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Initial Opening of the Eurasian Basin,
Arctic Ocean
Kai Berglar *, Dieter Franke, Rüdiger Lutz, Bernd Schreckenberger and Volkmar Damm

Federal Institute for Geosciences and Natural Resources (BGR), Hannover, Germany

Analysis of the transition from the NE Yermak Plateau into the oceanic Eurasian Basin

sheds light on the Paleocene formation of this Arctic basin. Newly acquired multichannel

seismic data with a 3600m long streamer shot during ice-free conditions enables the

interpretation of crustal structures. Evidence is provided that no major compressional

deformation affected the NE Yermak Plateau. The seismic data reveal that the margin is

around 80 km wide and consists of rotated fault blocks, major listric normal faults, and

half-grabens filled with syn-rift sediments. Taking into account published magnetic and

gravimetric data, this setting is interpreted as a rifted continental margin, implying that

the NE Yermak Plateau is of continental origin. The transition from the Yermak Plateau

to the oceanic Eurasian Basin might be located at a prominent basement high, probably

formed by exhumed mantle. In contrast to the Yermak Plateau margin, the North Barents

Sea continental margin shows a steep continental slope with a relatively abrupt transition

to the oceanic domain. Based on our limited data, we propose a working hypothesis

speculating that the initial opening direction of the Eurasian Basin in the Arctic Ocean

was highly oblique to the present day seafloor spreading direction.

Keywords: Yermak Plateau, Nansen Basin, Arctic Ocean, magma-poor rifting, continent-ocean transition,

exhumed mantle, reflection seismic data

INTRODUCTION

Twomajor oceanic basins are found in the Arctic Ocean (Figure 1). While the origin and evolution
of the Amerasian Basin is still under discussion, the general evolution of the Eurasian Basin is
much better known (e.g., Lawver et al., 2011; Shephard et al., 2013). Well-defined magnetic seafloor
spreading anomalies in the Eurasian Basin of the Arctic Ocean from C24 and younger are merely
undisputed (Srivastava and Tapscott, 1986; Lawver et al., 2002; Brozena et al., 2003). Accordingly, it
is widely accepted that the continental Lomonosov Ridge (Figure 1), a major bathymetric elevation,
separating the Eurasian from the Amerasian Basin (Jokat et al., 2013) was split off the Eurasia
continent and migrated northward to its present position since ∼53 Ma (e.g., Alvey et al., 2008).
The Lomonosov Ridge previously might have formed a continuous structure with the Yermak
Plateau (Figure 1) but the crustal nature of this major submarine plateau at the North Barents
Sea continental margin is under debate (Jackson et al., 1984; Jokat et al., 2008; Geissler et al.,
2011). This comes along with a considerable dispute, particularly about the earliest, Paleocene
evolution of the Eurasian Basin. The split off of the elongated and about 1500 km long crustal
splinter of the Lomonosov Ridge from the North Barents Sea continental margin and its eastern
prolongation, the Kara Sea continental margin, is difficult to be explained with current rifting
models. An episode of shear or oblique extension has been suggested before breakup to explain the
observed narrow symmetric conjugate margins in the Eurasia Basin (Minakov et al., 2012, 2013).
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FIGURE 1 | The Eurasian Basin of the Arctic Ocean and surrounding areas. Red lines indicate the location the seismic sections shown in Figures 3–5. The

bathymetry is from the IBCAO dataset (Jakobsson et al., 2012).

In addition, different interpretations are at hand about the
presence of magnetic anomaly C25 (e.g., Brozena et al., 2003;
Engen et al., 2008). A problem with this magnetic anomaly
is that it may overlap with a major strike-slip fault east of
the Yermak Plateau that is thought to have accommodated the
northward migration of the Lomonosov Ridge. The presence
of such a fault has been suggested on the basis of potential
field data (e.g., Brozena et al., 2003). In addition, in settings
with minor magma supply it is questionable if there is a sharp
contact between continental and oceanic crust. As shown by
Bronner et al. (2011) offshore Iberia there is a gradual transition
from continental crust, to exhumed mantle, to oceanic crust and
pulses of magmatism at breakup can generate anomalies that
may be misinterpreted as magnetic seafloor spreading anomalies.
The situation is further complicated by the Late Paleocene and
early-middle Eocene compressional deformation (Eurekan) that
affected wide portions of the Svalbard archipelago (e.g., Eldholm
et al., 1987) and may have deformed the junction between the
Yermak Plateau and the Eurasian Basin (Brozena et al., 2003;
Døssing et al., 2013).

The NE Yermak Plateau and the North Barents Sea
continental margin are poorly investigated areas because the
nearly permanent ice cover hampers scientific investigations. In
this study, newly acquired multichannel seismic reflection (MCS)
data, supplemented by potential field data, are used to study

the area of the eastern Yermak Plateau, the adjacent Eurasian
Basin, and the North Barents Sea continental margin. Structural
data reveal the margins architecture and allow speculations about
the rifting and break-up of the Eurasian Basin at the junction
of the Yermak Plateau with the North Barents Sea continental
margin. This study shows that neither subduction nor substantial
transpression affected the eastern Yermak Plateau. Rather it is
suggested, that the initial extension of the Eurasian Basin took
place between the Yermak Plateau and the Lomonosov Ridge at a
high angle to the present day orientation of spreading.

GEOLOGICAL SETTING

Eurasian Basin of the Arctic Ocean
During Cretaceous times, North America, Greenland, and
Eurasia, including the Lomonosov Ridge and Svalbard, were part
of the common land mass of Laurasia. The oldest magnetic
anomaly consistently interpreted along the margins of Eurasia
and Greenland within the North Atlantic is C24 (e.g., Gaina
et al., 2009) with an age of ∼53 Ma from the Paleocene-Eocene
transition according to the time-scale after Gee and Kent (2007),
which we use in this study. In the Eurasian Basin, Vogt et al.
(1979) discussed the possibility of the presence of magnetic
anomalies older than C24. However, they did not present a
conclusive interpretation in between the North Barents Sea
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continental margin and magnetic anomaly C24. Several recent
magnetic anomaly interpretations and plate models favor the
presence of magnetic chron C25 (Brozena et al., 2003; Cochran
et al., 2006; Døssing et al., 2014) with an age of ∼56 Ma from
the Late Paleocene. Brozena et al. (2003) identified anomalies
C25 to C15 (56–34.8 Ma) terminating shortly before the NE
Yermak Plateau and Morris Jesup Rise flanks, anomalies C12–
C8 (30.8–25.9 Ma) spreading apart of the plateaus and extending
for another 60–90 km to the SW, and anomaly C5 (9.8 Ma)
continuing into the Fram Strait. This interpretation has been
widely confirmed by Engen et al. (2008), although they do not
interpret the existence of anomaly C25 in the Eurasian Basin.
Here, we refer to the interpretation of Brozena et al. (2003). If
indeed magnetic anomaly C25 is present in the Eurasian Basin
(Brozena et al., 2003) then about 150 km of oceanic crust was
created between the Lomonosov Ridge and the Eurasian margin
by magnetic chron C24. This is in accordance with structural
investigations, where, from the location of the transition to
oceanic crust, and by assuming a spreading half-rate of 1 cm/yr,
Geissler and Jokat (2004) calculate that seafloor spreading in the
Eurasian Basin close to the Yermak Plateau started about 5 Ma
before magnetic chron C24.

Close to the Yermak Plateau the magnetic isochrons C25
and C24 change direction from east-west to southwest-northeast
(Brozena et al., 2003; Figure 2A). More prominently, this trend
is observed in the magnetic data between the Morris Jesup Rise
and the Lomonosov Ridge in the Lincoln Sea (Figure 2B), and is
mirrored by gravity data (Døssing et al., 2014). Thus, the earliest
magnetic chrons show an extension direction that, close to the
Yermak Plateau and Morris Jesup Rise, considerably deviates
from the younger chrons. On the Siberian side of the Eurasian
Basin, the oldest anomaly is tentatively interpreted as chron
C24 (Glebovsky et al., 2006). These observations imply that the
opening of the Eurasian Basin commenced on the European side,
and might have propagated toward the Siberian side (Cochran
et al., 2006) where a major continental rift developed at the shelf,
the Laptev Sea Rift (e.g., Franke and Hinz, 2005).

Seafloor spreading in the Eurasian Basin resulted in separation
of a narrow continental microplate (Jokat et al., 2013), the
Lomonosov Ridge, from the northeastern margin of Eurasia
(Lawver et al., 2002; Gaina et al., 2009)—either as a part
of the North American plate (Srivastava, 1985) or as an
independent plate. Before the opening of the Eurasian Basin, the
Lomonosov Ridge was located directly along the North Barents
Sea continental margin, with the ridge’s western end adjacent to
the ancestral Yermak Plateau and Morris Jesup Rise (Brozena
et al., 2003).

Prior to Oligocene times, the Yermak Plateau and the Morris
Jesup Rise formed a contiguous plateau (Feden et al., 1979;
Jackson et al., 1984; Engen et al., 2008), which has been placed
northeast of Greenland, when reconstructed (e.g., Srivastava,
1985; Srivastava and Tapscott, 1986; Tessensohn and Piepjohn,
2000). Jointly with the opening of the North Atlantic, Late
Paleocene plate motions led to a dextral transcurrent transfer
of Svalbard, and probably also the Yermak Plateau and the
Morris Jesup Rise, relative to north Greenland (e.g., Srivastava,
1985; Srivastava and Tapscott, 1986; von Gosen and Piepjohn,

2003; Tessensohn et al., 2008). However, not only strike-slip and
extensional deformation occurred during the early Paleocene,
but also compressional deformation. Late Paleocene and early-
middle Eocene compression (Eurekan) north of the evolving
North Atlantic Ocean basin created the West Svalbard fold belt
(Eldholm et al., 1987). From a geometrical point of view, the
Morris Jesup Rise and Yermak Plateau should have experienced
the same compressional phase, and Døssing et al. (2013) suggest
that significant Eurekan transpression, or possibly subduction
(Brozena et al., 2003), took place along the boundary between
the Morris Jesup Rise and the Yermak Plateau and the Eurasian
Basin.

The youngest evolution of the area is merely undisputed.
At 33–35 Ma, the conjugate Yermak Plateau and the Morris
Jesup Rise started to break up by SW propagation of seafloor
spreading—and magnetic anomaly C7 (24.8 Ma) is the oldest
anomaly pair completely separating the two plateaus (Eldholm
et al., 1987; Brozena et al., 2003; Engen et al., 2008; Geissler et al.,
2011).

Yermak Plateau and Morris Jesup Rise
The crustal fabric of the Yermak Plateau and its conjugate,
the Morris Jesup Rise, is not yet fully clear. However, the
early interpretation that the plateaus were completely generated
by massive extrusions of basalt during the lower and middle
Tertiary, and that the origin of this basalt is related to hotspot
activity (Feden et al., 1979), has been challenged in recent
years. Seismic velocities of the acoustic basement underlying
the southern portions of the Yermak Plateau were interpreted
by Jackson et al. (1984) as thinned continental crust due to P-
wave velocities between ∼4.3 and 6.0 km/s. In the northeastern
portion of the Yermak Plateau, Jackson et al. (1984) suggested
the presence of over-thickened oceanic crust. In the western
portion of the Yermak Plateau, up to 82◦N, a crust with
continental affinities has been inferred from seismic velocities
(Ritzmann and Jokat, 2003) and also from the structural grain
as derived from a dense grid of reflection seismic data (Jokat
et al., 2008). Jokat et al. (2008) confirm that the southern
and northwestern Yermak Plateau are made up of attenuated
and locally intruded continental crust, based on preserved
structures on the Yermak Plateau resulting from the strike-slip
movements between North Greenland and Svalbard. Relatively
weak magnetic anomalies over this area (Feden et al., 1979),
and gravity modeling, support this interpretation and show
that the southern Yermak Plateau consists of thinned, ∼20
to 25 km thick continental crust (Geissler and Jokat, 2004).
Based on sonobuoy-derived P-wave velocities, Geissler et al.
(2011) speculate that the northern basement highs on the central
Yermak Plateau are the continuation of Paleozoic Svalbard
geology, or alternatively, were once part of the Cretaceous
shelf in front of the northern tip of Greenland. From the
sedimentary cover, these authors also propose that the acoustic
basement of the plateau should be older than 33–35 Ma. This
view was confirmed by Riefstahl et al. (2013) who suggest
from analyzed dredge samples that the basement highs on
the central Yermak Plateau consist of thinned continental
crust of pre-Devonian age, forming a direct continuation of

Frontiers in Earth Science | www.frontiersin.org 3 October 2016 | Volume 4 | Article 91

http://www.frontiersin.org/Earth_Science
http://www.frontiersin.org
http://www.frontiersin.org/Earth_Science/archive


Berglar et al. Initial Opening of the Eurasian Basin

FIGURE 2 | Magnetic anomaly maps of the western Eurasian Basin with superimposed anomaly interpretation from Brozena et al. (2003, white lines).

White arrows indicate the northward bending of anomalies C25? and C24, gray lines the bathymetry from the IBCAO dataset (Jakobsson et al., 2012). (A) Newly

gridded aeromagnetic line data (US Naval Research Laboratory Arctic surveys 1998/99, Brozena et al. (2003), downloaded from NCEI/NOAA) and raw data used for

gridding (black wiggle traces). Also shown are the magnetic data measured along lines BGR13–207 and –208 as filled wiggle traces (see also Figure 3B). (B) Data

from the CampGM compilation (Gaina et al., 2011).

Frontiers in Earth Science | www.frontiersin.org 4 October 2016 | Volume 4 | Article 91

http://www.frontiersin.org/Earth_Science
http://www.frontiersin.org
http://www.frontiersin.org/Earth_Science/archive


Berglar et al. Initial Opening of the Eurasian Basin

the exposures on northern Svalbard. According to Riefstahl
et al. (2013), the stretched continental crust has been strongly
affected by alkaline magmatism that took place at ∼51 Ma, and
is probably also associated with the high-amplitude magnetic
anomalies described in the northeastern Yermak Plateau. Thus,
it appears plausible that the major portion of the Yermak
Plateau up to 82◦N is underlain by attenuated continental crust.
Also, the basin south of the northeastern Yermak Plateau is
characterized as rifted continental crust by Geissler and Jokat
(2004). Engen et al. (2008) expanded the interpretation of
continental crust and suggested that the outer Yermak Plateau
and the conjugate Morris Jesup Rise also represent protrusions
of stretched continental crust with high amplitude magnetic
anomalies relating tomagmatic intrusions. The Bouguer anomaly
character of the inner Yermak Plateau continues, according to
Engen et al. (2008), into the outer plateau. This is in agreement
with a system of normal faults beneath the continental slope
in a 15–20 km wide transitional area to the deep Nansen
Basin in the north of the Yermak Plateau (Geissler and Jokat,
2004). One successful dredge at a basement high on the central
Yermak Plateau (81◦ 38′N; 15◦ 32′E) revealed meta-sedimentary
rocks, similar to outcropping lithologies along the northernmost
Svalbard coastline (Hellebrand, 2000).

North Barents Sea Continental Margin
Geissler and Jokat (2004) identified two structural boundaries
north of northeastern Svalbard: A hinge zone between the
inner and outer shelf; and a system of normal faults beneath
the continental slope of the North Barents Sea continental
margin. The dislocation in the 15–20 km wide fault zone, with
normal faults dipping at about 20◦, reaches values up to 2000m
(Geissler and Jokat, 2004). Minakov et al. (2012) published a
series of crustal-scale transects illustrating the architecture of
the margin based on sparse seismic reflection lines and gravity
modeling. Their gravity inversion supports a narrow and steep
continent-ocean transition. A free-air gravity anomaly in the
western part of the margin, close to the Yermak Plateau, is
suggested to be caused by the exhumation of the lower crust
and the continental upper mantle within the continent-ocean
transition. They also suggested that an episode of shear or
oblique extension before breakup is required to explain the
observed narrow symmetric conjugate margins in the Eurasian
Basin.

The conjugate continental margin of the Lomonosov Ridge
consists of sets of rotated fault blocks stepping down to the
basin over some tens of kilometers (Cochran et al., 2006;
Langinen et al., 2009). Cochran et al. (2006) concluded from
an extensive study of the Lomonosov Ridge that the continent-
ocean transition zone at the Eurasian flank is much narrower
than observed at other magma-poor margins worldwide. Sparse
refraction seismic data across the Lomonosov Ridge show an
abrupt crustal thinning from more than 25 km Moho depth
beneath the Lomonosov Ridge to ∼15 km in the Amundsen
Basin over a few tens of kilometers (e.g., Artyushkov, 2010), a
finding that is confirmed by regional gravity inversion (Alvey
et al., 2008).

Reflection Seismic and Magnetic Data
The interpretation presented in this study are based on MCS
data, acquired in 2013 during the PANORAMA-1 cruise of the
Federal Institute for Geosciences and Natural Resources (BGR)
with the research vessel OGS Explora.We used a 3600m streamer
with a total of 288 channels and an airgun array of 32.8 liter
working on 140 bar. Shot distance was 25m with a record
length of 10 s. Data processing was carried out in the pre-stack
domain including designature, multiple reduction (srme, TauP
deconvolution, radon multiple prediction, and subtraction),
common reflection surface, Kirchhoff migration, and time
variant bandpass filtering. Magnetic data were measured along
the reflection seismic lines with a towed gradient magnetometer.
This method allows acquisition of variation-corrected data
(Roeser et al., 2002).

RESULTS

The reflection seismic data presented here consist of a composite
section running for about 125 km SW-NE from the northeastern
Yermak Plateau into the Nansen Basin (BGR13-207), and for
about 255 km NW-SE from the Nansen Basin to the North
Barents Sea continental margin (BGR13-208) (Figure 1). The
data depict the south-westernmost area of the Nansen Basin,
which is a key region for understanding the initial opening
of the Eurasian Basin, i.e., the detachment of the Lomonosov
Ridge from the then adjunct Yermak Plateau and Morris Jesup
Rise. They allows us a comparison of the continental margin
types of the eastern Yermak Plateau and the North Barents
Sea continental margin, as well as an interpretation of the
sedimentary units.

Seismic Stratigraphy
For the sedimentary strata, we adopted the seismic stratigraphic
units established by Engen et al. (2009), and tied our data to
their interpretation of seismic line NPD-POLAR-16. Engen et al.
(2009) divide the sedimentary strata of the Nansen Basin into
four main units which we also identified in our seismic data
(Figure 3B): Units NB-1A and NB-1B were deposited during
the time interval from the opening of the Eurasian Basin until
the separation of the Yermak Plateau and Morris Jesup Rise.
The sediments of unit NB-1A were deposited during the initial
opening, showing onlapping and draping of the underlying
basement. This is followed by unit NB-2 deposited during the
opening of the Fram Strait, which was the lastmajor plate tectonic
event before the establishment of the present regime in this area.
Unit NB-3 represents sediments from this time until the onset of
intensified glaciomarine deposition at about 2.6 Ma (Engen et al.,
2009), named units NB-4A and NB-4B.

Next to the Yermak Plateau, we identified in addition the
sedimentary unit NB-0 (Figure 4), underlying unit NB-1A. It
is bounded at the top by a distinct unconformity, and the
overlying reflectors of unit NB-1A onlap this unconformity.
The maximum thickness is about 1.5 s (TWT), and this
unit is characterized by a hummocky to contorted reflection
pattern with upwards increasing continuity. Below unit NB-
0, distinct southwest dipping reflectors indicate the top of
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FIGURE 3 | Composite MCS line depicting the northeastern Yermak Plateau, the southwestern part of the Nansen Basin, and the North Barents Sea

continental margin. The location is shown in Figure 1. (A) Reflection seismic sections BGR13–207 and −208. (B) Magnetic data measured along the composite

MCS line. Data gap is present because of instrument recovery due to ice conditions. (C) Interpreted section with magnetic anomaly identifications from Brozena et al.

(2003). At the line tie a basement high with distinct high amplitude reflections might be exhumed mantle material. The transition to the Barents Shelf is comparatively

narrow and steep. (D) Interpreted section with lower vertical exaggeration (∼3) to better depict the geometry of the basement structures.
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FIGURE 4 | Zoom of the continental margin east of the Yermak Plateau shown in Figure 3. Rift basins developed above rotated basement blocks which are

covered by unit NB-0, indicating later subsidence. The steep faults above, affecting units NB-0, NB-1A, and NB1-B, with upwards decreasing deformation, are

caused by a transpressional regime ending during deposition of unit NB-1B.

rotated fault blocks forming half grabens. These half grabens
are filled by the wedge-shaped unit “syn-rift” (Figure 4),
characterized by a contorted reflection pattern. This unit is
bounded at the top by an unconformity indicated by toplaps

visible in some places (e.g., Figure 4, km 45–55). Smaller-
scale compressional faulting affects the sedimentary units
from unit “syn-rift” to unit NB-1B, with upwards decreasing
intensity.
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Structural Interpretation
From the west to the east we divide the composite section into
three characteristic basement domains (Figure 3A):

(I) The most striking observation at the Yermak Plateau
margin is an∼80 km wide domain of horizontal extension,
made up of tilted basement blocks forming half graben
structures (Figure 4). The domain is bounded to the west
by the Yermak Plateau and to the east by a basement high
with a distinct high impedance reflectivity. Using solely
multi-channel seismic data, it is difficult to conclusively
define the nature of the basement (Klimke et al., in press).
However, the fabric of the oceanic crust in the abyssal
plain is typically quite distinct from the block-faulted
fabric of the continental domain (e.g., Taylor et al., 1999;
Franke et al., 2011; Peron-Pinvidic et al., 2013). By analogy
with the well-studied magma-poor margins of Iberia (e.g.,
Whitmarsh et al., 2001; Manatschal, 2004; Peron-Pinvidic
et al., 2013), East India (Haupert et al., 2016), the South
China Sea (e.g., Cullen et al., 2010; Franke et al., 2014; Ding
et al., 2016), and southern Australia (Gillard et al., 2015),
we suggest that the basement blocks are of continental
origin. The basement blocks decrease in size toward the
east, and we interpret these as continental crustal ribbons
formed during the break-up of the Yermak Plateau and
the Lomonosov Ridge. The detachment is interpreted
as running along the top of the structure that forms a
basement high further seaward. Thus, the Yermak Plateau
margin is interpreted here as a rifted continental domain.
An end-rift unconformity may be inferred, which seals
the structures that formed during extensional deformation.
After rifting, deposition of unit NB-0 indicates a phase
of subsidence or sag. Further subsidence is indicated by
the onlapping of unit NB-1A. A phase of smaller-scale
compressive deformation affected the sedimentary units up
to unit NB-1B, with upwards decreasing intensity, at about
the Eocene-Oligocene transition, which is interpreted as
transpression resulting from the northward movement of
the Gakkel Ridge along the Yermak Plateau.

(II) Further to the east into the Nansen Basin, a basement
high characterized by high impedance reflectivity is present
(Figure 3B, km 110–150). From km 150–240 the basement
is slightly deeper and has a lower reflectivity. Brittle
deformation of the basement is indicated by small-scale
normal faulting. Internal reflectivity is low, and a low
frequency reflector about 1.8 s (TWT) below the basement
reflector might represent the seismic Moho (km 170–220),
thus indicating thin oceanic crust. The distinct reflectivity
of the basement high, and its westward dipping to below
tilted basement blocks, suggest an exhumation of mantle
material during break-up, similar to that discovered and
proved by scientific drilling along the Iberia magma-
poor continental margin (e.g., Whitmarsh et al., 2001;
Sibuet et al., 2007). Magnetic anomalies (Figures 2A, 3)
are interpreted by Brozena et al. (2003) at the location
of this proposed exhumed mantle, and might have
developed during serpentinization. It is well known that

mantle peridotite ridges can acquire significant amounts of
magnetization during serpentinization, and can thus mimic
linear magnetic anomalies (Sibuet et al., 2007).

(III) The North Barents Sea continental margin is characterized
by narrow tilted basement blocks below a steep slope
up to the shelf (Figure 5). Deeply penetrating faults are
present along the margin at the boundary to the oceanic
domain. The basement at the slope exhibits little internal
reflectivity (partially because of the crossing of the seafloor
multiple). In the seaward direction, disrupted basement
blocks developed before the deposition of unit NB-1A
(Figures 3, 5, km 240–280). The nature of the basement
in this area is unclear. There are no indications for listric
faulting or syn-tectonic sedimentation. In combination
with the low frequency, high amplitude reflectivity this
might indicate mafic or peridodite basement composition.
Independent from the basement origin, the seismic data
in this area (Figures 3C, 5) reveal that the transition from
oceanic to continental crust is narrow: At maximum 40 km
on our line, which runs at an oblique angle to the shelf.

Differences between the North Barents
Sea and Yermak Plateau Margins
In terms of seismic stratigraphy (Figure 6), unit NB-0 is
exclusively developed next to the Yermak Plateau (Figure 4).
This unit, with a thickness of up to 1.5 s (TWT, ∼3 km), covers
the rift basins and is, from a confident tracing of the overlying
sedimentary successions, interpreted as being significantly earlier
deposited than the draping sedimentary units in the study area
(Figure 3). This unit has never been deposited on the Barents
side, because there are no indications for a large-scale erosion
phase. The most distinct difference between the two margins are
the large rift basins at the Yermak Plateau, which are missing
at the North Barents Sea continental margin. These up to 15
km wide basins show indications for syn-tectonic sedimentary
deposition and are bounded by deeply reaching listric normal
faults (Figure 4). Top-lap truncations at the top of the syn-
tectonic infill indicate an erosional phase, as it is widespread
found in rift basins. This architecture is completely at odds
with the North Barents Sea continental margin, where only a
comparatively narrow area has been deformed by horizontal
extension, the deformation is small-scale, and no syn-tectonic
deposition took place at the slope (Figure 5).

DISCUSSION

The Eurekan Deformation Did Not Affect
the Eastern Yermak Plateau
At the NE edge of the Yermak Plateau, our data reveal no
significant compressional deformation. Rather we identify
distinct rotated crustal blocks, interpreted to be bounded by
major listric normal faults. Previously, gravity and magnetic
anomaly lows immediately northeastward of the Yermak Plateau
and Morris Jesup Rise, and trending about perpendicular
to the seafloor spreading direction, have been interpreted
as a major Eurekan fault zone, involving crustal shortening
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FIGURE 5 | Zoom of the continental margin north of the Barents Shelf shown in Figure 3, indicating a very narrow transition from oceanic to

continental crust. Oldest sedimentary unit is NB-1A overlying the oceanic crust and infilling small basins formed by disrupted basement blocks (km 245–275).
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FIGURE 6 | Seismic stratigraphic framework of the westernmost Nansen Basin, and major events affecting the area (modified from Engen et al.,

2009). YP, Yermak Plateau; MJR, Morris Jesup Rise.

(Døssing et al., 2013, 2014) and potentially subduction (Brozena
et al., 2003), as consequence of the Paleogene northward
convergence of Greenland. Plate tectonic models often
compensate for the extension in the Labrador Sea and Baffin
Bay by invoking a northeastward movement of Greenland. The
oldest undisputed seafloor spreading magnetic anomaly in the
Labrador Sea is magnetic chron C27 with an age of ∼61 Ma
(Chalmers and Pulvertaft, 2001) but seafloor spreading may have
begun up to 10 My earlier. While the Eurekan N–S shortening
is well-documented in Ellesmere Island, North Greenland
and western Svalbard, the structural configuration north of
Greenland remain unresolved. The North Greenland transform
margin province includes sedimentary basins under the Wandel
Sea and the Lincoln Sea (Sørensen et al., 2011). Structural
analyses within different areas of the Wandel Hav Mobile Belt

of northeast Greenland suggest that the main compressive
deformation was caused by a comparable dextral transpressive
mechanism. According to von Gosen and Piepjohn (2003), it
is probable that the Wandel Hav Mobile Belt represents the
equivalent of the De Geer Fault Zone along which the Eurasian
plate was dextrally displaced with respect to north Greenland.
Thus, the relative motion between Greenland and Svalbard,
including the Yermak Plateau, was mainly strike-slip with only a
small component of compression (Srivastava, 1985). In addition,
Tegner et al. (2011) found that the compression associated with
the Eurekan deformation had affected the 85–60 Ma volcanic
suite at the northern tip of Greenland—thus indicating that the
late Cretaceous to Paleocene rifting preceded the predominantly
Eocene Eurekan transpressional-compressional deformation.
These interpretations correspond well with our findings that
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Paleocene and Eocene compressional tectonics did not extend
across the Yermak Plateau into the Eurasian Basin. We link the
smaller scale Eocene compressional features, observed in our
seismic section (Figure 4), to the northward displacement of the
Lomonosov Ridge (Figures 7C,D).

The North Barents Sea Continental Margin
Continental rifting and the detachment of a narrow and
elongated crustal splinter, like the Lomonosov Ridge, from
the North Barents Sea continental margin, is not easily
explained given the strength of cold continental lithosphere
that typically exceeds the available forces. Müller et al. (2001)
suggest that prolonged periods of asymmetries in oceanic crustal
accretion, as well as the mechanical and thermal effects of
excess magmatism, are preconditions for detaching fragments
of continental crust. However, as pointed out by Minakov et al.
(2013), the magma-starved evolution of the Eurasian Basin
implies the occurrence of another mechanism to enable the
detachment of the Lomonosov Ridge microcontinent. Their
preferred explanation, underpinned by numerical modeling, is a
combination of strike-slip deformation and shear heating. These
results correspond well with other modeling studies which show
that a narrow zone of deformation, of the kind observed along
the conjugate Lomonosov Ridge and the North Barents Sea
continental margin, indicates highly oblique rifting (e.g., Autin
et al., 2010; Brune et al., 2012).

The architecture of the North Barents Sea continental
margin with a narrow and steep continent-ocean transition

(Geissler and Jokat, 2004; Minakov et al., 2012, this study), and
the mirrored image at the conjugate Eurasian Basin margin
of the Lomonosov Ridge (Cochran et al., 2006; Langinen
et al., 2009) are also indicative of highly oblique movements
during the initial formation of these continental margins,
rather than typical magma-poor extension. Our interpretation
of an initial rift-axis, highly oblique to the later spreading
axis (Figure 7A), is well in accordance with the previous
interpretation of initial strike-slip faulting along the North
Barents Sea continental margin (Minakov et al., 2013). A transfer
fault, segmenting this early rift might have enabled the split off
of the Lomonosov Ridge from the present-day North Barents
Sea continental margin (Figure 7B). In addition such a setting
offers an explanation for the observed narrow continent-ocean
transition zone.

The Early Eurasian Basin—a Rift at a High
Angle to the Present Day Gakkel Ridge
Seafloor Spreading System
In contrast to earlier interpretations, we suggest that spreading
in the Eurasian Basin did not initiate at a triple-junction north of
Greenland between North America, Greenland and Eurasia. Our
single composite reflection seismic line indicate the presence of
a (?) Late Cretaceous to Paleocene rifted continental margin at
the NE edge of the Yermak Plateau (and consequently also at
the Morris Jesup Rise), and highly oblique deformation at the
boundary between the North Barents Sea continental margin to
the north of Svalbard and the Eurasian Basin. By acknowledging

FIGURE 7 | Sketch depicting the tectonic evolution of the western Eurasian Basin (not to scale). (A) Rifting between Yermak Plateau (YP)/Morris Jesup Rise

(MJR) and the Lomonosov Ridge, right-lateral movement between the Barents Shelf and the Lomonosov Ridge (adopted from Minakov et al., 2013). (B) Initiation of

spreading, anomalies C25?/C24 are bent northward between YP/MJR and the Lomonosov Ridge. (C) The northward displacement of the Lomonosov Ridge along

the Yermak Plateau might have resulted in transpression. (D) The Gakkel Ridge has passed the YP, thus right-lateral movement and transpression stopped. The

sketch shows the situation just before break-up of YP and MJR.
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the gravity and magnetic signals running roughly perpendicular
to the seafloor spreading fabric along the NE Yermak Plateau
and Morris Jesup Rise, we speculate that this is in fact the trend
of the rift axis, with the North Barents Sea continental margin
being deformed by a rift transform which is highly oblique to the
present day rift axis. The bend toward the north in the earliest
magnetic isochrons close to the Yermak Plateau, as well as a
prominent bend in the magnetic data between the Morris Jesup
Rise and the Lomonosov Ridge in the Lincoln Sea (Figure 2B,
Brozena et al., 2003; Engen et al., 2008) may be the manifestation
of this early extensional direction. The basement below the small
basin located between the northeastern Yermak Plateau and the
North Barents Sea continental margin (Figure 1) is described as
rifted continental crust (Geissler and Jokat, 2004). The timing of
crustal thinning in this small basin area is unknown, it could also
be related to a later stage of opening of the Eurasian Basin.

Further north, at the transition from the Eurasia to the
Amerasian Basin, a crustal-scale wide-angle refraction seismic
line confirms a northward shallowing of the Moho from the
Lincoln Sea toward the edge of the Lomonosov Ridge (Jackson
et al., 2010). Jackson et al. (2010) propose that the thinning was
inherited from a rifting event prior to seafloor spreading in the
Eurasian Basin. This interpretation of rifting is appealing because
it may be correlated with the Late Cretaceous to Paleocene
alkaline volcanic suites of northern Canada and north Greenland
that probably formed in a failed rift zone preceding seafloor
spreading in the Eurasian Basin (Estrada and Henjes-Kunst,
2004; Tegner et al., 2011). Considering an early extensional
phase with a trend roughly perpendicular to the present day
seafloor spreading fabric in the Eurasian Basin, this speculative
rift might be linked to extension in the Lincoln Sea resulting in
the deposition of the thick sedimentary successions described by
Døssing et al. (2014), and the northward shallowing of the Moho
shown by Jackson et al. (2010).

Being constrained by only a single composite reflection
seismic line, conclusions about the rift architecture are limited.
However, from a geometrical point of view, we suggest the
presence of a highly oblique rift in the earliest stages of the
Eurasian Basin development, probably without the onset of
seafloor spreading. The latter occurred in our view when the
stress regime rotated counterclockwise and enabled opening in
the present direction.

CONCLUSIONS

Multichannel reflection seismic data from the NE Yermak
Plateau and the North Barents Sea continental margin show
an about 80 km wide continental margin at the NE Yermak
Plateau dominated by rotated fault blocks and bounded by major

listric normal faults. The corresponding half-grabens are filled
with syn-rift sedimentary strata. We interpret this structural
setting as the expression of a magma-poor rifted continental
margin. This indicates that this portion of the Yermak Plateau
is underlain by continental crust, similar to the other portions
of the plateau. There are negligible indications for compressional
deformation, and we exclude the possibility of subduction in

this area. We thus conclude that the Late Paleocene and early-
middle Eocene compressional deformation well known from
North Greenland and Svalbard (Eurekan) did not extend across
the Yermak Plateau.

The eastward transition from the rift system into the oceanic
Nansen Basin is formed by a basement high, characterized in
the seismic data by high impedance reflectors, which is possibly
formed by exhumed mantle. At the steep slope of the North
Barents Sea continental margin no rift basins are observed
and only a comparatively narrow area has been deformed by
horizontal extension.

By acknowledging the structural configuration as derived
from the MCS data and the potential field data we speculate
about the presence of a ?Late Cretaceous to Paleocene rift
between the Yermak Plateau and the Lomonosov Ridge, the
latter having been still attached to the Eurasian continent. This
rift is suggested as striking at a high angle to the present-day
seafloor spreading fabric in the Eurasian Basin. We suggest that
the initial formation of the Eurasian Basin took place along
this rift, between the plateaus of the Morris Jesup Rise-Yermak
Plateau and the Lomonosov Ridge, and possibly connected to
shallowing of the Moho in the northern Lincoln Sea. Within this
hypothesis, the later breakup of the Lomonosov Ridge from the
North Barents Sea continental margin initiated by a transform
fault, accommodating the extension of the initial oblique rift. So
far, this conceptual model remains a working hypothesis, based
only on one MCS line and supported by potential field data.
Additional data are necessary to confirm the model.
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