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Abstract The High Arctic Large Igneous Province (HALIP) is a major tectono-magmatic
element that affected large parts of the Arctic during the Cretaceous (magmatism occurred from 126
to 78 million years ago [Mal]). In Svalbard, HALIP intrusive and extrusive rocks are grouped and
classified as the Diabasodden Suite. Sills and dykes are present throughout Svalbard, emplaced
in units stratigraphically ranging from crystalline basement to Jurassic-Cretaceous siliciclastics.
Time-equivalent lava flows are exposed on Kong Karls Land in eastern Svalbard. In this contribution,
we firstly define and introduce major features of the circum-Arctic HALIP. Secondly, we zoom into
Svalbard where we document and summarize the attributes of HALIP outcrops (i.e., the Diabasodden
Suite) located in and around Isfjorden, the most accessible location that is reachable on day trips
using boats from Longyearbyen. For each of the 15 sites we focus on specific aspects of HALIP
characterization, including geochronology, geochemistry and geometry of volcanic and intrusive rocks.
We complement field descriptions of the sites with digital geoscientific data, including digital outcrop
models and photospheres. Finally, we synthesize the Isfjorden study area in the context of data and
knowledge gaps for the HALIP in general. We hope that this contribution will stimulate further
HALIP research in Isfjorden and beyond.

1 Introduction has been emplaced.” They are typically caused by the
arrival of a mantle plume head that has been derived
Large igneous provinces (LIPs) are characterized by from the deep interior.

voluminous volcanic and magmatic activity over a
geologically speaking short period of time having
short-lived intense pulses of activity. Bryan and
Ernst (2008) classify LIPs as “..magmatic provinces
with areal extents > 0.1 million km?, igneous volumes
> 0.1 million km? and maximum lifespans of ~50 million
years (Myr) that have intraplate tectonic settings or
geochemical affinities, and are characterized by igneous
pulse(s) of short duration (~1-5 Myr), during which a
large proportion (> 75%) of the total igneous volume

LIPs may have profound effects on the global climate,
having been linked as the main driver of many mass
extinctions (e.g., Svensen et al., 2004; Bond and Grasby,
2017; Ernst and Youbi, 2017; Zhou et al., 2024), including
the largest mass extinction also known as “The Great
Dying” at the end of the Permian (End-Permian Mass
Extinction, EPME; e.g., Zuchuat et al., 2020; Shen et al.,
2011). Characterizing the influence of both extruded
lava and greenhouse gases generated through contact
metamorphism within the igneous plumbing system and
subsequent release by hydrothermal venting is crucial to
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understanding how the Earth system responds to such
major perturbations.

On the regional scale, LIP emplacement is often
associated with regional uplift linked to the arrival of a
mantle plume (e.g., Dam et al., 1998) that exerts a strong
control on sedimentation patterns. However, regional
uplift and subsidence may occur because of lithospheric
heterogeneities (Burov et al., 2007). Finally, LIPs are
often associated with ore-forming processes, and many
LIP-related regionsare thus investigated for associated
mineral resources (Ernst and Jowitt, 2013).

There are many LIPs worldwide and the northernmost
one, located in the high Arctic, remains one of the
least well studied and understood. John Tarduno coined
the term High Arctic Large Igneous Province (HALIP)
in 1998 at the 3' International Conference on Arctic
Margins (ICAM) meeting in Celle, Germany (Tarduno
et al., 1998), based on his studies in the Canadian
Arctic (Tarduno et al., 1998). While there is no formal
definition of the HALIP, it is generally accepted to
refer to basaltic magmatic rocks emplaced within the
circum-Arctic (a region bounded by the 60°N latitude)
during the Cretaceous (Sartell et al., 2025). Since the
labelling of the Arctic Cretaceous magmatic province,
HALIP rocks have been investigated in Svalbard (i.e.,
Diabasodden Suite; Maher, 2001; Nejbert et al., 2011;
Senger et al., 2024; Senger and Galland, 2022), Franz
Josef Land (Ntaflos and Richter, 2003; Simonov et al.,
2019), the Barents Shelf (Polteau et al., 2016), Arctic
Canada (Bédard et al., 2021a,b; Deegan et al., 2023;
Dockman et al., 2025; Evenchick et al., 2015; Kingsbury
et al., 2018), the central Arctic basin (Dgssing et al.,
2013, 2017), the Chukchi Plateau (Coakley et al., 2016;
Mukasa et al., 2020), northern Greenland (Estrada et al.,
2001; Kontak et al., 2001; Thoérarinsson et al., 2015;
Tegner et al., 2011) and the De Long Islands (Nikishin
et al., 2024). Several major questions regarding the
nature of the HALIP remain, including the apparent
multi-phased magmatism, the linkage to the opening of
the Amerasian Basin, and its influence on global climate.

In this contribution we provide a thematic field guide
to some of the most accessible HALIP exposures on
the shores of Isfjorden, central Spitsbergen (Spitsbergen
being the largest island of the Norwegian Svalbard
archipelago). We place these field stops in both a
regional and, where relevant, circum-Arctic HALIP
perspective. Furthermore, we provide an overview of
existing geological and geophysical data sets regionally
and for each stop to stimulate further research, and
provide some perspectives on the knowledge and data
gaps with respect to the HALIP in Isfjorden and beyond.

2 The High Arctic Large Igneous
Province

The HALIP is interesting also due to its striking
longevity compared to other LIPs, with radiometric
dates ranging over a 48 Myr period from 126-78
Ma (e.g., Dockman et al., 2025; Sartell et al., 2025;
Tegner et al., 2011), and three main magmatic pulses
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at ~123, ~92 and ~81 Ma defined on the basis of
robust U-Pb dating (Sartell et al., 2025). There is
a partly contemporaneous or formative link to the
adjacent Amerasia Basin (Dgssing et al., 2013), and a
connection between the protracted nature of the HALIP
and mantle plume-lithosphere interactions (Heyn et al.,
2024). Furthermore, the HALIP has a strong control
on circum-Arctic sedimentation (e.g., Grundvdg et al.,
2017; Ineson et al., 2021) and may have influenced the
global climate (e.g., Galloway et al., 2022; Naber et al.,
2020). In this section we briefly review some of the wider
observations and inferences about the HALIP, before
focussing on the HALIP on Svalbard.

2.1 Zooming out to the Larger Scale -
Arctic Ocean Opening

The Arctic Ocean can be subdivided into two sub-basins,
the older Amerasia Basin and the younger Eurasia Basin
(Figure 1; Glebovsky et al., 2006; Nikishin et al., 2018).
The two basins are separated along the Lomonosov Ridge
(Figure 1). The Eurasia Basin has been opening since
~56 Ma (Paleogene) and opening continues today along
the ultra-slow seafloor spreading of the Gakkel Ridge.
This basin therefore separates the Barents and Kara
shelves, including the Svalbard and Franz Josef Land
archipelagos, from the other HALIP localities (Figure 1).
However, the HALIP Cretaceous configuration can be
restored by a plate tectonic reconstruction that takes into
account the age of rifting and seafloor spreading between
the Lomonosov Ridge and Eurasian continental margin
(Figure 2). Tt is the timing and nature of opening of the
Amerasia Basin which has more pertinent implications
for the emplacement of the HALIP (e.g., Dgssing et al.,
2013, 2017; Hadlari, 2024).

The Amerasia Basin can be subdivided into several
regions with discrete geometries and characteristics.
The Canada Basin is thought to have the only true
oceanic lithosphere, which is surrounded by crust of
hyperextended or transitional nature (Figure 3; e.g.,
Chian et al., 2016; Priyanto and Coakley, 2025). The
elevated continental Chukchi Plateau extends from the
Siberian Shelf. To the north lies the Alpha-Mendeleev
Ridge, an underwater mountain chain, which is thought
to be dominantly magmatic in nature, potentially with
some underlying component of continental crust (Oakey
and Saltus, 2016). The Makarov and Podvodnikov basins
lie adjacent to the Lomonosov Ridge, and at least for the
Makarov Basin have been suggested to be related to a
discrete later oceanic spreading episode (Gaina et al.,
2025).

The timing of Amerasia Basin opening is broadly
described as Mesozoic, with evidence of rifting from
the early Jurassic (Grantz et al., 1998) through to
opening sometime in the Early Cretaceous. In the
Canada Basin, a central gravity low and set of conjugate
magnetic anomalies indicates a fossil spreading ridge
and suggest that opening must have occurred before
(or after) the Cretaceous Normal Superchron (121-83
Ma). Depending on the timescale used, recent magnetic
isochron interpretations from Dgssing et al. (2020)
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Figure 1 — Map of the main High Arctic Large Igneous Province (HALIP) elements at present-day (red polygons; may also
include parts of the Alpha Ridge) and the major geographic names of the Arctic. AB = Amundsen Basin; AR = Alpha Ridge;
GR = Gakkel Ridge; LR = Lomonosov Ridge; MB = Makarov Basin; MJR = Morris Jesup Rise; MR = Mendeleev Ridge; NB
= Nansen Basin; NR/ChR = Northwind Ridge and Chukchi Rise; PB = Podvodnikov Basin; YP = Yermak Plateau.

suggest seafloor spreading to have occurred between
127-120 (alternatively 131-126 Ma; c.f. 140-128 or
142-133 Ma by Zhang et al., 2019). Incorporating these
constraints, and a wide range of onshore and offshore
geological, geochronological, geophysical data, several
conceptual or fully kinematic tectonic models have
emerged (e.g., Shephard et al., 2013; Miller et al., 2018;
Hutchinson et al., 2017). The kinematics of opening can
be largely ascribed to either a suite of counter-clockwise
“windshield-wiper” rotational models, or more recent
translational models which account for NE-trending
anomalies (e.g., Hutchinson et al., 2017; Dgssing et al.,
2020).  Accounting for the various Amerasia Basin
sub-domains, e.g., motion of the Chukchi Plateau, the
potential continuation of the Canada Basin spreading
axis to the north, and restoring any extended continental
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crust in the Alpha Ridge domain, is a challenge for any
consistent, time-dependent plate reconstruction.

Nonetheless, because the HALIP has been ascribed
to ~126-78 Ma, including the first pulse at ca. 123 +
3 Ma in Svalbard (Sartell et al., 2025), it is likely
that the Amerasia Basin had dominantly opened or
was in the final stages of opening (i.e., before 120 Ma)
when the HALIP was emplaced. In other words, an
underlying mantle plume likely impinged on recently
opened or actively opening lithosphere. It is worth
acknowledging that younger opening times for parts
of the Amerasia Basin, including the Alpha-Mendeleev
ridge and Makarov Basin, have also been presented (e.g.,
Chernykh et al., 2018; Dgssing et al., 2017).
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Figure 2 — A) Present day location of dykes (red lines) and
interpreted extent of magmatism in the Alpha -Mendeleev
region (purple; based on the High Arctic Magnetic Domain
- HAMD from Oakey and Saltus, 2016) B) and C) Plate
tectonic reconstructions (modified after Dgssing et al., 2020)
in an absolute reference frame (Steinberger and Torsvik,
2008) showing the distribution of HALIP elements at 120
Ma (corresponding to the oldest HALIP pulse) and 80 Ma
(youngest HALIP pulse). The present-day location of the
Iceland mantle plume is shown by the orange circle. The
blue polygon shows the extent of oceanic crust in the Canada
Basin.
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2.2 Geochronology - Circum-Arctic
Perspective

The HALIP exhibits a wide range of radiometric dates
from 126 to 78 Ma (Figure 4). Furthermore, based
largely on the Canadian samples, the HALIP is thought
to include three main pulses (Figure 4; Dockman et al.,
2018, 2025; Heyn et al., 2024; Sartell et al., 2025).
Not all HALIP sub-provinces exhibit the full range of
magmatic episodes. Robust U-Pb dating in Svalbard,
for instance, suggests that only the oldest pulse (123
+ 3 Ma) is present locally (Corfu et al., 2013; Sartell
et al., 2025). In the first 2D numerical mantle convection
models of their kind, Heyn et al. (2024) showed that
a mantle plume interacting with variable lithospheric
thicknesses (e.g., from the Amerasia Basin to Sverdrup
Basin to cratonic Greenland) could account for some
of the first-order elements of the HALIP. Namely, the
spatially and temporally variable melt volumes, and at
least two of the pulsations.

2.3 Geochemistry - Circum-Arctic
Perspective

Numerous studies address the geochemistry of the
HALIP throughout the Arctic, including Svalbard
(Nejbert et al., 2011), Franz Jozef Land (Ntaflos and
Richter, 2003), the De Long Islands (Silantyev et al.,
2004), the Canadian Arctic (e.g., Estrada et al., 2016;
Deegan et al., 2023; Bédard et al., 2021a,b; Naber et al.,
2020), northern Greenland (Thorarinsson et al., 2011a)
and dredged samples from the Alpha-Mendeleev Ridge
(Van Wagoner et al., 1986; Williamson et al., 2026).

Initial studies focused on correlating the intrusions
geochemically, largely classified as basaltic dolerites
(Figure 5). By far the most extensive and systematic
geochemical studies of HALIP rocks have been conducted
in Arctic Canada, primarily driven by mapping
initiatives led bv the Geological Survey of Canada.
Bédard et al. (2021b) conduct an updated classification
of HALIP rocks from Canada to decipher when, how and
where the various magmatic types were generated.

The HALIP is dominated by tholeiites (Figure 5), with
some alkaline igneous rocks particularly in the younger
complexes seen in the Canadian Arctic (Bédard et al.,
2021a). The geochemical data provide evidence for
multiple magma components and crustal contamination,
as well as constraints on melting depths. On a regional
scale, the geochemical data suggests depth-controlled
melting for the upper tholeiitic and lower alkalic suites.
Magma was then transported laterally across hundreds
of kilometers to the Sverdrup Rim and Sverdrup Basin
through a series of sills and dykes (Dockman et al., 2025).

2.4 Sedimentology - Circum-Arctic
Perspective

The emplacement of the High Arctic Large Igneous
Province (HALIP) during the Cretaceous triggered
regional-scale thermal uplift and major shifts in source
areas and drainage patterns across the Arctic (Figure 6).
This initial pulse, occurring approximately 123-122 Ma,
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Figure 3 — Circum-Arctic geophysical maps and regional crustal-scale profiles illustrating the main tectono-magmatic elements
of the Arctic. A) Free air gravity anomaly (Andersen et al., 2014) and B) magnetic anomaly (Gaina et al., 2011) maps of the
Circum-Arctic. Magenta lines numbered 1 to 3 indicate crustal profiles illustrated in (C). C) Crustal transects continental
margins of Eurasia Basin (a), northern Sverdrup Basin and Alpha Ridge (b), and of Canada Basin (c). Profile 1 is modified
after profile D of Minakov et al. (2012); profile 2 is modified after Funck et al. (2011), and Profile 3 is modified after Chian

et al. (2016). HVLC = high-velocity lower crust.

coincided with the opening of the Canada Basin, where
seafloor spreading is estimated to have occurred between
127 and 120 Ma.

This  widespread  uplift created diachronous
unconformities across various basins, including the
Sverdrup, Wandel Sea, and Barents Shelf (Figure 7). For
example, a major Hauterivian break-up unconformity is
documented in Alaska and Arctic Canada, while central
and southern Spitsbergen exhibit a Barremian-age
unconformity at the base of the Helvetiafjellet Formation
(Sliwiriska et al., 2020). These variations reflect regional
differences in the rate and magnitude of uplift,
exhumation, and isostatic response to HALIP activity.

Prior to the main HALIP activity, Jurassic to
Early Cretaceous clastic wedges in the Agardhfjellet
and Rurikfjellet formations suggest early basin margin
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uplift related to incipient rifting. During the main
HALIP pulse, the Helvetiafjellet Formation on Svalbard
transitioned from quartz arenites to volcanic arenites
(Edwards, 1979), reflecting an influx of volcanic
sediment. =~ This period was also characterized by
bentonite layers, dolerite intrusions, and basaltic lavas
(Senger et al., 2014a). Similar fluvio-deltaic to marine
successions are recorded in Northeast Greenland and the
Sverdrup Basin (Ineson et al., 2021; Tullius et al., 2014).
Notably, the early Aptian Oceanic Anoxic Event (OAE)
la is preserved in organic-rich marine mudstones across
these regions, marking a broad transgression following
the uplift (Midtkandal et al., 2016).

Later HALIP pulses continued to influence Arctic
stratigraphy. On Spitsbergen, a low-angle unconformity
spanning the late Albian to lowermost Paleocene
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Figure 5 — Geochemical characterization of the HALIP.
Silica vs. total alkalis classification plot for a compilation
of HALIP rocks. This compilation is based on published
data (Amundsen et al., 1998; Brown et al., 1987; Bédard
et al., 2020; Dockman et al., 2018; Dostal and MacRae, 2018;
Estrada, 2000; FEstrada et al., 2001, 2006; FEstrada, 2015;
Estrada et al., 2016; Estrada and Henjes- Kunst, 2004; Estrada
et al., 2010; Estrada and Piepjohn, 2019; FEvenchick et al.,
2015, 2019; Jowitt et al., 2014; Kingsbury et al., 2016; Korago
et al., 2010; Nejbert et al., 2011; Osadetz and Moore, 1988;
Saumur et al., 2016; Shipilov and Karyakin, 2010; Sklyarov
et al., 2016; Thorarinsson et al., 2011a,b, 2012; Thérarinsson
et al., 2015; Trettin, 1996).

indicates thermal doming that led to the extensive
erosion of Upper Cretaceous strata (Steel and Worsley,
1984). In contrast, Upper Cretaceous deposits
are preserved in the Sverdrup Basin and Northeast
Greenland (Embry and Beauchamp, 2019; Hovikoski
et al., 2018). The Sverdrup Basin, in particular,
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experienced significant late-stage volcanism, evidenced
by thick tholeiitic basalt flows in the Cenomanian Strand
Fiord Formation and numerous bentonites in the Kanguk
Formation (Embry and Beauchamp, 2019). These Upper
Cretaceous fills also contain sandstone wedges resulting
from continued thermo-tectonic uplift and prograding
shoreline systems.

2.5 The HALIP and Environmental
Perturbations

LIPs influence climate and are often associated with
hyperthermals and mass extinctions throughout the
Phanerozoic (Jones et al., 2016; Bond and Grasby, 2017;
Smyrak-Sikora et al., 2024, Figure 7). There is a strong
temporal correlation between LIP activity and oceanic
anoxic events (OAEs) in the geological record (e.g.,
Percival et al., 2021, Figure 8).

However, tying a specific LIP to a specific mass
extinction event is challenging when details are
considered. Firstly, the magnitude (volume and
area), timing (rapid, pulsating or long-lived), nature
(extrusive vs intrusive), and location (proximal or distal
to the study area) of the magmatism will influence
the environmental perturbation (Jones et al., 2016).
Similarly, the nature of the host rocks (organic-rich
shales, carbonates, siliciclastics, metamorphic basement
etc.) will influence what type of gases will be generated
during contact metamorphism (Aarnes et al., 2010; Black
et al., 2018; Heimdal et al., 2020, 2021; Svensen et al.,
2023, 2004). Furthermore, other stress factors affect the
fauna and flora prior or during LIP activity. For instance
meteorite impacts or plate tectonic reorganizations,
will affect the severity of environmental response to
large-scale volcanism.

Intrusive igneous complexes (e.g., dykes, sills,
saucer-shaped intrusions) are by definition emplaced
in the deep to shallow subsurface and initially not in
direct contact with the atmosphere. The past decades,
however, have highlighted the presence and importance
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Figure 6 — Circum-Arctic paleogeographic map during the Early Cretaceous, highlighting major sedimentary pathways and
key HALIP locations. Figure modified from Grundvdg et al. (2017).

of hydrothermal vent complexes in channeling large
quantities of greenhouse gases from contact metamorphic
aureoles to the atmosphere (Svensen et al., 2004). Such
complexes are best mapped using 3D seismic data (e.g.,
Magee et al., 2014; Kjoberg et al., 2017; Berndt et al.,
2023) and have been postulated as a major factor driving
the PETM through NAIP volcanism (Svensen et al.,
2004; Frieling et al., 2016; Jones et al., 2016; Berndt
et al., 2023). Field exposures of hydrothermal vent
complexes have been identified in the Karoo Basin of
South Africa (Svensen et al., 2008, 2023).

In Svalbard and the rest of the Barents Shelf,
potential hydrothermal vent complexes associated with
the HALIP have been identified on 2D seismic data
(Polteau et al., 2016; Senger et al., 2013) and
multibeam bathymetry (Senger et al., 2013, Stop 13).
Sills are preferentially emplaced in organic-rich shales,
particularly the Middle Triassic Botneheia Formation
(Senger and Galland, 2022).  This enhances the
possibility of significant greenhouse gas generation
during contact metamorphism.

2.6 Svalbard - an Accessible Part of the
HALIP Puzzle

Svalbard is a Norwegian high Arctic archipelago
comprising all islands between 15°-35°E and 74°-81°N
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including the largest island of Spitsbergen (Figure 9).
The archipelago is particularly renowned for its nearly
continuous post-Caledonian succession recording the
interplay of global climate and regional tectonics
(Smyrak-Sikora et al., 2024, and references therein).
Svalbard also offers many insights into the tectonic
evolution of the broader Arctic and North Atlantic
systems (e.g., Harland, 1997).

In Svalbard, all HALIP rocks are officially classified
as the Diabasodden Suite (Dallmann et al., 1999)
but referred to as HALIP herein. Tyrrell and
Sandford (1934) were the first to systematically review
the Svalbard dolerites. ~ Maher (2001) provided an
updated synthesis of the Diabasodden Suite just a
few years after the HALIP was officially named
(Tarduno et al., 1998). Doleritic sills are the most
prevalent manifestations, although dykes occur locally.
Time-equivalent extrusives, Aptian plateau lavas are
only seen in Kong Karls land and are currently dated
(10 Ar /39 Ar) to 126.1 & 1.7 Ma (Morgan Ganergd, pers.
comm. 2020 in Olaussen et al., 2025). Senger et al.
(2014a) and Nejbert et al. (2011) provide comprehensive
regional reviews of the Diabasodden Suite, while Senger
and Galland (2022) focus on the data-rich central
Spitsbergen area and the stratigraphic and spatial extent
of the igneous rocks.
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Washington Group volcanics.

Two major intrusive complexes are identified in
Svalbard: 1) Central Isfjorden, including the type
locality at Diabasodden, and 2) the Hinlopenstretet
to Tusengyane dolerite belt in eastern Svalbard
(Figure 9). Stratigraphically the doleritic sills and
dykes are preferentially emplaced in shale-dominated
successions in the Middle Triassic, but occur throughout
the stratigraphy from basement to the Cretaceous
(Figure 10). Exposures of dolerites in the fold-and-thrust
belt in western Spitsbergen are identified both in
outcrops and in 2D seismic profiles.

Compared to the Canadian Arctic where HALIP
exposures are also investigated from a mineral
exploration perspective (e.g., Saumur et al., 2022), the
Diabasodden Suite has been largely overlooked, even
though it represents by far the most easily accessible
part of the HALIP. Senger et al. (2014a) present a
comprehensive synthesis of research on the Svalbard
dolerites and argue that a strengthened circum-Arctic
perspective is essential for deciphering the evolution of
the HALIP as an integrated magmatic system. One of
the major research questions is the timing of the HALIP
pulse, which in Svalbard only seems to be related to the
oldest pulse (Corfu et al., 2013; Sartell et al., 2025).
This may be related to the development of the plume
head over time or Svalbard’s location at the periphery
of HALIP magmatism. Another aspect is the regional to
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local emplacement modes to the peripheral HALIP sites
such as Svalbard and the neighbouring Franz Josef Land.

In the past two decades the Diabasodden Suite
has been investigated in terms of implications of
geochemistry (Nejbert et al., 2011), igneous complex
architecture (Galland et al., 2025), storing COy (Senger
et al., 2013), contact metamorphism (Senger et al.,
2014a), regional spatial and stratigraphic distribution
(Polteau et al., 2016; Senger and Galland, 2022) and
updated geochronology (Sartell et al., 2025).

3 Field Excursion to Isfjorden

In this interactive and partly digital field guide we visit
15 HALIP-related stops in and around Isfjorden (Table 1;
Figure 11). The geologically diverse area is (relatively)
easily accessible from Longyearbyen and offers a number
of tectono-magmatic elements of interest, illustrated on
the map and a regional cross-section (Figure 11).

In the east, the field guide area is bounded by
the Billefjorden Fault Zone (BFZ), one of a series
of N-S trending long-lived lineaments exerting strong
control on Svalbard’s geological evolution. The BFZ
acted as a major shear zone with significant strike-slip
movements during the Caledonian orogeny, then > 10 km
of reverse offset during the Late Devonian Ellesmerian
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deformation, followed by an extensional phase in the
middle Carboniferous which led to basin formation
and sediment deposition within the Billefjorden Trough
half-graben, and finally reactivation during Paleogene
transpression/contraction (Belum and Braathen, 2012).

In the west, the excursion area is bounded by the zone
of intense deformation related to the West Spitsbergen
Fold and Thrust Belt (WSFTB), part of the Eurekan
deformation affecting large parts of the Arctic (Braathen
et al., 1999; Bergh et al., 1997; Piepjohn et al., 2016).
East-west shortening of up to 25 km (Braathen et al.,
1999) occurred during the largely transpressional event,
with basement-involved thick-skinned deformation in the
western part and thin-skinned deformation along three
major decollements throughout the field area (Braathen
et al., 1999; Horota et al., 2023).

A regional southerly dip of Svalbard’s stratigraphy
implies that in the southern part of the field guide
area Paleogene sediments deposited in the foreland basin
of the WSFTB (Helland-Hansen and Grundvag, 2021)
cover the underlying Mesozoic-Paleozoic succession. On
the northern shores of Isfjorden, the older successions are
well exposed. In the inner parts of Nordfjorden Devonian
sandstone-dominated successions are present.

3.1 Stop 1: Festningen: Setting the
Stratigraphic Scene
The Festningen section in western Spitsbergen is

Svalbard’s only geotope and an excellent site to introduce
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us to the regional Paleozoic to Cenozoic stratigraphy
(Figure 12). A nearly continuous record from the
Carboniferous to the Paleogene is exposed in the ca. 7
km long beach section, near-vertically tilted by the
Paleogene tectonics. Mork and Grundvdag (2020) present
a comprehensive field guide to the Festningen section.
Senger and Galland (2022) provide a digital outcrop
model of the section, in the context of the regional

geology.

Apart from the eight type sections (Dallmann et al.,
1999), Festningen also offers an excellent exposure of
the Permian-Triassic boundary and the corresponding
mass extinction horizon (Grasby et al., 2015; Bond et al.,
2015). Ca 15 m above the mass extinction horizon we
find a 7 m thick sill emplaced in shale-dominated Lower
Triassic strata - the first HALIP rocks we touch on this
excursion (Figure 12B). Sill outcrops are also visible in
the folded strata in the mountain sides to the south.
These sills continue southward at least as far as Wedel
Jarlbergs Land.

As an alternative site to Festningen (for instance
if a polar bear is also investigating the stratigraphy),
Selmaneset on the northern shore of Isfjorden offers the
same stratigraphy but with a thinner HALIP sill.

3.2 Stop 2: Colesbukta: Igneous
Intrusions in the Subsurface

Colesbukta is a defunct Soviet coal mining settlement
located approximately halfway between Festningen and
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Figure 9 — Geological map of Svalbard (Dallmann and Norwegian Polar Institute, 2014), highlighting the extent of the
Diabasodden Suite (red). Sill outcrops not shown here also occur along much of the western fold and thrust belt.

Longyearbyen. Tens to hundreds of coal exploration
boreholes have been drilled in the vicinity over the past
century. These, however, only target the Paleogene
succession and are irrelevant for HALIP-related research.

Deep petroleum exploration boreholes facilitate
correlation between the outcrops and the subsurface.
Eighteen petroleum exploration boreholes were drilled
from 1961 to 1994 by a range of Norwegian and
international companies through Paleozoic to Cenozoic
stratigraphy (Senger et al., 2019). One deep petroleum
exploration borehole was drilled in Colesbukta by the
Soviet coal mining company Trust Arktikugol in 1974-75
(Senger et al., 2019). The well was drilled through a 43
m thick igneous sill in Lower Triassic strata, at a similar
stratigraphic level to that encountered at Festningen 26
km westward (Figure 13). The sill is well imaged on
the gamma log (Figures 13 and 14). The resistivity
response is strong in the contact metamorphic aureoles
(Figure 14), suggesting the presence of conductive pyrite
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or graphite (as documented in the Neuquen Basin by
Spacapan et al. (2020). The same response is evident
in the Ishggda borehole, where two sills are emplaced
slightly higher up in the stratigraphy (Figure 13).
Thinner sills are also reported from the two Vassdalen
petroleum exploration boreholes (Senger and Galland,
2022) and the fully-cored DHA4 scientific borehole (Senger
et al., 2014a). Seismic interpretations also suggest the
sills extend under the Central Tertiary Basin to the east
(Senger and Galland, 2022).

Using the base of the Helvetiafjellet Formation as a
surface reference level the sills within the Botneheia
Formation were emplaced at a depth of 715-1165 m
(Figure 13; Senger and Galland, 2022). Compaction of
the overburden would have increased this somewhat but
the sills were nonetheless emplaced at relatively shallow
depths over a large area - while never surfacing as lava
flows in the greater Isfjorden area.
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Table 1 — Overview of the 15 stops, their overall scientific themes, and key references and relevant data sets.

Stop Locality Main theme

Key references, digital outcrop models,
photosphere-tours and other resources

Setting the stratigraphic scene.
Introduction to the HALIP with
a thin sill just above the
Permian-Triassic boundary.
Petroleum exploration and

1 Festningen

2 Colesbukta subsurface characterization of
HALIP sills in boreholes.
Implications of igneous
intrusions for C'O, storage.
Contact metamorphism in
DH4 aureole.

Type locality.
Onshore-offshore correlation.

3 Adventdalen and Deltaneset

4 Diabasodden

Ig S It t
5 Gronsteinfiellet gneous complex geometry

6 Botneheis
ornenea SvalCLIME project.
Magma-fault interaction in

Gasgyane, Gipshuken and extensional settings.

7
the Billefjorden Fault Zone  Evidence for HALIP sill in

Reindalspasset well further south.

8 Skansbukta to Frostisen Mz.xg.;ma p.ropaga.tion in Triassi.c
siliciclastic-dominated successions
Igneous geometry.

9 Tschermakfjellet Influence of magmatism on
petroleum systems.
3D architect f a sill.

10 Blomesletta 3D architecture of a si

HALIP U-Pb geochronology.

Eurekan deformation.
HALIP emplacement and

11 Mediumfjell FTB
ediumfjellet/ WS subsequent deformation.

Tectonic vs thermal fractures.

Central Isfjorden -

dykes, sills, transgressive segments

Sill propagation in organic-rich zones.

Mork and Grundvdig (2020)

Senger and Galland (2022)

Betlem and Senger (2022)
https://vrsvalbard.com/the-festningen-section/

Senger et al. (2019)
Senger and Galland (2022)

Senger et al. (2013, 2014a)
Ogata et al. (2014)

Dallmann et al. (1999)
Corfu et al. (2013)

Malinen (2024)

Hagevold (2019)
Senger and Galland (2022)
https://vrsvalbard.com/svalclime-project/

Odlum et al. (2019)

Senger et al. (2013)

Senger et al. (2017)

Galland et al. (2025)

Sartell et al. (2025)

Sartell (2021)

Larsen (2010)

Mabher et al. (2020)

Horota et al. (2023)
https://vrsvalbard.com/west-spitsbergen-fold-and-thrust-belt/
Malinen (2024)

Nejbert et al. (2011)

Sartell (2021)

Senger et al. (2013)
Senger and Galland (2022)

12 . Circum-Isfjorden geochemical data.
geochemistry
Central Isfjorden - Seismic and magnetic characterization.

13 mapping intrusions Multibeam mapping of possible
geophysically hydrothermal vent complex.
Festningen, The HALIP and influence on sedimentation.

14 Hanaskogdalen and
Flyplassveien
A winter wonderland -
15 visiting HALIP locations
on snowmobiles

The HALIP plumbing system
and regional stratigraphy.

Both regional-scale system and volcanic
signals within sedimentary record.

Grundvdg et al. (2019)
Ineson et al. (2021)

In all boreholes except the Reindalspasset borehole the
igneous intrusions are found in Triassic shale-dominated
successions. In the Reindalspasset borehole a 21 m
thick intrusion is emplaced in the sandstone-dominated
Ebbadalen Formation, a syn-rift succession within
a half-graben east of the BFZ. Interestingly, no
HALIP intrusions are present in outcrops within the
well-mapped Billefjorden Trough 70 km north of the
Reindalspasset borehole. Further south from Isfjorden
in Bellsund at Midterhuken a ~20 m thick sill resides
within the Kapp Starostin Formation.

3.3 Stop 3: Adventdalen to Deltaneset:

Influence of Igneous Intrusions on
CO, Storage

Our next stop combines both drill cores and
corresponding outcrop exposures, in and near
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Longyearbyen. Due to the regional dip and lack of
vegetation, the drilled succession is pristinely exposed
at outcrops between Deltaneset and Botneheia 15 km
northeast of the C'O5 injection location targeted by the
Longyearbyen CO5 Lab project (Figure 7, Stop 6).

The project’s main objective was to determine whether
the subsurface is suitable for storing locally produced
COy, for which 8 boreholes were drilled and fully
cored between 2007 and 2013 (Braathen et al., 2012;
Olaussen et al., 2019). The project generated a wealth
of multidisciplinary data along with the 4.5 km of drill
core material, summarized in an open data package that
encourages re-use (Senger et al., 2025).

The deepest borehole, DH4, penetrates almost 1 km
of Mesozoic stratigraphy and fully cores a 2.28 m thick
sill at 950 m depth (Figure 15), i.e., in the lower part of
the targeted reservoir. Thin as it is, the sill produces a
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contact metamorphic aureole corresponding to 160-195%
of its thickness (Figure 15B; Senger et al., 2014a).
Geochemically, the sill corresponds to the Diabasodden
Suite signature (Senger et al., 2014a). Seismic data
suggest a thicker (10s of meters thick) sill beneath the
drilled interval.

Sills of similar thickness are encountered across the
same stratigraphic interval west of Hatten (Ogata et al.,
2014; Senger et al., 2014a). A dyke at Botneheia (see also
Stop 6) penetrates the entire reservoir succession and
extends an unknown distance into the caprock shales.
The geometry of the igneous system was investigated in
view of the COy lab project by Senger et al. (2013),
concluding that the igneous intrusions will locally modify
the reservoir properties and represent potential baffling
zones.

3.4 Stop 4: Diabasodden-Hatten:
Visiting the Type Locality of the
Diabasodden Suite

Diabasodden is the type locality for the Diabasodden
Suite (Dallmann et al., 1999). It consists of a large
and thick sill, which in the west merges with the
intrusive complex of Hatten. Towards the east, the sill
continues through Grensteinfjellet (Stop 5) all the way
to Botneheia (Stop 6).

It is unclear how and from where the magma was
emplaced, but the sheer volume and relatively low
stratigraphic position implies that Diabasodden-Hatten
may represent a regional feeder system that feeds magma
as sills to the surroundings. The western margin of
Hatten may be a feeder dyke (Figure 16A and 16C),
which bathymetric and magnetic data indicates to cross
14 km across all of Isfjorden and connect directly to
a ca. 10 m thick dyke exposed at the beach beneath
Rotundafjellet (Stop 8).

The ca. 3 km long digital outcrop model of
the Hatten-Diabasodden complex (Figure 16E) was
generated from 931 drone-based photographs and
provides valuable insights into the igneous complex
geometry. The sill at Hatten varies in thickness from
40 to 46 m. At Diabasodden itself, the sill is 45
m thick and exemplifies good examples of columnar
jointing formed during magma cooling (Figure 16F).
The complex represents the most magma-rich part
of the Isfjorden area (ca. 0.041 km? of magma) and
is hypothesised to represent a regional magma feeder
System.

Diabasodden is also one of only four places in
Svalbard from which reliable U-Pb radiometric ages of
the Diabasodden Suite were published, yielding an age
of 124.5 £ 0.2 Ma ( Corfu et al., 2013; Sartell et al., 2025).

3.5 Stop 5: Grgnsteinfjellet: Dykes and
Sills

The 309 m high Grgnsteinfjellet mountain (Figure 17C)
links the Hatten-Diabasodden complex (Stop 4) with
the long sill feeding towards Botneheia (Stop 6). The
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Figure 13 — Synthesis of stratigraphy penetrated by boreholes (and the Festningen section) that encountered HALIP igneous
intrusions. The section is flattened at the base of the Helvetiafjellet Formation, representing a proxy for the paleosurface at the
time of emplacement during the Early Cretaceous. A zoom-in of the Triassic section in Vassdalen, Ishggda and Colesbukta is
shown in Figure 14. Figure modified from Senger and Galland (2022).

mountain provides good examples of both dykes and
sills emplaced within Mid-Late Triassic siliciclastic
successions. The beach section, which is an ideal starting
location for a half-day hike, offers a thin (ca. 1 m) sill
and also a rare dyke (Figure 17). The dyke is cut by
a thrust fault linked to the WSFTB. Above the beach
outcrop the dyke is covered by scree, but following its
trend it is obvious that the dyke follows to the top of
Grgnsteinfjellet where it presumably feeds the sill. The
ridges of Grgnsteinfjellet, particularly its north-western
one, offer good quality outcrops. The south-eastern side
is not as well exposed, but from the digital outcrop model
(Figure 17B) it is apparent that the sill transgresses to
a lower level.

3.6 Stop 6: Botneheia: Contact
Metamorphism and Global Climate

The Botneheia mountain offers excellent exposures
of sills emplaced in Triassic siliciclastic sediments,
particularly its northern slopes (Figure 18).  The
mountain is the type locality for the Mid-Triassic
Botneheia Formation, an organic-rich shale with regional
source rock potential (Wesenlund et al., 2022). The
HALIP sill intrudes the Botneheia Formation from the
west, before transgressing to a higher level within the De
Geerdalen Formation. Nonetheless, a thinner offshoot
sill continues eastwards within the Botneheia Formation
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before pinching out towards Flowerdalen (see Figure 11
for location). The top of the Botneheia plateau consists
of Wilhelmgya Subgroup strata, the upper reservoir
targeted for C'Os storage (Stop 3). A ca. 4 m thick
WNW-ESE oriented dyke cuts the entire reservoir and
extends an unknown distance into the overlying caprock
of the Agardhfjellet Formation.

Hubred (2006) documents the influence of the
10s-of-meters thick sill at Botneheia on the aureoles,
while Brekke et al. (2014) expand the study to similar
sills in time-equivalent strata in eastern Svalbard.
However, detailed aureole studies on outcrops are
hampered by scree cover and steep cliffs.

An ongoing international research initiative,
SvalCLIME (Senger et al., 2023, https://vrsvalbard.com
/svalclime-project/), aims to decipher the relationships
of globally significant hyperthermal events with large
igneous provinces throughout the Phanerozoic. To better
understand the processes occurring when hot magma
interacts with organic-rich sediments the SvalCLIME
team proposes to drill and fully core three scientific
boreholes on Botneheia (Figure 18). Two ca. 200 m
deep boreholes are planned in the valleys directly to
the west and east of Botneheia to characterize the same
stratigraphy with and without the ca. 40 m thick sill.
A third borehole will be drilled on top of the plateau
to characterize the thinner sill and the upper part of
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Figure 14 — Wireline and outcrop characterization of sills and their contact metamorphic aureoles within organic-rich shales
of the Middle Triassic Botneheia Formation. The outcrop photograph is from southern Tschermakfjellet (see Figure 11 for

location). Figure modified from Senger and Galland (2022).

the stratigraphy. Additional boreholes will be drilled
at Kropotkinfjellet, Nordenskioldfjellet and Platéfjellet
to obtain a high-resolution paleoenvironmental
and paleoclimate record from the end Permian
to the Paleogene (see VFT for further details,
https://vrsvalbard.com/svalclime-project /).

3.7 Stop 7: Gasgyana and Gipshuken:
Magma-fault Interaction

The Botneheia plateau is also an excellent excursion
during the spring season (March-April), when
snowmobiles can be used to drive on top of the
plateau and gain impressive vistas of inner Isfjorden
(see also Stop 15). Flowerdalen, the valley just east of
Botneheia, runs parallel to the Billefjorden Fault Zone.
The fault zone is not directly visible here, but becomes
prominent on the northern shore of Isfjorden. Here the
Billefjorden Fault Zone crosses the Gipshuken mountain,
with its prominent fault-propagation fold formed during
Paleogene transpression as the Billefjorden Fault Zone
was re-activated as a reverse fault.

A petroleum exploration borehole was drilled ca. 45
km south of Gipshuken in Reindalspasset in 1991
targeting a structure associated with the Billefjorden
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Fault Zone (Figure 19A). The well penetrated an 18 m
thick sill in the syn-rift strata (Figure 19B), presumably
of HALIP affinity. Interestingly no igneous sills have
been reported from the syn-rift strata of the well
studied Billefjorden Trough exposed ca. 25 km north of
Gipshuken.

HALIP rocks are exclusively exposed on the western
side of the fault zone, for instance at Gipsvika
(Figure 19C) or the Gasgyane islands. The islands
comprise only dolerites and are absolutely worth a
visit, especially to observe the regular cooling joints.
Mabher et al. (2020) systematically mapped such fracture
patterns in dolerites throughout Svalbard and argued
that the regional stress regime also influences the
direction of the cooling joints.

The Billefjorden Fault Zone (and several other N-S
oriented long-lived lineaments) was a major weakness
zone during the emplacement of the HALIP. A working
hypothesis is that magma utilised the fault zone during
emplacement. While further work remains to understand
magma-fault interactions in Svalbard, Odlum et al.
(2019) has already identified enhanced hydrothermal
fluid circulation within the Billefjorden Fault Zone at
precisely the time of HALIP emplacement.
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3.8 Stop 8:

Svenskehuset-Frostisen-Rotundafjellet:

Influence of Stratigraphy on Magma
Emplacement

The southern tip of Dickson Land offers some of the
most impressive HALIP exposures in the field area. The
area can be explored both in summer and spring, but
is fairly remote and some of the inland localities require
long walks from the coastline. As is obvious from the
geological map (Figure 20A), the igneous intrusions are
most prevalent in Triassic siliciclastic host rocks. In
southern Dickson Land intrusions are largely manifested
as relatively homogeneous tabular sills. Single sills often
span several mountainsides and in general the igneous
complex is less structurally complex on the northern
shore of Isfjorden than in the south (Senger et al., 2013).

One important site absolutely worth visiting is the
beach beneath Rotundafjellet, where a ca. 8 m thick
dyke is exposed. The onshore dyke corresponds directly
with a magnetic high anomaly in Isfjorden that links
Rotundafjellet to Hatten (Stop 4). The dyke is also
partly exposed in the scree slopes at Rotundafjellet, and
most likely feeds the mountain-capping sill.

The cultural heritage site of Svenskehuset with its
strong history (Aasebg and Kjaer, 2009) is certainly
worth visiting while in the area. In addition, there
are two sills exposed above the location of the cabin.
While the upper sill emplaced in Botneheia Formation
does not exhibit good outcrop quality and is therefore
of relatively little significance, there is an interesting
yet not very well studied exposure of a few meter thick
inclined sheet/sill, which has also been captured as a
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digital outcrop model. No work has been published
from this locality to date, but the sills show distinct
internal deformation and veins (Figure 20D). Samples
collected from these up to several cm-wide veins show
distinct “interlayers” of calcite and pyrite as well as
up to cm-scale macro-pores filled with unspecified
organic matter, releasing distinct hydrocarbon smell
upon breaking. Geological implications of this site are
considerable, but it seems possible that it presents an
example of inclined sills as an upward fluid pathway
through low-permeability formations, possibly under
hydrothermal conditions.

3.9 Stop 9: Tschermakfjellet: Igneous
Geometries and Influence on
Petroleum Systems

The Tschermakfjellet mountain on the south-western
corner of Dickson Land deserves its own stop. The
characteristic cup-shaped intrusion is best appreciated
from a boat or airplane at some distance (Figure 21A).
As at Botneheia (Stop 6), the sill is emplaced in both the
Botneheia and De Geerdalen formations. The Botneheia
Formation (e.g., Wesenlund et al., 2022) is a major
regional source rock across the entire Barents Shelf, while
the De Geerdalen Formation is an important reservoir
rock targeted by the Longyearbyen C'O, lab project
(Stop 3; Braathen et al., 2012).

Igneous intrusions have both positive and negative
impacts on the petroleum system (as reviewed by Senger
et al. (2017); Figure 21B, C). The Tschermakfjellet
geometry nicely illustrates how intrusive complexes may
segment and compartmentalize a reservoir, and locally
overmature a source rock, thus negatively influencing
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Figure 16 — Diabasodden and Hatten area. A) Helicopter overview picture of Hatten, looking westward towards Janusfjellet.
Photo by Winfried Dallmann. B) Drone image of Hatten, while students and teachers of the Arctic Tectonics and Volcanism

course (Senger et al., 2024)

offshore terrain data, with the HALIP intrusions highlighted in colour.

walk on top of the intrusive complex. Photo by Owen Anfinson. C) Integration of onshore and

Note the continuation of the Hatten feeder dyke

offshore. D) Geological map of the Deltaneset to Vindodden area, from geokart.npolar.no. E) Digital outcrop model of the
Diabasodden-Hatten complex. F) Zoom-in of columnar jointing illustrated by the model. The model is available in context for
interactive web viewing at https://vrsvalbard.com/ag-214-vfgs-the-high-arctic-large-igneous-province-halip/

the petroleum system. On the other hand, regionally
immature source rocks may be brought into the oil
or gas window by enhanced regional heat flow due
to magmatism and thus benefit the petroleum system.
Structural traps such as faults may be breached by
magma propagating along the fault, but igneous rocks
may also form traps or even reservoirs (Figure 21).

3.10 Stop 10: Blomesletta/James I
Land: 3D Sill Geometries

West of Dickson Land, the HALIP intrusions are
predominantly emplaced in stratigraphically older
Permian carbonate-evaporite-dominated successions.
The N-S trending Blomesletta Fault offset some of the
stratigraphy and intruded sills, but is not easily visible
in the field (Figure 22). A large dolerite sill, however,
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is well exposed on the peaks of the mountains like
Kapitol as well as along cliffs related to the plateau
in the south east of James I Land, at Stjerthggda
and Vengeberget (Figure 22C). Galland et al. (2025)
constrain the 3D architecture of the main sill body based
on field observations and analyses of digital outcrop
models, documenting the stratigraphic control on sill
morphology.

The 3-dimensional mapping indicates that the sill
comprises several sub-horizontal segments emplaced at
distinct stratigraphic levels. = The morphologies of
the sill segments differ depending on the stratigraphic
level they are emplaced at. The sill segments
emplaced along the stratigraphic contact between
the Gipshuken Formation and the Kapp Starostin
Formation, which is marked by a competent, fossil-rich
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Figure 17 — A) Outcrop-scale (Rodes et al., 2024a) and B) mountain-scale (Rodes et al., 2024a) digital outcrop models of
the Grgnsteinfjellet mountain, illustrating the sill-dyke architecture. For interactive viewing of the digital outcrop models visit
https://sketchfab.com/models/7185d44b49d74a9daad35f438d52cf2a/embed ?autostart=1&ui__inspector=0.

WBotneheia mountain BO
Sassenfporden

Figure 18 — A) Screenshot of a digital outcrop model of the Botneheia mountain (Rodes et al., 2024b). The full interactive
model is available at https://sketchfab.com/3d-models/botneheia-0897fb5a22d8436facf738c0d35b3921 Botneheia offers
numerous styles of igneous intrusions, dominated by an eastward-propagating sill that transgresses from the Botneheia Formation
to the De Geerdalen Formation. The entire plateau is dissected by a ca. 5 m thick dyke. The inset map shows the locations of
three planned scientific boreholes targeted by the SvalCLIME project Senger et al. (2023). B) to D) Drone images of the dyke
cutting across Botneheia.
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Figure 19 — Magma-fault interaction. A) Seismic line across the Reindalspasset borehole, illustrating the penetrated
stratigraphy and the geometry of the Pennsylvanian half graben. B) Wireline log signature of an igneous sill in the syn-rift
sandstone-dominated strata. C) Digital outcrop model of Gipshuken (Smyrak-Sikora et al., 2024), highlighting the HALIP sill
(red arrow) and the position of two fault strands of the Billefjorden Fault Zone (black arrows). The model can be examined
interactively by following the QR code (https://zenodo.org/records/12624872; www.svalbox.no/map).
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Figure 20 — Igneous intrusions exposed in southern Dickson Land. A) Geological map of central-eastern Spitsbergen
highlighting the extent of the Diabasodden Suite (red) in the context of the regional stratigraphy. Note the extensive intrusions
in the siliciclastic-dominated Triassic host rocks of southern Dickson Land. B) Number (bars) and mean area (red lines) of
individual mapped intrusions as identified from the regional geological map. Figure elements from Senger and Galland (2022).
C) Example of an unmapped igneous intrusion on the coastline of southern Dickson Land. D) Cut samples from a dolerite
sheet on the slopes above Svenskehuset (yellow star in A). Note the hydrothermal venting, bitumen material within the sill and
extensive pyrite occurrence in the units.

194 | | volume 3.2 | 2026


https://zenodo.org/records/12624872
www.svalbox.no/map
https://doi.org/10.55575/tektonika2026.4.1.124

| FIELD GUIDE | Senger et al., A field Guide to the High Arctic Large Igneous Province in Isfjorden

Tschermakfiellet (422 m)

o

ey el

CONVENTIONAL PETROLEUM SYSTEM
» [a)

AFFECTED BY IGNEOUS INTRU:

Figure 21 — A) Petroleum system elements in the context of the Tschermakfjellet mountain. Photograph taken on 7 Aug 2025
from the Longyearbyen-Ny Alesund plane. B) Schematic illustration of a conventional petroleum system unaffected by igneous
intrusions. C) Schematic illustration of how igneous intrusions may impact the various petroleum system elements, including
charge, migration, reservoir, trap and seal. B) and C) are modified from Senger et al. (2017).

carbonate layer (the Vgringen Member), are straight
and strata-concordant. Conversely, the segments
emplaced within the Gipshuken and Kapp Starostin
formations, which appear less heterogeneous than the
Vgringen Member, are more irregular and exhibit locally
discordant contacts (Figure 22B, insets).

Field observations also show that the segments
emplaced at different stratigraphic levels are connected
by steeply dipping steps, which formed through
shearing/dilations of the host rocks between the tips
of the sill segments. Along these steps, the host rocks
layers are offset, giving the impression that the steps
are emplaced along faults. However, there is no visible
faulting through the strata below and above the steps,
showing that the observed offset accommodated only the
thickening of the sill segments.

The strike of the steeply dipping steps is dominantly
NW/SE. In addition, thickness measurements of the
segments conducted on the DOMs show systematic
thinning of the sill towards the SE. These data suggest
that the sill in James I Land was fed from the NW.

3.11 Stop 11: Mediumfjellet and the
WSFTB: Deformed Intrusions and
Tectonic and Thermal Fracturing
in Intrusions

The western part of central Spitsbergen is dominated
by FEurekan deformation manifested as the West
Spitsbergen Fold and Thrust Belt. The north-western
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coast of Isfjorden provides some of the most spectacular
structural features in the field area. Mediumfjellet,
in particular, is an excellent example of multiple
imbricate stacks thrust on top of each other during the
deformation.

The HALIP magmatism pre-dates the Eurekan
deformation and sills and dykes have been deformed
together with their host rocks, including at Festningen
(Stop 1). Initial studies in the area focussed on the
Eurekan deformation and the resulting structural styles
(Bergh et al., 1997). Furthermore, the complex geometry
was used as input to seismic modelling studies that
compared the imaging of the structures at Mediumfjellet
with those along Isfjorden to the south (Johansen et al.,
1994).

Many of the outcrops on the coastal stretch of Oscar
II Land have been digitized. Mediumfjellet itself was
initially modelled using helicopter-lidar (Larsen, 2010);
https://v3geo.com/viewer/#/142), and more recently
using drone-based SfM photogrammetry (Rodes et al.,
2023). Horota et al. (2023) provide a thematic digital
data package on the WSFTB, including relevant digital
outcrop models, an online virtual field trip (https://vr
svalbard.com/west-spitsbergen-fold-and-thrust-bel
t/) and an overview of the regional significance of this
deformation event.

Fracturing of the HALIP sills themselves may
be related to tectonism (pre- or post-emplacement),
emplacement and thermal contraction. A number of
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Figure 22 — Examples of sills emplaced in carbonate-dominated successions between Ekmanfjorden and Dicksonfjorden.
A) Geological map of the Dicksonfjorden-Ekmanfjorden area illustrating the extent and stratigraphic position of the HALIP
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B) Examples of the HALIP intrusions in different parts of the stratigraphy as seen from Mudderbukta in

Ekmanfjorden. C) The south-eastern part of the study area, dominated by dolerite sills capping the topography of Vengeberget
and Stjerthggda. D) Lower contact aureole at Blomesletta. Figure elements from Galland et al. (2025).

studies have looked at the fractures in the sills and
dykes in both Isfjorden and beyond (Maher et al.,
2020). The identified fractures are likely some mix of
emplacement-related deformation mechanisms, tectonics
and cooling. Distinguishing thermal discontinuities (i.e.,
cooling joints) from tectonic or emplacement-related
ones is challenging but can be done by considering their
orientations with respect to regional stress fields, or
direct evidence of tectonism (e.g., slickensides). Striated
surfaces adorned with chlorite are common in the diabase
at Mediumfjellet and likely resulted from the Eurekan
deformation. Calcite and pyrite vein networks are also
relatively common within the intrusions as well as the
surrounding host rock. Maher et al. (2020) identify
fracture trends in sills throughout Svalbard and conclude
that the predominant E-W and N-S trends of the cooling
joints is likely related to regional stress during the Early
Cretaceous.

3.12 Stop 12: Geochemical and
Petrological Signature of the
Diabasodden Suite

Whole-rock geochemical data from the Isfjorden
area is available from 52 samples collected at
Festningen, James I Land (Ekmanfjorden), Kapp

Thordsen, Gasgyane, Hyperittfossen, Botneheia, and
Gronsteinfjellet (Figure 24; Malinen, 2024; Nejbert et al.,
2011; Sartell, 2021). The Diabasodden Suite in this
region is characterized as tholeiitic basalts, with MgO
contents ranging from ca. 2.85 to 6.3 wt%, SiOs
contents from 44.5 to 51.2 wt%, FeOtot 11.2 to 17.8
wt%, and TiOs from 2.4 to 5.3 wt%. Ni content
decreases with decreasing MgO content, indicative of
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olivine fractionation (Malinen, 2024; Nejbert et al., 2011;
Sartell, 2021). This trend is clearest for the samples
from James I Land and Festningen, while there is a
smaller decrease in Ni contents with decreasing MgO
content for samples from Hyperittfossen, Botneheia, and
Grensteinfjellet (Figure 24B). The highest as well as
the lowest TiOs contents from the available Isfjorden
dataset are from James I Land, and these samples are
also slightly higher in SiO9 than other Isfjorden samples
(Figure 24C). Negative Eu anomalies can be interpreted
to be a result of plagioclase fractionation. The trace
element ratio Tb/Yb normalized to primitive mantle
(Sun and McDonough, 1989) can be used as a proxy of
the depth of partial melting (Wang et al., 2002). For
the majority of samples from the Isfjorden dolerites, the
Tb/YDbN ratio is higher than 1.8, which suggests deeper
partial melting below the garnet-spinel transition line
(Nejbert et al., 2011; Sartell, 2021). This transition
occurs at around 85 to 75 km, which is the minimum
pressure at which garnet is stable (Wang et al., 2002).
This indicates that partial melting related to the magma
emplaced in Isfjorden occurred at depths below this
transition zone, in the garnet stability field.

Petrographically, the dolerites from Isfjorden primarily
consist of plagioclase, clinopyroxene, and Fe-Ti oxides,
with occasional olivine present. Plagioclase is mainly
labradorite and bytownite, and occurs commonly as
phenocrysts and smaller grains in the groundmass.
Clinopyroxene is often augite, present in the ground mass
(Malinen, 2024; Sartell, 2021). Fe-Ti oxides are mainly
Ti-magnetite and ilmenite, up to 5 mm in size, and are
typically found as needles or stubby crystals (Nejbert
et al., 2011).
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Figure 23 — Structural overview of the West Spitsbergen Fold and Thrust Belt (WSFTB), a largely compressional event
occurring during the Paleogene following the emplacement of the HALIP sills (Braathen et al., 1999; Piepjohn et al., 2016). A)
Regional east-west cross-section highlighting the geometry of the WSFTB and relevant data sets (figure modified from Horota
et al., 2023). B) Photogrammetric digital outcrop model of the Mediumfjellet mountain with a zoom-in on the deformed HALIP
sill. The digital outcrop model is freely available online (Rodes et al., 2023).
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Figure 24 — Geochemical signatures of the Diabasodden Suite intrusions in Isfjorden. A) Normalized total alkali versus
silica discrimination plot based on Le Bas et al. (1986). B) Whole-rock geochemical MgO (wt%) and Ni (ppm) contents from
Festningen, James I Land, Grgnsteinfjellet, Hyperittfossen, and Botneheia. Map showing sample locations is modified from
(Dallmann, 2015). Geochemical data are from Malinen (2024) and Sartell (2021). C) Whole-rock geochemical SiO2 (wt%)
and TiO2 (wt%) contents from Kapp Thordsen, Gasgyane, Festningen, James I Land, Grgnsteinfjellet, Hyperittfossen, and
Botneheia. Map showing sample locations is modified from Dallmann (2015). Geochemical data are from Malinen (2024),

Nejbert et al. (2011), and Sartell (2021).

3.13 Stop 13: Central Isfjorden:
Imaging HALIP with
Multi-physical and Multi-scale
Geophysics

Not all HALIP locations are as easily observable. When
traveling across the fjord between the various stops in
central Isfjorden, one passes over a large submarine
igneous complex that is equivalent in extent to what
can be observed onshore. This is best seen through the
integration of various geophysical data sets, including
a dense network of 2D seismic and high-resolution
multibeam bathymetry, and other field data acquired in
the marine part of the field area.

Magnetic data are available both regionally from
aerial campaigns (Olesen et al., 2010) and ship-based
magnetic data acquired as part of the Svalex 2D
seismic acquisition campaigns (Senger et al., 2013). In
addition, helicopter-based magnetic data were recently
acquired and utilised in forward modelling of regional
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profiles across parts of Nordenskiold Land (Ammerlaan
et al., 2025). Due to the contrasting magnetic
susceptibility properties of HALIP compared to their
sedimentary host rocks, magnetic data is an excellent
tool for resolving subsurface igneous intrusions (Minakov
et al., 2012). Strong regional and local magnetic
anomalies (Figure 25) are present north of Deltaneset,
connecting the outcropping intrusions at Diabasodden
(Isfjorden’s southern shore) with those exposed on the
northern shorelines. Zooming in, a circular positive
relief feature is documented 4 km south-east of Kapp
Thordsen (Figure 25E). The feature is less magnetic than
its surroundings and has been tentatively interpreted
as a hydrothermal vent complex by Senger et al.
(2013).  The integration of the accessible onshore
outcrops furthermore facilitates direct onshore-offshore
correlation and has been instrumental in the mapping of
geometries and geospatial characterisation of the igneous
complex in the field area (Senger et al., 2013; Senger and
Galland, 2022).

| volume 3.2 | 2026


https://doi.org/10.55575/tektonika2026.4.1.124

| FIELD GUIDE | Senger et al., A field Guide to the High Arctic Large Igneous Province in Isfjorden

Kapp
Thordsen

Diabasodden

Botneheial

- s
distance (km)

Figure 25 — Geophysical signatures of the HALIP in Isfjorden itself. A) Example of a seismic profile in Nordfjorden, with
an interpreted intrusion. Note also the regional dip of the basin. The inset map illustrates all mapped igneous intrusions
on seismic (blue) and onshore (red). B) Regional magnetic grid over central Spitsbergen. C) Ship-based magnetic data with
higher resolution in inner Isfjorden. Note the linear positive NNW-SSE oriented anomaly linking Rotundafjellet to Hatten.
D) Picture of the onshore exposure of this lineament, a ca 10 m thick HALIP dyke beneath Rotundafjellet. E) Positive relief
circular structure on multibeam bathymetric data south-east of Kapp Thordsen, tentatively interpreted as a hydrothermal vent
complex. Figure elements from Senger and Galland (2022, A, B, C, D) and Senger et al. (2013, E).
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Figure 26 — A) Digital outcrop-based forward modelling allows for the creation of well-constrained synthetic references that
aid the identification of intrusions through their seismic responses. The schematic (adapted from Betlem et al., 2020) shown
here illustrates the workflow from outcrop digitalisation, facilitating geospatial analysis, to integration with borehole derived
petrophysical data, to model the acoustic response of both linear and more complex contact aureole properties. B) Synthetic
seismic models of Tschermakfjellet without and with aureoles included in the geological models.
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Figure 27 — Sedimentology and paleogeography of the Lower Cretaceous succession in Svalbard. A) Sedimentary log of the
succession in the DH5 borehole in Adventdalen. B) Outcrop section of the succession. C) Series of regional paleogeographic
reconstructions illustrating the development of a northerly sediment source and the influence of HALIP magmatism. Figure
elements compiled from Grundvdg and Olaussen (2017); Grundvdg et al. (2019, 2021).

Seismic forward modelling of key outcrops provides
additional confidence in seismic mapping of igneous
bodies.  Figure 26 illustrates a forward model of
the Tschermakfjellet intrusion (Stop 9). Populated
with realistic seismic attributes derived from nearby
boreholes, the modelled seismic response is an important
aid for the identification of igneous bodies from
Svalbard’s legacy seismic data, as it provides a reference
library of possible geophysical responses (Rabbel et al.,
2018).

3.14 Stop 14: Flyplassveien and CO,
Lab Cores: Regional to Local
Sedimentary Response to HALIP
Magmatism

The Upper Jurassic to Lower Cretaceous sedimentary
succession in Svalbard (Figure 27) is nearly continuous
and records multiple evidence of HALIP-influenced
sedimentation. One of the most prominent features is
the lithologically sharp, erosional unconformity at the
base of the Helvetiafjellet Formation, which formed due
to thermal uplift and southward tilting of the entire
Svalbard Platform, likely related to the oldest HALIP
pulse in Svalbard. Ash layers (i.e., bentonites) of
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Barremian ages, directly tied to HALIP activity, were
encountered in several research boreholes in Adventdalen
and dated radiometrically to ca. 123 Ma (Corfu et al.,
2013; Midtkandal et al., 2016). These ages have
subsequently been used to constrain the Aptian-Albian
boundary interval on the global geological timescale
(Zhang et al., 2021).

A significant amount of plagioclase feldspar and mafic
volcanic lithics are found in the Aptian part of the
Carolinefjellet Formation, giving it a very characteristic
red-brown color (Edwards, 1979; Maher et al., 2004).
The excellent outcrop along the road between the
airport and Longyearbyen displays numerous storm beds
with scoured bases, pinch-and-swell geometries, and
hummocky cross stratification, indicating deposition on
a storm-dominated, shallow shelf (Grundvdg et al.,
2021). A rich trace fossil assemblage typical of open
marine, storm-swept shelf conditions has also been
reported from this outcrop section (Leszczynski et
al., 2023). Based on paleogeographic reconstructions,
as well as the lack of HALIP extrusives in the
Isfjorden area, the source area for the shelf sands
was likely to the north, outside the outcrop window
(Grundvag and Olaussen, 2017). There is a distinct
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Figure 28 — Photographs of HALIP-relevant field sites to the greater Sassendalen area east of Longyearbyen in April 2025. The
HALIP dolerites are highlighted with red arrows. All sites are accessible during day trips on snowmobile from Longyearbyen.

color difference between sandstones in the Helvetiafjellet
and Carolinefjellet formations in Central Spitsbergen,
reflecting a drastic change in composition from more
mature, quartz-dominated sands to a significant increase
in lithic and plagioclase-bearing sands (Maher et al.,
2004). The Helvetiafjellet Formation fluvial system
mainly drained exposed basement terrain and Paleozoic
to Mesozoic strata to the north and northwest, which
lacked HALIP extrusives. Only with significant time
did HALIP detritus arrive in the Isfjorden area via
west- to southwest-directed longshore drift, along the
ENE-SWS-oriented paleo-shoreline (Maher et al., 2004;
Grundvdg et al., 2019, 2021). In eastern Spitsbergen,
the compositional change between the two units appears
more transitional, with plagioclase-rich sandstones
gradually becoming more abundant upwards in the
Helvetiafjellet Formation (Edwards, 1979). This may
reflect proximity to an exposed HALIP sediment source
further to the NE, which promoted sediment mixing.
Exposed HALIP extrusives are only found on Kong Karls
Land (Olaussen et al., 2019), thus supporting this notion.

3.15 Stop 15: A Winter Wonderland -
Visiting HALIP Exposures on
Snowmobiles

The spring field season from March to early May
facilitates access to some HALIP exposures using
snowmobiles. The steep dolerite cliffs are often,
contrary to the sedimentary host rocks, not snow-covered
and their large-scale geometries can be appreciated
(Figure 28). Some of the stops (e.g., Diabasodden,
Grgnsteinfjellet, Botneheia) may be visited during this
season. In addition, snowmobiles allow good access to
the HALIP exposures in Sassendalen and towards the
east coast of Spitsbergen.
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A dyke emplaced in the Permian strata is accessible
at Kolldalsnosa (Figure 28). In the inner part of
Sassendalen, the Wallenbergfjellet mountain offers a
sill emplaced at the vicinity of the Permian-Triassic
boundary, climbing upwards in the stratigraphy towards
the east (Figure 28). Its lower aureole is well exposed in
Lumpdalen (Figure 28), even in late winter conditions.

3.16 Synthesis of the (Virtual) Field
Trip

During this field trip we visited 15 locations in and
around Isfjorden, enlightening us about the HALIP
from a wide range of perspectives and themes (Table 1;
Figure 29). Collectively they showcase the HALIP
as an onshore-offshore igneous province with research
significance well beyond Isfjorden.

4 Further Exploration with
Digital Geoscientific Data

Over the past decade, UNIS has compiled, digitized
and spatially integrated a lot of geoscientific data
in the Svalbox database (Senger et al., 2020). In
parallel, we have used drones to digitize a growing
number of outcrops using photogrammetry, and share
these openly through the Svalbox portal (www.sv
albox.no/map; Betlem et al., 2023). Drones are
also used to acquire aerial photospheres, collectively
providing thematic excursions and virtual field trips on
the UNIS-managed VR Svalbard online platform (www.
vrsvalbard.com; Horota et al., 2023).

This effort has been largely driven by education
challenges at UNIS, where geosciences are taught
year-round even in strongly seasonal conditions (i.e.,
polar night, snow cover, harsh conditions; Senger
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Figure 29 — Synthesis of the visited stops in the context of a schematic representation of the igneous complex in the Isfjorden

field area. Figure updated from Senger et al. (2013).

et al., 2020, 2021). As more and more data sets
became integrated in the Svalbox project, we have
started to compile thematic data packages to facilitate
geoscientific learning.  Horota et al. (2023) presents
a data package related to the Eurekan deformation
in western Spitsbergen. Senger et al. (2024) compile
and discuss a data package on Arctic Tectonics and
Volcanism used for teaching at a UNIS graduate course.

5 Knowledge and Data Gaps

We hope that this field guide will stimulate further
research on the HALIP in Svalbard and beyond. Senger
et al. (2024) and Senger and Galland (2022) both
identified a number of knowledge and data gaps and
avenues for further research, which we refine here and
illustrate in Figure 30:

Contact metamorphism in host rocks of various
lithologies mneeds to be quantified to assess the
potential for greenhouse gas generation during magma
emplacement. Furthermore, systematic exploration to
identify potential hydrothermal vent complex connecting
the intruded magma with the atmosphere is required.

Structural and stratigraphic characterization of
age-equivalent lava flows on Kong Karls Land and Early
Cretaceous sedimentary strata to constrain the Early
Cretaceous paleo-environment.

Regionally and locally the heterogeneous host rock
composition and pre-existing weakness zones (i.e., fault
zones) will likely control magma propagation. But
more inter-disciplinary research combining numerical
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Spitsbergen

Host rock properties influence contact
metamorphism and fluid circulation

Why are lavas only present in KKL
and how can they help constrain the paleoenvironment?

Magma may exploit pre-existing weakness zones, i.e. fault
zones. What role do faults have for hydrothermal circulation?

Intrusions are extensive both spatially and stratigraphically.
What controlled the overall magma emplacement processes?

. When did the magmatism occur and how long did it last?

What geochemical signatures do HALIP rocks have regionally
in Svalbard and how does this relate to geodynamics?

Pre-C

=== Organic-rich 5 Limestones  if+ Sandstones  mmmmmmsm Igneous
shales _ &dolomites < Metamorphic intrusions
MM Evaporites == Shales basement

Figure 30 — Cartoon illustrating the identified knowledge
gaps with respect to HALIP in Svalbard, updated from
Senger and Galland (2022).

and analogue modelling with field studies is needed to
decipher these processes.

Characterizing circum-Arctic, regional and local
magma emplacement pathways and mechanisms. At
the circum-Arctic scale, magma has likely propagated
through a giant dyke swarm centered on the Alpha
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Figure 31 — Polar bears on the Diabasodden Suite dolerites on Barentsgya, August 2024.

Ridge, but sills may also be responsible for feeding
magma to the more peripheral parts of the HALIP
including Svalbard. The mechanics of sill-dominated
versus dike-dominated emplacement are worth further
consideration and have implications for the research
avenue 1 presented above. On a regional scale, magma
emplacement appears to be shallower towards the east,
culminating with the lava flows on Kong Karls Land.

Constraining the timing and duration of circum-Arctic
HALIP magmatism. Too few robust (i.e., U/PDb)
radiometric ages are available from Svalbard. On
the positive side, systematic age determinations are
currently ongoing, based also on samples from eastern
Svalbard.

Systematic  geochemical  studies at  several
levels (individual sills, igneous complexes and a
regional approach also incorporating Lu-Hf isotopic
characterization) is required to understand the magma
chamber evolution, melting depths and emplacement
modes.

6 Further Reading

Table 2 provides an overview of thematically summarized
key literature on the HALIP in Svalbard.

7 Practical Considerations:
Fieldwork in Isfjorden

While Isfjorden is relatively easily accessible compared

to other High Arctic locations, each excursion beyond
Longyearbyen’s city limits should be planned like an
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expedition. There are no roads to any HALIP localities
and the field area has several site-specific challenges
including steep and partly unstable cliffs, potentially
harsh and rapidly changing weather conditions, lack
of infrastructure and the presence of polar bears
(Figure 31).  The summer season (late June to
early September) is optimal for visiting the described
sites.  Some sites (e.g., Botneheia, Coloradoplata,
Diabasodden) are also accessible on snow-covered ground
in the spring (March-April) using snowmobiles. While
all sites (except stop 15) are accessible as (long) day
trips from Longyearbyen using boats, chartering a
vessel/sailboat with an option for overnight stays is
optimal. Tenting, while in theory permitted, is not
recommended in the greater Isfjorden area due to the
increasing presence of polar bears and importance of
mitigating even potential conflict situations.

Stop 15 is designed to be undertaken during the spring
season using snowmobiles. Snowmobiles (and guides)
may be rented from a number of tourism companies, or
organised as a research and education campaign through
The University Centre in Svalbard (UNIS).

UNIS has been organizing research-based field courses
at BSc to PhD level for over 30 years, and provides
valuable advice and extensive safety courses for
conducting fieldwork in and around Isfjorden in both
summer and spring. A MSc/PhD course at UNIS
(“Arctic Tectonics and Volcanism”; Senger et al., 2024)
regularly visits some of the described HALIP sites.

Some of the sites (e.g., parts of Festningen,
Grgnsteinfjellet, Blomesletta contact) are located
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Table 2 — Summary of key literature on the Svalbard dolerites.
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Overall theme

Comment

Reference

Reviews and formal

First review of the Svalbard

Tyrrell and Sandford (1934)

definition dolerites
Formal definition of
Dall tal (1
Diabasodden Suite i @ oft (1610
Synthesis of Svalbard dolerites
in the context of the HALIP Maher (2001)
Regional geochemical study and .
Nejbert et al. (2011
discussion of the Svalbard dolerites ejbert et al. ( )
Most recent review of the
. (2014
Diabasodden Suite Senger et al. (2014b)
Relatced postgraduate cours.e on Senger et al. (2024)
Arctic tectonics and volcanism
Chal."acterlzatlon of sills and Senger and Galland (2022)
spatial extent
U-Pb age determinations from
Geochronology Linnevatnet, Diabasodden and Corfu et al. (2013)

Adventdalen
U-Pb age determination from
Ekmanfjorden

Sartell et al. (2025)

Igneous complexes
and their geometries

Integrated mapping of the igneous
complex in central Spitsbergen

in the context of CO4 storage
Field and digital mapping of a 3D
sill in Ekmanfjorden

Crustal structure and dyke
emplacement

Intrusions offshore eastern
Svalbard

Intrusion mapping on

Barents Shelf

Senger et al. (2013)

Galland et al. (2025)
Minakov et al. (2018)
Minakov et al. (2012)

Grogan et al. (2000)

Contact metamorphism

Aureole characterization

at Botneheia

Thermal imprints at Edgegya
Characterization of a 2.28 m thin
sill fully cored in the DH4 borehole

Hubred (2006)
Brekke et al. (2014)
Senger et al. (2014b)

Cretaceous stratigraphy
and paleoclimate/
paleoenvironments

Regional sedimentology of
Early Cretaceous succession

Regional sedimentology of
Early Cretaceous succession
Regional sedimentology of
Early Cretaceous succession
Paleogeography and sediment
provenance

Grundvdg et al. (2017)

Grundvadg et al. (2019)
Midtkandal et al. (2016)

Somme et al. (2018)

Key circum-Arctic
HALIP-related papers

Geodynamic modelling of
multiple pulses
Geochronology and
geochemistry

Sverdrup focus; 3 pulses

Heyn et al. (2024)

Dockman et al. (2025)

Dockman et al. (2018)
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directly at the coastline and careful planning is required
with respect to the tides.

Most research in Svalbard requires a permit and
notification of travel from the Governor of Svalbard,
and all research must be registered in the Research
in Svalbard database (www.researchinsvalbard.no).
Further practical information on conducting fieldwork
in Svalbard is provided by the Svalbard Science Forum
(https://www.forskningsradet.no/en/svalbard-science-f
orum/) and Svalbard Integrated Arctic Earth Observing
System (https://sios-svalbard.org/Logistics).

8 Optional Additional Reading

8.1 Cretaceous Stratigraphy and
Circum-Arctic Correlations - Uplift
and Sedimentation Patterns During

the HALIP

8.1.1 Cause and Timing of HALIP-related
Uplift

The emplacement of a LIP is wusually associated
with regional-scale thermal uplift (e.g., He et al.,
2003; Saunders et al., 2007), although subsidence may
also occur if lithospheric heterogeneities are properly
accounted for (Burov et al, 2007). In the Arctic,
the first HALIP pulse was associated with large-scale
uplift and a major shift in sedimentation patterns, for
instance in the Sverdrup Basin (Tullius et al., 2014;
Hadlari, 2024), the Wandel Sea Basin of Northeast
Greenland (Ineson et al., 2021), and the Barents Shelf,
including Svalbard (e.g., Grundvdg and Olaussen, 2017,
Midtkandal et al., 2020a, Figure 6). However, the exact
timing, magnitude, extent and processes controlling this
uplift remains poorly constrained. The opening of
the Canada Basin (within the Amerasia Basin) may
have played a significant role. This basin is thought
to have been initiated by continental rifting in the
Jurassic, followed by seafloor spreading in the Early
Cretaceous (Grantz et al., 2011). Based on magnetic
anomalies and plate tectonic modelling, various age
estimates have been proposed for the oceanic crust in
the Canada Basin, spanning from approximately 142
Ma to 120 Ma (e.g., Grantz et al., 2011; Shephard
et al., 2013; Dgssing et al., 2020). Recent models,
however, favor a relatively short-lived period of seafloor
spreading beginning in the Hauterivian and continuing
into the early Aptian (at ca. 127-120 Ma) (Dgssing
et al., 2020; Hutchinson et al., 2025). This time frame
overlaps with the age for the first HALIP pulse on
Svalbard (at ca. 123 Ma) (Corfu et al., 2013; Senger
et al., 2014a) and other Arctic regions (at ca. 122
Ma; Figure 4). A major Hauterivian (132.6 + 0.6 to
125.77 Ma) break-up unconformity has been documented
along the conjugate margins of Alaska and Arctic
Canada (Molenaar, 1983; Embry and Beauchamp, 2019).
In Northeast Greenland, biostratigraphy indicates the
presence of a late Hauterivian—early Barremian hiatus
in the northern part of the outcrop belt, expanding
southward to a late Valanginian—early Barremian hiatus
(Hovikoski et al., 2018; Ineson et al., 2021). In contrast,
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central and southern Spitsbergen exhibits a prominent
uplift-related unconformity of early Barremian (7) age
at the base of the Barremian—Aptian Helvetiafjellet
Formation (Grundvag et al., 2017; Sliwiriska et al.,
2020). This unconformity expands in magnitude east
towards the islands of Kong Karls Land to an Early
Kimmeridgian-Valanginian hiatus (Smelror et al., 2018).
Northern Svalbard, including the northernmost region
of Spitsbergen, appears to have served as a sediment
source area onwards from the Jurassic-Early Cretaceous.
This terrain likely defined the northern margin of
the basin, characterized by a sparse and fragmented
record of post-Devonian strata, with no preserved Lower
Cretaceous deposits (Ddrr et al., 2012).

8.1.2 Evidence of Diachronous Uplift and
Sedimentary Response

The age variation of the uplift unconformity within the
various Lower Cretaceous basin fill successions across
the Arctic (Figures 6 and 7) reflects supra-regional
differences in the rate and magnitude of uplift and
exhumation. This variability may have been influenced
by differential movements along structural lineaments,
denudation and isostatic uplift, as well as doming
associated with the formation of igneous centers
during continental break-up and HALIP emplacement.
Together, these processes resulted in diachronous erosion
and sedimentary responses to the break-up.  The
Barremian age of the unconformity recorded in central
to southern Spitsbergen is puzzling, as it suggests a
delayed sedimentary response compared to that observed
in adjacent Arctic basin fills. This may have been
caused by the gradual southward tilting of the entire
Svalbard Platform, culminating in uplift and exposure
of the entire region during the Barremian. Nonetheless,
in all the basins, the unconformities are typically
succeeded by fluvio-deltaic to estuarine sandstone-rich
successions (Tullius et al., 2014; Grundvag et al., 2017,
2019; Howvikoski et al., 2018; Olaussen et al., 2019;
Embry and Beauchamp, 2019; Ineson et al., 2021;
Hadlari, 2024), indicating that increased subsidence
rates coupled with high sediment influx followed the
uplift. Interestingly, shallow to moderately deep shelf
conditions were established across the entire region in
post-early /middle Aptian times, possibly in response to
rising eustatic sea level coupled with thermally-driven
subsidence in the aftermath of the HALIP (Embry and
Beauchamp, 2019; Grundvag et al., 2021; Ineson et al.,
2021; Hadlari, 2024).

8.1.3 Pre-HALIP Tectono-sedimentary
Evolution

On Svalbard, the Middle Jurassic to Lower Cretaceous
succession is assigned to the Adventdalen Group
(Dallmann et al., 1999). Several clastic wedges are
present in the succession. Embedded in the otherwise
mudstone-dominated Middle Jurassic to lowermost
Cretaceous (Bathonian—Berriasian) Agardhfjellet
Formation, a fine-grained, intensely bioturbated,
sandstone-rich unit of inferred distal delta front to
prodelta origin is present (Koevoets et al., 2019). This
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unit, of Kimmeridgian—Volgian age, thickens to the
northwest and may represent an early sedimentary
response to basin margin uplift, perhaps related to
rifting in the incipient Canada Basin. A similar
unit, albeit dominated by sandstone, is present
in Northeast Greenland (i.e., the Birkelund Fjeld
Formation) (Hovikoski et al., 2018; Ineson et al.,
2021), possibly representing a proximal expression of
the same clastic wedge. A comparable development
is reported in the Sverdrup Basin, where a series of
shallow marine sandstone wedges, assigned to the
Oxfordian—Kimmeridgian Awingak Formation, extend
from the basin margin northwest towards the basin
center (Hadlari et al., 2016; Embry and Beauchamp,
2019).

In the Valanginian—lowermost Barremian Rurikfjellet
Formation, a pronounced, large-scale coarsening upward
trend is evident, particularly in the upper, Hauterivian
part of the Formation, where a series of vertically
stacked sandstone-rich units are present (Jelby et al.,
2020; Grundvdg et al., 2021; Jelby et al., 2025).
This storm-influenced, shallow marine to deltaic clastic
wedge thins markedly towards the east and southeast,
and pinches out south towards central Spitsbergen
(Jelby et al., 2025). In southern Spitsbergen, a
thicker and significantly coarser-grained clastic wedge,
also of shallow marine to deltaic affinity occur
(Grundvag et al., 2017; Grundvdg and Olaussen, 2017).
Together, these two clastic wedges represent laterally
coeval, basinward-prograding depositional systems that
developed in response to renewed basin margin uplift
(Jelby et al., 2025). Time- and facies-equivalent
strata is poorly preserved in Northeast Greenland
due to the regional uplift unconformity, albeit, thin,
storm-reworked sandstones are present in the upper part
of the Valanginian-Hauterivian Dromledome Formation
(Hovikoski et al., 2018; Ineson et al., 2021). A Valangian,
shallow marine clastic wedge is present in the Sverdrup
Basin, there assigned to the lowermost part of the
Isachsen Formation (Hadlari et al., 2016; Hadlari, 2024;
Embry and Beauchamp, 2019). This unit, which is
truncated by the Hauterivian break-up unconformity,
reflects shoreline regression caused by an early phase of
basin margin uplift (Embry and Beauchamp, 2019).

8.1.4 Regional Sedimentation Patterns
During the Main HALIP Pulse

On Svalbard, the Barremian—Aptian Helvetiafjellet
Formation unconformably overlies the Rurikfjellet
Formation. This fluvio-deltaic unit, characterized by
a basal sandstone sheet of braided stream origin,
represents a direct sedimentary response to HALIP
activity. A notable shift from quartz arenites in the lower
part of the formation—generally sourced from the west
to northwest—to volcanic arenites in the upper part,
sourced from the east to northeast, reflects the influx
of HALIP-related volcanic sediments (Edwards, 1979;
Maher, 2001; Maher et al., 2004). Further evidence of
HALIP influence includes a bentonite layer in the upper
part of the formation, dated to 123.1 + 0.3 Ma (Corfu
et al., 2013; Midtkandal et al., 2016), numerous dolerite
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intrusions (Senger et al., 2014a; Polteau et al., 2016),
and Aptian basaltic plateau lavas interbedded with
alluvial plain, volcanoclastic sandstones and pyroclastics
in the Helvetiafjellet Formation on Kong Karls Land
(Olaussen et al., 2019). Additionally, the Oceanic Anoxic
Event (OAE) la, associated with LIP emplacement
during the early Aptian, is recorded in an organic-rich
marine mudstone unit that blankets the fluvio-deltaic
deposits of the Helvetiafjellet Formation (Midtkandal
et al., 2016; Vickers et al., 2016; Grundvag et al.,
2019). This regionally extensive transgressive mudstone
unit also marks the basal boundary of the overlying
lower Aptian—middle Albian Carolinefjellet Formation
(Midtkandal et al., 2016; Grundvig et al., 2017).
The Carolinefjellet Formation, exceeding 1 km in
thickness, comprises intercalated sandstone-rich and
mudstone-dominated units of shallow marine to shelfal
origin (Grundvdg et al., 2019, 2021; Leszczyriski et al.,
2023). The presence of significant volcanic detritus
within the sandstone units indicates continued sediment
supply from exposed HALIP terrain located to the
east and northeast of Spitsbergen (Maher et al., 2004).
The early Cretaceous uplift event is associated with
SSE-prograding Barremian intrashelf platform lobes in
the west-central Barents Sea (Fuleide et al., 2019;
Midtkandal et al., 2020b,a) and prograding reflections
in the eastern Barents Sea (Polteau et al., 2016).

Comparable stratigraphic developments are
documented in both Northeast Greenland and the
Sverdrup Basin, reflecting contemporaneous uplift
events followed by transgression and basin-margin
drowning. In Northeast Greenland, fluvio-deltaic
deposits of the coeval Ladegards and Lichenryg
formations, both of Barremian—Aptian age, transitions
upward into shallow marine and shelf deposits of the
Aptian-Albian Galadriel Fjeld Formation (Dypuik
et al., 2002; Hovikoski et al., 2018; Ineson et al., 2021).
Similarly, in the Sverdrup Basin, the Barremian—Aptian
Isachsen Formation displays a two-fold stratigraphic
architecture, with a lower section of braided stream
origin overlain by marginal marine deposits. These
are separated by an organic-rich marine mudstone
unit of early Aptian age, which notably records the
OAE 1la (Tullius et al., 2014; Hadlari et al., 2016;
Herrle et al., 2015; Embry and Beauchamp, 2019).
The Isachsen Formation is transitionally overlain by a
thick shelfal sequence of the Aptian—Albian Christopher
Formation (Herrle et al., 2015; Embry and Beauchamp,
2019; Hadlari, 2024). Volcanogenic rocks are present
in both the Isachsen and Christopher formations in
the Sverdrup Basin, recording six discrete intervals of
magmatism ranging from approximately 130 Ma to 101
Ma (Evenchick et al., 2015). Thus, volcanism began
earlier and occurred more frequently in the Sverdrup
Basin than in other HALIP-influenced basins such as
Svalbard.

8.1.5 Uplift and Sedimentation Patterns
During Later HALIP Pulses

On Spitsbergen, the presence of a low-angle
unconformity spanning the upper Albian to lowermost
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Paleocene, which is associated with >1 km of erosion,
may reflect thermal doming during the youngest HALIP
pulses (Maher, 2001). Consequently, Upper Cretaceous
strata are missing from the whole of Svalbard, albeit
reworked palynomorphs in the Paleocene succession of
southern Spitsbergen suggest that an Upper Cretaceous
succession may have been present prior to post-Albian
regional uplift and erosion (Smelror and Larssen, 2016).
In contrast, Upper Cretaceous strata are present in
Northeast Greenland and the Sverdrup Basin, generally
recording deposition in shelf and offshore environments
(Hovikoski et al., 2018; Embry and Beauchamp, 2019).
The Sverdrup Basin was significantly influenced by late
stage HALIP volcanism during the Late Cretaceous.
This is evidenced by the presence of thick tholeiitic
basalt flows within the Cenomanian Strand Fiord
Formation, as well as an abundance of bentonites in
the upper Cenomanian—Campanian Kanguk Formation
(Evenchick et al., 2015; Herrle et al., 2015; Dauvis
et al., 2017). Furthermore, the Upper Cretaceous
part of the basin fill contains several sandstone
wedges of shallow marine to shelfal origin, which
likely represent basinward-prograding shoreline systems
formed in response to thermo-tectonic uplift (Embry
and Beauchamp, 2019).

8.2 Paleomagnetism

Paleomagnetism is a key tool for reconstructing the
paleogeographic position of the HALIP magmatic suite.
Early Cretaceous dolerite sills and dikes on Svalbard
were extensively studied paleomagnetically from the late
1960s to the 1980s, including work in Isfjorden ( Krumsiek
and Nagel, 1968; Spall, 1968), Hornsund ( Vincenz et al.,
1981), the eastern coast of Spitsbergen (Briseid and
Halvorsen, 1974; Vincenz et al., 1981), and the Hinlopen
Strait (Halvorsen, 1989). These studies provided insights
into natural remanent magnetization (NRM) and its
carriers, with some paleopoles aligning with the Late
Mesozoic apparent polar wander Path (APWP) of
Baltica (Halvorsen, 1989), suggesting long-term stability
of the northeastern Eurasian Plate, while others deviated
from the reference path Vincenz et al. (1981, 1984). A
major limitation of earlier work is the lack of precise age
control: only a part of paleomagnetic sites were dated
using K-Ar, which yielded minimum crystallization
ages. As a result, it remains uncertain whether
directional dispersion reflects intrusions of different
ages or tectonic rotations. On western Spitsbergen,
secondary magnetization associated with the Eurekan
orogen is common and often overprints primary signals
(Vincenz et al., 1981). Moreover, mafic rocks present
additional challenges due to rapid crystallization and
the limited averaging of secular geomagnetic variations.
Overall, there is still no modern, comprehensive study
of the HALIP dolerites of Svalbard that integrates
advanced paleomagnetic and rock-magnetic techniques
with high-precision U-Pb geochronology of baddeleyite
and zircon, framed within contemporary paleogeographic
models of the Arctic.
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9 Summary

We have provided a field guide and relevant scientific
background to 15 sites of relevance for HALIP exposures
in and around Isfjorden, Svalbard. Collectively the
sites represent the broad range of HALIP-focussed
studies in the area over the past two decades,
spanning from applied research (e.g., COs storage),
fundamental research (e.g., igneous complex extent and
characterization) to research of circum-Arctic relevance
(e.g., timing and duration of HALIP magmatism and
linkage to global anoxic events). Ample knowledge and
data gaps remain, for what promises to be an exciting
several decades research on HALIP in Svalbard and
beyond.
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