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Abstract 

The Eurasia Basin formed by continental breakup and separation of the Lomonosov Ridge from the 

northern Barents-Kara shelves at about 54-56 Ma. It was a restricted oceanic basin since its 

formation until the Miocene, when extensive water circulation between the North Atlantic and 

Arctic commenced through the Fram Strait gateway. The opening of the oceanic gateway had large 

impact on paleoceanography and paleoclimate, which evolved from an Eocene greenhouse to a 

Neogene icehouse associated with northern hemisphere glaciations. The Eocene to present 

sedimentary fill of the Eurasia Basin was mainly sourced from surrounding shelf areas in the Barents, 

Kara and Laptev seas, which experienced widespread Cenozoic uplift and erosion during several 

phases. The stratigraphy of the Eurasia Basin is poorly constrained due to lack of boreholes 

penetrating the basin fill. We therefore have to rely on seismic stratigraphy and tentative ages 

assigned to sequences and their boundaries terminating on top of oceanic basement of known age. 

This contribution covers two tectono-sedimentary elements (TSE), the Eurasia Basin Oceanic TSE and 

the Eurasia Basin Prograded Margin TSE, which are closely connected and difficult to draw a distinct 

boundary between. 
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Introduction 

The Eurasia Basin is the youngest actively spreading oceanic basin in the Arctic Ocean between 

diverging North American and Eurasian lithospheric plates (Fig. 1A). It formed as a result of breakup 

and separation of the Lomonosov Ridge from the northern Barents-Kara shelves at about 54-56 Ma 

(Kristoffersen et al. 1990; Glebovsky et al. 2006; Nikishin et al. 2018, 2021b). The conjugate margins 

are characterized by a narrow zone of crustal thinning from the continent to the ocean (Minakov et 

al. 2012; Funck et al. 2022). 

The present plate boundary, the Gakkel Ridge, separates the Nansen and Amundsen basins (Fig. 1). 

The ridge is characterized by ultraslow full spreading rates varying from ~13 mm/year in the west to 

~6 mm/year in the east (Brozena et al. 2003; Glebovsky et al. 2006; Gaina et al. 2015; Nikishin et al. 

2018; Jokat et al. 2019). The spreading rate decreases towards the Laptev Sea margin where the 

plate boundary continues into the continent (Drachev et al. 2003, 2018, 2024a; Engen et al. 2003; 

Drachev and Shkarubo 2018). 

The Eurasia Basin was a restricted oceanic basin since its formation until the Miocene, sometime 

between 20 and 15 Ma (Jakobsson et al. 2007; Engen et al. 2008; Jokat et al. 2016), when extensive 

water circulation between the North Atlantic and Arctic commenced through the Fram Strait 

gateway. The opening of the oceanic gateway had large impact on paleoceanography and 

paleoclimate, which evolved from an Eocene greenhouse to a Neogene icehouse associated with 

northern hemisphere glaciations (Smith and Pickering 2003; Hutchinson et al. 2019; Stein 2019). 

The Eocene to present sedimentary fill of the Eurasia Basin was mainly sourced from the 

surrounding shelves, which experienced widespread Cenozoic uplift and erosion during several 

phases (Dimakis et al. 1998; Sekretov 2002; Henriksen et al. 2011; Lasabuda et al. 2018, 2021; 

Piskarev et al. 2018; Shipilov et al. 2021; Medvedev et al. 2022).  

The Eurasia Basin stratigraphy is poorly constrained due to lack of boreholes and rather scarce grid 

of regional 2D multichannel seismic reflection (MCS) profiles. We therefore have to rely on seismic 

stratigraphy and tentative ages assigned to sequences and their boundaries terminating against the 

oceanic basement of known age (see below). The lack of boreholes in the Eurasia Basin also makes it 

difficult to assess its petroleum potential (Moore and Pitman 2011). 

In this chapter, we represent the Eurasia Basin’s sedimentary fill as a composite tectono-

sedimentary element (CTSE) consisting of two individual TSEs: (i) an oceanic basin TSE and (ii) a 

prograded margin TSE. These sedimentary bodies are closely interlinked via facies changes and, 

therefore, are difficult to divide. 
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Age 

The Eurasia Basin CTSE has an inferred Eocene to present age (Fig. 2). It lacks direct age datings; 

therefore its age is based on correlations with distant scientific boreholes in the surrounding regions 

and the interpreted age of underlying oceanic crust. The ACEx borehole on the Lomonosov Ridge 

reached uppermost Cretaceous strata (Backman et al. 2005, 2008; Moran et al. 2006a,b) and ODP 

boreholes on the SW Yermak Plateau penetrated Plio-Pleistocene strata (Myhre et al. 1995; 

Grøsfjeld et al. 2014; Knies et al. 2014; Mattingsdal et al. 2014) (Figs. 1B and 2).  

 

Geographic location and dimensions 

The Eurasia Basin is about 2000 km long and 500-700 km wide. It is narrower (~300 km) in the 

western part, bounded by the conjugate Yermak Plateau and Morris Jesup Rise (Fig. 1B). The oceanic 

Eurasia Basin is surrounded by the wide Barents-Kara and Laptev shelves in the south and east 

respectively. It is separated from the older Amerasia Basin by the Lomonosov Ridge, a continental 

sliver split off the Barents-Kara shelf (Jokat et al. 1995b; Brozena et al. 2003; Minakov et al. 2012; 

Piskarev et al. 2019; Abdelmalak et al. 2023; Kristoffersen et al. 2022). Towards North Greenland the 

Amundsen Basin part of the Eurasia Basin is bounded by the Lincoln Sea and Morris Jesup Rise (Jokat 

et al. 1995a; Døssing et al. 2014; Kristoffersen et al. 2021). The oceanic TSE is extended into the 

Fram Strait, where the Gakkel Ridge links up with the Lena Trough (Fig. 1B), which is characterized by 

oblique sparsely magmatic seafloor spreading (Snow et al. 2011; Laukert et al. 2014; Jokat et al. 

2016). North of Svalbard, the Nansen Basin part of the TSE is bounded by the Sophia Basin and 

Yermak Plateau (Fig. 1B; Geissler and Jokat 2004; Jokat et al. 2008; Geissler et al. 2011; Kristoffersen 

et al. 2020). The Sophia Basin and the corresponding basin in the Lincoln Sea (Fig. 1B) were closely 

linked to the initial opening of the Eurasia Basin. 

 

Principal data sets 

Wells 

No exploration wells or deep scientific boreholes exist in the Eurasia Basin. The closest relevant 

borehole is the ACEX borehole on the Lomonosov Ridge (close to the North Pole; Figs. 1B and 3) 

penetrating a Cenozoic succession before reaching Upper Cretaceous strata of Campanian age 
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(Backman et al. 2005, 2008; Moran et al. 2006a,b; Abdelmalak et al. 2023). A few ODP boreholes 

also exist on the adjacent SW Yermak Plateau (Figs. 1B and 3) providing age constraints for parts of 

the Neogene succession (latest Miocene and younger; Myhre et al. 1995; Grøsfjeld et al. 2014; Knies 

et al. 2014; Mattingsdal et al. 2014). 

Boreholes on Svalbard, Franz Josef Land and in the northern Barents Sea do not provide relevant 

information on the Cenozoic sedimentary succession in the Eurasia Basin. Due to regional uplift and 

erosion of these areas (Lasabuda et al. 2018, 2021; Medvedev et al. 2022), no Cenozoic strata are 

preserved except for the Central Basin in Spitsbergen and the Forlandsundet Graben (Senger et al. 

2019). 

Seismic data 

The seismic database in the Eurasia Basin is limited due to ice covering most of the basin throughout 

most of the year. Early data acquisitions were carried out from drifting ice stations (Kristoffersen et 

al. 2004; Langinen et al. 2009; Avetisov et al. 2019) and a few lines were acquired by ice breakers 

(e.g. Polarstern; Jokat et al. 1995a,b; Jokat and Micksch 2004). During recent years, an increasing 

amount of MCS data have been acquired by Arctic nations to support their territorial claims in the 

framework of the United Nations Convention on the Law of the Sea (UNCLOS) (Engen et al. 2009; 

Nikishin et al. 2017, 2021a; Castro et al. 2018). New MCS data were also acquired for planning of a 

second scientific drilling at the Lomonsov Ridge (Stein et al. 2015; Weigelt et al. 2020). New single 

channel seismic data between the Lomonosov Ridge and Morris Jesup Rise, an area inaccessible for 

seismic surveys by icebreakers, were acquired by using a hovercraft drifting on ice (Kristoffersen et 

al. 2021, 2022). Seismic reflection data have been complemented by seismic refraction data mainly 

using sonobuoys. A few OBS surveys have been carried out recently, one across the Lomonosov 

Ridge (Funck et al. 2022), one at the Gakkel Ridge (Ding et al. 2022), and one across the northern 

Svalbard/Barents Sea margin into the Nansen Basin (GoNorth 2022). Despite the new data, MCS data 

coverage remains poor in major parts of the Eurasia Basin (Fig. 3A). 

Other data 

Other relevant data comprise bathymetry and potential field (gravity and magnetic) data. The most 

up-to-date bathymetry grid is IBCAO 4.0 (Jakobsson et al. 2020). Both gravity and magnetic maps 

were compiled in the Circum-Arctic Mapping Project (Gaina et al. 2011, 2014) as part of a larger 

international collaborative effort also including regional geology (Harrison et al. 2011) and tectonic 

(Petrov et al. 2018) maps. Potential field data with focus on the Eurasia Basin are presented in 

Brozena et al. (2003) and Glebovsky et al. (2006).  
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Tectonic setting, TSE boundaries, and main tectonic /erosional/ depositional phases 

Tectonic setting and boundaries 

The Eurasia Basin was formed by seafloor spreading since breakup between the Barents-Kara Shelf 

and Lomonosov Ridge some 54-56 million years ago. Prior to that, the area experienced 

(extensional) tectonics leading up to breakup (Fig. 2). The basin portraits a set of well-defined 

magnetic anomalies resulting from the seafloor spreading (Karasik 1973; Brozena et al. 2003). The 

oldest identified magnetic chron along the basin’s flanks is C24n (Savostin et al. 1984; Glebovsky et 

al. 2006), which, according to Walker and Geissman (2022), corresponds to ~53 Ma (earliest 

Eocene). 

Between chron C24n and the foot of the slope on both Barents Sea and Lomonosov Ridge conjugate 

margins, there is an up to 100 km wide area of hyper-extended continental crust and possibly 

exhumed upper mantle (Jokat et al. 1995b; Lutz et al. 2018; Funck et al. 2022; Abdelmalak et al. 

2023). This zone is inferred to be formed during the initial rifting and is included into the Eurasian 

Arctic Rifted Margin and Lomonosov Ridge CTSEs correspondingly (Abdelmalak et al. 2023 and 

2024). Minakov et al. (2012; 2013) based on gravity modeling suggested a short-lived phase of shear 

(at ~68-56 Ma) that localized deformation before the magma-poor continental breakup in the 

Eurasia Basin and separation of the Lomonosov Ridge microcontinent from the Barents/Kara shelves 

by seafloor spreading. Based on interpretation of MCS data, Lutz et al. (2018) suggested that mantle 

exhumation was involved in the initial opening and that the Eurasia Basin basement predominantly 

formed by exhumed and serpentinized mantle, with magmatic additions (Fig. 5).  

Based on integrated analysis of seismic reflection and refraction data across the Lomonosov Ridge 

and into the Eurasia Basin, Funck et al. (2022) presented a model for the continent-ocean transition 

zone (COT) comprising three distinct crustal domains (Fig. 5): (1) thin continental crust down-faulted 

from the main Lomonosov Ridge; (2) exhumed and serpentinized mantle with some gabbroic 

intrusions; and (3) oceanic crust. The possible magnetic chron C25 suggested by Brozena et al. 

(2003) is located within the inner zone of faulted thin continental crust in the Funck et al. (2022) 

model indicating that the time of breakup and onset of oceanic crust was closer to chron C24 (in the 

earliest Eocene). 

Near the Laptev Sea, the Gakkel Ridge including its active spreading axis becomes buried beneath 

rather thick sedimentary accumulation known as the Lena Prodelta sourced by Siberia palaeorivers 

including Lena River (Sekretov 2002; Gantz et al. 2011). In this area, the linear magnetic anomalies 
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are barely detectable except for the youngest ones (Chron 6 or 5 and younger). New seismic data 

allow to infer some more extensive presence of the rifted continental crust beneath this basin. 

During RV Polarstern PS115/2 expedition in 2018 (Stein 2019b), a large amount of terrestrial 

siliciclastic bedrocks was dredged from slopes of a newly discovered seamount in the Amundsen 

Basin – some 125 km east of the spreading axis right on the projected extent of the Chron 18 (Fig. 

1B). However, presently we do not have data to infer lateral extent of the discovered continental 

block, but its presence may suggest a more complex history of this part of the Eurasia Basin. Similar 

view was proposed by Shipilov et al. (2021). 

We recognize two major sedimentary accumulations which are closely linked and partly 

overlapping/interfingering: (1) an oceanic basin TSE and (2) a prograded margin TSE, which when 

combined form the Eurasia Basin CTSE. Boundaries of both TSEs are poorly constrained. There is no 

clear localized boundary between them neither in the Nansen nor in the Amundsen basins due to 

the facies change and interfingering of prograded and aggraded hemipelagic sediments ( Jokat and 

Micksch 2004; Engen et al. 2009; Lasabuda et al. 2018). The provisional distal boundary of the 

prograded TSE is guided by the thickness distribution within the huge sedimentary fans reflecting 

major outbuilding of sediments into the basin, mainly from the Barents-Kara and Laptev shelves (Fig. 

4), as well as by the sea floor topography. Therefore, the boundary between the oceanic and 

prograded TSEs as shown in Fig.1B represents a rather rough approximation for a transitional zone 

between both TSEs. 

The outer boundary of the oceanic TSE approximates onlap of the sediments onto the magmatic 

oceanic crust of the Gakkel Ridge (Fig. 1B). The proximal boundary of the prograded margin TSE 

coincides with the pinchout zone of Cenozoic strata close to the shelf edge along the Barents -Kara 

margin and by disappearing of clinoforms in the upper Cenozoic section on the Laptev Shelf  (Fig. 1B). 

In the western part of the region, we have extended the oceanic TSE towards the Fram Strait where 

the Gakkel Ridge transitions into the Lena Trough (Snow et al. 2011; Laukert et al. 2014; Jokat et al. 

2016). There, the oceanic basin is narrower and bounded by the conjugate Yermak Plateau ( Geissler 

and Jokat 2004; Jokat et al. 2008; Geissler et al. 2011; Kristoffersen et al. 2020) and Morris Jesup 

Rise (Døssing et al. 2014; Kristoffersen et al. 2021) (Fig. 1B). 

Therefore, the prograded margin TSE over its entire extent rests on the rifted margins of the Eurasia 

Basin, overlaps the continent-ocean transition zone (COT) and onlaps onto the spreading oceanic 

crust while the oceanic TSE occurs in the most distal parts of the Amundsen and Nansen basins.  

Main tectonic, erosional and depositional phases 
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Detailed studies of magnetic anomalies in the eastern Eurasia Basin suggest asymmetric spreading or 

ridge relocation in the Eocene from around 49 to 33 Ma (Brozena et al. 2003; Glebovsky et al. 2006; 

Gaina et al. 2015). They linked the changes of plate kinematics here to intraplate stresses originating 

from the northward movement (push) of Greenland that created the Eurekan deformation ( Piepjohn 

et al. 2016). 

The spreading rates at the Gakkel Ridge show both temporal and spatial variations. During the initial 

opening the rates were significantly higher than at present (Fig. 2). For the first 10 m.y. of Eocene 

opening Glebovsky et al. (2006) estimated spreading rates varying from ~28 mm/year to ~23 

mm/year from west to east in the Eurasia Basin. Spreading slowed down significantly in the mid-

Eocene at around 45 Ma before it became ultra-slow (according to the classification of Dick et al. 

2003) in the earliest Oligocene. At this time, seafloor spreading terminated in the Labrador Sea-

Baffin Bay system and Greenland moved together with North America in a more westerly direction 

(Gaina et al. 2009).  

The Eurasia Basin is filled by large volumes of sediments prograding into the basin and mixing up 

with hemipelagic sediments in distal deep-water parts of the Nansen and Amundsen basins. The 

asymmetry between the Nansen and Amundsen basins with respect to water depth and sedimentary 

thickness (Fig. 4) reflects the location of the main sediment source areas. Pre-glacial sediments were 

mainly delivered by major river systems running across wide shelves like the Barents/Kara and 

Laptev Sea. Parts of the northern Barents Shelf including Svalbard were also uplifted and subjected 

to erosion (Blythe and Kleinspehn 1998; Dimakis et al. 1998; Lasabuda et al. 2021; Lundschien et al. 

2023; Olaussen et al. 2023; Drachev et al. 2024b; Smelror et al. 2024). Another major sediment 

pathway has been related to the Siberian rivers, especially the Lena and Khatanga, which delivered a 

huge volume of sediments accumulated in the deep-water Lena Prodelta (Sekretov 2002; Grantz et 

al. 2011; Piskarev et al. 2018; Shipilov et al. 2021). Eocene sediments may also have been sourced 

from the uplifted Eurekan-Spitsbergen fold and thrust belt running from Ellesmere, through North 

Greenland to western Spitsbergen in Svalbard (Braathen et al. 1999; Piepjohn et al. 2016; Vamvaka 

et al. 2019), into the western Amundsen Basin (Castro et al. 2018). 

By the Miocene opening of the Fram Strait gateway (Jakobsson et al. 2007; Engen et al. 2008; Jokat 

et al. 2016), ocean currents entered the Eurasia Basin giving rise to contourite deposits along the 

basin margins (Eiken and Hinz 1993; Geissler et al. 2011; Lasabuda et al. 2018; Weigelt et al. 2020). 

Throughout the Neogene, the climate changed from greenhouse to icehouse conditions giving rise to 

northern hemisphere glaciations (Smith and Pickering 2003; Hutchinson et al. 2019; Stein 2019). 
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Glaciations were initiated at ~4 Ma in the northern Barents Sea/Svalbard area but the first large-

scale glaciation reaching the shelf edge did not occur before ~2.75 Ma (Knies et al. 2014). Large 

volumes of glacial sediments were deposited in the Nansen Basin and Norwegian-Greenland Sea as 

large fans in front of the bathymetric troughs on the shelf formed by glacial erosion ( e.g. Faleide et 

al. 1996; Lasabuda et al. 2018; Hjelstuen and Sejrup 2021).  

 

Underlying and overlying rock assemblages 

Age of underlying basement (consolidated crust), or youngest underlying sedimentary unit 

The underlying basement of the CTSE seaward of the continent-ocean boundary (COB) is oceanic 

crystalline crust formed by seafloor spreading since the earliest Eocene. Locally within the COT, 

exhumed and serpentinized mantle rocks may also be present. Landward of the COB, the youngest 

sedimentary unit underlying the prograded margin is of Cretaceous age (Lundschien et al. 2023; 

Abdelmalak et al. 2024). 

Age of oldest overlying sedimentary unit 

The CTSE comprises Eocene to recent sediments with the present seafloor as the upper boundary. 

 

Subdivision and internal structure 

The Eurasia Basin is subdivided into two basins separated by the Gakkel Ridge representing a plate 

boundary (Figs. 1B and 4). The Nansen Basin, located between the Gakkel Ridge and the 

Barents/Kara margin, has shallower water depths and contains thicker sediments. The Amundsen 

Basin, located between the Gakkel Ridge and the Lomonosov Ridge, has deeper water depths and 

contains thinner sediments compared to the Nansen Basin (Figs. 4 and 5). 

Major boundary faults of the Eurasia Basin are associated with the COB/COT along the conjugate 

margins of the Barents/Kara Sea and Lomonosov Ridge (Figs. 4 and 5). These are dominantly 

extensional in nature but may have been involved in short-lived shear during the continental 

breakup (Minakov et al. 2012, 2013; Berglar et al. 2016). Fault zones bounding the Yermak Plateau 

(Geissler and Jokat 2004; Berglar et al. 2016) and Morris Jesup Rise (Lincoln Sea–Klenova Valley Fault 

Zone; Døssing et al. 2014; Kristoffersen et al. 2021) towards the Eocene parts (chrons C24-13; Fig. 6) 

of the Nansen and Amundsen basins respectively, must be associated with strike-slip or oblique 

extension during initial opening of the Eurasia Basin. The same may be the case for the eastern 
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boundary of the Eurasia Basin towards the Laptev Sea margin (Khatanga-Lomonosov 

Transform/Fracture Zone; Drachev et al. 2003, 2018; Fig. 6). 

The Eurasia Basin conjugate margins are likely segmented (Abdelmalak et al. 2023, 2024), caused by 

pre-existing structures oriented at a high-angle to the line of breakup (COB/COT’s). The prominent 

bend in the Barents/Kara and Lomonosov Ridge conjugate margins, also reflected in the Gakkel 

Ridge, may be related to inherited structures associated with basement terrain boundaries and/or 

Late Paleozoic-Mesozoic rifting. However, there are no distinct offsets (transform faults) along the 

Gakkel Ridge (Fig. 6). 

There are prominent depocentres associated with the prograded margin TSE (Fig. 7). The thickest 

sediment accumulation, the Lena Prodelta, is located along the Laptev Sea margin. Large sediment 

volumes have been shed from the Lena River, across the Laptev Sea shelf into the Eurasia Basin and 

even burying eastern parts of the Gakkel Ridge (Fig. 4A). Another huge depocenter is located in the 

Nansen Basin outside the St. Anna and Voronin troughs in the northern Barents Sea (Fig. 7).  

 

Sedimentary fill  

Total thickness 

The total sedimentary thickness of the Eurasia Basin and surrounding areas is shown in Figure 7A. It 

is compiled from various sources (Sekretov 2002; Jokat and Micksch 2004; Døssing et al. 2014; 

Nikishin et al. 2021; Rekant et al. 2021) utilizing all available relevant data (seismic, gravity inversion, 

depth to magnetic basement). The Eurasia Basin fill of Eocene to present age is generally thicker in 

the Nansen Basin (up to 5-6 km) compared to the Amundsen Basin (1-2 km). Both basins show 

significant thinning and pinchout towards the Gakkel Ridge (Fig. 4; see also Nikishin et al. 2017).  

Lithostratigraphy and seismic stratigraphy 

There is no direct information on lithofacies due the lack of boreholes in the Eurasia Basin. A formal 

lithostratigraphy has therefore not been established in the Eurasia Basin. By correlations to 

IODP/ODP boreholes on the Lomonosov Ridge and Yermak Plateau (Figs. 1B and 2) we can make 

some inference about the age and nature/composition of the Eurasia Basin sedimentary fill.  

A seismic stratigraphic framework has been proposed for various parts of the Eurasia Basin (Fig. 2 

and Table 1). There are uncertainties in the correlations between the different areas/provinces due 

to sparse seismic data coverage and the lack of regional tie lines (Fig. 3). Age constraints are mainly 
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based on the age of the underlying oceanic crust, from magnetic chrons, providing a maximum age 

of the oldest sediments deposited above. The age of these sediments can be younger taking into 

account the basement topography (Fig. 4). Seismic facies analysis also contributes to the mapping of 

characteristic depositional units in the Eurasia Basin (e.g. Lasabuda et al. 2018). By analysing seismic 

amplitudes and geometry of reflections within each seismic unit, the depositional environment and 

main sedimentary process involved can be interpreted (see below).  

 

Depositional environment and provenance 

The inferred depositional environments and provenance mainly build on the seismic stratigraphic 

framework based on seismic facies and chronology from regional seismic correlations, combined 

with constraints on the uplift/erosion history of surrounding source areas (e.g. Henriksen et al. 2011; 

Sobolev 2012; Lasabuda et al. 2018, 2021; Zhang et al. 2018; Dörr et al. 2019a,b; Japsen et al. 

2021a,b; 2023; Medvedev et al. 2022; Lundschien et al. 2023; Olaussen et al. 2023; Smelror et al. 

2023; Drachev et al. 2024a,b; Drachev and Ershova 2024). 

Following breakup in a hot climate at the Paleocene-Eocene transition, a narrow/elongated basin 

developed by initial sea floor spreading (Fig. 6C). This restricted basin had episodic fresh surface 

waters as manifested by the early Eocene Azolla event (~50 Ma; Brinkhuis et al. 2006; Speelman et 

al. 2009; Barke et al. 2012). Large thicknesses of lower Eocene sediments were deposited 

throughout most of the incipient Eurasia Basin. Castro et al. (2018) reported early-middle Eocene 

(Unit 1a; 56-45 Ma) sedimentation rates >130 m/my in the central and western Amundsen Basin, 

partly sourced from the Lomonosov Ridge but surrounding shelf areas may also have contributed. 

Weigelt et al. (2020) estimated sedimentation rates of >200 m/my for the same time interval (units 

AB-1 and AB-2) in the eastern Amundsen Basin. A thick (> 2 km) depocenter here was largely 

sourced from the proximal Laptev Sea shelf but other source areas may have contributed.  In the 

western Nansen Basin, a sedimentation rate of 126 m/my has been estimated for sequence NB-1A 

(54-48 Ma). The reflection pattern of this sequence towards the main basin boundary fault indicates 

moderate depositional energy and a remote source area, and therefore a long-distance sediment 

routing during the early Eocene (Engen et al. 2009). Since ~48-45 Ma the sedimentation rates were 

significantly reduced both in the Nansen and Amundsen basins (Jokat et al. 1995a,b; Engen et al. 

2009; Castro et al. 2018; Weigelt et al. 2020). This reduction likely reflects reduced topography and 

associated erosion in surrounding source areas.  
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Regional exhumation beginning at the end of the Eocene was widespread in the Arctic, which has 

been related to plate tectonic reorganizations (Green and Duddy 2010; Japsen et al. 2023). The 

uplifted areas may have contributed to mass transport deposits in parts of the Eurasia Basin. An 

upper Eocene-lower Oligocene sedimentary wedge in the western Amundsen Basin along the 

Lomonosov Ridge is interpreted as a submarine fan reflecting tectonic instability that may be related 

to Eurekan deformation (Castro et al. 2018).  

The upper Oligocene – lower Miocene interval is characterized by laterally extensive parallel strata 

of uniform thickness. The basal onlap patterns reflect passive infill deposited in a low-energy 

hemipelagic setting under relative quiet tectonic conditions (Castro et al. 2018; Weigelt et al. 2020).  

Sediment drifts (contourites) have accumulated along the Eurasia Basin flanks since the opening of 

the Fram Strait gateway in the Miocene (Lasabuda et al. 2018; Weigelt et al. 2020). An up to 1000 m 

thick Miocene-Pliocene sequence in the western Nansen Basin shows a mixture of marine 

hemipelagic and contouritic deposits. The widespread contourites deposited on the slope reflect the 

importance of ocean currents established from the opening of the Fram Strait gateway (Lasabuda et 

al. 2018). The widespread occurrence in the eastern Amundsen Basin of sediment waves, drifts and 

erosional features within unit AB-5 (20-5.3 Ma) was taken as evidence for a Miocene onset of ocean 

circulation and associated bottom current activity (Weigelt et al. 2020). The mid-upper Miocene unit 

4 (17-8 Ma) in the western Amundsen Basin thickens towards the Lomonosov Ridge where it locally 

shows geometries reflecting depositional effects of oceanographic bottom currents ( Castro et al. 

2018).  

Along the northern Barents-Kara margin, the upper Plio-Pleistocene strata form huge sedimentary 

fans (i.e. trough mouth fans) deposited in front of bathymetric troughs on the shelf caused by glacial 

erosion by ice-streams (Batchelor and Dowdeswell 2014). Glacigenic debris flows (GDF) are the main 

sediment type building the trough mouth fans (Laberg et al. 2010). The largest fans are associated 

with the Franz-Victoria, St. Anna and Voronin troughs (Fig. 7B). Lasabuda et al. (2018) estimated an 

average sedimentation rate of 240 m/my for the Plio-Pleistocene deposits in the western Nansen 

Basin derived from the northwestern Barents Sea shelf and adjacent land areas. This abrupt change 

in sedimentation rates reflects glacial erosion, in particular by fast-flowing ice-streams shaping the 

wide shelf areas and transporting large sediment volumes to the shelf break (e.g. Faleide et al. 1996; 

Andreassen et al. 2008; Batchelor and Dowdeswell 2014; Hjelstuen and Sejrup 2021). The thick and 

rapidly deposited glacial sediments are prone to slope failure, exemplified by the Hinlopen Slide on 

the northern Svalbard margin running into the western Nansen Basin (Vanneste et al. 2006; 

Winkelmann et al. 2008). Between the fans, contouritic sedimentation prevailed indicating a strong 
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influence of alongslope sedimentary processes (Lasabuda et al. 2018). A higher-energy depositional 

environment is also recorded in the western Amundsen Basin. Here upper Plio-Pleistocene 

sediments accumulated in relation to a channel system extending from the Lincoln Sea shelf margin 

into the Amundsen Basin (Castro et al. 2018). A large submarine fan is also observed in the 

Amundsen Basin probably sourced from the North Greenland and Canadian Arctic continental 

margins (Kristoffersen et al. 2004).  Moreover, deposition of a mass transport complex adjacent to 

the Lomonosov Ridge is linked with the ice sheet dynamics in the region (Perez et al. 2020; Schlager 

et al. 2021).   

 

8. Magmatism 

 

The Paleogene breakup was largely magma-poor (Minakov et al. 2012, 2013; Lutz et al. 2018; Funck 

et al. 2022) before the onset of seafloor spreading in the Eurasia Basin. However, the area has been 

affected by younger magmatism during the Cenozoic evolution. The crustal thickness of Yermak 

Plateau and Morris Jesup Rise had increased by magmatic addition before they separated at the 

Eocene-Oligocene transition (~34 Ma). Kristoffersen et al. (2020) suggested an age corresponding to 

chron C22-18 (49-39 Ma) for this magmatism. In Svalbard, both Miocene (~10 Ma; Prestvik 1978) 

and Quaternary (Amundsen et al. 1987) magmatism are known. Dredged basalt at the flanks of the 

Mosby seamount in the Sophia Basin (Fig. 1B) has been dated ~13 Ma (Geissler et al. 2019).  

 

9. Heat flow 

 

Heat flow data in the Eurasia Basin are sparse and unevenly distributed (Struijk et al. 2018; Fuchs et 

al. 2021, 2023), and were collected mainly along the Gakkel Ridge with a few measurements in the 

Amundsen Basin (Urlaub and Jokat 2009; Xiao 2013; Shephard et al. 2018). A few data points were 

also acquired during the PANORAMA expedition in the SW Nansen Basin and SE Yermak Plateau 

(Damm et al. 2013) (Fig. 3B). Sundvor et al. (2000) reported high heat flow values (855 and 1164 mW 

m-2) measured on the Gakkel Ridge, likely reflecting active volcanism and/or venting along the plate 

boundary. Urlaub et al. (2009) presented a series of heat flow measurements along the Gakkel Ridge 

having a scatter of values around 150 mWm-2 with extremes as high as 426 mW m-2. Recent heat 

flow measurements in the Western Volcanic Zone of the Gakkel Ridge (Fig. 3B) are in the range 734-
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1825 mW m-2 (Dziadek et al. 2021). Measurements in the Amundsen Basin vary between 71 and 127 

mW m-2 (Urlaub et al. 2009; Shephard et al. 2018) while a few measurements in the Sophia and 

Nansen basins and adjacent part of the Yermak Plateau have values in the 50-80 mW m-2 range 

(Sundvor et al. 2000; Damm et al. 2013). Heat flow measurements in the Kvitøya Trough NE of 

Svalbard (Fig. 3B) gave surprisingly high values of 340 mW m-2 (Zayonchek et al. 2009), which may be 

related to the recent magmatism known in northern Spitsbergen. Heat advection by fluids may also 

have affected these high readings. Heat flow measurements from the Laptev Sea margin have values 

around 100 mW m-2 (Drachev et al. 2003). 

 

10. Petroleum geology 

 

Discovered and potential petroleum resources 

Due to complete lack of boreholes, no hydrocarbon accumulations have been discovered. Given the 

oceanic nature of the Eurasia Basin, the hydrocarbon potential is likely low. However, some potential 

may still exist in relation to the systems briefly described below. 

Current exploration status 

Most of the Eurasia Basin is ice-covered most of the year. This fact, combined with the vulnerable 

environment, explain why the area has not been open for petroleum exploration. Geopolitical 

issues, such as overlapping claims with respect to the outer limits of the continental she lf of the 

Arctic coastal states have also contributed to this. 

Hydrocarbon systems and plays 

For the same reasons described above, no proven hydrocarbon systems exist. However, there are 

indications of working petroleum system(s) (Moore and Pitman 2011). Blumenberg et al. (2016) 

analysed near-surface sediments at the northern Barents Sea (Hinlopen) margin and adjacent parts 

of the Nansen Basin, and found possible indications of subsurface hydrocarbon generation. Sokolov 

et al. (2023) reported seismic amplitude anomalies in the Cenozoic sediments of the Nansen Basin 

indicating gas generation (Fig. 3B). 

Source rocks. A potential source rock exists in the lower-middle Eocene strata, in particular the 

Azolla interval (~50 Ma) characterized by abundant freshwater algae fossils widely distributed in the 

Arctic (Brinkhuis et al. 2006; Whaley 2007; Speelman et al. 2009; Barke et al. 2012). At the 
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Lomonosov Ridge, it was penetrated by the ACEX borehole having TOC values exceeding 5%. Here, it 

is immature due to limited overburden but in adjacent basins it may be buried deep enough for 

hydrocarbon generation (Mann et al. 2009). In the Eurasia Basin, we should expect to find Azolla in 

parts of the basin being older than chron C21, in the Nansen and Amundsen basins respectively. 

Here Azolla was deposited in an enclosed narrow/elongated basin with restricted bottom water 

circulation causing anoxic conditions. In some areas the lower-middle Eocene potential source rock 

is too deeply buried. In parts of the Lena Prodelta where this source rock is present, along both 

conjugate margins off the Lomonosov Ridge and Taimyr, it is buried to depths >6 km (Figs. 4A and 

7A). Moore and Pitman (2011) analysed a pseudo well in such a position and concluded that the 

lower-middle Eocene source rock is overmature. More optimal burial of this source rock could be in 

the depocenters of the trough mouth fans along the northern Barents-Kara Sea margin (Franz 

Victoria Fan, St. Anna Fan, Voronin Fan; Figs. 1A and 7B). Blumenberg et al. (2016) modeled the 

thermal and maturation history for a pseudo well located in the SW Nansen Basin and their 

simulations indicate that a tentative Azolla source rock entered the early oil window in early 

Miocene time. The Lena Prodelta may contain younger source rocks deposited within the prograding 

delta system and these could eventually lie in the oil window (Moore and Pitman 2011). Below the 

prograded and rifted margins in the northern Barents Sea, older Mesozoic source rocks (Middle 

Triassic, Upper Jurassic) may be present (Lundschien et al. 2021). 

Reservoirs. Mesozoic (Upper Triassic-Lower/Middle Jurassic) coarse siliciclastic rocks were eroded on 

the NW Barents Shelf during the Cenozoic uplift and erosion (Lasabuda et al. 2021) providing 

siliciclastic material for potential Cenozoic reservoirs in the western Nansen Basin. Other areas may 

also have potential for clastic reservoir units, particularly gravity-driven deposits of sandy turbidite 

channels within submarine fans (Castro et al. 2018). Reservoir rocks are not proven in the Lena 

Prodelta but lithic-rich siliciclastics may have reached deepwater parts of the Lena delta systems 

(Moore and Pitman 2011). 

Seals. The main sealing potential is expected to be associated with fine-grained contourites and 

glacigenic debrites. In particular, the thick shale-rich trough mouth fans may form a regional seal in 

some parts of the Eurasia Basin. The present subcrop geology on the Barents Shelf is dominated by 

Lower Cretaceous shales – erosional products of these should be fine-grained clayey sediments 

having sealing capacities. If reservoir rocks are present in the Lena Prodelta they should be encased 

in hemipelagic mudstone providing good sealing (Moore and Pitman 2011). 

Traps. Based on the depositional setting we expect to find mainly stratigraphic traps within the 

Eurasia Basin CTSE. For example, the sandy part of submarine fans may be trapped in between finer-

ACCEPTED M
ANUSCRIP

T



grained sediments of contourites or mass-transport deposits. They may also be pinched out 

stratigraphically in the proximal part where hydrocarbon accumulations would be trapped upslope 

the northern Barents Shelf or in the adjacent structural highs. 
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Figure Captions 

Figure 1: (A) Regional setting and location of study area. Topography and bathymetry from IBCAO 

(Jakobsson et al. 2020); (B) Main study area with outline of the Eurasia Basin Composite Tectono-

Sedimentary Element (EB CTSE). Magnetic chrons based on Glebovsky et al. (2006a). Red stippled 

line shows the oceanic TSE and yellow stippled line shows the prograded margin TSE. Location of 

profiles in Figs. 4 and 5. FS, Fram Strait; FVT, Franz Victoria Trough; KT, Kvitøya Trough; LT, Lena 

Trough; MJR, Morris Jesup Rise; MS, Mosby Seamount; SB, Sophia Basin; ST, Starokadomsky Trough; 

StAT, St. Anna Trough; VT, Voronin Trough; YP, Yermak Plateau. 500 km and 250 km scale bars in 

black shown for A and B respectively. 

Figure 2: Stratigraphic summary for the Eurasia Basin Composite Tectono-Sedimentary Element (EB 

CTSE) in relation to major tectonic and climatic events. Geological time scale from Walker and 

Geissman (2022). Tectono-Sedimentary Elements (TSE): EOB, Eurasia Oceanic Basin; EBPM, Eurasia 

Basin Prograded Margin; EARM CTSE, Eurasia Arctic Rifted Margin CTSE (Abdelmalak et al. 2024). 

Seismic stratigraphy: WNB, Western Nansen Basin (Engen et al. 2009; Lasabuda et al. 2018); EEB, 

Eastern Eurasia Basin (Nikishin et al. 2017); EAB, Eastern Amundsen Basin (Weigelt et al. 2020); 

WAB, Western Amundsen Basin (Castro et al. 2018). Stratigraphic summary for the ACEX borehole at 

the Lomonosov Ridge based on Backman et al. 2008. Average spreading rates for the Gakkel Ridge 

based on Glebovsky et al. 2006a. Also shown are tentative hydrocarbon play elements for the EB 

CTSE. See text for more details. 

Figure 3: Geophysical and geological data covering the Eurasia Basin and surrounding areas. (A) 

Seismic reflection data (e.g. Weigelt et al. 2020; Nikishin et al. 2021; Funck et al. 2022), seismic 

refraction data (Jackson et al. 2010; Poselov et al. 2012; Drachev et al. 2018; Brotzer et al. 2022; 

Ding et al. 2022; Funck et al. 2022; Funck and Shimeld, 2023; Castro et al. 2024) and boreholes; (B) 

Other data: Shallow cores (Myhre et al. 1995; Backman et al. 2008; O'Regan, 2011) and 

seabed/dredged samples (Grantz et al. 2001; Poselov et al. 2012; Knudsen et al. 2018; Rekant et al. 

2019); Heat flow data (Global Heat Flow Compilation 2013; Lucazeau 2019; heat flow values in mW 

m-2 shown for selected measurements); Some hydrothermal vents, pockmarks with gas discharge 

(Kristoffersen et al. 2022), flares (Blumenberg et al. 2016; Mau et al. 2017) and flat spots (Sokolov et 

al. 2023) also shown. KT, Kvitøya Trough; WVZ, Western Volcanic Zone (Gakkel Ridge). 

Figure 4: Regional profiles across the Eurasia Basin. See Fig. 1B for location. Profile A is based on 

Shipilov et al. (2021); Profile B is based on Nikishin et al. (2017) and Shipilov et al. (2021); Profile C is 

based on Jokat et al. (1995b), Jokat and Micksch (2004), Engen et al. (2009), Castro et al. (2018), and 
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Lasabuda et al. (2018); Profile D is based on Jokat et al. (1995a). Location of magnetic chrons are 

shown along the profiles (for ages see Fig. 2). BS, Barents Sea; ESS, East Siberian Shelf; GR, Gakkel 

Ridge; KS, Kara Sea; LR, Lomonosov Ridge; LS, Laptev Sea; MJR, Morris Jesup Rise; YP, Yermak 

Plateau. 

Figure 5: Seismic profiles across the conjugate Lomonsov Ridge and northern Barents Sea margins 

reaching chron 22 in both the Amundsen and Nansen basins. See Fig. 1B for location of profiles. 

Location of magnetic chrons are shown along both profiles (for ages see Fig. 2). The profile in (A) was 

first published by Funck et al. (2022). Based on integration of results from seismic reflection and 

refraction data they proposed three crustal domains: (1) thin continental crust down-faulted from 

the main Lomonosov Ridge; (2) exhumed and serpentinized mantle with some gabbroic intrusions; 

and (3) oceanic crust. The profile in (B) is located close to a similar profile published by Lutz et al. 

(2018). A similar sub-division into crustal domains is tentatively shown for this profile also.  

Figure 6: (A) Present-day simplified geological map. Magnetic chrons based on Glebovsky et al. 

(2006a); (B) Plate reconstructions to chron 13 in the earliest Oligocene; (C) Plate reconstruction to 

chron 24 in the earliest Eocene - corresponding to breakup. SB, Sophia Basin.  

Figure 7: Sediment thickness maps. (A) Total sedimentary thickness (based on Døssing et al. 2014; 

Nikishin et al. 2021; Rekant et al. 2021). Thicknesses are also shown outside the Eurasia Basin CTSE 

and here the map mainly covers pre-Cenozoic strata. (B) Thickness of glacial sediments forming large 

fans deposited in front of bathymetric troughs on the Barents-Kara shelf (Hjelstuen and Sejrup 

2021). FVT, Franz Victoria Trough; ST, Starokadomsky Trough; StAT, St. Anna Trough; VT, Voronin 

Trough.  
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Table Caption 

Table 1: Key references for seismic stratigraphic framework of different areas/provinces in the 

Eurasia Basin (see Fig. 1B for location).  
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Area References 

Western Nansen Basin 
Jokat et al. 1995a; Geissler and Jokat 2004; Engen et al. 2009; Berglar et 

al. 2016; Lasabuda et al. 2018 

Western Amundsen Basin Jokat et al. 1995b; Castro et al. 2018 

Central Amundsen Basin Jokat et al. 1995b; Cernykh and Krylov 2011 

Eastern Amundsen Basin Weigelt et al. 2014, 2020; Nikishin et al. 2017, 2018 

Russian Eurasia Basin Shipilov et al. 2020; Nikishin et al. 2021a,b; Rekant et al. 2021 

Yermak Plateau Geissler et al. 2011; Kristoffersen et al. 2020 

Sophia Basin Geissler and Jokat 2004; Geissler et al. 2011 

Morris Jesup Rise Kristoffersen et al. 2021 

Fram Strait/Lena Trough Geissler et al. 2011; Mattingsdal et al. 2014 

Table 1 
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