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Abstract. Understanding ancient climate dynamics is crucial to accurately forecast future changes to Earth’s climate system.
The Norwegian High-Arctic archipelago of Svalbard experiences higher-magnitude warming than the lower latitudes. Its
sedimentary succession provides an important climate archive spanning much of the Phanerozoic, including several
hyperthermal events and mass extinctions of global importance. These include the End-Permian Mass Extinction (EPME) and
the Paleocene—Eocene Thermal Maximum (PETM). In addition, the High Arctic Large Igneous Province (HALIP) provides
an opportunity to study how igneous sills interact with organic-rich shales to generate greenhouse gases during contact
metamorphism. The ongoing multidisciplinary international project SvalCLIME aims to systematically study these
hyperthermal events and their relationships to Phanerozoic climate evolution. SvalCLIME seeks to drill multiple shallow
boreholes at four sites in Spitsbergen that will provide a semi-continuous record of Phanerozoic stratigraphy from an
underexplored region. The drill cores, in conjunction with outcrops, will provide a Permian—Eocene climate record of

unprecedented continuity.
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Here, we synthesise existing pre-Quaternary Phanerozoic (540-2.58 Ma) paleoclimate and paleoenvironmental data from
Svalbard in curated data packages to complement a recently published comprehensive review article. The data packages are
organised by proxy, facilitating the addition of future data sets. We present composite data coverage plots of key proxies (stable
carbon isotopes [8'*C], oxygen isotopes [5'0], pyrolysis, mercury) that illustrate data availability and current data gaps.
Further, we give an overview of available geochronological constraints for Svalbard’s pre-Quaternary Phanerozoic rock record,
likewise curated into two data collections of 1) various methods that provide age constraints and 2) biostratigraphy. We also
discuss the integration of various data sets in four case studies to illustrate the benefit of compiling such data for both drill

cores (Longyearbyen COxz lab and Deltadalen) and outcrops (Festningen, Lusitaniadalen, Munindalen and Billefjorden).

1 Introduction

The Norwegian High-Arctic archipelago of Svalbard constitutes a remarkably continuous sedimentary rock record spanning
from the Neoproterozoic to the Paleogene (Olaussen et al., 2025; Smelror et al., 2025; Smyrak-Sikora et al., 2025). This archive
enables detailed reconstruction of deep-time paleoclimate evolution and paleoenvironmental change. Recently, Smyrak-Sikora
et al. (2025) reviewed 148 that utilised Svalbard’s high-quality outcrops and available drill cores to constrain regional climate
evolution. While these datasets capture key processes such as tectonics, including Svalbard’s northward drift, volcanism, basin
evolution, and climate perturbations throughout the Phanerozoic, they remain fragmented and largely un-synthesised. Most
studies focus on selected short intervals, leaving broader temporal trends underexplored. This highlights a critical question:
How can Svalbard’s diverse paleoclimate records be integrated to uncover long-term climate patterns and their driving

mechanisms? Addressing this issue is crucial for advancing our understanding of Earth’s climate history.

Deciphering past climate is fundamental to understanding what factors and processes have shaped the evolution of life and the
planet, and to better elucidate Earth’s current and future climate states (Figure 1). Tierney et al. (2020) discuss how emerging
methods (e.g., development of new proxies and refinement of existing ones), the generation of many high-resolution marine
and terrestrial paleoclimate records, and the direct assimilation of proxy data into Earth system models will contribute to
reaching this goal. Understanding past Earth-system responses to short-lived perturbations is also pivotal to further developing
robust future climate scenarios. The Intergovernmental Panel on Climate Change (IPCC, 2023) specifically highlights the need
for deep-time climate archives across specific intervals where the magnitude of temperature increase was large and rapid (i.e.,
hyperthermals; Figure 1b) to improve our understanding of warmer-than-present climates and rapid climate change. The most
rapid and pronounced hyperthermal of the last 60 Ma was the Paleocene—Eocene Thermal Maximum (PETM; 55.9-55.7 Ma).
The PETM is identified by the IPCC as a reference interval for understanding the consequences of high rate and magnitude
climate change. High latitude records across the PETM are scarce; therefore, the Svalbard record provides an important

perspective.
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Figure 1: (a) Extent of glaciations globally over the past 800 Ma. Figure adapted from Hoffman (www.snowballearth.org). (b) Global
mean values of tropical sea surface temperatures over the last 540 Ma from Scotese et al. (2021; green curve, with shaded area 95%
confidence intervals, based on oxygen isotopes from phosphatic and carbonate fossils), glaciations from Macdonald (2020); major
Large Igneous Provinces (LIPs) recorded in Svalbard: Siberian Traps (ST), High Arctic Large Igneous Province (HALIP), North
Atlantic Igneous Province (NAIP). (¢) Broad Phanerozoic lithostratigraphic records in Svalbard. (d) Global temperature over the
last 60 Ma (modified from Westerhold et al. 2020). (e¢) Global surface air temperature projections (mean for years 2081-2100)
relative to 18501900 according to the Shared Socioeconomic Pathways (SSP; modified from Figure 4.35 in IPCC (2023)). Other
abbreviations: Late Paleozoic Ice Age (LPIA), End-Permian Mass Extinction (EPME), Paleocene—Eocene Thermal Maximum
(PETM), Eocene—Oligocene Transition (EOT), East Antarctic Ice Sheet (EAIS), West Antarctic Ice Sheet (WAIS), and Northern
Hemisphere Ice Sheet (NHIS). Figure adapted from Senger et al. (2025a).
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Climate archives from globally distributed sites spanning paleolatitudinal gradients are crucial to understanding wider patterns
in past climate evolution in a broader Earth system context. As such, Svalbard has been located near the northern margin of
various (super)continents for much of its Phanerozoic history and provides high-latitude records since the Late Triassic that
complement better-studied lower latitude records. Climate archives from higher latitudes such as the modern Arctic provide
crucial insights into polar amplification and latitudinal gradients, where climate system feedback processes facilitate responses
faster and in greater magnitude than at lower latitudes (Holland and Bitz, 2003). Over the past 100 Myr, Svalbard has been
located above the Arctic circle and is thus ideally suited to provide insights into late Mesozoic and Cenozoic polar paleoclimate
evolution. Moreover, Svalbard’s mid-paleolatitude position during previous late Paleozoic and Mesozoic hyperthermals, such
as that accompanying the End-Permian Mass Extinction (EPME), may offer critical insights into broader paleolatitudinal
patterns in climate-biotic coevolution across these episodes, given that existing records are concentrated largely in
paleotropical and paleo-subtropical regions (e.g., Reolid et al., 2020). Furthermore, records from the northern margin of the

supercontinent Pangaea are limited both in terms of size and published research compared to Tethyan records.

Data from outcrops and existing drill cores provide a solid foundation of Svalbard’s pre-Quaternary Phanerozoic climate
evolution as documented in numerous publications (Smyrak-Sikora et al., 2025 and references therein). However, the datasets
published in these studies are rarely truly “Findable, Accessible, Interoperable and Reusable” (i.e., the FAIR principles;
Wilkinson et al., 2016). Several fully cored boreholes are available on Svalbard, covering large parts of the Paleogene
succession (Sysselmannbreen borehole; Johannessen et al., 2021), including the PETM (recorded in coal exploration borehole
BH-09/2005; Charles et al., 2011), the Upper Triassic to Lower Cretaceous successions (Longyearbyen CO: lab Project;
Braathen et al., 2012b; Olaussen et al., 2019; Senger et al., 2025b), as well as the Permian—Triassic transition (Deltadalen
boreholes; Zuchuat et al., 2020). However, the two Deltadalen boreholes, which targeted the EPME, are the only ones drilled
explicitly for deep-time paleoclimate research and accompanied by a dedicated, multidisciplinary high-resolution analytical
program. As such, complementary fully cored boreholes, with full suites of wireline logs and systematic data acquisition plans
are needed. Thus, an ongoing initiative, the SvalCLIME project (Kulhanek et al., 2024; Senger et al., 2023), aims to drill and
fully core six scientific research boreholes to specifically study the link between hyperthermals and mass extinctions from the

Permian to the Paleogene (c. 260-50 Ma).

The geoscientific community benefits from standardised data packages and associated metadata to facilitate comparison of
deep-time paleoclimate data across various sites and time intervals, and to refine the outputs of global deep-time
biogeochemical and climate models. Furthermore, scrutiny of paleoclimate data in the context of a region’s geological
evolution is critical to disentangle local variability from global trends. In addition, robust reconstruction of deep-time
paleoclimatological evolution requires the integration of various heterogeneous data types. For most of these, there are no

widely adopted data and metadata standards, hampering data synthesis and full data usage.
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Here, we synthesise available pre-Quaternary Phanerozoic paleoclimatic and paleoenvironmental data from Svalbard.
Furthermore, the existing geochronological information used to date sedimentary successions investigated for
paleoclimatological studies is integrated into two data packages. The data are formatted in curated, openly accessible data
packages with associated metadata information and are organised by different proxy (stable carbon isotopes [5'C], oxygen
isotopes [8'30], pyrolysis, mercury) and geochronological (biostratigraphy, age constraints) methods. In addition, we use a
multidisciplinary approach to integrate quantitative proxy data into a broader geological context of four well-studied sites in

Svalbard; The Longyearbyen CO> lab, Deltadalen and Lusitaniadalen, Festningen, and Munindalen and Billefjorden.

2 Geological setting of Svalbard

The pre-Quaternary Phanerozoic geological evolution of Svalbard has been extensively described in recent reviews (Olaussen
et al., 2025; Smelror et al., 2025; Smyrak-Sikora et al., 2025 and references therein) and is therefore only briefly outlined here.
This largely sedimentary to locally metamorphosed succession records Phanerozoic global climate change, Svalbard’s
progressive northward movement (Figure 2) and numerous tectono-magmatic events that include three large igneous provinces
(the Siberian Traps, the High Arctic Large Igneous Province [HALIP] and the North Atlantic Igneous Province [NAIP]),

influencing global climate and regional sedimentation patterns (Figures 1 and 2).

Structurally, Svalbard is dominated by three pre-Devonian basement provinces exposed in the southwest, northwest and
northeast (e.g., Harland, 1997). These terranes were likely brought together along a series of regional, long-lived N-S trending
fault zones (e.g., McCann and Dallmann, 1996) during the Caledonian Orogeny. These terrane-bounding fault zones were also
instrumental in later basin development, defining the Devonian basins of northern Spitsbergen and Carboniferous rift basins
from Hornsund in the south to Lomfjorden in the north. The post-Devonian Paleozoic—Mesozoic sedimentary cover was tilted
gently towards the south during the Early Cretaceous, likely in response to HALIP emplacement and opening of the Canada
Basin. Paleogene compressional to transpressional tectonism related to Eurekan deformation and its later transtensional phase,
which led to the sheared continental margin development off west Spitsbergen, are perhaps the most important regionally
extensive structuring events (Piepjohn et al., 2016). Since the Neogene, the archipelago has experienced several phases of

uplift induced by thermo-tectonics, including Miocene and Quaternary volcanism, and post-glacial isostatic rebound.
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Figure 2: Phanerozoic stratigraphic column of Svalbard highlighting the data and research borehole coverage (modified from
Smyrak-Sikora at al., 2025). Lithostratigraphy after Smelror et al. (2025) and Olaussen et al. (2025). Data coverage based on the
data packages provided in this study (Stable carbon isotopes [3!*C], oxygen isotopes [5!20], total organic carbon [TOC] and mercury
[Hg]) and the targeted SvalCLIME drilling record (Botneheia [BO], Kropotkinfjellet [KF], Platafjellet [PF|, Nordenskioldfjellet
[NF]). Paleogeographic position of Svalbard from Senger et al. (2025a).

Pre-Devonian basement provinces include Cryogenian to Ediacaran diamictites and potentially ‘slushy’ “Snowball Earth”
deposits formed in a shallow-marine carbonate shelf (e.g., Halverson et al., 2018). During the early Paleozoic, Svalbard
occupied a near-equatorial position, during which carbonate and sandy sediments were deposited along Laurentia’s margin
prior to and during the early phase of the Caledonian Orogeny (Smelror et al., 2025). The Devonian was marked by the
deposition of the Old Red Sandstone succession in extensional basins in the wake of the Caledonian collapse (Smelror et al.,
2025), notably preserving some of the world’s first forests under tropical monsoonal conditions (Berry and Marshall, 2015).
In the Carboniferous, coal-bearing deposits that formed under humid and tropical conditions transitioned into arid-climate
evaporites and warm-water carbonates as the Late Paleozoic Ice Age (LPIA; 360-255 Ma, Figure 1) began to influence regional

and global sea level. The Permian saw a shift from warm-water carbonates to cold-water spiculitic ramps (Beauchamp and
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Baud, 2002) and was concluded by the EPME (e.g., Zuchuat et al., 2020), a catastrophic event tied to the Siberian Traps LIP,

which brought a prolonged period of chert and spiculitic mudstone sedimentation to a halt.

The Mesozoic was characterised by the development of a siliciclastic platform succession, influenced by a major deltaic system
(postulated to be the largest in Earth’s history; Klausen et al., 2019), which reached Svalbard during the Late Triassic after
prograding across the Barents Shelf from the Urals. In addition, the background greenhouse climate, which prevailed
throughout the era, was punctuated by several cold snaps. In the Early Cretaceous, the HALIP (Senger and Galland, 2022)
caused significant regional uplift and southward platform tilting. This epoch also recorded major global carbon-cycle
perturbations, including the Volgian Isotopic Carbon Excursion (VOICE) and the Weissert Event (Hammer et al., 2012; Jelby
et al., 2020b, 2025 and references therein).

In the Paleogene, Eurekan deformation resulting from compression between Greenland and Svalbard formed the West
Spitsbergen Fold-and-Thrust Belt and its associated foredeep, the Central Spitsbergen Basin (Braathen et al., 1999; Helland-
Hansen and Grundvéag, 2020). The foreland basin fill succession hosts a highly expanded record of the PETM hyperthermal
(Dypvik et al., 2011). In agreement with global records, following the Early Eocene Climatic Optimum, Svalbard experienced
gradual cooling towards the modern icehouse state. Finally, massive Neogene uplift and erosion, accompanied by Miocene
volcanism in the north, removed up to 3 km of strata, resulting in the archipelago's present-day exhumation and a substantial

stratigraphic hiatus. Quaternary glaciations shaped the present-day landscape and exposed many high-quality outcrops.

3 Methods and their data products

Herein, we provide a Svalbard-based overview of deep-time paleoclimate and paleoenvironmental methods, associated data

products and examples of studies employing these approaches (Table 1).

Table 1: Summary of thematically grouped data sets relevant to deep-time paleoclimate research with selected published examples
from Svalbard.

Data set Data format Comment/location Example references

Non-destructive core scanning

Hyperspectral imaging Images Deltadalen, Linnévatnet ~ Van Exem et al. (2019); Zuchuat et
al. (2020)

In-site physical properties Text file Not conducted onshore Forwick and Vorren (2007)

(MSCL) yet, marine cores

routinely scanned

XRF core scanning Text file Deltadalen Zuchuat et al. (2020)

7
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Downhole logging measurements

Downhole wireline logs Text file

Core-log-outcrop integration  Images, data files,
reports

Longyearbyen COz lab
project, selected
petroleum exploration
boreholes

Longyearbyen COz lab
project, Deltadalen

Nuus et al. (2026); Senger et al.
(2025b)

Grundvéag et al. (2017, 2019, 2021);
Jelby et al. (2020a, b, 2025);
Koevoets et al. (2019); Rismyhr et
al. (2019); Olaussen et al. (2019);
Zuchuat et al. (2020)

Lithological and structural characterisation

Structural analysis Text file

Lithological description
(e.g., grain size and other
textural properties,
mineralogy, depositional
environments)

Images, descriptions

Longyearbyen COz lab
project

Longyearbyen COz lab
project, Deltadalen

Ogata et al. (2014)

Grundvég et al. (2017, 2019, 2021);
Jelby et al. (2020a, b, 2025);
Koevoets et al. (2019); Rismyhr et
al. (2019); Olaussen et al. (2019);
Zuchuat et al. (2020)

Magmatism, thermal maturity and burial history

Pyrolysis (/Rock-Eval) Text file Longyearbyen COz lab Buchwald et al. (2026); Jelby et al.
(e.g., TOC, Tmax, SI, HI) project, Deltadalen and (2020b, 2025); Koevoets et al.
Lusitaniadalen, other (2016); Schad and Senger (2025d)
outcrops and references therein; Zuchuat et
al. (2020)
Mercury Text file Longyearbyen COz lab Grasby et al. (2015, 2016); Jones et
project, other outcrops al. (2019); Schad and Senger
(2025c¢) and references therein
Petrophysics (porosity, Text file Longyearbyen COz lab Mork (2013)
permeability) project
Age model
Radiometric dating (U-Pb) Text file Dolerites in outcrop, Corfu et al. (2013); Grasby et al.
tephra layers in (2015); Sartell et al. (2025);
Deltadalen Zuchuat et al. (2020)
Radiometric dating (Re-Os)  Text files Longyearbyen CO: lab Park et al. (2024); Xu et al. (2009)
project
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Tephrochronology

Thermochronology

Magnetostratigraphy

Chemostratigraphy

Cyclostratigraphy
Biostratigraphy

Text file

Text file

Text file

Text file

Text file

Text file, images

Coal exploration
boreholes, Longyearbyen
COz lab project

Northern Svalbard
outcrops

Longyearbyen COz lab
project, Permian and
Triassic outcrops

Longyearbyen COz lab
project, Triassic outcrops

Permian outcrops

Longyearbyen COz lab
project, Svalbard-wide
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Corfu et al. (2013); Jones et al.
(2016, 2017); Midtkandal et al.
(2016)

Dorr et al. (2012, 2019a)

Hounslow and Nawrocki (2008);
Hounslow et al. (1996, 2008a, b);
Zhang et al. (2021)

Jelby et al. (2020b, 2025);
Koevoets et al. (2016);
Wesenlund et al. (2022)

Jafarian et al. (2017)

Alsen et al. (2020); Grundvag et al.
(2017, 2019); Schad et al. (2026)
and references therein; Sliwifiska et
al. (2020)

Environment and climate

Macrofossils (e.g., molluscs)

Microfossils (e.g.,
foraminifera, radiolarians,
conodonts)

Palynomorphs and
palynofacies

Trace fossils and
ichnofabrics

Biomarkers

Weathering (3°Sr/*’Sr,
18705/1380s, §'Li)

Darwin Core Archive,
images

Darwin Core Archive,
images

Text file, images

Darwin Core Archive,
images

Text file

Text file

Deltadalen,
Lusitaniadalen

Lusitaniadalen,
Deltadalen, Reinodden,
Festningen and
Marmierfjellet

Lusitaniadalen

Lusitaniadalen,
Festningen; PETM from
borehole 09/2005

Alsen et al., (2020); Jelby et al. (2020b,
2025); Nakrem and Merk (1991);
Zuchuat et al. (2026)

Nagy and Naoroz (2018); Nagy et al.
(2025); Nakrem et al. (2008); Ozsvart et
al. (2026); Zuchuat et al. (2026)

Mork et al. (1990); Vigran et al. (2014)

Beaty et al. (2025); Mork and Bromley
(2008); Rodriguez-Tovar et al. (2021);
Uchman et al. (2016); Wignall et al.
(1998, 2016); Worsley and Merk (2001)

Buchwald et al. (2025, 2026);
Nabbefeld et al. (2010b)

Bond et al. (2015); Ehrenberg et al.
(2010); Gruszczynski et al. (1992);
Pogge von Strandmann et al.

(2021); Rauzi et al. (2024); Wieczorek
et al. (2013)
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Iron speciation Text file

Major and trace elements Text file

Stable carbon isotopes Text file

(8°C)
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3.1 Non-destructive core scanning

Core scanning generates high-resolution quantitative data sets that allow targeted physical sampling and correlation with other

180

continuous data sets (e.g., wireline logs, sedimentary logs).

10



185

190

195

200

205

Earth System
Science

Data

https://doi.org/10.5194/essd-2026-487
Preprint. Discussion started: 28 August 2026
(© Author(s) 2026. CC BY 4.0 License.

Open Access
suoIssnasIqg

3.1.1 Hyperspectral imaging

Hyperspectral imaging of drill cores provides quantitative information on mineralogy and is routinely used in the mining
industry (e.g., Thiele et al., 2024). In Svalbard, thus far only the Deltadalen cores have been imaged with a hyperspectral

scanner and these data are available in a data package (Zuchuat et al., 2026b).
3.1.2 In-site physical properties (multisensor core logger)

A multisensor core logger (MSCL) measures physical properties on full or split drill cores. Depending on the instrument set-
up, P-wave velocity, gamma ray attenuation bulk density, magnetic susceptibility and electrical resistivity can be measured.
MSCL data have so far only been collected on recent marine cores from around Svalbard, but future use is planned for the

SvalCLIME project.
3.1.3 X-ray fluorescence core scanning

X-ray fluorescence (XRF) analysis provides information on the elemental composition of the studied intervals and can be
acquired both through core scanners (e.g., Croudace et al., 2019) or handheld units. XRF core-scan data were collected for the
Deltadalen DDI core (Zuchuat et al., 2020) and handheld XRF was applied regularly especially for Upper Jurassic-Lower

Cretaceous successions (Koevoets et al., 2019).
3.2 Downhole logging measurements
3.2.1 Downhole wireline logs

The majority of boreholes drilled in Svalbard were slimhole coal exploration wells that were fully cored were not wireline
logged. Thirteen of the 18 petroleum exploration wells have some wireline logs (Senger and Jochmann, 2025), which Nuus et
al. (2026) recently used to calculate the thermal properties of these largely sedimentary successions. Fully cored research wells
in Adventdalen (Senger et al., 2025b) and Sysselmannbreen (Johannessen et al., 2011) have a relatively good coverage of

wireline logs, although with some limitations due to the narrow borehole diameters.
3.2.2 Core-log-outcrop integration

Integrating drill cores with wireline logs (e.g., Grundvag et al., 2019; Koevoets et al., 2019; Mulrooney et al., 2019; Rismyhr
et al., 2019) facilitates greater understanding of lithological variation and facilitates correlation between boreholes. In addition,
integrating borehole and outcrop data provides important insights into regional basin-scale architecture and thereby aids in

distinguishing between global and regional paleoenvironmental responses to past climate perturbations or climate-state shifts.
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3.3 Lithological and structural characterization

3.3.1 Structural analysis

Characterising faults and fracture systems in drill cores and outcrops (e.g., Ogata et al., 2012, 2014) is important both to
decipher the tectonic evolution of the study area as well as to identify stratigraphic intervals that are missing or duplicated due

to tectonism.

3.3.2 Lithological description

Standard lithological descriptions (e.g., grain size and other textural properties, sedimentary structures, mineralogy) constrain
the depositional environment and the suitability of various proxies for reconstructing paleoenvironment and paleoclimate (e.g.,
Zuchuat et al., 2026a). Employment of quantitative non-destructive data collection methods such as XRF (see above; Jelby et

al 2025; Koevoets et al., 2019; Zuchuat et al., 2020) may provide additional information on the depositional environment.

3.4 Magmatism, thermal maturity and burial history

3.4.1 Pyrolysis (Rock-Eval)

Pyrolysis generates data on the organic richness of the investigated rocks and their maturity (e.g., total organic carbon [TOC],
hydrogen index [HI]), thus providing additional constraints on a basin’s thermal evolution. Pyrolysis is also used to quantify
contact metamorphic aureoles around igneous intrusions (e.g., Senger et al., 2014). Some paleoclimate proxies, notably
mercury concentrations and isotopes, need to be interpreted in conjunction with the organic content of the investigated
sediments, and pyrolysis data are therefore routinely acquired. We provide an update to a specific curated data package with

all openly available pyrolysis data generated from Svalbard successions (Schad and Senger, 2025d; Table 3; Figure 1).

3.4.2 Mercury

Mercury (Hg) is an important indicator of past volcanic eruptions (Grasby et al., 2019b), as volcanoes are a key source of
atmospheric Hg that leads to global dispersal. Variations in Hg contents and Hg/TOC ratios are used as a proxy for enhanced
volcanic activity in the rock record. Thus far, only a handful of studies have utilised this proxy from Svalbard strata (Grasby
et al., 2016; Hammer et al., 2019; Jones et al., 2019). We provide a specific curated data package with all mercury data from
Svalbard (Schad and Senger, 2025c; Table 3; Figure 1).
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3.4.3 Petrophysics (porosity, permeability)

Quantitative data on reservoir properties (notably porosity, permeability and net-to-gross ratio) are crucial parameters for
applied subsurface work, including COz storage (Olaussen et al., 2019; Senger et al., 2015). However, they are also important
in the context of deep-time paleoclimate research as they constrain past fluid migration. Petrophysical datasets may include
either point sets from laboratory measurements (e.g., Merk, 2013) or curves calculated from wireline logs (e.g., Nuus et al.,
2026).

3.5 Age model

Obtaining a robust age model is crucial in any paleoclimate study because it constrains the timing and duration of events,
including biotic responses to past climatic and environmental perturbations. Svalbard’s stratigraphy is relatively well
constrained biostratigraphically in some intervals (Schad et al., 2026), but independent absolute ages provided by, for example,
radiometric dating or magnetostratigraphy are still limited (Smyrak-Sikora et al., 2025). They would allow for more precise
correlation of Svalbard’s successions to global stratigraphic frameworks and a better quantification of rates and durations of

past climatic and environmental change.

We provide an age-constraint data package for Svalbard (Schad and Senger, 2026) to give a geographical, geological and
geochronological overview of published literature on radiometric (U-Pb, Re-Os), tephrochronologic, thermochronologic,
magnetostratigraphic, cyclostratigraphic and chemostratigraphic data across Svalbard’s stratigraphy (Schad and Senger, 2026;
Figure 2). Further, a similar data package is provided herein as an overview to Svalbard’s biostratigraphic literature (Schad et

al., 2026; Figure 3).
3.5.1 Radiometric dating

Absolute ages of certain geologic events are highly valuable to constrain age models. These are not only applicable to the
dated sample itself, but they can also be applied to undated strata via correlation using other geochronologic or
chronostratigraphic methods, e.g., tephrochronology or magnetostratigraphy (see Sect. 3.5.2, 3.5.4). Furthermore, uranium-
lead (U-Pb) and argon-argon (*’Ar/*Ar) radiometric dating has been used to constrain the emplacement of HALIP sills in

Svalbard (Corfu et al., 2013; Polteau et al., 2016; Sartell et al., 2025).

Rhenium-osmium (Re-Os) radiometric dating relies on the beta decay of the isotope '¥'Re to '*’Os and is especially useful in
obtaining absolute depositional ages of organic-rich sediments (Yin et al., 2023). In Svalbard, Re-Os has been applied to

constrain the age of the Agardhfjellet (Park et al., 2024) and Botneheia (Xu et al., 2009) formations.
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3.5.2 Tephrochronology

Ash layers (i.e., bentonites) provide very useful absolute geochronological constraints. In Svalbard, U-Pb dating of bentonites
has provided absolute age constraints for the Paleocene and Paleocene/Eocene boundary (Charles et al., 2011; Jones et al.,
2017, 2025), the Barremian/Aptian boundary (Midtkandal et al., 2016; Zhang et al., 2021) and the Permian/Triassic boundary
(Zuchuat et al., 2020). Bentonites have also been reported from the lowermost Triassic around the EPME interval (Zuchuat et

al., 2020, 2026a) and the Upper Triassic (Chlebowski and Wierzbowski, 2010).
3.5.3 Thermochronology

Thermochronology uses apatite fission track (AFT) and apatite/zircon (U-Th-Sm)/He(Ane/Zue) methods to constrain uplift and
exhumation phases by characterising their thermal history. This approach has been applied, for instance, to characterise uplift
along Svalbard’s northern coast (Dorr et al., 2012, 2019a, b) and to better constrain tectonic evolution along western
Spitsbergen (Schaaf et al., 2021; Meier et al., 2024). A data compilation of thermochronological data from Svalbard has
recently been published (Data package ADP3 in Senger et al., 2025b).

3.5.4 Magnetostratigraphy

Magnetostratigraphy allows for the correlation and dating of sedimentary successions. In Svalbard, magnetostratigraphy has
been applied to the Permian—Triassic succession (Hounslow et al., 2007, 2008a, 2008b; Nawrocki, 1999). A review of these
data is provided by Hounslow and Nawrocki (2008). Further, Hounslow et al. (2022) used magnetostratigraphy and organic
carbon isotopic changes to better constrain the base of the Norian in Svalbard. Zhang et al. (2021) used magnetostratigraphy

and tephrochronology to refine the Barremian/Aptian boundary in drill cores in Adventdalen.
3.5.5 Chemostratigraphy

Chemostratigraphy uses chemical “fingerprinting” of the variation of inorganic and organic chemical variations to characterise
trends in the studied rocks, using, for instance, elemental or isotopic compositions. Chemostratigraphy also facilitates regional
to global correlation of key sedimentary sections. In Svalbard, chemostratigraphy has been applied, amongst others, to organic-
rich shales such as the Middle Triassic Botneheia Formation (Wesenlund et al., 2022), the Upper Jurassic—Lower Cretaceous
Agardhfjellet Formation (Koevoets et al., 2016), the Lower Cretaceous Rurikfjellet, Helvetiafjellet and Carolinefjellet
formations (Vickers et al., 2016, 2019), and the PETM-hosting Paleogene Frysjaodden Formation (Charles et al., 2011).
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3.5.6 Cyclostratigraphy

Cyclostratigraphy studies the imprint of high-frequency astronomical cycles (i.e., Milankovitch cycles) in the sedimentary
record. Cyclical changes in the eccentricity of the Earth’s orbit and the degree of obliquity (axial tilt) both have a strong
influence on the strength of the seasons. The precession (rotation) of the tilt axis modulates which hemisphere is most affected
by eccentricity and/or obliquity forcing, which is critical if there is a large difference in the dispersal of land masses between
the two hemispheres as there is today. Thus, these orbital variations create rhythmic patterns in sediments on timescales of
thousands to hundreds of thousands of years. Cyclostratigraphic studies in Svalbard are concentrated on the Paleogene
Frysjaodden Formation (Charles et al., 2011; Dypvik et al., 2011; Harding et al., 2011), the Permian Kapp Starostin Formation
(Jafarian et al., 2017) and the Late Carboniferous Wordiekammen Formation (Blomeier et al., 2009).

3.5.7 Biostratigraphy

Fossilised fauna, flora and protists can be used to determine the relative age of sedimentary successions because the first and
last appearances of specific taxa can be used to constrain the age of sedimentary successions. Although age-deterministic
fossils can be scarce in some of Svalbard’s Phanerozoic succession, the range of time intervals and fossil groups that have
been investigated to-date is considerable (Figure 4). Here we provide a data package summarising a selection of

biostratigraphic studies from Svalbard (Schad et al., 2026).
3.6 Environment and climate
3.6.1 Macrofossils

Macrofossils can be studied to reconstruct paleo-communities and patterns of origination, evolution and extinction, as well as
paleoenvironmental conditions such as the depositional environment and climatic conditions. In Svalbard, fossil leaves and
wood from terrestrial plants are preserved in, for instance, Paleogene strata. Marine macrofossils recovered from Svalbard
include diverse invertebrates such as brachiopods, bivalves, ammonoids and bryozoans (e.g., Buchan et al., 1965; Nakrem and
Mork, 1991; Nakrem et al., 2009). Furthermore, Lower Triassic ichthyosaur fossils from Svalbard represent the earliest report

globally of marine reptiles to-date (Roberts et al., 2025).
3.6.2 Microfossils

Changes in microfossil assemblages can be used for paleoenvironmental and paleoclimatic reconstructions. In addition,
geochemical properties of microfossils, for example, §'*0 composition of calcareous shells, can provide insights into past
seawater temperatures and the 8'%0 of seawater, both of which are influenced by the extent of global ice sheets. Several marine

microfossil groups are abundantly reported across Svalbard’s sedimentary succession, such as conodonts (e.g., Leu et al., 2024;
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Nakrem et al., 2008; Zuchuat et al., 2020), foraminifera (Hjalmarsdottir et al., 2022; Nagy et al., 2011, 2026), ostracods (Nagy
et al., 2011; Olempska and Blaszyk, 1996; Weitschat, 1983), and radiolarians (Foster et al., 2023; Maletz and Bruton, 2007,
Nakrem and Kiesling, 2012; Osvart et al., 2026), as well as minute bivalves, brachiopods, gastropods (Foster et al., 2017),
sponge spicules (Foster et al., 2023), crinoid fragments (Salamon et al., 2015), and fish teeth (Blazejowski et al., 2013;
Scharling et al., 2025).

3.6.3 Palynomorphs and palynofacies

Palynomorphs comprise microscopic, organic-walled microfossils. This group includes spores and pollen (reproductive cells
of land plants), dinoflagellate cysts (resting cysts of marine or freshwater dinoflagellates), acritarchs (resting cysts of marine
phytoplankton) and a diverse group of non-pollen palynomorphs. Palynofacies is the assemblage of acid-resistant, microscopic
particulate organic matter in a sedimentary package, including palynomorphs (e.g., Batten, 1982). Palynofacies analysis is a
powerful tool for reconstructing past depositional environmental changes and assessing proximal—distal trends (Tyson, 1990),
including in Svalbard (e.g., Smelror, 2016). Marine palynomorphs have proven very useful in providing a stratigraphic
framework (e.g. Pross et al., 2026) and were succefully applied to several successions in Svalbard (e.g., Manum and Throndsen,
1986; Mork et al., 1990, Smelror and Dypvik, 2005; Sliwinska et al., 2020). Terrestrial pollen and spores are particularly useful
in reconstructing vegetation changes and the response of land plants to climatic events (e.g. Daniau et al., 2019) and have also

provided insight into the past vegetation of Svalbard (e.g., Bjerke and Manum, 1977; Vigran et al., 2014).

3.6.4 Trace fossils and ichnofabrics

Trace fossils and characterisation of ichnofabrics (sedimentary fabrics caused by burrowing and sediment-mixing activities)
provide valuable and in situ records of the behaviours of past burrowing animals (infauna). In conjunction with sedimentary
and lithostratigraphic, geochemical and body fossil data, they can also help refine interpretations of the depositional
environments in which trace-making organisms (and associated epifauna) lived (e.g., Seilacher, 1967), as well as documenting
biotic responses to paleoenvironmental changes and the nature and pace of ecosystem recovery from such perturbations (e.g.,
Twitchett and Barras, 2004; Zuchuat et al., 2020; Rodriguez-Tovar et al., 2021; Beaty et al., 2025). As such, the integration of
trace-fossil analysis in geological research in Svalbard has provided additional insights into local paleoenvironmental evolution
and elucidated infaunal responses to regional and global-scale climatic shifts and biotic crises. Uchman and Hanken (2024)
studied the Cambrian—Ordovician at Basissletta. The EPME and its aftermath were characterised by Beaty et al. (2025; DD1
core, Lusitaniadalen, Reinodden, Festningen), Rodriguez-Tovar et al. (2021; Deltadalen DD1 core), Uchman et al. (2016;
Marmierfjellet and Belvederdalen), and Wignall et al. (1998; Festningen). Worsley and Mork (2001) documented the

ichnodiversity of trace fossil assemblages throughout the Triassic at Festningen.
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3.6.5 Biomarkers

Lipid biomarkers are molecular fossils that can complement the records provided by micro- and macrofossils. They provide
insights into microbial and primary producer ecosystems, with varying specificity for certain taxonomic groups or metabolic
pathways (Summons et al., 2022). Furthermore, lipid biomarkers can diagnose certain environmental conditions, for instance
photic-zone euxinia (Nabbefeld et al., 2010b). In Svalbard, various biomarkers have been extracted to investigate primary
producer and heterotrophic planktonic communities and carbon sources during selected time intervals, including the
Ordovician (Lee et al., 2019), the Permian/Triassic boundary (Nabbefeld et al., 2010a; Buchwald et al., 2025, 2026), the
Smithian/Spathian boundary (upper Olenekian; Blattmann et al., 2025a, b), the Lower Cretaceous (Vickers et al., 2019) and
the PETM (Cui et al., 2021).

3.6.6 Weathering

The radiogenic strontium (3’Sr/%6Sr), neodymium (***Nd/"**Nd) and osmium ('¥’Os/!330s) isotope systems are powerful tracers
of seawater mixing and terrestrial weathering. Each isotope system has highly distinct continental and mantle end members,
and the ocean residence times of each element vary considerably, from hundreds (Nd) to thousands (Os) to millions (Sr) of
years. However, in restricted seaways these elemental residence times may be considerably shorter and may alter rapidly in
response to changes in input fluxes (e.g., Peucker-Ehrenbrink and Ravizza, 2000). This makes these isotope systems sensitive
to environmental changes such as shifts in continental weathering (e.g., Cohen et al., 2004), LIP volcanism, and seaway
connectivity to epicontinental seas due to tectonic/endogenic processes (e.g., Jones et al., 2023). Wieczorek et al. (2013)
present evidence of both LIP activity and enhanced weathering from PETM strata in Svalbard using '370s/'*8Os data,

underlining the strength of this paleoenvironmental proxy.

Lithium isotopes (87Li) are another powerful tool for understanding changes to weathering and the hydrological cycle. Lithium
isotopes are strongly fractionated during clay formation. Therefore, changes to 8’Li provide a key proxy for silicate weathering
intensity or congruency (e.g., Dellinger et al., 2017), which is one of the most important atmospheric COz sinks on >10 kyr
timescales, as well as for reverse weathering (marine authigenic clay formation) that can serve as a COz source (e.g., Rauzi et
al., 2024). Together with other proxies, Li isotopes can inform regional changes in surface temperatures, the strength of the
hydrological cycle and extent of authigenic clay production, as shown from Lower Triassic (Rauzi et al., 2024) and PETM

strata in Svalbard (Pogge von Strandmann et al., 2021).
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3.6.7 Iron speciation

Iron speciation data are used for redox reconstructions (i.e., oxic, anoxic, ferruginous, or euxinic conditions) based on the
availability and reactivity of iron phases. This proxy has been applied to both the Deltadalen core (Schobben et al., 2020) and
outcrop samples from Festningen (Schobben et al., 2020).

3.6.8 Major and trace elements

Major and trace elements provide insights both into chemostratigraphy (Sect. 3.5.5) and reconstruction of local to global
seawater and seafloor chemistry. Handheld XRF scanners provide a quick and relatively inexpensive way of acquiring large
data sets and have been used to characterise the Cenozoic (in the Sysselmannbreen drill cores; Doerner et al., 2020) and the
Mesozoic (in the Longyearbyen CO: lab drill cores; Koevoets et al., 2016) successions. Mass spectrometry (including
inductively coupled plasma—mass spectrometry [[CP-MS] and inductively coupled plasma-optical emission spectroscopy
[ICP-OES]) analyses of bulk rock samples can also provide more accurate and higher-resolution measurements of trace and
major elements. ICP-MS major and trace element (in particular, redox-sensitive trace element) data are reported from the
Permian—Triassic transition at Reinodden, Festningen, Lusitanianadalen (outcrop samples) and Deltadalen (core samples) by
Beaty et al. (2025).

3.6.9 Stable carbon isotopes

The ratio of the stable isotopes of carbon (1*C and 12C, expressed as 8'3C) measured in organic matter or carbonates may reflect
global-scale perturbations in the carbon cycle; i.e., injection of sources of isotopically depleted carbon such as carbon dioxide
or methane, or changes in the extent of production and burial of organic carbon. Large perturbations (i.e., beyond those
associated with changes in local carbon source) are often associated with major global environmental and/or climatic changes,
such as the EPME (Schobben et al., 2020; Zuchuat et al., 2020, 2026a), the Early Cretaceous Weissert Event (Jelby et al.,
2020b), Ocean Anoxic Event 1a (Vickers et al., 2016, 2019), or the PETM (Cui et al., 2011). As such, perturbations in §'*C
that reflect shifts in the global dissolved inorganic carbon (DIC) reservoir are interpreted as global indicators and distinctive
isotope excursions are therefore widely used as chemostratigraphic markers, to correlate sections that are poor in
stratigraphically useful index fossils or radiometrically datable material. Across Svalbard, a number of studies have examined
the organic carbon §"C record mostly for use as a stratigraphic tool, but also in order to understand the extent and
environmental impact of associated events. We provide an update to the specific curated data package of all to us available

8'3C data for Svalbard (Schad and Senger, 2025a; Table 2; Figure 1).
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3.6.10 Oxygen isotopes

The oxygen isotope composition of a variety of minerals (particularly carbonate, bioapatite and silica) as the ratio of '*0 and
160, expressed as 3'%0, can be used to reconstruct seawater temperatures or changes in climatic conditions (e.g., extents of ice
sheet development), as well as salinity variations (e.g., through evaporation or influx of freshwater or other meteoric fluids).
In Svalbard, '80 has been measured across several time intervals, for instance, in strata recording Early Cretaceous transient
cooling and interruption of Cretaceous greenhouse conditions (Price and Nunn, 2010), and in Permian strata in which inferred
seasonal temperature variation has been recorded (Mii et al., 1997; Nielsen et al., 2013). Furthermore, when combined with
83C measurements and fossil occurrences, 8'%0 analysis of carbonate strata from the Sassenfjorden area has revealed
hydrothermal seep activity during the latest Jurassic (Hammer et al., 2011). A specific curated data package of 3'0 data openly
available from Svalbard is provided (Schad and Senger, 2025b; Table 3; Figure 1).

3.6.11 Productivity and nutrients

Nutrients such as nitrogen (N) and phosphorus (P) play a major role in regulating the productivity of biological communities.
The availability of these macronutrients can be assessed through phosphorus speciation, determined through sequential
extractions of distinct sedimentary phosphorus pools, and calculating the C:P ratio or nitrogen concentrations (Beaty et al.,
2025; Blattmann et al., 2024; Schobben et al., 2020), thereby providing insights into the impact of past seafloor burrowing
animal communities on seafloor nutrient regeneration (Beaty et al., 2025). Nitrogen isotopes (8'°N) can, when compared to
813C and coupled with elemental C/N ratios, inform interpretations about the balance between continental and marine sources

of organic matter (Blattmann et al., 2024).
3.6.12 Glendonites

Glendonites are pseudomorphs after the metastable mineral ikaite (calcium carbonate hexahydrate, CaCO3-6H20) (Suess et
al., 1982), the formation of which is favoured by low temperature conditions and the presence of an inhibitor of the more stable
anhydrous polymorphs (e.g., calcite and aragonite) (Purgstaller et al., 2017; Zhou et al., 2015). Due to near-freezing
temperatures favouring ikaite precipitation, and their frequent occurrence with glacial deposits, the presence of glendonites in
the geological record is often used as a semi-quantitative indicator of prevailing low-temperature conditions in the waters from
which they grew (Rogov et al., 2023; Scotese et al., 2021). Glendonites have been found across Svalbard in Cryogenian
(Fairchild et al., 2016; Halverson et al., 2004; Halverson, 2011), Lower Cretaceous (Mikhailova et al., 2021; Price and Nunn,
2010; Vickers et al., 2018, 2019) and Paleogene (Spielhagen and Tripati, 2009) strata.
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3.7 Pore fluids and the deep biosphere
3.7.1 Gas composition with depth

Hug et al. (2017) systematically extracted and analysed gas from various depths of the fully cored Longyearbyen CO: lab
boreholes in Adventdalen in order to investigate subsurface fluid flow systems. The same data were also utilised to characterise

multi-layered natural gas accumulations (Ohm et al., 2019) and abnormal pressure regimes (Birchall et al., 2020).
3.7.2 Deep biosphere

As far as we are aware, no deep biosphere research has yet been conducted in Svalbard. Elsewhere, including Arctic regions
(Table 2), deep biosphere research demonstrates that subsurface microbial communities are highly diverse, metabolically
active, and strongly shaped by pore fluid geochemistry (Bradley et al. 2019, Lever et al., 2015). High-throughput DNA and
RNA sequencing, including metagenomics and metatranscriptomics, have enabled genome-resolved reconstruction of
microbial metabolisms in deep aquifers and sediments (Gittins et al., 2018), identifying dominant functional guilds involved
in major elemental cycling (e.g., C, N, P, S), such as methanogens, sulphate reducers, fermenters and chemolithotrophs (Dutta
etal., 2018; Kadnikov et al., 2020; Magnabosco et al. 2019). These microbial processes are tightly linked to pore fluid chemical
composition, where specific electron acceptors (e.g., Fe**, SO4*, NOs3) and donors such as dissolved organic carbon and
inorganic compounds are used to maintain microbial metabolisms (Gittins et al., 2018; Parkes et al., 2014; Soares et al., 2023).
Studies have further shown the coexistence of active and preserved records of past microbial communities, where RNA-based
approaches help distinguish viable populations from ancient DNA pools (D"Hondt et al., 2002; Long et al., 2016; Orcut et al.,
2013; Willerslev et al., 2003, 2007). Together, these studies highlight the deep biosphere as globally distributed ecosystems
that are still understudied, especially in relation to global biogeochemical cycles, and are characterised by extreme energy

limitation and long-term microbial dominance and persistence.

Table 2: Summary of key deep biosphere studies. The studies encompass a range of terrestrial and marine subsurface environments,
including crystalline bedrock aquifers, basalt-hosted ecosystems, deep-sea sediments, ferruginous lake sediments, and high-latitude
ancient DNA archives.

Author/Year Title Study area Study location
Bradley et al. Survival of the fewest: microbial dormancy and Marine sediment Global oceans
(2019) maintenance in marine sediments through deep time  records

D'Hondt et al. Metabolic activity of subsurface life in deep-sea Ocean Drilling Global oceans
(2002) sediments Program sites
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Dutta et al.
(2018)
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A metagenomic window into the 2-km-deep
terrestrial subsurface aquifer revealed multiple
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Geological processes mediate a microbial dispersal

(2022) loop in the deep biosphere

Kadnikovetal.  Microbial life in the deep subsurface aquifer

(2020) illuminated by metagenomics

Lever et al. Life under extreme energy limitation: a synthesis of
(2015) laboratory- and field-based investigations

Long et al. Microbial metagenomics reveals climate-relevant
(2016) subsurface biogeochemical processes

Magnabosco et

The biomass and biodiversity of the continental

al. (2018) subsurface
Orecutt et al. Microbial activity in the marine deep biosphere:
(2013) progress and prospects

Parkes et al.
(2014)

Soares et al.
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A global perspective on bacterial diversity in the
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Willerslev etal.  Diverse plant and animal genetic records from
(2003) Holocene and Pleistocene sediments

Willerslev et al.  Ancient biomolecules from deep ice cores reveal a
(2007) forested Southern Greenland
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4 Data packages: collections of deep-time data from Svalbard

We have compiled and curated data packages for four important paleoclimate proxies throughout the Phanerozoic in Svalbard,
namely 8'3C, §'%0, pyrolysis and mercury (Schad and Senger, 2025a, b, c, d; Table 3). Two of these data packages, 8'3C and
pyrolysis, were updated with this contribution encompassing more data that was made available to us as well as newly
published data. The aim with these collections is to provide a geographical, geological and geochronological overview of these
data (Figure 3) to facilitate their re-use by intercomparison and multidisciplinary approaches.
e The §'*C data package consists of 38 publications covering the upper Cambrian—Eocene interval and includes 3528
individual data points.
e The 30 data package comprises 10 publications covering the Devonian-Paleocene interval and includes 405
individual data points.
e The pyrolysis data package consists of 24 publications covering the upper Cambrian—Paleocene interval and includes
1010 individual data points.
e The mercury data package comprises 5 publications covering the upper Permian—Eocene interval and includes 893
individual data points.
In addition, we provide two new curated data packages on age constraints and biostratigraphy throughout the pre-Quaternary
Phanerozoic in Svalbard (Table 3). The age constraints data package includes radiometric (U-Pb, Re-Os), tephrochronologic,
magnetostratigraphic, thermochronologic, chemostratigraphic and cyclostratigraphic data, whereas the biostratigraphy data
package deals with various age-distinctive micro- and macrofossil assemblages. The motivation behind this was to provide a
multidisciplinary overview of the geochronological and chronostratigraphic constraints on Svalbard’s sedimentary succession
(Figure 4, 5).
e The age control data package includes 39 publications covering the Pennsylvanian—Eocene (Neogene for
thermochronology).

e The biostratigraphy data package includes 56 publications covering the Lower Ordovician—Oligocene.

Table 3: Curated data packages relevant to characterise deep-time paleoclimate and paleoenvironments. S1 = volatile hydrocarbon
content, S2 = potential hydrocarbon content, S3 = CO; yield from kerogen, Tnax = temperature at maximum S2 peak, PI = production
index, OI = oxygen index.

Dataset
Data package  Parameter/Method Period  Location Access provider Figure
Longyearbyen  Various 2006— Adventdalen  Senger et al. (2025b); UNIS N/A
CO2 lab 2025 https://doi.org/10.1139/  (Kim
as-2024-0019 Senger)
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Figure 3: Overview of the curated data in the paleoclimatic and paleoenvironmental proxy data packages: Stable carbon isotopes

[613Corg, 813Ccarb], total organic carbon (TOC), oxygen isotopes [6'%0], mercury (Hg) and hydrogen index (HI). For access to the data

please refer to the data packages (Schad and Senger, 2025a, b, c, d) or directly to the studies mentioned therein. To plot these data,
a crude linear depth-time relationship was applied for the sole purpose of visualisation if the data had an available depth scale. V-
PDB = Vienna Peedee Belemnite.
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Figure 4: Overview of the stratigraphic age constraints available from Svalbard. For access to the data please refer to the age
constraints data package (Schad and Senger, 2026) or directly to the studies mentioned herein. Geologic time is drawn after the
International Chronostratigraphic Chart (v2024-12) (Cohen et al., 2025). Stage names are shown when relevant to the data
compilation and named in the Boreal scheme if applicable. Stratigraphic units are plotted after Dallmann et al. (2015) and Smyrak-
Sikora et al. (2025).
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Figure S: Overview of a selection of biostratigraphic age control available from Svalbard. For access to the data please refer to the
age model data package (Schad et al., 2026) or directly to the studies mentioned therein. Fossil types are denoted as acritarchs (Acr),
ammonites (4mm), bivalves (Biv), brachiopods (Bra), bryozoans (Bry), conodonts (Con), dinocysts (Din), flora (Flo), foraminifera
(For), invertebrates (Inv), palynomorphs (Pal) and trilobites (7ri). Geologic time is drawn after the International
Chronostratigraphic Chart (v2024-12) (Cohen et al., 2025). Stage names are shown when relevant to the data compilation and named
in the Boreal scheme if applicable. Stratigraphic units are plotted after Dallmann et al. (2015) and Smyrak-Sikora et al. (2025).

5 Case studies: putting deep-time data in a regional context

We have selected four case studies to illustrate how the quantitative proxy data provided in our curated data packages (Table
3) can be integrated with descriptive site-specific data to place these in a general geologic context. Such additional data includes
sedimentary logs, sample analyses and digital outcrop models. The selection of the case studies is based on the review of
Smyrak-Sikora et al. (2025), with the sites corresponding to the areas where most deep-time paleoclimate research in Svalbard

has previously focused, as is highlighted by our data collections (Figure 6).
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Figure 6: Geologic map of Svalbard showcasing the locations of the four case studies (a). Further overview of the geographical range
of the studies in the herein presented data packages (Schad and Senger, 2025a, b, ¢, d, 2026; Schad et al., 2026): (b) 8'3C, (c) 8'%0,
(d) pyrolysis, (¢) mercury, (f) radiometric dating, (g) tephrochronology, (h) magnetostratigraphy, (i) thermochronology, (j)
chemostratigraphy, (k) cyclostratigraphy, and (I) biostratigraphy. Map data from the Norwegian Polar Institute (2014, 2016).
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5.1 Longyearbyen CO; lab, Adventdalen, Deltaneset and Janusfjellet

The Longyearbyen CO: lab project was initiated in 2006 to determine whether the subsurface beneath Longyearbyen is suitable
for storing COz captured from the local coal-fuelled power plant (Braathen et al., 2012b). Apart from confirming that adequate
storage capacity is present for the modest volumes required (Senger et al., 2015), the project also generated an extensive data
set, including 4.5 km of fully cored Mesozoic strata in the Longyearbyen area (Olaussen et al., 2019; Senger et al., 2025b).
Data generated from these sedimentary cores have been used to characterise the reservoir-cap rock system and facilitate
numerous studies focussing on deep-time paleoclimate, paleoenvironments and stratigraphy, listed in Table 4. The Upper
Jurassic to Lower Cretaceous succession (Figure 7) was particularly well studied in terms of sedimentology and isotopes.
Importantly, the drill cores facilitate correlations to relevant outcrops in Svalbard (Figure 7). Due to the regional dip of the
targeted succession, the project facilitated the combination of both drill cores in Adventdalen with outcrop-based work at
Deltaneset-Janusfjellet ca 15 km northeast of the drill sites. The project’s open data sharing policy has effectively turned the
drill cores and associated datasets into a long-term legacy resource, expanding beyond the end of the project’s operational

phase in 2015. It enabled both core material and data reuse for new scientific projects outside the project’s original objectives.
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Figure 7: Correlation of organic stable carbon isotope (.

813C,rg) stratigraphy between representative CO; lab well cores (DH-2, DH-
5 and DH-6) in the vicinity of Longyearbyen and the Myklegardfjellet outcrop section at the eastern coast of Spitsbergen, calibrated
by total organic carbon (TOC) trends, and dinocyst and ammonite biostratigraphy (compiled and modified from Jelby et al., 2020b,
2025; Koevoets et al., 2016, 2019). The correlation illustrates the usefulness of the CO; lab wells for understanding stratigraphic
architectures and trends that are not readily discerned in outcrop sections. The boundary between the Agardhfjellet and Rurikfjellet
formations (conforming to a base-Valanginian unconformity and demarcated by a marked drop in TOC values) is used as a
correlation datum. Note the clear expression of the Weissert Event and VOICE in the different sections. For details on the dinocyst
bioevents, the reader is referred to Jelby et al. (2020b, 2025) and Sliwinska et al. (2020). uH-1B: upper Hauterivian—lower Barremian.
Figure adapted from Jelby et al. (2025).

Table 4: Summary of published studies with relevance for deep-time paleoclimate and paleoenvironment reconstruction conducted
on the Longyearbyen CO; lab project drill cores. Refer to Senger et al. (2025b) for details on the project’s online regularly updated
publication database which is available at https://www.zotero.org/groups/5391614/longyearbyencolab/collections/TMN4HRDS.

Reference Stratigraphy, Borehole, Chrono- Data types No. of Age constraint
Formations (Fm.)  Outcrop stratigraphy samples
Corfu et al. Diabasodden suite,  Dolerite sills in Barremian U-Pb dating 2 dolerite Absolute U-Pb
(2013) Helvetiafjellet Fm.  outcrop, DH-3 sills, 1 ages: 124.5+0.2,
bentonite 124.7+0.3,
123.3+0.2
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Grundvag et
al. (2019)

Jelby et al.
(2020b)

Jelby et al.
(2025)

Koevoets et
al. (2016)

Koevoets et
al. (2019)

Midtkandal
et al. (2016)

Rismyhr et
al. (2019)

Senger et al.
(2014)

Rurikfjellet Fm. to
lower Caroline-
fjellet Fm.

Uppermost
Agardhfjellet Fm.,
Rurikfjellet Fm.,
lowermost
Helvetiafjellet Fm.

Rurikfjellet Fm.
(formal definition
of Adventpynten
Mb., Boheman-
neset Mb. and

Fotografryggen
Mb.)

Agardhfjellet Fm.

Agardhfjellet Fm.

Upper Helvetia-
fjellet Fm. to lower
Carolinefjellet Fm.

Knorringfjellet Fm.
(uppermost De
Geerdalen Fm. to
lowermost
Agardhfjellet Fm.)

Diabasodden suite
contact aureole in
lower De
Geerdalen Fm.

DH-1 to DH-7
(correlation to
Festningen, other
outcrops)

DH-5, DH-6
(correlation to
Bohemanneset,
Myklegardfjellet)

DH-1, DH-2,
DH-4, DH-5,
DH-6, and
Rurikfjellet Fm.
Reference and
type sections

DH2, DH-5

DH2, DH-5

DH-1, DH-3,
DH-7

DH-2, DH-4,
DH-5, DH-7

DH-4

Valangian—
Aptian

Ryazanian—
Hauterivian

Valangian—
lower
Barremian

Bathonian—
Volgian

Bathonian—
Volgian/
Ryazanian

Hauterivian—
Aptian

Carnian—
Callovian

c. 124.5 Massill
emplacement

31

TOC, pyrolysis,
biostrat., litho-
facies

TOC, 83C,
lithofacies

Lithofacies, and
synthesis of latest
sedimentiological,
biostratigraphic,
petrophysical,
sequence
stratigraphic, che-
mostratigraphic
and chronostrati-
graphic results

313C, TOC,

pyrolysis,
ammonites

Lithofacies,
wireline logs,
XRF geochem-
istry,
biostratigraphy
U-PDb dating,
TOC, 8'3C, Hg,
dinocysts,
lithofacies (based
on prev. publ.)

Palynology,
lithofacies

TOC, §"3C,
elements

14 pyrolysis,
38 dinocysts

389 bulk-rock

5 new
sections with
lithofacies,
other data
based on prev.
publications

77 samples
DH-2 and
31 samples
DH-5

1 bentonite
(U-Pb), 39
pyrolysis and
38C, 17
dinocysts

33 palynology

from DH-2,
DH-4

33 +1 from
sill
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Dinocyst
biostratigraphy

Dinocyst
biostratigraphy
from Sliwinska et
al. (2020), age-
distinctive
ammonite,

813C chemostrat.

Biostratigraphy
(Dinocysts from
Sliwinska et al.
(2020) and age-
distinctive
ammonites)

813C chemo-
stratigraphy

813C chemo-
stratigraphy,
ammonite and
dinocyst
biostratigraphy

123 + 0.3 for
bentonite, §'°C
chemostratigraphy,
biostratigraphy

Palynomorph
biostratigraphy

Corfu et al., (2013)
U-Pb dating of sill
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Sliwinskaet  Rurikfjellet Fm. to ~ Bohemanflya, Valangian— Dinocysts, 82 outcrop, 40  Dinocyst
al. (2020) lower Caroline- Myklegardfjellet, Aptian lithofacies based core samples biostratigraphy
fjellet Fm. Ullaberget, and on prev. publ.
DH-1, DH-2,
DH-5R

5.2 Deltadalen and Lusitaniadalen

The 2014 Deltadalen drilling campaign targeted the upper Permian Kapp Starostin Formation and the Lower Triassic
Vikinghegda Formation to provide high-resolution records across the EPME and the subsequent recovery phase. Two “twin”
cores were recovered from the drilling site, ca 2 m from each other (78°15.81’N, 16°52.16’E), and are to-date the only
boreholes drilled specifically for deep-time paleoclimate studies in Svalbard (Figure 6). The diameter of the core is 3.18 cm.
The two boreholes reached ca. 100 meters below surface (mbs), with a core-recovery rate of nearly 100% below the first 10 m
of loose Quaternary cover. These cores were correlated to the neighbouring river section (Deltadalen) that allowed for
additional sampling of rock for biostratigraphic and geochronologic analyses. The material collected during this campaign has
allowed for a series of analyses (Table 5) to improve both regional and global understanding of the EPME and its aftermath
(e.g., Beaty et al., 2025; Nagy et al., 2026; Rodriguez-Tovar et al., 2021; Schobben et al., 2020; Zuchuat et al., 2020), as well
as identifying longer-term trends across the Triassic stratigraphy of the Barents Shelf (e.g., Lerch et al., 2018). They can also
be correlated to the nearby Deltadalen and Lusitaniadalen outcrops at which several studies investigating the microfossil
record, bioturbation and geochemical changes across the Permian—Triassic environmental crisis have been conducted (Beaty

et al., 2025; Buchwald et al., 2025, 2026; Foster et al., 2017, 2022, 2023; Nabbefeld et al., 2010; Osvart et al., 2026).
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Figure 8: Illustration of some of the analyses conducted on the Deltadalen DD-1 and DD-2 cores. Figure modified from Nagy et al.
(2026). VBDP = Vienna Peedee Belemnite. EPME = End-Permian Mass Extinction.
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Table 5: Summary of published deep-time paleoclimate studies conducted on the Deltadalen drill cores.
Reference Stratigraphy, Borehole, log Chrono- Data types No. of Age constraint
Formations (Fm.)  interval (m) stratigraphy samples
Beaty et al. Kapp Starostinand ~ DD-1; 10-100 Changhsingian— Ichnofabric, TOC, 194 DD-1, Reference to Nagy
(2025) Vikinghegda Fm. mbs (meters Olenekian total carbon (TC), 15 Lusita- et al., 2025;
below surface); (P-T7) total sulphur (TS), niadalen Schobben et al.,
Lusitaniadalen, major and trace 2020; Zuchuat et al.,
(correlation to elements, P-speci- 2020.
Festningen, ation, V, U, Mo
Reinodden)
Foster et al. Kapp Starostin and ~ Lusitaniadalen, Changhsingian—  Species diversity 4 fossil Conodont and
(2023) Vikinghegda Fm. Deltadalen Induan (P-T) (siliceous marine yielding dating from Zuchuat
organisms; et al. (2020)
radiolarians,
sponges)
Foster et al. Kapp Starostin and ~ Lusitaniadalen Changhsingian—  Fossilised shells 5 fossil Conodont and
(2022) Vikinghegda Fm. Induan (P-T) of gastropods, yielding dating from Zuchuat
bivalves et al. (2020)
Nagy et al. Kapp Starostin and ~ DD-1 and DD-2;  Changhsingian— Foraminifera 38 (of 40) Conodont and
(2026) Vikinghegda Fm. 16-90 mbs Olenekian productive dating from Zuchuat
(P-T) samples et al. (2020)
Rodriguez- Kapp Starostin and ~ DD-1; 75-88 mbs  Changhsingian—  Detailed trace - Conodont and
Tovar et al. Vikinghegda Fm. Induan (P-T) fossil assemblage dating from Zuchuat
(2021) et al. (2020)
Schobben et Kapp Starostinand ~ DD-1; 80-100 Changhsingian— §'3C, TOC, Fe 40 813C chemostra-
al. (2020) Vikinghegda Fm. mbs; (correlation  Induan (P-T) speciation, P, §*S tigraphy, conodont
to Festningen) Mo, U, and Re, from Zuchuat et al.
microscale (2020)
mineralogy
Zuchuat et Kapp Starostinand ~ DD-1 and DD-2;  Changhsingian— 8'*C, TOC, 167 8'3C, Absolute U-Pb age:
al. (2020) Vikinghegda Fm. 10-100 mbs; Olenekian pyrolysis, XRF, TOC and 252.13 £0.62 Ma,
Deltadalen (P-T) lithofacies, U-Pb pyrolysis, 2 Hindeodus parvus,
section dating, conodont zircons, 3 (Induan-defining
biostratigraphy conodonts conodont), §'3C

chemostratigraphy,
cyclostratigraphy

555 5.3 Festningen

The Festningen section in western Spitsbergen (78°09.98°N, 13°94.32°E) is subvertically bedded along 5—10 m high cliffs,

with exposure close to 100%, providing easy access to strata spanning the Permian to Paleogene. The Festningen section has

been studied extensively by geologists since the early 1900s (early work was summarised by Hoel and @rvin, 1937), and it has
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been used for a number of deep-time paleoclimate studies (Table 6). Tectonism has tilted the layers to near-vertical, and
560 extensive sedimentary logging and many lithostratigraphic type sections (e.g., Dallmann 1999) make this one of the best-
studied sections in Svalbard and its only geotope. In this case study, we use a digital outcrop model (Senger et al., 2022) to tie
these studies together in a matrix comprising the entire Festningen section and various proxies by integrating multiple studies

spanning different portions of the stratigraphy (Figure 9).

565 The Permian/Triassic boundary and the EPME have been extensively studied at Festningen (e.g., Bond et al., 2015; Grasby et
al., 2015; Table 6). The Cretaceous part of the section (Figure 9) is also well studied in terms of its sedimentology (e.g.,
Grundvag et al., 2019; Jelby et al., 2025) and geochemistry (e.g., Vickers et al., 2023), with examples of dinosaur footprints
(sadly now lost to coastal erosion) (Hurum et al., 2006), This is also an outstanding locality for observation of iron ooids
(Mutrux et al., 2008), canon-ball concretions (Vickers, 2017) and glendonites (Vickers et al., 2018, 2019).

570

200m

Figure 9: Integration of a selection of studies conducted in the Mesozoic part of the Festningen section, overlain on the digital outcrop
model of Senger et al. (2022).
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Reference Stratigraphy, Log interval Chrono- Data types No. of Age constraint
Formations (Fm.) (m) stratigraphy samples
Bond et al. Kapp Starostin Fm.  0-90, continued ~ Capitanian— 813C, redox - 813C chemostrati-
(2015) at other sections  upper Permian proxies, graphy, brachiopod
brachiopods biostratigraphy
Grasby etal.  Kapp Starostin, -100 - 500 of Changhsingian—  §'3C, TOC, Hg 341 813C chemostrati-
(2016) Vardebukta, Kapp Starostin/ Olenekian graphy
Tvillingodden Fms.  Vardebukta Fms. (P-T)
contact
Grundvdget  Rurikfjellet, Total of 360, Valangian— Lithofacies - 813C chemostrati-
al. (2019) Helvetiafjellet, (correlation to Aptian graphy from
Carolinefjellet Fms.  Longyearbyen Vickers et al. (2016)
CO; lab)
Hurumetal.  Helvetiafjellet Fm. - Barremian Ornithopod - -
(2006) dinosaur tracks
Jelby et al. Rurikfjellet Fm. c.0-310 Valangian— Lithofacies, and 5 new Reference to other
(2025) (Wimanfjellet and lower synthesis of latest  sections sections and prev.
Bohemanneset Barremian sedimentiological,  with litho- publications
Mbs.) biostratigraphic, facies, other
petrophysical, data based
sequence on prev.
stratigraphic, che-  publications
mostratigraphic
and chronostrati-
graphic results
Mutrux et al.  Carolinefjellet Fm. 0-30 Aptian Lithofacies, iron - -
(2008) (Dlakjegla Mb.) ooids
Price and Upper Rurikfjellet - Lower 33Cearb, '®0cary, 44 belem- Lithofacies and
Nunn (2010)  Fm. Valangian cathodolumi- nites and biostratigraphy from
nescence, trace glendonites ~ Hoel and Orvin
elements (1937)
Rogov Agardhfjellet to unclear, Kimmeridgian— Ammonites - Ammonite biostrat.
(2010) lower Rurikfjellet (correlation to Ryazanian
Fms. Myklegard- J-K)
fjellet)
Senger etal.  Kapp Starostin to 0-2250 Upper Digital outcrop - -
(2022) Firkanten Fms. Permian— model (DOM),
Paleocene regional log
Schobben et  Kapp Starostin to c.-30-5 of P/T Changhsingian— §'3C, TOC, Fe 42 Biostratigraphy and
al. (2020) Vardebukta Fms. boundary Induan (P-T) speciation, P, §%4S chemostratigraphy
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Vickers et al.
(2016)

Vickers et al.

(2018)

Vickers et al.

(2019)

Vickers et al.

(2023)

Vickers et al.

(2025)

Wignall et al.

(1998)

Zuchuat et
al. (2026)

Rurikfjellet Fm.
(Kikutodden/
Bohemanneset Mb.)
to Carolinefjellet
Fm. (Inkkjegla Mb.)

Rurikfjellet Fm.
(Kikutodden/
Bohemanneset Mb.)
to Carolinefjellet
Fm. (Inkkjegla Mb.)

Rurikfjellet -
Carolinefjellet Fm.

Agardfjellet to
Carolinefjellet Fm.
(incl. uppermost
Wilh. sub. - top
Daljeg. Mb)

Rurikfjellet Fmn
(Bohemanneset Mb)

Kapp Starostin,
Vardebukta Fm.

Kapp Starostin and
Vardebukta Fm.

400-700

0-800,
(correlation to
Longyearbyen
airport road
outcrop)

-260-640

c. 0-50

0-221,
(correlation to
Reinodden,
Hornsund)

Hauterivian—
Aptian

Lower
Cretaceous

Lower
Cretaceous
(Volgian—
Aptian

Callovian—
lower Aptian
(1K)

Hauterivian

Changhsingian—
Induan (P-T)

Changhsingian—
Induan (P-T)

Mo, U, and Re,
microscale
mineralogy

TOC, 83C,
lithofacies

Glendonites, §'3C,
8180, lithofacies
from Vickers et
al. (2016)

313C, TOC,
lithofacies, org.
biomarkers,

palynology

TOC, 8'3C, Hg,
pyrolysis,
elemental analysis

Glendonites, §'3C,
8180, lithofacies

813C, lithofacies,
ichnofabric, Fe-S
geochemistry

813Corg, lithofacies

139

9 glendonite
horizons

463 bulk
rock 813C,
20 palyno-
logy

80 8'3C, 180

pyrolysis,
119
elements

41

13
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with reference to
other publ. incl.
(Zuchuat et al.
2020; Deltadalen
DD-1)

8'3C chemostrati-
graphy

Reference to
Vickers et al. (2016)

8'3C chemostrati-

graphy, palyno-
facies

813C chemostrati-
graphy, reference to
Vickers et al. (2019)

Reference to Jelby
et al. (2025)

813C chemostrati-
graphy, ichnofabric

813C complimentary
to Grasby et al.
(2016)

5.4 Munindalen and Billefjorden

The Munindalen section in central Spitsbergen hosts Upper Devonian deposits of the Andrée Land Group, representing

continental Old Red Sandstone formed in post-Caledonian extensional collapse basins (Blomeier et al., 2003a, b; Braathen et

al., 2018; Friend et al., 1997; Moody-Stuart, 1966; Piepjohn et al., 2000; Smelror et al., 2024). These strata provide terrestrial
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fossil assemblages (e.g., Berry and Marshall, 2015; Davies et al., 2021). Palynomorph assemblages (Friend et al., 1997; Vigran,
1964), along with sparse marine-influenced fauna such as ostracods and bivalves (e.g., Friend, 1961; Worsley, 1972), constrain
vegetation development and depositional environments in the Devonian. Rooted horizons and fossil wood document early
forest ecosystems and their potential role in modulating weatherability and thus, on sub-million-year time scales, potential
short-term fluctuations in atmospheric CO2 concentrations. Facies variability further constrains hydrological regimes and
seasonality under warm, semi-arid to seasonally humid conditions during low-latitude deposition (Davies et al., 2021). Recent
high-resolution work from Svalbard has provided ~100 m-scale terrestrial 8'3Corg records resolving short-timescale (<10° yr)
carbon cycle perturbations and associated COz fluctuations during the Middle Devonian Taghanic crisis (van der Boon et al.,
2026).

The inner part of Billefjorden provides access to outcrops of the Mississippian Billefjorden Group, which unconformably
overlies folded Paleoproterozoic—Neoproterozoic and Devonian successions. The succession records predominantly terrestrial
deposition on extensive fluvial to lacustrine floodplains, with abundant coal seams formed under humid tropical conditions
(Gjelberg and Steel, 1981; Lopes et al., 2019; Steel and Worsley, 1984;). The Billefjorden Group provides multiple
paleoclimate proxies, including coal petrography, organic geochemistry, and sedimentological facies associations. Coal seams
and associated palynological assemblages constrain humid, peat-forming environments and vegetation dynamics (Nicolaisen,
2019; Scheibner et al., 2012).

A major shift from humid tropical to arid—semiarid conditions occurred during the late Serpukhovian at the Billefjorden—
Gipsdalen transition, coinciding with regional rifting (Holliday and Cutbill, 1972; Gjelberg and Steel, 1981; Braathen et al.,
2012; Smyrak-Sikora et al., 2018, 2021). In the Billefjorden Trough, syn-rift deposits record this change through paleosol
development and facies shifts indicating increasing aridity (Smyrak-Sikora et al., 2025). The overlying Pennsylvanian—
Permian succession preserves >130 glacioeustatic cycles, expressed by alternations between siliciclastics, evaporites, and
carbonates, reflecting repeated climate-driven sea-level fluctuations during the Late Paleozoic Ice Age (Stemmerik, 2008;
Ahlborn and Stemmerik, 2015; Sorento et al., 2020; Smyrak-Sikora et al., 2021, 2025). These records, together with §'%0 and
atmospheric dust proxies, document glacial-interglacial variability and progressive deglaciation (Stemmerik, 2008; Oordt et

al., 2020).

Table 7: Summary of papers/studies from Munindalen and Billefjorden.

Reference Stratigraphy, Log interval Chrono- Data types No. of Age constraint
Formations (Fm.) (m) stratigraphy samples

Ahlborn and ~ Wordiekammen Fm. - Upper Lithofacies 13 sections Cyclostratigraphy

Stemmerik Carboniferous—

(2015) lower Permian

(Moscovian to
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lower
Sakmarian)
Berry and Mimerdalen Subgroup, 4.5 Upper Lithofacies, 125 Palynomorph
Marshall Planteklafta Fm. Devonian, lycopsids, biostratigraphy
(2015) Frasnian (ca. palynology
380 Ma)
Blomeieret ~ Wood Bay Fm., Andrée - Lower Devonian  Lithofacies 300 thin -
al. (2003a) Land Group sections, 30
polished slabs
Blomeieret ~ Wood Bay Fm., Andrée - Lower Devonian  §'3C, §'%0, 22 isotopes, -
al. (2003b) Land Group lithofacies 88 thin
sections, 36
polished slabs
Davies et al.  Siktefjellet Group, Red - Uppermost Lithofacies, - -
(2021) Bay Group, Andree Land Silurian to upper  fossilised
Group Devonian flora
Friend et Siktefjellet and Red Bay >240 Upper Silurian Lithofacies - -
al. (1997) Groups and lower
Devonian
Lopesetal.  Billefjorden Group, 260 Mississippian, Palynology, 58 Palynomorph
(2019) Horbyebreen Fm. and Visean Lithofacies biostratigraphy
Mumien Fm.
Oordt et al. Wordiekammen Fm. 37 Moscovian and Lithofacies, 181 Cyclostratigraphy,
(2020) Asselian XRF, ICP- reference to
MS, detrital Ahlborn and
zircons Stemmerik (2015)
Sorento et Gipshuken Fm. 962 Lower Permian Lithofacies 11, sections, -
al. (2020) (Sakmarian— 54 thin
Artinskian?) sections
van der Andree Land Group 270 Middle d13C 30 block 8'3C chemostrati-
Boon et al. Devonian, samples for graphy, reference
(2026) Givetian paleomag., to Berry and
109 samples Marshall (2015)
for 8'3C biostratigraphy

6 Best practices for data management

Data collection is costly, especially in remote regions like Svalbard, making it essential to maximise the impact and knowledge

gained from acquired datasets. The FAIR guiding principles for data publication (Wilkinson et al., 2016) promote data reuse

to reduce unnecessary duplication of data collection efforts. Over the past decade, the scientific community has made
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significant progress in ensuring data is Findable and Accessible, primarily by publishing datasets in dedicated repositories with
rich discovery metadata and persistent identifiers. However, the principles of interoperability and reusability have often been
overlooked or oversimplified. Many datasets still lack standardised data formats and controlled vocabularies for metadata,
which are essential for machine readability and automation. Without these, it becomes difficult to develop software tools for
visualising, analysing, or integrating data across disciplines. Such software tools can reduce the workload of scientists,
automating repetitive or tedious tasks so they can focus on core research activities such as hypothesis testing, innovation, and

discovery.

The publication of interoperable data presents significant challenges, particularly in geoscience, where datasets are often highly
heterogeneous. This heterogeneity makes it difficult to find existing standards that fully encompass all aspects of a dataset, as
diverse data types—such as quantitative measurements, descriptive observations (e.g., field sketches, geological maps, or
outcrop descriptions), and novel experimental results—rarely align with a single existing standard. Encoding such data in
interoperable formats can be resource-intensive, especially when suitable standards and conventions don’t exist or are
insufficient. The learning curve, time, and effort required to adopt these formats can often discourage researchers from
engaging with the process. Successful adoption depends on strong commitment from a project’s leadership in advocating for
and funding these efforts (Marsden et al., 2025).
To address these issues, clearer guidelines are essential to help geoscientists select or adapt appropriate data formats for their
specific needs. The following steps can help achieve this:
e Expand existing standards where possible to accommodate a broader range of data types, rather than creating new
ones, since the unnecessary proliferation of standards defeats the purpose of standardisation itself.
e Divide datasets into separate data publications when distinct user communities exist for different components. These
datasets can still be linked as part of a citable collection, preserving the context of the original study.
e Develop new standards when neither expansion of existing standards nor division of dataset collections is feasible.
The data management community should take a proactive role in this process, as it is unrealistic to expect researchers to
independently navigate these complexities. In this way, the community can help ensure that geoscientific data are published

in a way that maximises interoperability and reusability.

7 Data availability

7.1 Physical drill cores

Drill cores are fundamental for deep-time paleoclimate research. Permanent and adequate storage of drill cores is thus
important and normally handled by national geological surveys who maintain drill core repositories. However, in Svalbard, no

such repository or overseeing authority is currently institutionalised (Senger and Jochmann, 2026).
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7.2 Curated data packages

The data packages presented herein are openly available in the National Infrastructure for Research Data (NIRD) Research
Data Archive, a Norwegian long-term storage service for research data following the Open Archival Information System

(OAIS) reference model (https://archive.sigma2.no/; Schad and Senger, 2025a, b, c, d, 2026; Schad et al., 2026). Other data

collections, i.e., the Longyearbyen CO» lab and Deltadalen data are published in Zenodo repositories (Senger et al., 2025b;
Zuchuat et al., 2026b).

7.3 Potential dataset use and reuse

The comparison of long-term paleoclimate records from Svalbard (as reviewed by Smyrak-Sikora et al., 2025), along with
data stemming from characterisation of other lower-paleolatitude key sites is important to decipher past environments and
climate. For the past ca. 100 million years, Svalbard has been located above the Arctic Circle and Svalbard sites recording this
interval may help constrain whether polar amplification as we experience at present day was also manifested during intervals
of the Mesozoic and Cenozoic. Furthermore, openly available data from Svalbard synthesised in this contribution (Table 3)
serve as key input parameters to calibrate and test global deep-time paleoclimate models. Future projects, for instance the
proposed ICDP project SvalCLIME (Senger et al., 2023; Kulhanek et al., 2024), will acquire new data complementary to those
documented herein. The data packages presented herein will be updated on an annual basis while the SvalCLIME project
operates. We invite the scientific community to provide further input on peer-reviewed publications, reports and academic
theses that should be included in future iterations using the templates provided within the data packages. Stored in comma-
separated values (CSV) as a plain text data format, these can be sent to corresponding authors to facilitate integration into the

respective data packages.

8 Conclusions

We have synthesised data from 133 publications in six curated data packages collectively comprising the state-of-the-art for
Phanerozoic paleoclimatic and paleoenvironmental records collected from Svalbard’s stratigraphic successions. This open data
compilation serves as a complement to a recent review of Svalbard’s deep-time paleoclimate (Smyrak-Sikora et al, 2025) and
an ICDP scientific drilling proposal, SvalCLIME (Kulhanek et al., 2024; Senger et al., 2023). We conclude that Svalbard’s
geologic records represent a unique opportunity to characterise climate evolution throughout the Phanerozoic and data from
Svalbard sites provide much-needed complimentary data points to lower-(paleo)latitude sites for many key events including

the EPME and the PETM.
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Data availability

This is a data paper and all synthesized data are available in curated data packages listed in Table 3 (Schad and Senger, 2025a,
b, ¢, d, 2026; Schad et al., 2026; Senger et al., 2025b; Zuchuat et al., 2026b).
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