data and (2) avail-
ability of testable geodynamic models that take into account
data that transcends international boundaries. Cross-country
initiatives, such as the NOR-R-AM project, are necessary
to bring together researchers from various nations (Table 2)
to pool their expertise and resources. This collaborative ap-
proach recognizes that no single country possesses the en-
tirety of the puzzle; instead, a mosaic of insights from dif-
ferent perspectives is required to construct a comprehensive
narrative of the Arctic’s geologic evolution.

7.2 Lessons learned: data, tools, software, and
workflows

From the onset, we have designed the course with focus on
active, hands-on learning at the expense of frontal lecture-
based education. The culmination of this was the delivery of
the student research projects where adequate (but not infi-
nite) time is allocated to test a scientific hypothesis using the
provided data and skill sets.

To make the course as authentic as possible, we teach and
integrate a broad range of software and tools (Table 4). Obvi-
ously, there is insufficient time within a 6-week course period
to go in depth regarding all of the relevant topics, and we take
the approach to expose the entire class to as many tools and
topics and possible and provide them with an active learning
approach. For data mining purposes, the GPlates and SILLi
programs are also linked to hands-on exercises for the entire
class. For smaller student groups that use a specific software,
sometimes only available under specific licenses, during their
term projects, additional hands-on sessions are organized. In
addition, we used a pre-course questionnaire to identify the
strengths of individual students (for instance, significant ex-
perience in GPlates) who acted as additional tutors in the
hands-on sessions to assist their peers.

With such diverse software, we have devised pre-loaded
projects in Petrel and GPlates software (Fig. 11), with the
data packages available to anyone as part of the supple-
mentary material (Senger and Shephard, 2023). Petrel is
largely used to spatially integrate the surface (terrain mod-
els; bathymetry; and geological, topographical, and satel-
lite maps) with the subsurface (borehole and geophysical
data plus geomodels). The thematic dataset provided for the
AGx51 builds on the ongoing Svalbox project. The key ben-
efit of such direct integration is to spend less time on data
loading and more time on the scientific benefits of data inte-
gration, for instance, in the AGx51 student projects. The inte-
gration of multi-physical data, for instance, geophysics with
geology, also facilitates joint interpretation. Finally, the pro-
vision of curated (and regularly updated) databases that we
do for the AGx51 course is even more important in the Arc-
tic, where data are often fragmentary and sparsely acquired
over a large area.

7.3 Transforming geoscience education through
hands-on digital tools

The main motivation of exposing the students to such a wide
range of software within a short time frame is to appreci-
ate that geoscience is undergoing a digital transformation
(Bouziat et al., 2020; Gunderson et al., 2020). McCaffrey
et al. (2005) recognized that affordable digital technologies
will revolutionize how field geology is conducted. Ruggedi-
zed tablets, as described from the Svalbard environment by
Senger and Nordmo (2021) or lidar-equipped iPhone (Tavani
et al., 2022) drone-based imagery, have led to the widespread

https://doi.org/10.5194/gc-7-267-2024 Geosci. Commun., 7, 267–295, 2024



288 K. Senger et al.: Arctic Tectonics and Volcanism

Table 4. Tools, software, and key datasets used in the course include a mix of free and open-software and proprietary software. All software
programs or tools were accessible for all of the students (whether in the computer lab or via personal laptop) and were used for the individual
student research projects.

Software or tool Course module Reference or link

GPlates Plate tectonics https://www.gplates.org/ (last access: 6 November 2024)
Müller et al. (2018)

SubMachine Mantle structure http://www.earth.ox.ac.uk/~smachine (last access: 6 November 2024)
Hosseini et al. (2018)

GeoMapApp Geology and geophysics https://www.geomapapp.org (last access: 6 November 2024)
Ryan et al. (2009)

Svalbox online Data mining, Svalbard geology https://www.svalbox.no/map (last access: 6 November 2024)
Betlem et al. (2023) and Senger et al. (2021a)

Svalbox Petrel Data mining, Svalbard geology Horota et al. (2023) and Senger et al. (2022)

VR Svalbard Data mining, Svalbard geology https://www.vrsvalbard.com/map (last access: 6 November 2024)
Horota et al. (2024)

Online map resources Data mining, Svalbard geology https://toposvalbard.npolar.no/
https://geokart.npolar.no/geologi/GeoSvalbard/
https://geokart.npolar.no/Html5Viewer/index.html?viewer=
Svalbardkartet
(last access for all URLs: 6 November 2024)

LIME Digital geology Buckley et al. (2019)

SILLi Volcanism and environmental impacts Iyer et al. (2018)

Digital field notebook Fieldwork Senger and Nordmo (2021)

Digital data package GPlates and Petrel pre-loaded projects Senger and Shephard (2023)

adoption of digital outcrop modelling (Betlem et al., 2023).
Geology has traditionally been an observation-focussed do-
main, with a focus on measuring nature at various scales,
recording mostly qualitative data in the field. Through digiti-
zation, we bring quantitative and repeatable analyses into ge-
ology, for instance, through the active use of digital outcrop
models or time-lapse digital tectonic plate reconstructions.
Such efforts are necessary to not only gain a better under-
standing of Earth’s evolution but also have the future added
benefit of recruiting students to the geosciences and bridging
the gap between geoscientists and data scientists.

The complex spatial–temporal tectono-magmatic evolu-
tion of Svalbard imposes logistical challenges to exemplify
geological concepts in the field within the framework of
the AG-x51 course. However, modern technology and dig-
ital tools provide innovative solutions to overcome these
obstacles. Geospatial data and GIS are essential for creat-
ing detailed maps of the region, facilitating the teaching of
concepts like tectonic evolution and volcanic processes. In-
deed, 3-dimensional modelling and visualization tools al-
low for the creation of immersive models that aid in un-
derstanding complex geological structures by supporting 3-
dimensional thinking. Remote sensing technologies, such as
drones and satellites, provide real-time data and images, en-

abling students to change the observer’s perspective when
analysing large-scale geology. Digital workflows and analyt-
ical tools streamline data analysis, while online collabora-
tion platforms enhance collective learning experiences. Vir-
tual field trips offer a safe and accessible way for students
to explore Svalbard’s geological features, fostering a deeper
understanding of the region’s unique geology. In essence, the
integration of these digital tools and workflows empowers
students to engage in hands-on learning, regardless of the re-
mote and challenging environment of Svalbard.

In the unforgiving Arctic field sites, such digital tools are
almost a must to overcome the various challenges of field
teaching at Svalbard (Senger et al., 2021b). However, lessons
from the Arctic, be they technological, pedagogical, or both,
can also be adapted at more temperate latitudes to improve
accessibility (Whitmeyer et al., 2020; Atchison and Libarkin,
2013). We are also strong proponents that active and targeted
digital geoscience tool usage in both education and outreach
can significantly improve the diversity challenge faced by the
geosciences (Hall et al., 2022).
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Figure 12. Synthesis of data systematically acquired as part of the AG351/851 course and openly available on VR Svalbard (https:
//vrsvalbard.com/ag-351-851/, last access: 6 November 2024; access is via the main QR code). The geological inset map illustrates the
photosphere and digital outcrop model coverage in Van Keulenfjorden where the Central Basin infill is well exposed. The interactive map
at https://www.svalbox.no/map (last access: 6 November 2024) is accessible with the QR code. The low inset image illustrates a digital
outcrop model of the 310 m high mountain Grønsteinfjellet visited during fieldwork in October 2022 (https://sketchfab.com/3d-models/
grnsteinfjellet-7185d44b49d74a9daad35f438d52cf2a, last access: 6 November 2024). The Botneheia locality as visited in April 2023 pro-
vides an excellent exposure of a HALIP dyke. Photospheres taken in summer complement the winter snow-covered conditions and are freely
available at https://vrsvalbard.com/botneheia/ (last access: 6 November 2024).

7.4 Beyond the AG-x51 course: NOR-R-AM educational
activities

In this contribution, we have focussed on the AG-x51 NOR-
R-AM flagship course that also continues beyond the project
period; however, Table 5 lists other educational and outreach
activities undertaken as part of the NOR-R-AM project. The
geographic and thematic diversity of these events testifies to
the international and multi-disciplinary nature of the NOR-
R-AM project.

8 Conclusions

In this contribution, we have outlined an international col-
laboration project, NOR-R-AM (Changes at the Top of the
World through Volcanism and Plate Tectonics) and specifi-
cally focussed on a graduate course titled Arctic Tectonics
and Volcanism that has been held annually at the University
Centre in Svalbard since 2018. The presented article and the
supplementary data package are intended to serve as a foun-
dation for teaching Arctic geology elsewhere rather than at

UNIS, albeit without the field component. We conclude the
following:

– Political and discipline boundaries must be set aside to
comprehend the geological evolution of the Arctic.

– Teaching Arctic geology requires provision of circum-
Arctic data spanning both spatial (lateral and vertical)
and temporal (i.e. geological evolution) scales.

– The multi-disciplinary course titled Arctic Tectonics
and Volcanism exposes the students to various tools and
methods in order to decipher one particular aspect of
Arctic geology through an individual research project.

– Four NOR-R-AM students provided specific examples
into how the course and the NOR-R-AM project im-
pacted their respective careers, primarily through net-
working opportunities, grants, and supervision of re-
search projects.

– We provide three open-access datasets that may facili-
tate circum-Arctic geoscience teaching beyond UNIS.
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Table 5. Overview of NOR-R-AM educational and outreach activities to date. The location of the activities is plotted in Fig. 1.

Event and location Date Comments

International Conference on Arctic
Margins (ICAM-X), Bremen, Germany

16–21 Mar 2025 Numerous NOR-R-AM members involved in organization and presentations at
the 10th International Conference on Arctic Margins

Science graphics workshop 8 May 2024 1 d workshop titled Scientific and Accessible Graphic Design, open to all of
UNIS with ca. 50 attendees, including students, academic, administrative, and
technical staff. The course covered principles of good graphic design, scientific
colours, and s-Ink.org (https://s-ink.org/, last access: 7 December 2024) plat-
form

Alaska transect field trip 25 Aug–5 Sep 2023 Around 25 NOR-[R-]AM participants and guests participated in a 2-week field
excursion from the south to the north of Alaska, from Homer to Galbraith Lake.
Such a transect took the participants across the vast number of accreted and
deformed terranes of Alaska. The group were also treated to sites related to per-
mafrost, past glaciations, Trans-Alaska Pipeline, and local culture and history

Maine Seismology Workshop,
Dalhousie University in
Halifax, Canada

22–26 May 2023 Around 40 participants, four of which were from NOR-R-AM, attended a 5 d
workshop to receive training in marine seismology, including passive and con-
trolled source methods, ocean-bottom seismic instrumentation, deployment/re-
covery and location on the seafloor, data collection, data processing, and survey
proposal planning

SVALCLIME workshop, UNIS,
Longyearbyen

18–22 Oct 2022 Magellan+ workshop on scientific drilling in Svalbard for deep-time palaeo-
climate; see Senger et al. (2023) for details

International Conference on Arctic
Margins (ICAM9), Ottawa, Canada

13–15 Jun 2022 Numerous NOR-R-AM members involved in the organization and presentations
at the ninth International Conference on Arctic Margins

Fagradalsfjall eruption in Iceland webi-
nar, online

10 Jun 2021 The American Geosciences Union (AGU) and NOR-R-AM hosted a webinar
which saw over 300 live attendees tune in. For more information, please see the
following link, where a recording of the webinar is available: https://youtu.be/
O5-ALyvDem4 (last access: 7 December 2024)

Geochronology short course at the Uni-
versity of Texas at Austin, USA

3–10 Nov 2019 Introductory understanding of geochronology and thermochronology with in-
depth theoretic and practical exposure to U–Pb and (U–Th) / He geo- and ther-
mochronometry

EGU General Assembly sessions,
Vienna, Austria

19–30 May 2021
4–8 May 2020
7–12 Apr 2019
8–13 Apr 2018

Arctic-geology-specific sessions led by NOR-R-AM participants, titled “The
Arctic connection – plate tectonics, mantle dynamics and palaeogeography
serving palaeo-climate models and modern jurisdiction” or “The Arctic con-
nection – geodynamic, geologic and oceanographic development of the Arctic”

AGU Chapman conference, Selfoss,
Iceland

13–18 Oct 2019 The “Large-scale volcanism in the Arctic: The role of the mantle and tectonics”
conference was one of the major outcomes of NOR-R-AM, bringing together
100 international researchers from wide-ranging backgrounds and career stages.
Iceland (the town of Selfoss) was chosen as a half-way meeting point for the
Europe- and North America-based communities

AGU Fall Meeting session, Washing-
ton, USA

10–14 Dec 2018 Arctic-geology-specific sessions led by NOR-R-AM participants, titled “The
Arctic Connection: investigating the tectonic evolution of the Circum-Arctic”
(session ID: 49611, session title: T046)

Wilson cycle field trip Aug 2019 Journey from eastern to western Norway through the Norwegian Caledonides
to look at rocks that tell the story of the Wilson Cycle (the formation of
wide continental margins, oceanic crust, and island arcs and the final con-
tinental collision and mountain building). A series of four documentaries
has been released on YouTube https://www.mn.uio.no/ceed/english/about/blog/
2022/the-wilson-cycle-in-4-stages.html (last access: 6 November 2024)

Field trip to eastern Siberia Aug 2018 Six NOR-R-AM participants participated in a 3-week field excursion in NE
Siberia. They crossed the Verkhoyansk fold belt from west to east, sampled
Mesoproterozoic to Cretaceous strata for isotopic study, and conducted struc-
tural investigations
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Data availability. The educational material associated with the
course (i.e. Petrel and GPlates data packages) is freely available on
the Zenodo repository (https://doi.org/10.5281/zenodo.10259590,
Senger and Shephard, 2023). Other data are available on request
by contacting the corresponding author.
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