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Concurrent analysis of 2°’Pb/?%Pb ratios and Lu-Hf isotopes in the trondjemitic sample by
laser ablation ICPMS provided initial eHf(t) estimates for this age range that are slightly sub-
chodritic (values 0 to —2; Fig. 3). This can be attributed to the incorporation of older crust into
the magmatic protoliths of the gneisses although there is no requirement that these crustal
sources would be older than Eoarchean.

Oxygen data

The question as to whether there was emergent land in the Eoarchean (4.0-3.6 Ga) is funda-
mental not only for understanding Earth’s evolution but also for life itself. Magmatic rocks with
isotopically light oxygen can indicate interaction of magmas or their sources with surface water
(e.g. meteoric water). Consequently, the presence of such rocks in the geological record of the
early Earth can provide an indicator for the emergence of land. Zircon from two Eoarchean
orthogneisses in the Tula Mountains, Napier Complex, East Antarctica, show such light isotopic
signatures. A ca. 3.75 Ga trondhjemitic gneiss and a ca. 3.55 Ga dioritic gneiss, both with high
Y-HREE-NDb-Ta that can be ascribed to the melting of shallow sources at < 1.0 GPa, contain
zircon with exceptionally low 380 values of 1.0-2.7%o (normalized to Vienna Standard Mean
Ocean Water; Krol et al. 2024). The lowest 5180 value in zircon previously reported from Pale-
oarchean orthogneisses is 3.7%o at 3.56 Ga (Fig. 4).

Fig. 4: Compilation of 580 versus age for magmatic and detrital zircon throughout Earth history. The
data points are plotted at their respective crystallization ages determined by U-Pb geochronology. Zir-
con 380 data from sample 78,285,013 represent granitic gneiss from Gage Ridge, Tula Mountains
(Kusiak et al. 2013a). The upper dashed line indicates the evolution of “maximum” &0 in zircon
through geological history (Valley et al. 2003). The mantle zircon 20 range represented by grey band
is from Valley et al. (1998). NAC — North Atlantic Craton; SCC — South China Craton. Modified after
Krol et al. (2024).

3. SUMMARY

Pb nanospheres in zircon: Documenting the micro-composition and mineralogy of Eoarchean
zircon and Pb-enriched domains is essential for understanding the processes of Pb redistribution
in zircon and its effect on geochronology.
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Lu-Hf in zircon: The scatter in the U-Pb dataset is attributed to isotopic disturbance of Pb
during the UHT metamorphism at 2.5 Ga. If data are not corrected, results can lead to overes-
timation of model crust formation ages, a critical problem in the search for evidence of Hadean
crust in Eoarchean rocks and for estimation of timing and rate of ancient continental growth.

Oxygen in zircon: We show that although the generation of such isotopically light signa-
tures can be achieved through mixing with seawater during a hydrothermal event, the propor-
tion of oxygen from seawater would have to be exceptionally high. In contrast, only a small and
more realistic proportion of water with much lighter §*20, such as that characteristic of meteoric
water would be required. These new results, therefore, are consistent with the presence of shal-
low magmatic or hydrothermal systems involving meteoric water at 3.73 Ga, providing the ear-
liest known evidence for the emergence of land on Earth.
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Primary melt inclusions are small droplets of melt trapped in minerals during their growth
in the presence of a melt phase (Sorby 1858; Roedder 1984; Frezzotti 2001). In magmatic rocks
melt inclusions have been described since 1858, when Henry Clifton Sorby recognized them in
feldspar, pyroxene, and leucite crystals in erupted lavas (Sorby 1858). Already back then, Sorby
was able to observe and recognize under the microscope glassy and crystalized inclusions re-
ferring to them as “glass-cavities” and ““stone-cavities”, respectively.

In metamorphic rocks, melt inclusions generally occur — as for their magmatic counterparts
— either as glass or crystallized into a cryptocrystalline assemblage with a variable composition
named nanorocks (Bartoli and Cesare 2020). When these polycrystalline inclusions display an
assemblage similar to that of a granitoid, they are called nanogranitoids (Cesare et al. 2015).
Melt inclusions in regionally metamorphosed felsic rocks were first described by Cesare et al.
(2009). They were identified in the inner part of garnets in the granulites of the Kerala Khonda-
lite Belt in India (Cesare et al. 2009). This study was groundbreaking as it was the first preserved
anatectic melt analyzed in situ (Cesare et al. 2009). The study of melt inclusions in metamorphic
rocks with modern techniques allows the investigation in situ of natural anatectic melts and the

© 2025 The Author(s). Published by the Institute of Geophysics, Polish Academy of Sciences.
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determination of the physico-chemical conditions at which anatexis took place (Cesare et al.
2015; Ferrero et al. 2018). Anatexis is one of the main processes responsible for crustal differ-
entiation and thus studying melt inclusions allows its direct investigation (Cesare et al. 2009)
also in terms of volatile budget (Bartoli et al. 2014; Carvalho et al. 2018; Ferrero et al. 2021,
2023; Borghini et al. 2023). Moreover, in subduction settings, where melts and fluids are re-
sponsible for the transfer of elements from the crust to the mantle, the study of melt inclusions
allows the direct investigation of crust-mantle interaction and deep volatile and incompatible
elements cycles (Borghini et al. 2020, 2023, 2024). Nanorocks are widespread almost all over
the world, including a few localities in the Arctic (Nicoli et al. 2022; Janak et al., in review)
and they are reported in different geological settings (Bartoli and Cesare 2020). In this contri-
bution, we present two examples of melt inclusions trapped in garnets of metamorphic rocks
from the Arctic in SE Greenland and NW Norway.

In SE Greenland the samples studied are part of the Mesoarchean (2800-3000 Ma) Kanger-
lussuaq basement surrounding the Skaergaard intrusion (Kays et al. 1989). This basement is
mainly composed of felsic intrusions, tonalites-trondhjemite-granodiorite (TTG) and grey
gneisses interlayered with metasediment lenses and amphibolites (Kays et al. 1989). Melt in-
clusions occur in stromatic migmatites which are part of a metasedimentary lens, and have a
melanosome dominated by garnet and biotite (partly chloritized) and a leucosome containing
feldspar and quartz with minor oxides, chlorite, apatite, and zircon (Nicoli et al. 2022). The
melanosome and leucosome form alternating bands that define the main fabric of the rock. Two
generations of garnets were recognized: (i) large xenoblatic garnets (up to 5 mm in size) and
(it) smaller idioblastic garnets overprinting the main fabric (Nicoli et al. 2022). Both garnet
generations contain melt and fluid inclusions, with melt inclusions more abundant in the first
generation and fluid inclusions more abundant in the second. Both types of inclusions are ran-
domly distributed, forming clusters in the inner part of garnets, indicating that the garnet was
growing in presence of a melt and a fluid phase (Ferrero et al. 2018). Melt inclusions are up to
15 um in size and they were investigated by micro-Raman spectroscopy to determine the min-
eral assemblage that differs in the two garnet generations. In the xenoblastic garnets, melt in-
clusions contain quartz/cristobalite, kumdykolite (NaAlSizOs orthorhombic polymorph),
kokchetavite (KAISizOg hexagonal polymorph), and phlogopite. In the idioblastic garnets in-
stead, the melt inclusions assemblage is made of quartz, K-feldspar, chlorite and = H>O. Fluid
inclusions are significantly bigger, they are up to 40 um and they contain a constant assemblage
in both generations of garnet, including siderite, graphite, pyrophyllite, CO2, and CHas. The
presence of carbonate, C-phases and hydrates in the same inclusions suggests that the fluid is
COH-rich (Nicoli et al. 2022). Thermodynamic modelling suggested a supra-solidus evolution
between 0.5 and 0.8 GPa. The first generation of garnet is stable at 950-1000 °C and 0.6—
0.8 GPa whereas the second is stable at 825-950 °C and 0.5-0.7 GPa. The garnet/melt pairs
considering the differences are snapshots of two different melting events taking place at the
pressure-temperature conditions of formation of the two different garnet generations (Nicoli et
al. 2022). This case study reports the oldest occurrence of preserved melt inclusions and also
shows for the first time the supra-solidus history of this area. The coexistence of melt and fluid
inclusions indicates fluid-melt immiscibility and, thus, partial melting in presence of a COH
fluid.

In NW Norway, the samples are from the Nordmannvik Nappe — part of the Norwegian
Artic Caledonides. This Nappe is made of polymetamorphic rocks, including mylonitic mica-
ceous gneisses, garnet amphibolites, marbles, calcsilicates and ultramafic lenses (Andresen
1988). Nanogranitoids, along with diamond-bearing fluid inclusions, occur in garnet-kyanite
migmatitic gneisses located in a megalens of the Nordmannvik Nappe at Heia (Janak et al.
2024). These gneisses are finely foliated and contain melanocratic and leucocratic domains.
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The melanocratic domains host garnet and kyanite porphyroblasts, biotite and white mica
whereas the leucocratic portion is dominated by feldspars, quartz, and garnet (Janak et al. 2024).
Melt and fluid inclusions occur in the inner parts of garnets organized in clusters or isolated.
Melt inclusions are up to 100 um and their mineral assemblage was determined with an electron
microprobe. They contain muscovite, paragonite, phlogopite, K-feldspar, albite, quartz, and ky-
anite (Janak et al. 2024). The latter however is a trapped phase as it is present in the matrix and
as mineral inclusion in garnet. Fluid inclusions are 5-10 um in diameter and were investigated
with micro-Raman spectroscopy. They contain COo, siderite and magnesite, a minor amount of
pyrophyllite, biotite, white mica, diamond, and + graphite. The association of carbonates, C-
phases and hydrates suggests that the fluid is COH. Diamond is an index mineral of ultra-high
pressure (UHP) conditions and its presence in a fluid coexisting with melt suggests that partial
melting in Heia gneiss took place at UHP conditions in the presence of a COH fluid. This is
one of the first examples of fluid-melt immiscibility at UHP conditions (Janak et al. 2024).

Melt inclusions represent a snapshot of melt produced during anatexis in terms of major,
trace elements, and volatiles. The composition of the melt can be measured in situ on glassy
inclusions and experimentally re-homogenized nanogranitoids with the electron microprobe
(Cesare et al. 2015; Ferrero et al. 2018). Moreover, also trace elements and volatiles concentra-
tions can be directly obtained from the analyses of melt inclusions (see Bartoli et al. 2014;
Carvalho et al. 2018; Nicoli and Ferrero 2021; Ferrero et al. 2021, 2023).

In subduction settings, the possibility of targeting melt inclusions trapped in mantle rocks
involved in crust-mantle interaction allows not only to quantify the mass transferred from the
crust to the mantle but also the deep volatile cycles (Borghini et al. 2020, 2023, 2024). All these
processes have an influence on crustal growth, global volatile recycling, Earth habitability, and
climate (Borghini et al. 2023).
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Volatile-rich basanitic melts giving rise to camptonite lamprophyre swarms (Brown 1975)
in the Orkney Islands, Northern Scotland, have been precisely dated by mantle xenolithic and
autocrystic zircon U-Pb geochronology. The results show that melt generation in the mantle,
recorded by xenocrystic zircon in camptonites, and emplacement, recorded by autocrystic zir-
con in a fractionated sannaitic dike, occurred within c. 5 m.y. from each other. The melt-gener-
ation zone of the lamprophyres has been modelled to be >90 km depth, in the garnet stability
field (REEBOX PRO; Brown and Lesher 2016) and the zircons show Hf-isotopic evidence for
the mixing of two suprachondritic sources, the most positive Exs-values interpreted to represent
influxing asthenospheric mantle. The xenocrystic nature of the zircons from the camptonite and
of most of the zircons from the sannaite (?) is evidenced by the texture (sector zoned, homoge-
neous but also oscillatory zoned), the trace element chemistry (e.g. Grimes et al. 2015; Hoare
et al. 2021), high Ti-in-zircon crystallisation temperatures (>900 °C; Crisp et al. 2023) and for
the camptonites, the highly zircon-undersaturated nature of the melts (Crisp and Berry 2022).
As the zircons in the camptonites were brought to the near surface in highly zircon-undersatu-
rated melts they are also recorders of magma residence time (Zhang and Zu 2016), and hence
ascent rates; in this case recording translithospheric magma ascent of around 15 m/s.

The Orkney dike swarm (Fig. 1) has been associated with the Skagerrak centred large igne-
ous province (SCLIP; Torsvik et al. 2008; Lundmark et al. 2011). The main stage (normally
represented by flood basalts in a LIP; e.g. Burgess et al. 2017) of the SCLIP is dated to
c. 300 Ma (Torsvik et al. 2008; Corfu and Larsen 2020), and xenocrystic zircons in the Orkney
camptonite dikes formed up to 7 m.y. prior to the main stage of the LIP. The formation of the
mantle zircons can be interpreted as a process reflecting the first partial melting event associated

© 2025 The Author(s). Published by the Institute of Geophysics, Polish Academy of Sciences.
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with elevated mantle temperature due to plume-lithosphere interaction (Fig. 2). As such, it
places absolute time constraints on upper mantle plume dynamics as a function of mantle po-
tential temperatures (Tp) during different stages of a LIP, determined by the plume ascent ve-
locity in the upper mantle. The modelled conditions at the lamprophyre melt generating stage
c. 2 m.y. before the onset of the flood basalt stage (Fig. 2, indicate a Tp of ¢. 1400 °C (REEBOX
PRO; Brown and Lesher 2016). This can be compared to the Tp during the main stage of LIP
volcanism, that are typical above 1500 °C occurring at shallower depths, of less than 50 km
(e.g. Hole and Millett 2016). Recent, reliable estimates of the Tp at the B1 (main stage) phase
of the SCLIP do not exist. However, a highly conservative estimate would be that the mantle
potential T increased by 100 °C in 2 m.y., giving direct input into models estimating the plume
ascent in the upper mantle, when also considering the shallowing of the melt column and lateral
gradients within the plume head (Hole and Millett 2016). Hence, identifying and precisely da-
ting lamprophyre magmas preceding basalt volcanism in LIPs globally provide new constraints
to test models of upper mantle plume dynamics when combined with thermal models for plume-
ambient mantle interaction.
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Exceptionally voluminous magmatic episodes in the deep geological past, known as Large
Igneous Provinces (LIPs), emplaced millions of km® of magma in the crust and on Earth’s sur-
face in a geologically limited time (<1 Ma), and released vast quantities (Gigatons) of volcanic
and thermogenic gases. The outgassing of volatiles was a significant environmental disruptor,
leading in some case to global environmental change and biotic crises (Deegan et al. 2023).
LIPs are in fact the only geologic source to rival anthropogenic emissions (Deegan et al. 2023,
Capriolo et al. 2022) for volumes and rates of released climate-modifying gases. Reconstructing
their degassing histories is thus important as analogue case-studies of present-day and future
climate challenges. Studies of LIP volatiles discharge often focus on the two primary climate-
modifying volatiles, carbon and sulphur. However, in LIPs whose plumbing systems intruded
halogen-rich evaporites, the release of halogens might have been an important environmental
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and biotic stressor (Svensen et al. 2023). The reactive halogen species generated during erup-
tions and upon interaction with halogen-rich sedimentary rocks in volcanic basins could cause
acid rains and catalyse ozone layer depletion.

A paramount example is the Siberian Traps Large Igneous Province (STLIP), rapidly em-
placed at the end of the Permian, synchronous with the most severe terrestrial ecological crisis
in Earth’s history (251.9 Ma), and the only known mass extinction among insects (Dal Corso
et al. 2022, 2024). Palaeontological data suggest that halogens outgassing from the Siberian
Traps could have facilitated mutations and DNA damage in life forms via enhanced UVB radi-
ation (Liu et al. 2023). It is still debated whether the ultimate provenance of halogens was the
STLIP mantle source or the evaporite series of the Tunguska basin (Broadley et al. 2018; Sibik
et al. 2021). We studied 14 sills intercepted by 5 boreholes down to 4 km deep, obtained from
locations straddling all across the Lower Tunguska basin (Fig. 1). Whole-rock data suggest that
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Fig. 2. Sill of the High Arctic Large Igneous Province intruding Permian evaporites of the Gipshuken
Formation, in James | Land of Spitzbergen, Svalbard Islands. The sill in this outcrop is 10+ m thick.
The black circle indicates the location of the samples with high-Cl biotite. Photo: Hans Jergen Kjell,
summer 2021.

significant interaction occurred between sills and evaporitic host-rocks (Sibik et al. 2021; Call-
egaro et al. 2021). The sills are geochemically correlated to the main tholeiitic phase of the
Siberian Traps, and with the Noril’sk intrusion, dated coeval to the extinction event (Dal Corso
et al. 2024; Callegaro et al. 2021). In addition, we found evidence for late-stage enrichment in
chlorine within the sills at the mineral scale. The doleritic sills that developed a relative coarse-
grained texture show late-stage evolved pockets. These are pore-filling mineral that form at the
late-magmatic to hydrothermal stage among the main framework of doleritic minerals (plagio-
clase, clinopyroxene, olivine, and oxides, in order of abundance), and comprise a granitic as-
semblage of quartz, biotite, K-feldspar, apatite, amphibole, and Zr-bearing minerals (Fig. 1).
Biotite shows a tendency to incorporate growing amounts of chlorine towards the rims, up to
4.5 wt.%. Mineral boundaries are sometimes filled with pyrosmalite, a Mn- and Cl-rich phyl-
losilicate. These mineral compositions likely reflect the late-stage circulation of a Cl-rich brine
and/or vapor phase in the system, produced by thermal interaction between the sills and the
evaporitic host-rocks. Temperatures of crystallization of ca. 600 °C as suggested by Ti-in-
quartz geothermometry agree with this interpretation. The presence of hydrothermal vent com-
plexes over the basin suggests abrupt discharge of Cl-rich vapours following pressure buildup
at the sills margins (Polozov et al. 2016). The fact that we find high-Cl biotite in sills from all
the studied boreholes indicates that CI mobilization was relevant at the basin scale, and not only
a local peculiarity. Overall, these observations support a shallow crustal origin, i.e. from the
sedimentary basin, for the halogens released by the STLIP, but further data are needed to con-
firm the hypothesis (e.g. Cl or S isotope composition). The presence of Zr-rich minerals in the
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late-stage pockets will potentially allow to obtain an absolute age for the extensive CI mobili-
zation and release.

Interestingly, similar evidence is found in sills of the Central Atlantic Magmatic Province
(ca. 201 Ma) intruded in the Amazonas basin (Heimdal et al. 2019), and in sills of the High
Arctic Large Igneous Province in Svalbard (James | Land) intruded in Permian evaporites
(Fig. 2). We propose that the CI concentrations of late-formed minerals serves as a powerful
within-sill proxy to detect halogen mobilization from evaporites in volcanic basins.
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1. INTRODUCTION

During the Cretaceous, the circum-Arctic region was affected by widespread magmatism,
known as the High Arctic Large Igneous Province (HALIP). These mainly mafic intrusives and
extrusives are found throughout the Queen Elizabeth Islands, northern Greenland, the Alpha-
Mendeleev Ridges, the New Siberian Islands, Franz Josef Land, and Svalbard (Senger et al.
2014; Maher 2001). There have been three proposed pulses, from 124 to 120 Ma, from 99 to
91 Ma, and from 85 to 77 Ma (Dockman et al. 2018). Generally, the oldest magmatism is
tholeiitic, the middle pulse bimodal, and the youngest pulse alkaline (Tegner et al. 2011). The
alkaline pulse is only found in northern Greenland and on the Queen Elizabeth Islands, while
the tholeiitic magmatism is found throughout the circum-Arctic, with the exception of Green-
land (Dockman et al. 2018; Thorarinsson et al. 2015). This large igneous province has been
proposed to be related to a Cretaceous Arctic mantle plume, with a center located ca. 200 km
west of Ellesmere Island (Buchan and Ernst 2018).

The HALIP rocks found throughout the Svalbard archipelago are regionally called the Dia-
basodden Suite, based on its type locality in central Spitsbergen, the main island of Svalbard.
In this contribution, the focus will be on characterizing the Diabasodden Suite based on previ-
ously published data.

2. THE DIABASODDEN SUITE

The outcrops of the HALIP on Svalbard (Fig. 1) represent magmas that erupted on the surface
in the far east, on Kong Karls Land, and that was intruded at various depths in the rest of the
Svalbard archipelago. One of the shallowest sills, at Botneheia in central Spitsbergen, has an
emplacement depth of ca. 0.5 km, based on the the thickness of the sedimentary units deposited
above the intrusion until the early Cretaceous (Dallmann et al. 1999; Norwegian Polar Institute
2016). The emplacement depths cannot be estimated in all places, e.g. in Nordaustlandet, where

© 2025 The Author(s). Published by the Institute of Geophysics, Polish Academy of Sciences.
This is an open access publication under the CC BY license 4.0.
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Fig. 1: A. Topographical map over Svalbard, illustrating the extent of the High Arctic Large Igneous
Province, regionally called the Diabasodden Suite; B. Map over the type locality of the Diabasodden
Suite, and surrounding intrusions. The area shown on the digital outcrop model in Fig. 2 is indicated on
the map. The glacier extents, land area and digital elevation are from the Norwegian Polar Institute
(2014a,b), and the extent of the Diabasodden Suite is a modified version of the Geological map of Sval-
bard (Norwegian Polar Institute 2016), based on field observations.

the magma was intruded into the crystalline basement. The thickness of the flood basalts and
intrusions themselves vary from a few meters to more than 100 m, based on measurements from
digital outcrop models (DOMs, Fig. 2). These are built on high-resolution UAV images ac-
quired all around Svalbard, during various expeditions, e.g. SvalGeoBase Il. These images and
the resulting DOMs are openly available (Betlem et al. 2023). The Diabasodden Suite magmas
were likely emplaced during a short time interval between 125 and 123 Ma, according to avail-
able U-Pb geochronology (Corfu et al. 2013; Midtkandal et al. 2016). This indicates that per-
haps only the oldest pulse of the HALIP is present on Svalbard.

Petrographically, the Diabasodden Suite is commonly composed of plagioclase phenocrysts
(up to 1 cm in size), surrounded by a groundmass of finer-grained feldspars, clinopyroxene, Fe-
Ti oxides (up to 5 mm in size), and secondary alteration minerals (Nejbert et al. 2011). Occa-
sionally, olivine is also present. Feldspars are mainly plagioclase, but minor amounts of alkali
feldspars are also commonly found in the groundmass. Clinopyroxene is often augite. Fe-Ti
oxides occur as needles or stubby crystals of Ti-magnetite and ilmenite. The texture of the Di-
abasodden Suite rocks is mainly doleritic, but ophitic textures also occur (Nejbert et al. 2011).
Geochemically, the Diabasodden Suite is characterized as tholeiitic basalts, with SiO, contents
ranging from ca. 43 to 49 wt%, FeOtt from ca. 11 to 15 wt%, MgO from ca. 2.5-7.5 wt%, and
TiO from ca. 2 to 4 wt% (Nejbert et al. 2011).
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Fig. 2. An example of a digital outcrop model from Botneheia, central Spitsbergen (Rodes et al. 2024;
Betlem et al. 2023). This intrusion, belonging to the Diabasodden Suite, was emplaced into Triassic
shales. The thickness of this particular sill is at A: 33 m, B: 38 m, and C: 23 m.

3. DIABASODDEN

Diabasodden, the type locality of the HALIP on Svalbard, is located in eastern Isfjorden, central
Spitsbergen (Fig. 1). These dolerite cliffs tower over the water’s edge, with an intrusion thick-
ness of ca. 70 m (Norwegian Polar Institute 2014a). Near the Diabasodden intrusion, several
other outcrops of the HALIP can be found, including Hatten, Grensteinfjellet, and Botneheia
(Fig. 1). While Diabasodden is an outcropping sill, both dikes and sills are found at these nearby
localities. At Diabasodden, the magma intruded into Triassic strata, namely the shales, silt-
stones, and sandstones of the Late Triassic Kapp Toscana Group. The highest point of the Dia-
basodden sill is found at 69 m. a.s.l., while the coeval Early Cretaceous sedimentary units are
found further inland on Wimanfjellet at ca. 700 m. a.s.l. Diabasodden has been visited and sam-
pled many times in the past, with several publications as a result (e.g. Gayer et al. 1966; Nejbert
et al. 2011; Corfu et al. 2013). One of the three (soon four; Sartell et al. in revision) published
U-Pb ages on Svalbard is based on a sample collected at Diabasodden, yielding an age of 124.5
+ 0.2 Ma (Corfu et al. 2013). In addition to geochronology, geochemical data, and petrographic
descriptions of dolerites from Diabasodden have also been published (Nejbert et al. 2011; Gayer
et al. 1966). These suggest that the Diabasodden sill is characteristic for its Suite, with similar
composition and petrography.

Acknowledgments. This contribution is dedicated to the scientists that have built up the
knowledge we have today of the Diabasodden Suite, spending long days in the field, in the lab,
and publishing data.
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1. INTRODUCTION

The Arctic is one of Earth’s most frontier areas, with numerous unanswered geoscientific ques-
tions. In addition, the Arctic is one of the most dynamic areas of the planet, with recent climate
change occurring at much higher rates than in the lower latitudes. This phenomenon, the polar
amplification effect, is most evident in Svalbard.

Svalbard is a Norwegian high Arctic archipelago comprising all islands between 74-81°N
and 15-35°E, including the largest island Spitsbergen. Geologically Svalbard represents an im-
portant (and relatively well-accessible) window to understand the tectono-thermal evolution of
the circum-Arctic (Senger et al. 2024). There are no indigenous people in Svalbard, but several
remote permanent settlements including the “capital” of Longyearbyen. For its high Arctic lo-
cation, it is easily accessible by regular and affordable flight connections to the Norwegian
mainland. It also hosts the University Centre in Svalbard (UNIS), the world’s northernmost
educational institution.

UNIS is Norway’s field university and offers field-based courses at bachelor, master, and
PhD level in Arctic geology, geophysics, biology, and technology, with research and teaching
conducted throughout the year. The large seasonal variation (Fig. 1) defines the institution’s
activity throughout the year. Largely as a consequence of this, UNIS is a leading user of digital
geological tools that complement traditional fieldwork and extend the short field season to the
entire year.

In this contribution we present two interlinked UNIS-led initiatives that openly provide ge-
oscientific data to a broader audience. Specifically we focus on the photosphere-Atlas, VR
Svalbard, and an integrated digital outcrop model database, Svalbox. Specifically we outline
how data are acquired, shared, and how they are used in the context of Arctic research, educa-
tion, and expedition planning. Finally, we showcase a virtual field trip developed specifically
for the SvalGeoBase Il expedition.

© 2025 The Author(s). Published by the Institute of Geophysics, Polish Academy of Sciences.
This is an open access publication under the CC BY license 4.0.
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Fig. 1. Seasonal control on course activities in Svalbard: A) Sun diagram for Longyearbyen, overlain
with the main field seasons and timing of courses at the University Centre in Svalbard. Sun diagram
provided by Longyearbyen Community Council; B) Annual cycle of acquiring photographs for virtual
outcrop model processing, interpretation and integration. The inset map shows the position of Svalbard
between continental Norway and the North Pole. Figure and caption from Senger et al. (2021).

2. DIGITAL TOOLS

Geoscientists at UNIS have in recent years developed two complementary platforms to share
geological data from Svalbard with the global community, VR Svalbard and Svalbox (Fig. 2).
Both rely heavily on the use of unmannde aerial vehicles (i.e. UAVS, also known as drones) to
acquire standard photographs. Photographs are subsequently processed into digital outcrop
models or single photospheres (also known as 360° images). Over the years we have tried many
different UAVSs, but currently rely on the DJI Mavic 2 Pro and DJI Mavic 3 for the vast majority
of data acquisition.



DIGITAL GEOLOGY AT UNIS: TOOLS FOR SUPPORTING ARCTIC RESEARCH, EDUCATION, AND EXPEDITION... 121

Fig. 2. Openly available digital geological portals led by UNIS: VRSvalbard (left; Horota et al. 2024;
www.vrsvalbard.com/map) and Svalbox (right; Betlem et al. 2023; www.svalbox.no/map).

VR Svalbard

VR Svalbard (www.vrsvalbard.com; Horota et al. 2024) is a photosphere-based Atlas of land-
scapes in Svalbard. Similar to Google Street View, photospheres allow the user to gain an over-
view of geological elements. As photospheres can be acquired very quickly, they can be taken
in parallel with field activities and thus provide a digital representation of the specific conditions
(snow cover, weather, etc.) of the field day.

In the platform, virtual field tours are a sequence of panoramic images that are spatially
merged to create a virtual experience. Once created, the viewer can virtually experience local
and remote field sites. Virtual field tours can be experienced through desktop computers, lap-
tops, tablets, mobile devices, and even in an immersive view mode with head-mounted displays
(Horota et al. 2024).

Virtual field guides, on the other hand, are interactive, digital experiences that provide users
with a thematic storytelling exploration of a field area. In essence, they capture the real-world
environment of a specific location or region through a variety of multimedia content, including
images, videos, maps, gifs, and 3D models to teach. Virtual field guide experiences are only
visualised via desktop or mobile devices (Horota et al. 2024).

Svalbox

Since 2016 UNIS has been systematically acquiring digital outcrop models (DOMs) and openly
sharing them through the Svalbox database (Senger et al. 2022; Betlem et al. 2023). Digital
outcrop models (DOMs) have revolutionized the way twenty-first century geoscientists work.
DOMs are georeferenced three-dimensional (3-D) digital representations of outcrops that facil-
itate quantitative work on outcrops at various scales. Outcrop digitalization has been tradition-
ally conducted using laser scanners, but in the past decade, it has seen exponential growth
because of efficient and consumer-friendly Structure-from-Motion (SfM) algorithms concur-
rent with the rapid development of cost-effective aerial drones with high-resolution onboard
cameras (Betlem et al. 2023).
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The Svalbox DMDb described by Betlem et al. (2023) is a regional DOM database geo-
graphically constrained to Svalbard. Svalbard offers exceptional-quality, vegetation-free out-
crops with a wide range of lithologies and tectono-magmatic styles, including extension,
compression, and magmatism. Data and metadata of the systematically digitalized outcrops
across Svalbard are shared according to FAIR (i.e. findable, accessible, inter-operatable, and
re-usable) principles through the Svalbox DMDb (Betlem et al. 2023).

These DOMs are georeferenced high-resolution 3D representations of the outcrops and fa-
cilitate quantitative sedimentological and structural work. Through Svalbox the DOMs are also
put in a regional context through spatial integration of maps (geological, topographical, paleo-
geographic, geophysical, etc.), surface (digital terrain models, satellite imagery, etc.), and sub-
surface (boreholes, geophysical profiles, published cross-sections, etc.) data, as illustrated for
the Festningen geotope by Senger et al. (2022).

3. APPLICATIONS AND CASE STUDIES
Research

Digital data are of paramount importance for numerous research projects. Svalbox models have
been actively used in numerous publications across a range of disciplines, including tectono-
stratigraphy (Dahlin et al. 2024; Smyrak-Sikora et al. 2021), magmatism (Senger et al. 2013),
and structural geology (Ogata et al. 2023).

One of the key benefits for using DOMs is that they are available year-round, not just during
the short geological field season in Svalbard. The other major benefit is that DOMs allow more
quantitative analyses including measuring thicknesses, orientations, and integrating various
data sets (e.g., sedimentary logs, sample locations, shallow geophysical profiles).

Education

DOMs and photospheres viewed with state-of-the-art visualization in the classroom facilitate
efficient fieldwork through pre-fieldwork preparation and post-field work quantitative analyses.
Both data types are heavily used by UNIS, with documented case studied provided for both
bachelor (Senger et al. 2022) and MSc/PhD level courses (Senger et al. 2024).

Horota et al. (2023) integrates photospheres and DOMs together with other geoscientific
data (exploration wells, seismic, digital terrain models, publications, etc.) in the context of a
thematic data package (Fig. 3). The theme is Svalbard’s most prominent structural feature, the
West Spitsbergen Fold and Thrust Belt, and the publication with its rich digital data packages
in both Petrel and QGIS serves as a foundation for both research-based teaching and research
itself.

Expedition planning, execution, and post-expedition data integration

Digital tools like VR Svalbard and Svalbox greatly facilitate expedition planning, providing a
solid overview of the outcrop conditions that is not feasible using regional satellite data. Where
available, the data facilitate virtual pre-expedition exploration of the regional study area to iden-
tify zones where targeted field work is desired. Access routes and, where relevant, sites for
establishing base camp can be planned and discussed with local experts. Detailed field planning
will reduce the environmental impact through, ideally, less time needed to be spent in the field.

During an expedition, digital databases can be set up in the base camp to merge the field
observations of numerous field parties. Senger et al. (2024), for instance, demonstrates how
such data integration worked during a geoscientific expedition to Woodfjorden. DOMs, sample
locations and observations including field photos were seamlessly shared across the eleven team
members through an application not requiring internet connection.
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Fig. 3. Geospatial database of all georeferenced data containers provided in the interactive educational
data package with this article. The interactive data are also available on the Svalbox online portal, which
includes a lot more data sets than extracted for this thematic compilation. Geological map data are cour-
tesy of Norwegian Polar Institute (2014): https://data.npolar.no/dataset/616f7504-d68d-4018-alac-
34e329d8ad45. Bathymetry data are courtesy of IBCAO (Jakobsson et al. 2012). Figure and caption
from Horota et al. (2023).

Following an expedition, digital models serve as a foundation to integrate detailed observa-
tions such as sedimentary logs, sample locations and field sketches. Furthermore, the data can
be integrated in virtual field trips as a lasting memory for the expedition’s participants.

4. SVALGEOBASE Il VIRTUAL FIELD GUIDE

The SvalGeoBase Il expedition visited many remote sites in Svalbard. Each landing was docu-
mented with photospheres. Short descriptions of the landing sites from this report are integrated
with photospheres and available DOMs in an online virtual field guide accessible at URL

(Fig. 4).
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Sverrefjellet

Fig. 4. Data integration and storytelling as a virtual field guide QRcode to URL https://vrsval.bard.com/
neogene-quaternary-volcanism-and-thermal-springs/). Integration of ArcticDEM, Bing Satellite,
Sverrefjellet DOM, geological map layer of Svalbard, text box and clickable link to the virtual field tour
of Sverrefjellet displayed in the upper-right corner, accessible through the QRcode to URL
https://vrsvalbard.com/Sverrefjellet/.

5. CONCLUSIONS AND FUTURE PERSPECTIVES

We have presented two central elements of digital geology used at UNIS in Longyearbyen. The
VR Svalbard photosphere Atlas provides unprecedented bird’s eye views of Svalbard’s land-
scapes, focussing on geological elements. The Svalbox platform provides a growing database
of digital outcrop models.

Geoscientists at UNIS will continue to acquire digital geological data for the foreseeable
future and openly share it with the community. However, we rely on the Arctic and global
geoscientific community to assist with utilizing these models in addressing various research
questions. Big data and artificial intelligence may in relatively short time frames allow for semi-
quantitative interpretation workflows — but let us not forget that geologists need not to only use
digital tools but also spend considerable time out in the field discussing scientific problems with
their peers.
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Geology of Svalbard Basement
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APPENDIX 1

WORKSHOP PARTICIPANTS

Participants of the SvalGeoBase Il geological workshop in Ekmanfjorden (Blomesletta). The
photograph captures the contact between Permian sedimentary rocks of the Kapp Starostin
Formation and a Cretaceous magmatic intrusion (drone image taken by Anna Sartell and Ra-
fael Kenji Horota; VR Svalbard, Svalbox).
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APPENDIX 1 — WORKSHOP PARTICIPANTS

Name

Institution

Scientific expertise

Lars Eivind Augland

University of Oslo

geochemistry

Sara Callegaro

University of Oslo

petrology,
geochemistry

Anna Sartell

The University Centre in Svalbard

geochemistry (PhD)

Rafael Kenji Horota

The University Centre in Svalbard

digital geology (PhD)

Simon Wilde Curtin University geochemistry
Yebo Liu Curtin University paleomagnetism
Geoffrey Manby Natural History Museum of London petrology,

structural geology

Monika Kusiak

Institute of Geophysics
Polish Academy of Sciences

geochemistry

Pierpaolo Guarnieri

Geological Survey
of Denmark and Greenland

structural geology

lan Snowball

Uppsala University

paleomagnetism

Krzysztof Nejbert

University of Warsaw

petrology,
economic geology

Krzysztof Galos

Ministry of Climate and Environment

(Poland)

economic geology

Karsten Piepjohn

ex-Federal Institute of Geosciences
and Natural Resources (Germany)

structural geology

Martin Whitehouse

Museum of Natural History, Stockholm

geochemistry

Victoria Pease

Stockholm University

tectonics, petrology

Thomas Zack

University of Gothenburg

petrology

Alessia Borghini

AGH University of Krakow

petrology

Szczepan Piotr Bal

Institute of Geophysics
Polish Academy of Sciences

paleomagnetism (PhD)

Stawomir Matczak

Polish National Television

not aplicable

Krzysztof Michalski

Institute of Geophysics
Polish Academy of Sciences

paleomagnetism
(coordinator,
expedition leader)

Jarostaw Majka

Uppsala University/
AGH University of Krakow

petrology, geochemis-
try (coordinator)

Piotr Glowacki

Institute of Geophysics
Polish Academy of Sciences

glaciology
(coordinator)




APPENDIX 2

SVALGEOBASE Il ITINERARY (DAY BY DAY)

Day 1 (3 September 2024) — OPENING SESSION

14:10 — Arrival in Longyearbyen — SAS flight from Oslo to Longyearbyen (SK4490)
Bus transfer from Longyearbyen Airport to the town centre

16:00-18:00 — Opening session in Longyearbyen (UNIS)
Safety introduction. Presentations on SSF priorities and the fundamentals of Svalbard’s
geology

18:00 — Bus transfer to the harbour and embarkation on R/V Horyzont 11

19:00 — Dinner

20:00 — Departure from Longyearbyen to Ny-Alesund

Day 2 (4 September 2024) - EUREKAN FOLD AND THRUST BELT

09:00 — Arrival at Ny-Alesund

09:00-13:00 — Visit to the Marine Laboratory in Ny-Alesund, field excursion to the West
Spitsbergen Eurekan Thrust and Fold Belt (Broggerhalveya) — Landing Site 1 (Fig. 1)

13:00-14:00 — Official lunch on board R/V Horyzont Il with representatives of the Ny-Alesund
administration

15:00 — Departure from Ny-Alesund to Murchisonfjorden (W Nordaustlandet)

16:00-19:00 — Scientific sessions, Part |

19:00 — Dinner

Day 3 (5 September 2024) - BASEMENT GEOLOGY

08:00 — Breakfast

09:00 — Arrival at Murchisonfjorden (Nordaustlandet)

09:00-14:00 — Field excursion to Sparreneset (unmetamorphosed Neoproterozoic/Lower
Palaeozoic section of Nordaustlandet — Akademikerbreen Gp, Polarisbreen Gp) — Landing
Site 2 (Fig. 1)

14:00 - Departure from Murchisonfjorden (W Nordaustlandet) to Nordkapp (N Nordaustlandet)

14:00 — Lunch

15:00-18:00 — Cruise along the Neoproterozoic outcrops of W Nordaustlandet

18:00 — Dinner

19:00-21:00 — Scientific sessions, Part 11

22:00 — Arrival at Nordkapp (N Nordaustlandet)

22:00-24:00 — Field excursion to Beverlysundet (metamorphic basement of the NE Svalbard
Province — Brennevinsfjorden Fm, Laponiahalveya Granite, Ripfjorden Granitoid Suite) —
Landing Site 3 (Fig. 1)

24:00 — Departure from Nordkapp (N Nordaustlandet) to Woodfjorden (N Spitsbergen)
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Day 4 (6 September 2024) - CENOZOIC VOLCANISM/POST-CALEDONIAN COVER

08:00 — Breakfast

09:00-12:00 — Scientific sessions, Part I11

12:00 — Arrival at Woodfjorden (N Spitsbergen)

13:00 — Lunch

14:00-19:00 — Field excursion — Cenozoic volcanism (Bockfjorden Volcanic Complex),
Devonian Basin (Wood Bay Formation) — Landing Site 4 (Fig. 1)

19:00 — Dinner

24:00 — Departure from Woodfjorden (N Spitsbergen) to Raudfjorden (NW Spitsbergen)

Day 5 (7 September 2024) - CONVERGENT BOUNDARIES/PLATE TECTONICS

06:00 — Arrival at Raudfjorden (N Spitsbergen)

08:00 — Breakfast

09:00-14:00 — Field excursion — Eclogites of the Richarddalen Complex — Landing Site 5 (Fig. 1)
14:00 — Lunch

15:00 — Departure from Raudfjorden (NW Spitsbergen) to Ekmanfjorden (Isfjorden)
16:00-19:00 — Scientific sessions, Part IV

19:00 — Dinner

Day 6 (8 September 2024) —- MESOZOIC MAGMATISM

08:00 — Breakfast

10:00 — Arrival at Ekmanfjorden (Isfjorden)

10:00-14:00 — Field excursion — Bloemesletta (HALIP) — Landing Site 6 (Fig. 1)
14:00 — Lunch

16:00-19:00 — Scientific sessions, Part VV (Summary of the workshop)

19:00 — Dinner

Day 7 (9 September 2024) - DEPARTURE FROM SVALBARD

06:00 — Departure from Ekmanfjorden to Longyearbyen

08:00 — Arrival in Longyearbyen

08:00 — Breakfast

09:00-13:00 — Free time in Longyearbyen

13:00 — Bus transfer from the harbour to Longyearbyen Airport

14:45 — Departure from Longyearbyen — SAS flight to Oslo (SK4491)
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Fig. 1. Route of the Geological Workshop SvalGeoBase 11 2024.






APPENDIX 3

DETAILED PLAN OF SCIENTIFIC SESSIONS®

OPENING SESSION (3 September 2024) — Longyearbyen, UNIS, Lassegrotta

16:00-16:10 — Invitation (SvalGeoBase Il team)

16:10-16:35 — Svalbard Integrated Arctic Earth Observing System — SIOS (Daan Kivits)
16:35-17:00 — Svalbard Science Forum (Lena Cappelen)

17:00-17:25 — Caledonian Basement of Svalbard (Jarostaw Majka)

17:25-17:50 — Post-Caledonian evolution of Svalbard (Anna Sartell)

17:50-18:00 — Safety instruction (Krzysztof Michalski)

SESSION | — Oral presentations (4 September 2024) — R/V Horyzont 11

16:00-16:30 — The Eurekan West Spitsbergen Fold-and-Thrust Belt on Breggerhalveya
(Karsten Piepjohn)

16:30-17:00 — An alternative hypothesis for forming the West Spitsbergen Fold and Thrust Belt
(Geoffrey Manby)

17:00-17:30 — Tectonic evolution of the Wandel Sea Basin (eastern North Greenland): insight
from structural data, mineralogy, fluid inclusions, vitrinite reflectance and conodont color
alteration index (Pierpaolo Guarnieri)

17:30-18:00 — The Caledonian Wilson Cycle from a North Atlantic perspective (Jarek Majka)

18:00-18:30 — Current paleomagnetic database of Svalbard (Krzysztof Michalski)

SESSION |1 — Oral presentations (5 September 2024) — R/V Horyzont 11

19:00-19:30 — Architecture of the Caledonian foldbelt in the Western Part of the Nordaust-
landet Terrane (Karsten Piepjohn)

19:30-20:00 — Palaeomagnetic data obtained from recent deglacial sediments in the Baltic Sea:
modern analogues may be the key to understanding (much) older records (lan Snowball)

20:00-20:30 — Neoproterozoic tillites of Polarisbreen Group (Nordauslandet, Svalbard) — pale
omagnetic and petrographic investigations (Szczepan Bal)

SESSION |11 - Oral presentations (6 September 2024) — R/V Horyzont |1

9:00-09:30 — Arctic Tectonics (Victoria Pease)
9:30-10:00 — A global full-plate model for the past 2 billion years (Yebo Liu)

“Only the names of the speakers are listed in the program. The names of co-authors are presented in the abstract
section of this report.
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10:00-10:30 — Exploring Neogene—Quaternary magmatism and thermal springs: data acquisi
tion in Woodfjorden 20222023 (Rafael Kenji Horota)

10:30-11:00 — Magnetic mineralogy vs. rock-magnetic properties of rock samples - toward
filling the gap between these data sources (Krzysztof Nejbert)

SESSION IV - Oral presentations (7 September 2024) — R/V Horyzont 11

16:00-16:30 — The Hadean: was it really Hell-like? (Simon Wilde)

16:30-17:00 — Geological constraints on claims for Earth’s earliest life in the Eoarchean of
Greenland and Labrador (Martin Whitehouse)

17:00-17:30 — Remnants of Eoarchean crust in the Napier Complex, East Antarctica (Monika
Kusiak)

17:30-18:00 — In situ beta decay dating and the potential for regional geology studies (Thomas
Zack)

18:00-18:30 — Arctic nanogranitoids and what we can learn from them (Alessia Borghini)

SESSION V - Oral presentations (8 September 2024) — R/V Horyzont |11

16:00-16:30 — Diabasodden and its Suite - the High Arctic Large Igneous Province on Svalbard
and its type locality (Anna Sartell)

16:30-17:00 — Large Igneous Provinces and the crustal filter: what happens when magma plays
with sedimentary rocks? (Sara Callegaro)

17:00-17:30 — Can lamprophyres in LIPs constrain upper mantle plume dynamics? (Lars Eivind
Augland)

17:30-19:00 — Summary and recommendations from the workshop



APPENDIX 4

THE LIST OF SELECTED PROJECTS
RELATED TO THE SCIENTIFIC SCOPE OF SVALGEOBASE I

“A Web GIS platform to access UNIS Arctic Geology and Arctic Geophysics Virtual Field
Tours”; acronym: VR SVALBARD; host institution: UNIS; contact: kims@unis.no,
rafaelh@unis.no

Website: https://vrsvalbard.com/

“Svalbox 2.0 — Fair geoscientific data from Svalbard”; acronym: SVALBOX 2.0; host in-
stitution: UNIS; PI: Kim Senger, Aleksandra Smyrak-Sikora; contact: Kims@unis.no
Website: https://svalbox.no/projects/svalbox-2-0/

“Integration of palaeomagnetic, isotopic and structural data to understand Svalbard Caledo-
nian Terranes assemblage”; acronym PALMAG; 2012-2016; funded by the Polish National
Science Centre (NSC); host institution: 1G PAS; PIl: Krzysztof Michalski; contact:
krzysztof.michalski@igf.edu.pl

Website: https://projekty.ncn.gov.pl/en/index.php?projekt id=172340

“Rate of tectonic plates movement in Neoproterozoic — verification of Neoproterozoic True
Polar Wander hypothesis”; acronym NEOMAGRATE; 2022-2026; funded by the Polish Na-
tional Science Centre (NSC); host institution: 1G PAS; PI. Krzysztof Michalski; contact:
krzysztof.michalski@igf.edu.pl

Website: https://projekty.ncn.gov.pl/en/index.php?projekt id=519531

“Meso-Neoproterozoic Evolution of the metamorphic basement of western Svalbard”;
2014-2017funded by the Polish National Science Centre (NSC); host institution: AGH Univer-
sity of Krakow; PI: Karolina Kosminska; contact: jaroslaw.majka@geo.uu.se

“Arctic Connection (NAC): is southwestern Svalbard a counterpart of the Pearya Terrane?”;
2016-2019; funded by the Polish National Science Centre (NSC); host institution: AGH Uni-
versity of Krakow; PI: Jarostaw Majka; contact: jaroslaw.majka@geo.uu.se

Website: https://projekty.ncn.gov.pl/en/index.php?projekt id=294776

“Mosselhalveya thrust (Ny Friesland) a major boundary between different terranes of the
Caledonian basement of Svalbard?”’; 2016-2020; funded by the Polish National Science Centre
(NSC); host institution: PIG-PIB; PI: Jakub Bazarnik; contact: jaroslaw.majka@geo.uu.se

Website: https://projekty.ncn.gov.pl/en/index.php?projekt id=310382

“Exhumation dynamics of the Vestgotabreen High-Pressure Metamorphic Complex, Sval-
bard”; 2018—-2020; funded by the Polish National Science Centre (NSC); host institution: AGH
University of Krakow; PI: Christopher Barnes; contact: jaroslaw.majka@geo.uu.se

Website: https://projekty.ncn.gov.pl/en/index.php?projekt id=375874

“The timing of lapetus opening and its implications for understanding the break-up of
Rodinia and evolution of Baltica”; 2020-2023; funded by the Polish National Science Centre
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(NSC); host institution: AGH University of Krakow; PI: Jarostaw Majka; contact: jaroslaw.
majka@geo.uu.se
Website: https://projekty.ncn.gov.pl/en/index.php?projekt id=446693

“Proterozoic-Paleozoic histories of North Greenland: pivotal windows for deciphering the
High Arctic tectonic puzzle”; 2024-2027; funded by the Swedish Research Council (VR); host
institution: Uppsala Universitet; PI: Jarostaw Majka contact: jaroslaw.majka@geo.uu.se

Website: https://www.vr.se/english/swecris.html?project=2023-03843 VR#/

“The Timanian Orogeny in Northern Svalbard”; acronym: TONeS; 2022-2024; funded by
the Research council of Norway; host institution: University of Oslo; PI: Jean-Baptiste Koehl;
contact: j.b.p.koehl@geo.uio.no, krzysztof.michalski@igf.edu.pl, jaroslaw.majka@geo.uu.se

Website: https://prosjektbanken.forskningsradet.no/en/project/FORISS/337227

“A bilateral initiative for harmonisation of the Svalbard cooperation — scientific collabora-
tion between Poland and Norway in Svalbard for a sustainable future”; acronym HARSVAL,;
2024-2025; coordinated by the Polish National Science Centre (NSC); Activity 1.2 Joint pilot
studies concerning impact of Arctic climate change on marine and coastal environment in the
northern and eastern Svalbard key areas and paleogeographical and thermal evolution of Sval-
bard, Task 1.2.2 PALEOGEOGRAPHICAL and THERMAL EVOLUTION; host institution:
University of Silesia; PI: Dariusz Ignatiuk; contact: krzysztof.michalski@igf.edu.pl

Website: https://harsval.eu/

“Deep-time Arctic climate archives: High-resolution coring of Svalbard’s sedimentary rec-
ord”; acronym SVALCLIME; application submitted to the International Continental Scientific
Drilling Program (ICDP);host institution: UNIS; contact: kims@unis.no

Website: https://svalbox.no/projects/svalclime/

“Changes at the Top of the World through Volcanism and Plate Tectonics”; acronym NOR-
R-AM2; 2020-2024; funded by the Research Council of Norway (NRC); host institution: UiO;
PI: Carmen Gaina; contact: carmen.gaina@geo.uio.no, l.e.augland@geo.uio.no

Website:  https://www.mn.uio.no/geo/english/research/projects/nor-r-amz2-partnership/in-
dex.html

“MAgma PLays with sedimEntary rockS”; acronym MAPLES; 2020-2024; funded by the
Research Council of Norway (NRC); host institution: UiO; PI: Sara Callegaro; contact:
sara.callegaro@geo.uio.no, l.e.augland@geo.uio.no

Website: https://www.mn.uio.no/geo/english/research/projects/maples/index.html

“VISTA Centre for CO2 Storage in Volcanic-Sedimentary Systems”; acronym VICCO,;
2025-2030; funded by the Research Council of Norway (NRC); host institution: UiO; PI: Hen-
rik Svensen; contact: Henrik.svensen@geo.uio.no, l.e.augland@geo.uio.no

Website: https://www.mn.uio.no/geo/english/research/projects/vicco/index.html

“Poles together — missing links between Arctic and ANtarctic early Earth records”; acronym
PAAN; 2020-2024; funded within the GRIEG competition funded by the Norwegian Financial
Mechanism 2014-2021; host institution: 1G PAS; Pl: Monika Kusiak; contact:
monika.kusiak@igf.edu.pl, l.e.augland@geo0.uio.no

Website: https://polestogether.igf.edu.pl/
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"Publications of the Institute of Geophysics, Polish Academy
of Sciences: Geophysical Data Bases, Processing and
Instrumentation” appears in the following series:

A — Physics of the Earth's Interior

B — Seismology

C — Geomagnetism

D — Physics of the Atmosphere

E — Hydrology (formerly Water Resources)
P — Polar Research

M — Miscellanea

Every volume has two numbers: the first one is the
consecutive number of the journal and the second one (in
brackets) is the current number in the series.






