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Abstract—Geomorphological analysis and age correlation of the Late Pliocene—Quaternary regional stages
identified in the ARC1407A seismic section by onlapping the oceanic basement, with the age specified based
on calculations of the position of theoretical linear magnetic anomalies, were carried out. Interpretation of
the ARC1407A seismic time section makes it possible to use the previous seismostratigraphic correlations of
glaciomarine deposits for the western Barents Sea and the northeastern part of the adjacent deep-water basin.
Based on the geomorphological analysis, extended canyon systems were identified in the Nansen Basin and
eastern Amundsen Basin. Significant amounts of sedimentary cover in the Nansen Basin are glaciomarine
sediments deposited since the end-Late Pliocene. In the central Nansen Basin, glaciomarine sediments were
deposited simultaneously from two closely located troughs (Saint Anna and Voronin). Glaciomarine sedi-
ments, transported to the central Nansen Basin cyclically, have a mixed character (underwater landslides and
turbidite flows). In the Amundsen and Podvodnikov basins, glaciomarine deposits began to form in the sec-
ond half of the Middle Neopleistocene.
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INTRODUCTION

The North Arctic Ocean (NAO) includes two
deep-sea (Amerasian and Eurasian) basins separated
by the Lomonosov Ridge. According to the majority
of geologists and geophysicists, the Eurasian Basin
was formed in the Cenozoic due to the spreading of the
North American (Lomonosov Ridge included) and
Eurasian plates (Gaina, 2002; Glebovsky, 2006;
Karasik, 1974; Merkouriev and DeMets, 2014,
Nikishin, 2018; Zayonchek et al., 2023).

The Eurasian Basin is characterized by the pres-
ence of a thick sedimentary cover not only in deep-sea
basins (Castro, 2018; Engen, 2009; Funck, 2022), but
also within the central and eastern parts of the Gakkel
Ridge rift valley up to its junction with the Laptev Sea
rift system (Jokat and Micksch, 2004; Nikishin, 2018;
Rekant and Gusev, 2016; Sekretov, 2002).

A significant part (30—60% of the total thickness)
of the sedimentary cover in the western and central
parts of the Nansen Basin adjacent to the northern
margin of the Barents Sea, as well as in the eastern part
of the basin in the northern Norway—Greenland Basin
adjacent to the western margin of the Barents Sea (Fig. 1),

is composed of Late Pliocene—Quaternary (<2.7 Ma)
glaciomarine deposits (Alexandropoulou et al., 2021;
Amundsen et al., 2011; Engen, 2009; Faleide et al.,
1996; Fiedler and Faleide, 1996; Lasabuda et al., 2021;
Zayonchek and Merkouriev, 2021; Zayonchek et al.,
2023). These rocks were recovered by boreholes (Fig. 1)
drilled on the western continental margin of the Bar-
ents Sea, within the northern Norway—Greenland
Basin and on the Yermak Plateau, which made it pos-
sible to accomplish their stratigraphic and seis-
mostratigraphic correlations (Alexandropoulou et al.,
2021; Butt et al., 2000; Channell et al., 1999; Eidvin
and Nagy, 1999; Faleide et al., 1996; Forsberg et al.,
1999; Geissler and Jokat, 2004; Jansen et al., 1996;
Knies et al., 2009; Mattingsdal et al., 2014; Medvedev
et al., 2023; Myhre et al., 1995; Rebesco et al., 2014).

When interpreting seismic data on the western part
of the Nansen Basin in the Eurasian glaciomarine
basin, Late Pliocene—Quaternary deposits were dis-
tinguished based on their correlation with sections of
boreholes drilled on the Yermak Plateau, where two
seismic complexes, separated by a boundary with an
age of ~1.5 Ma, were identified (Engen, 2009). The
purpose of present study is to accomplish a more
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Fig. 1. Review scheme of the floor in the Eurasian and northern Norway—Greenland basins (Zayonchek et al., 2023) modified
after (Alexandropoulou et al., 2021; Knies et al., 2009; Lasabuda et al., 2021; Malyshev, 2023; Zayonchek and Merkouriev, 2021).
Based on the IBCAO digital model of the relief, v. 4 (Jackobson, 2020).

Abbreviations: (NP) North Pole; (SB) Spitsbergen Archipelago; (FJL) Franz Josef Land Archipelago; (SZ) Severnaya Zemlya
Archipelago; (NSI) New Siberian Islands; (YP) Yermak Plateau; (MJR) Morris Jesup Rise.

(I) Bear Island Trough; (IT) Orel Trough; (I11) Franz Victoria Trench; (IV) Saint Anna Trench; (V) Voronin Trench. (1—-3) Posi-
tion of boreholes: (1) deep-water, (2) exploration, (3) shallow stratigraphic; (4) main directions of the transport of glaciomarine
sediments; (5) isobaths 500, 2500, 3190, 3600, and 3800 m; (6—8) position of seismic profiles: (6) AWI (Germany), (7) ARC
(Russia), (8) ARC1407A (Russia); (9—11) contours for the calculation of gegomorphological characteristics: (9) Amundsen Basin,
(10, 11) western and eastern parts of the Nansen Basin; (12) ratio of volumes of Cenozoic sedimentary rocks in the shelf-slope
and deep-water basins: yellow color designates sediment age <~2.7 Ma (glaciomarine), pale brown, from ~57 to >~2.7 Ma (pre-

glaciomarine).

detailed subdivision of glaciomarine deposits using the
interpretation of seismic profile ARCI1407A as exam-
ple.

ANALYSIS OF PREVIOUS
SEISMOSTRATIGRAPHIC CORRELATIONS
OF GLACIOMARINE DEPOSITS

The correlation was performed for the southwest-
ern Eurasian Basin and Norway—Greenland segment
of the North Atlantic Ocean, which began to form in
the Early Cenozoic (~55 Ma BP) due to pull-apart of
the Eurasian and Greenland (North American starting
from ~33 Ma) lithospheric plates (Engen, 2008;
Faleide 1996; Gaina, 2002). The northern Norway—
Greenland Basin accommodates the mid-oceanic
Knipovich and Mohn ridges, which separate the Lofo-
ten and Greenland basins (Fig. 1). Numerous seismic
studies, starting from the western continental margin
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of the Barents Sea toward the northern segment of the
Mohn Ridge and the Knipovich Ridge, have recorded
the presence of a thick sedimentary cover (up to ~6 km)
overlying the crust of transitional and oceanic types on
the continental slope and in the northeastern Nor-
way—Greenland Basin (Alexandropoulou et al., 2021;
Amundsen et al., 2011; Engen, 2009; Faleide et al.,
1996; Fiedler and Faleide, 1996; Lasabuda et al.,
2021). These rocks were recovered by deep-sea drilling
and exploration boreholes on the western continental
margin of the Barents Sea (Alexandropoulou et al.,
2021; Butt et al., 2000; Channell et al., 1999; Eidvin
and Nagy, 1999; Forsberg et al., 1999; Jansen et al.,
1996; Geissler and Jokat, 2004; Knights et al., 2009;
Myhre et al., 1995; Rebesco et al., 2014).

The seismostratigraphic analysis of Late Plio-
cene—Quaternary glaciomarine deposits (Fig. 2),
which make up 30—60% of the total sedimentary cover
thickness, allowed us to identify three seismic com-
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Fig. 2. Comparison of the seismostratigraphic correlation of glaciomarine deposits (since Late Pliocene) at the western margin
of the Barents Sea and in adjacent areas of deep-water basins with the results of seismic profile ARC1407A interpretation. Com-
piled after (Alexandropoulou et al., 2021; Faleide 1996; Knies et al., 2009; Zayonchek et al., 2023). Based on the IBCAO digital

model of relief, v. 4 (Jackobson, 2020).

plexes (Faleide et al., 1996; Fiedler and Faleide, 1996)
reflecting the main phases of glacial erosion and sedi-
mentation: GI (2.7—1.5 Ma), GII (1.5—-0.2 Ma), and
GIII (<0.2 Ma), based on the corrected age correla-
tion in (Alexandropoulou et al., 2021).

Later, based on the analysis of clay minerals from
the glacial debris (Knies et al., 2009) and 3D seismic
exploration data (Laberg et al., 2010), researchers pro-
posed models suggesting three main stages of ice sheet
development in the Barents Sea in the Pliocene—
Pleistocene (Figs. 3a—3b). The first stage was marked
by the initial phase of ice sheet formation in the Late
Pliocene—Early Pleistocene (~3.5—2.4 Ma BP). This
period was likely limited by the coastline of mainland
Norway in the southern area of the continental ice
sheet. In the north, the ice cover occupied the Spits-
bergen and Frantz Josef Land archipelagos and the
spaces between them. In the east, it was located on the
Novaya Zemlya Archipelago. During this period,
channels (modern troughs and trenches on the Bar-
ents Sea shelf) promoted the large-scale transport of
sediments on an ice-free continental slope (Andreas-
sen et al., 2004; Laberg et al., 2010). At the second
stage, the ice cover expanded in the Early and Middle
Pleistocene (~2.4—1 Ma BP), resulting in the forma-
tion of the single Barents—Kara ice sheet. This is indi-
cated by a gradual decrease in the amount of smectite-
rich sedimentary material delivered by the Siberian
rivers due to the “blocking” of rivers by land ice (Knies
et al., 2009). The development of a larger glaciation in
the Early—Middle Pleistocene is also suggested by the
regional 2D and detailed 3D seismic studies in the
southwestern Barents Sea, suggesting glaciogenic
mudflows on paleoslopes (Andreassen et al., 2007;
Laberget al., 2010), and by the evidence of large-scale
movements along the western margin of the Barents
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Sea (Alexandropoulou et al., 2021; Faleide et al.,
1996; Hjelstuen et al., 2007; Knies et al., 2009). At the
final stage of the Middle Pleistocene (~0.8 Ma BP),
the Barents—Kara ice sweet merged with the conti-
nental sheets synchronously with the global glaciation
(Mudelsee and Stattegger, 1997) and a sea level drop
by 20—30 m (Kitamura and Kawagoe, 2006).

The subsequent stratigraphic studies based on
drilling results, including data on the Yermak Plateau
(Alexandropoulou et al., 2021; Channell et al., 1999;
Dessandieret al., 2021; Knies et al., 2009; Mattingsdal
et al., 2014) and the interpretation of significant vol-
umes of new 2D (Alexandropoulou et al., 2021; Knies
etal., 2009) and 3D (Harishidayat et al., 2021) seismic
data made it possible to identify additional reference
horizons passing within seismic complexes (Fig. 2)
and to refine the models of ice sheet development
within the western Barents Sea (Figs. 3d—3f). The
seismic studies clearly established the transport of sed-
iments into the adjacent deepwater basin from the
troughs located in the western Barents Sea. Intensity
of the sedimentary material input allowed the gla-
ciomarine sediments to reach the modern rift valley of
Knipovich Ridge, where deposits up to 330 m thick
were formed (Amundsen et al., 2011). The maximum
transport into the Lofoten Basin was accomplished via
the Bear Island Trough (Alexandropoulou et al., 2021;
Faleide et al., 1996; Fiedler and Faleide, 1996;
Lasabuda et al., 2021), which represented the most
significant pathway within the Barents Sea (Figs. 1, 3).
The modern Bear Island Trough is a transverse (rela-
tive to shelf) about 250 km wide trough formed as a
result of numerous phases of ice flow movements and
erosion in the Pleistocene (Batchelor and Dowde-
swell, 2014; Vorren and Laberg, 1997). During periods
of maximum ice cover expansion, ice flows from the
Vol. 60
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Fig. 3. Model of main stages of the development of ice sheet in the Barents Sea and adjacent areas since Late Pliocene. Based on
the IBCAO digital model of relief, v. 4 (Jakobsson et al., 2020). Compiled after (Alexandropoulou et al., 2021; Amundsen et al.,
2011; Bruvoll et al., 2009; Faleide, 1996; Gusev and Shkarubo, 2001; Knies et al., 2009; Safronova et al., 2017).

(a, d) Stage 1: (a) ~3.5—2.4 Ma BP, according to Knies et al., 2009), (d) ~2.7—1.5 Ma BP, according to (Alexandropoulou et al.,
2021); (b, e) stage 2: (b) ~2.4—1.0 Ma BP, according to Knies et al., 2009), (e ) ~1.5—0.42 Ma BP, according to (Alexandropoulou
etal., 2021); (c, f) stage 3 (c) <~1.0 Ma BP, according to (Knies et al., 2009), (f) < ~0.42 Ma BP, according to (Alexandropoulou
et al., 2021). Abbreviations: (SC) Scandinavia; (SB) Spitsbergen Archipelago; (FJL) Franz Josef Land Archipelago; (SZ)Sever-
naya Zemlya Archipelago; (NZ) Novaya Zemlya Archipelago, (NSI) New Siberian Islands. (I) Bear Island Trough; (II) Orel
Trough; (I11) Franz Victoria Trench; (IV) Saint Anna Trench; (V) Voronin Trench. (1) Terrain of the maximum ice sheet devel-
opment; (2) terrain of the minimum ice sheet development; (3, 4) terrain of the maximum ice sheet development during (Ma BP):
(3) ~2.7 to ~2.58, (4) ~1.95 to 1.5; (5—7) position of seismic profiles: (5) AWI (Germany), (6) ARC (Russia), (7) ARCI1407A
(Russia); (8, 9) terrain of glaciomarine deposits: (8) based on seismic data on rift valleys in the Knipovich and Mohn Ridges,
according to (Amundsen et al., 2011; Bruvoll et al, 2009; Gusev and Shkarubo, 2001); (9) contour of Pliocene—Pleistocene land-

falls in the northeastern Norway—Greenland Basin (semi-transparent shading), according to (Safronova et al., 2017).

Bear Island Ice Stream transported significant vol-
umes of deformed subglacial sediments to the shelf
edge, which were deposited in the upper part of the
continental slope as lobe sediments or “glacial debris
flows” (Andreassen et al., 2007; Laberg et al., 2010;
Safronova et al., 2017). The accumulation of this
material led to the development of a large glacial-sed-
imentary depocenter or estuarine Bear Island Trough
Fan (Vorrena and Laberg, 1997; Waage et al., 2018).
The Bear Island Trough Fan (about 350,000 km?) is
one of the largest trough fans in the world (Batchelor
and Dowdeswell, 2014). The sediments and morphol-
ogies, retained in this depocenter, indicate glacial pro-
cesses in the southwestern Barents Sea during the
Quaternary.

Intensity of the transport was so significant that
glaciomarine deposits reached the northern Mohn
Ridge (Bruvoll et al., 2009), located about 220 km
from the Bear Island Trough mouth (Figs. 1, 3). On
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the southwestern wall of the trough, an exploration
borehole 7216/11-18S (sea depth 361 m) was drilled and
a significant amount of 3D seismic exploration was
accomplished (Harishidayat et al., 2021; Laberg et al.,
2010; Waage et al., 2018). In the sampling interval,
biostratigraphic methods have established that the
Pliocene/Pleistocene boundary, located at 1500—
1600 mbsf (Knies et al., 2009), is recognized on the
seismic record as a reflection at ~1.76 s (two-way trav-
eltime of indicated seismic reflection hereinafter). The
boundary of the glaciomarine stage beginning (Fig. 2,
R7 2.7 Ma BP) has not been established directly by
biostratigraphic methods in this borehole. However,
based on the seismic correlation, the boundary is identi-
fied as a reference horizon at ~2.2 s; i.e., total thickness of
sediments younger than 2.7 Ma is ~1800 m.

The transitional Barents/Kara boundary area
accommodates the Saint Anna Trough, which is com-
parable in scale to the Bear Island Trough. Therefore,
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we assume that the observed local rise on the conti-
nental slope, located opposite the trough, is related to
the transport of significant volumes of glaciomarine
sediments (Faleide et al., 1996; Lasabuda et al., 2021;
Medvedev et al., 2023). Interpretation of seismic pro-
file ARC1407A, located near the Saint Anna Trough
mouth opposite the western Voronin Trough, con-
firmed this assumption (Zayonchek et al., 2023) and
revealed that the glaciomarine sediments near the
continental margin, as well as opposite the Bear Island
Trough, can reach ~60% of the total sedimentary
cover thickness (Fig. 1).

INITIAL DATA

We used the International Bathymetric Chart of
the Arctic Ocean, Version 4.0, resolution 200 X 200 m
(Jakobson et al., 2020) (without the Greenland ice
sheet) as a bathymetric basis. The data used for com-
piling the digital model (DM) of the Eurasian Basin is
analyzed in (Zayonchek et al., 2023). The above work
also presents calculations of the theoretical position of
linear anomaly axes, theoretical age of the oceanic
crust, and results of the seismic profile ARC1407A
interpretation.

GEOMORPHOLOGICAL ANALYSIS

The fan-shaped apron of glaciomarine sedimen-
tary material transported from troughs in the western
Barents Sea is clearly expressed in the elevation of the
bottom relief (Fig. 1). In the Eurasian Basin, which is
divided into two basins by the mid-oceanic Gakkel
Ridge, a similar elevation is recorded in the Nansen
Basin and in the Laptev Sea part of the Amundsen
Basin (Fig. 1). The Eurasian Basin has a prominent
wedge-shaped morphology that narrows toward the
continental margin of the Laptev Sea due to poles of
the opening of the Eurasian and North American
plates located close to the coast (Glebovsky et al.,
2006; Merkouriev, 2014). An exception to the general
narrowing of the Eurasian Basin toward the continen-
tal margin of the Laptev Sea is observed only in the
westernmost narrow, Morris Jesup Rise/Yermak Pla-
teau segment, which began to open much later (Gle-
bovsky et al., 2006; Zayonchek et al., 2023). The basin
width is ~650 km opposite the Spitsbergen Archipel-
ago, ~650 km along seismic profile ARC1407A, and
~530 km opposite the Severnaya Zemlya Archipelago.

One of the most striking features of the Eurasian
Basin is the depth asymmetry of the bottom of deep-
sea basins (Fig. 1). The intermontane depressions in
cis-rift mountains of the Gakkel Ridge in the central
and eastern parts of the basin are covered by a thick
sedimentary cover that also extends into the rift valley
noted in the seismic record (Jokat and Micksch, 2004;
Nikishin et al., 2018; Zayonchek et al., 2023). There-
fore, when studying the whole area rather than indi-
vidual seismic profiles, there is some uncertainty in
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identifying the boundaries separating the ridges and
basins, and it is impossible to accomplish a rigorous
statistical analysis of comparisons of the basin depth.

Therefore, it is logical to draw the boundary along
the modern opening axis—center of the Gakkel Ridge
rift valley. In this case, identification of the Amundsen
and Nansen basins will be conditional, since the cis-
rift mountains and a part of the Gakkel Ridge rift val-
ley will fall into the basins, but this is not essential for
the comparative statistical analysis because of the fol-
lowing reasons:

— since the opening axis runs approximately along
the rift valley center, one of its walls will be taken into
account in assessing the Amundsen Basin relief and
the second wall be included in the Nansen basin, cre-
ating a balancing influence on the statistics;

— on the contrary, discrepancy in the thickness of
sediments in the cis-rift parts of the basins will be
manifested, resulting in statistically different values of
the basement depth.

Quite often, during regional studies, the opening
axis is drawn along the axis of the minimum free air
gravity anomalies in the above the rift valley. We gave
priority to the IBCAO v.4 relief data supplemented
with the multibeam echosounder data (except for the
easternmost section). Compilations of gravity anoma-
lies for the Arctic were smoothed (Zayonchek et al.,
2023). For areas with minor displacements of the rift
valley and for the easternmost part of the Eurasian
Basin, preference was given to gravity anomalies
according to the WGM-2012 project data (Bonvalot
etal., 2012). The position of the continent—ocean
boundary (COB) from the Barents—Kara margin and
Lomonosov Ridge was determined by gravity field
anomalies (Zayonchek et al., 2023).

Such a definition of COB, especially in areas with
smoothed relief of the continental margins, is rather
arbitrary, but it allowed us to outline contours as a first
approximation the conditional Amundsen and Nan-
sen basins (Fig. 1), within which the statistical calcu-
lations were accomplished. The results, presented as
bar charts (Fig. 4), show discrepancies in the depths
and nature of their distribution. For the Amundsen
Basin, the average depth of 4010 m is clearly recorded
as a single peak in the region of 4320 m against the
background of a regional lowering of relief in the range
of 4180—4380 m (Fig. 4a). For the Nansen Basin as a
whole, the average depth is 3360 m, which is 650 m
less than for the Amundsen Basin. In the deep-sea
part, between 3780 and 4020 m, the bar chart shows
three local peaks and two distinct narrow peaks at 3190
and 3600 m (Fig. 4b), indicating an internal asymme-
try of depths. In the central Nansen Basin, the bound-
ary of its western and eastern regions is quite clearly
recorded by the submeridional segment of isobath
3800 m (Fig. 1). For the western Nansen Basin, the
average depth is 3715 m, and the range of 3800—4020 m
includes two peaks at 3860 and 4000 m (Fig. 4c). In
Vol. 60
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Fig. 4. Bar charts of depths in the Eurasian Basin (calculation contours are given in Fig. 1). (a) Nansen Basin, (b) Amundsen
Basin, (c) eastern Nansen Basin, (d) western Nansen Basin. Calculations are based on the matrix of IBCAO v.4.0 (Jakobsson

et al., 2020).

the Nansen Basin, the average depth is 3170 m and
three peaks (3190, 3600, and 3800 m) are recorded
(Fig. 4d). A visual analysis of the identified statistical
peaks (Fig. 1) suggests the following conclusions.

1. The 3800-m isobath delineates the Gakkel Ridge
rift valley approximately up to seismic profile ARC
024, which records a sufficiently thick sedimentary
cover within the rift valley (Nikishin et al., 2018). In
the Amundsen Basin, the 3800-m isobath records its
deep-water part. It is separated by cis-rift mountains
of the Gakkel Ridge from the south and by the
Lomonosov Ridge foothill in the north. In the western
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Nansen Basin, a similar pattern of separation of the
deepwater part from the rift is observed, but the conti-
nental slope is significantly gentler than in the
Amundsen Basin on the Lomonosov Ridge side and
much longer.

2. The 3600-m isobath actually divides the eastern
Nansen Basin into two parts: the deepwater one lying
between isobaths 3600—3820 m, and the offshore part
lying between isobaths 3190—3600 m. In the eastern
Nansen Basin, individual peaks of the cis-rift moun-
tains form local and narrow chains extending along the
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Fig. 5. Schematic slope angles in the Eurasian Basin and adjacent areas of the shelf, continental slope, and Lomonosov Ridge.
Calculations are based on IBCAO v.4.0 values (Jakobsson et al., 2020). Abbreviations as in Fig. 1: (NP) North Pole; (SB) Spits-
bergen Archipelago; (FJL) Franz Josef Land Archipelago; (SZ) Severnaya Zemlya Archipelago; (YP) Yermak Plateau; (MJ)
Morris Jesup Rise; (A) artefacts. (I) Orel Trough; (II) Franz Victoria Trough; (III) Saint Anna Trough; (IV) Voronin Trough.
(1) Position of borehole ACEX; (2) isobaths 250, 500, 2500, 3190, 3600, and 3800 m; (2) position of seismic profile ARC1407A

(Russia).

rift valley, indicating the filling of intermontane
depressions with sediments.

The slope angles suggest the division of the Bar-
ents—Kara continental slope into several segments and
its significant continuation into the Nansen Basin
(Fig. 5). The western segment (between the eastern
Spitsbergen Archipelago and Franz Josef Land Archi-
pelago) is characterized in the upper part of the slope
by significant slope angles (>15°), which decrease
slightly opposite the Franz Victoria Trench marked by
the formation of several terraces. Opposite the Saint
Anna and Voronin troughs, the slope angle decreases
(maximum 11°). After a series of terraces, the farthest
slope portion in the northern direction with average
slope angles of ~2°—3° (up to 3600-m isobaths) is
located already in a deep-water basin. From the east-
ern end of the Voronin Trench to the beginning of the
Laptev Sea slope, the slope angle increases at the
beginning and a series of terraces are recorded in the
northern direction.

In the Amundsen Basin, slope angles record the
Lomonosov Ridge slope and suggest a system of
underwater canyons roughly perpendicular to the
Laptev Sea continental margin.

LITHOLOGY AND MINERAL RESOURCES

One of the basic elements of geomorphological
slope analysis is the calculation of the LS factor, which
is a combination of the slope angle and its length.
Since the IBCAO v. 4 digital model is a compilation of
completely different data sets (Zayonchek et al.,
2023), we limited our calculations to using one of the
basic methods described in (Moore and Neiber, 1989).
The calculation results (Fig. 6) establish the continua-
tion of the underwater canyon systems starting on the
slope and continuing into the deep-water part of
basins. The figure shows an “overlap” of two direc-
tions north of the Franz Victoria Trough. The first
northern direction starts from the continental slope
edge, approximately corresponding to the 500-m iso-
bath, continues on the slope and in the deep-sea basin
(depth >3190 m). In the eastern part, opposite the
Franz Josef Land Archipelago, this direction is “trun-
cated” by another underwater canyon system, which
shows a northwestward direction and begins in the
deep part as the western continuation of the system
opposite the Saint Anna and Voronin troughs.
Directly in the center of the Saint Anna Trough, the
system can be traced back to the cis-rift mountains
and has a length of about 400 km (Fig. 6).
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Fig. 6. Relationship of slope angles and slope lengths (LS-Factor) in the Eurasian Basin and adjacent areas of the shelf, continen-
tal slope, and Lomonosov Ridge (psudoshadow presentation. Backlight angle 45 degr). Calculations are based on the matrix of
IBCAO v.4.0 values (Jakobsson et al., 2020). Abbreviations: (NP) North Pole; (SB) Spitsbergen Archipelago; (FJL) Franz Josef
Land Archipelago; (SZ) Severnaya Zemlya Archipelago; (NSI) New Siberian Islands; (YP) Yermak Plateau; (MJ) Morris Jesup
Rise; (C) canyons. (I) Orel Trough; (I1) Franz Victoria Trough; (III) Saint Anna Trough; (IV) Voronin Trough. (1) Isobaths 250,
500, 2500, 3190, 3600, and 3800 m; (2) position of seismic profile ARC1407A (Russia).

A different arrangement of canyon systems is
observed in eastern parts of the Nansen and Amund-
sen basins. On the western Laptev Sea continental
slope toward the Nansen Basin, a well-developed sys-
tem of underwater canyons is traced clearly from the
continental slope, located at depths of <500 m, to iso-
baths of 3190 m. On the western Laptev Sea continen-
tal slope toward the Amundsen Basin (AM), the
underwater canyon system is not so obvious, but it
crosses the 3190-m isobath and is clearly traced west-
ward in the deep-water basin. The distance from the
slope edge to its disappearance site is approximately
600 km (Fig. 6).

In (Rekant et al., 2020), based on small slope
angles, the mechanism of large-scale transport of ter-
rigenous sediments from continental margins of the
Barents—Kara and Laptev Sea into the deep-water
basin is denied. Instead, the presence of thick sedi-
mentary rocks is explained by the pelagic type of sedi-
mentation in the Eurasian Basin. The distance from
the Voronin trough center to the central Gakkel Ridge,
where thick sedimentary rocks are recorded in the rift
valley, is ~370 km. (Fig. 1). The underwater canyon
system continues up to the cis-rift mountains (Fig. 6).
In the eastern Amundsen Basin, the domain of sedi-
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ment input from the Laptev Sea continental margin is
limited to a distance of 70 km (Rekant et al., 2021),
which is about 8.5 times less than the length of the
modern underwater canyon system (Fig. 6).

The geomorphological analysis revealed a signifi-
cant input of sediments from the Barents—Kara mar-
gin into the Nansen Basin and from the Laptev Sea
into the eastern Amundsen Basin.

SEISMOSTRATIGRAPHIC CORRELATION
OF GLACIOMARINE DEPOSITS (<2.7 Ma)
AND ARCI1407A SEISMIC PROFILE

If boreholes are lacking, the seismostratigraphic
correlation of the sedimentary cover in spreading
basins is based on the following principle: sediments
older than those in the underlying oceanic crust can-
not be formed. This principle was used widely for
determining the age of sedimentary sequences in the
Eurasian Basin by identifying the overlap points (clos-
est to the rift valley) of the reference reflecting hori-
zons (RH) on the oceanic basement. The basement
age was based on results of the identification of axes of
linear magnetic anomalies (Engen, 2009; Nikishin
et al., 2018) or calculations of the theoretical age of the
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Table 1. Position of poles of the half angular opening of the North American and Eurasian plates, according to (Merkouriev

and De Mets, 2014)

Magnetic Age, Opening poles Half angular |Seismostratigrap Note
chrons Ma latitude, deg | longitude, deg opening hic reference
0.2 R1
0.42 R2 Linear interpretation
Ino 0.773 —60.32 320.4 0.0790 R3
0.99 R4 Linear interpretation
1.5 R5 Linear interpretation
2ny 1.775 —63.65 315.8 0.1815 R6
2An.ly 2.595 —63.81 318.16 0.2690
2.7 R7 Linear interpretation
2An.30 3.596 —62.94 319.02 0.3720
3n.ly 4.187 —62.38 317.91 0.4290

End of chrons—(y) young, beginning of chrons—o. The half angular opening was obtained by the twofold reduction of opening angles.
Seismostratigraphic correlation and indexation of RH, according to (Alexandropoulou et al., 2021; Faleide et al., 1996). Age, according

to the GTS2020 geochronological scale (Gradstein et al., 2020).

oceanic basement (Zayonchek et al., 2023). The Eur-
asian Basin is provided with only a few seismic profiles
starting from the continental margin and crossing or
ending in the Gakkel Ridge rift valley (Fig. 1). Unfor-
tunately, in the central part of the basin, seismic pro-
files are laid out in such a way that they intersect the
rift mountains on the ridge, and do not pass over inter-
montane depressions, hampering a direct correlation
of the RHs or their portions from the basins the rift
valley of the ridge.

Theoretical calculations of the oceanic crust age
remain the only correlation method in such case. In
(Amundsen et al., 2011), results of the seismostrati-
graphic correlation of glaciomarine deposits in the
Knipovich Ridge rift valley, which reached this area
during the main stages of transport from the shelf zone
(GI, GIlI, and GIII, Fig. 1), were compared with the-
oretical calculations of the oceanic crust age based on
the average half-rate of the Knipovich Ridge opening.
In the present work, calculations of the theoretical
position of the axes of linear anomalies (TLMA) were
based on the position of rotation poles of the North
American and Eurasian plates and the opening angles
adopted from (Merkouriev, 2014) (Table 1).

The seismostratigraphic correlation of seismic pro-
file ARC1407A is shown in Figs. 7a, 7b, and Appendix 1.
The position of TLMA and the corresponding age are
shown above the seismic section. For the convenience
of comparison, the general indexing of seismic com-
plexes is adopted from (Zayonchek et al., 2023).

The position of the modern spreading center, rela-
tive to which the calculations were carried out, is bor-
rowed from (Zayonchek et al., 2023) showing a local
rise, which can be identified as neovolcano based on
the seismic record, at the rift valley center rise. The age
of some RHs, determined for the western and north-
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western margins of the Barents Sea and adjacent deep-
sea basins (Fig. 2), does not fit the boundaries of the
magnetic polarity chrons. Therefore, points of the the-
oretical oceanic crust age (~0.42 (R2), ~0.99 (R4),
and ~2.7 (R7) Ma) were determined by the linear
interpolation. The position of TLMA (Fig. 7a) and
their age older than Chron 3An.ly (~6 Ma) is adopted
from (Zayonchek et al., 2023). The position of TLMA
and their age younger than Chron 3An.ly (~6 Ma) are
determined in the present work (Fig. 7b, Appendix 1).

If we accept results of the seismostratigraphic cor-
relation of glaciomarine deposits in the northeastern
Norway—Greenland Basin (Fig. 2), the age of a part of
RH identified within the Gakkel Ridge rift valley (Fig. 7b)
fits the boundaries of reflecting horizons R1 (~0.2 Ma),
R2 (~0.42 Ma), R3 (~0.773 Ma), and R4 (~0.99 Ma).
Therefore, we denoted the sedimentary seismic com-
plexes bounded by RH surfaces as NA-7-1, NA-7-1I1,
NA-7-11I, and NA-7-IV—(NA) Nansen Basin, (7)
the sequence level, according to (Zayonchek et al.,
2023), (I-IV) indexation of the seismic complex.
Additional RHs are identified within the seismic com-
plex, but their stratigraphic correlation is uncertain.

1. Within the central part of the rift valley, the
uppermost seismic complex NA-7-1V (<~0.42 Ma)
directly overlies the oceanic basement portion F1 (Fig. 7b,
Appendix 1). Therefore, the RH identified within this
part cannot be correlated seismostratigraphically by
the applied methodology.

2. The seismic section within the upper summary
seismic complexes NA-7 (Nansen Basin and AM-6
(Amundsen Basin) differs markedly (Fig. 7a). The
Nansen Basin includes significant areas marked by
loss or partial loss of signal coherence interpreted as
landslide bodies or intense turbidite flows (Engen
et al., 2009; Sokolov et al., 2021; Zayonchek et al.,
Vol. 60
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Fig. 7. Seismostratigraphic interpretation of the ARC1407A seismic time section. (a) Complete section; (b) closeup of the central
part of section; (c) reconstruction of the central part of the section for the theoretical age of the oceanic crust (~0.773 Ma). (A—
A', B—B') uncertainty range of tracking regional stages in the upper part of the sedimentary cover. Coherence signal loss zones
(submarine landslides) formed during various sedimentation cycles (Fig. 2): (1,1' and 2,2") cycle I, (3) cycle 11, (4,4 and 5) cycle
I11. Abbreviations: (TLMA) theoretical position of linear magnetic anomalies on the profile.

2023). On the northern flank of Gakkel Ridge, one
can see an uncertainty zone (A—A") of the RH correla-
tion due to a rugged pattern of the basement surface—
see (Zayonchek et al., 2023) for more detail. In the
Amundsen Basin, the reflection pattern is generally
quite clear, and the sedimentary cover with an age of
<10.2 Ma can be divided conditionally into three seis-
mic complexes—AM-6-1, AM-6-11, and AM-6-111
(Fig. 7a, Appendix 1) marked by a slight loss of signal
coherence.

3. The cis-rift protrusions hamper the continuous
RH tracing.

Because of the applied seismostratigraphic correla-
tion method and the above-described uncertainties, it
is logical to identify the regularities of sedimentation
within the rift valley (center—0 Ma) and its nearest
flanks (Fig. 7b, Appendix 1). In this area, based on the
seismic record pattern, seismic complex NA-7-1V
(base R2, ~0.42 Ma, MIS 12/11) is divided by the
characteristic RHs into four seismic packages (NA-7-
IV-1, NA-7-1V-1I, NA-7-1V-111, and NA-7-1V-1V).

It is logical to assume that three RHs separating the
seismic complex correlate with the boundaries of R1
(~0.2 Ma), MIS 6/5 (~0.13 Ma), and MIS 5/4
(~0.073 Ma) (Figs. 2, 7b, Appendix 1). Specific fea-
tures of the relationship between these three RHs are
very clearly manifested within the ridge flanks in the
theoretical age region (~2.595 Ma) of the oceanic
crust (from walls of the rift valley to the cis-rift moun-
tains).
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Within the two lower seismic blocks (NA-7-1V-I
and NA-7-1V-11), the reflecting horizons are clearly
parallel, and their shape repeats the reflection inside
the underlying NA-7-I1I seismic complex. Thickness
of the overlying seismic package (NA-7-1V-III)
decreases gradually from the cis-rift mountains toward
the uplifted flanks of the rift valley up to the point of
pinchout, which is unobserved in the uppermost seis-
mic package (NA-7-IV-1V). At the same time, the
southern flank records a reflection angle flattening as
compared to those observed in the underlying seismic
packages, suggesting that the sediments were formed
at various geodynamic development stages of the rift
valley and its proximal flanks.

The following scenario can be proposed for the
upper seismic complex NA-7-1V formation. The Gak-
kel Ridge (oceanic crust portion younger than ~20 Ma
(Glebovsky, 2006)) belongs to a super-slow spreading
area, i.e., characterized by impulsive opening when
the tectonic lull stage is replaced by the tectonomag-
matic activation stage. The three lower seismic com-
plexes (NA-7-1V-1I, NA-7-1V-II, and NA-7-1V-1II)
appeared rather quickly during the tectonic lull, which
began ~0.42 Ma BP and was characterized by the
absence of significant extension in this segment, as
evidenced by the constancy of thicknesses within the
rift valley. In the northern part of the rift valley, con-
trasting reflections are distinguished within these seis-
mic complexes, which can be interpreted as the intru-
sion of basalts and the beginning of activation phase,
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resulting in uplift of the rift valley walls and the conse-
quent erosion of the NA-7-1V-III seismic block and
local redeposition of unconsolidated sediments, prob-
ably, due to intensification of seismicity. The sedi-
ments were transported toward the rift valley, resulting
in thickening of this seismic package. The uppermost
seismic package (NA-7-1V-IV) was formed with a
time lag followed by intensification of the tec-
tonomagmatic activation.

The rift valley center within this seismic package
was marked by an intensification of reflections and a
partial loss of correlation, probably, due to modern
intrusion of basalts into the sedimentary cover as sills
and dikes (with the sedimentary cover deformation)
and the appearance of central local rise as a neovol-
cano. In this part of the seismic profile, two sonobuoy
stations were deployed (Nikishin et al., 2018). The
seismic velocity was 1.6 km/s in the topmost parts of
the section and 1.9 km/s in the middle part. Increased
velocities (2.5—2.7 km/s) in the lower part of the sec-
tion can represent the basalt intrusion into the sedi-
ments.

The current and recent magmatic activation in this
segment of the Gakkel Ridge is confirmed indirectly
by the discovery of two rises and a separate seamount
within its rift valley (Michael et al., 2003) in the seg-
ment located to the west. This area (“85°E”) was
mapped during the multi-beam echosounder survey
(project AGAVE-2007) that discovered three conical
volcanoes with signs of modern and recent eruptions
(Oden, Thor, and Loke) within the axial part of the rift
valley (Pontbriand et al., 2012). The volcanoes are
located near the axial volcanic ridges (Jessica’s Hill
and Duque’s Hill). Detailed photographs of the sea-
bed record the presence of numerous small lava flows
of various ages and morphologies within the axial val-
ley, as well as friable volcaniclastic sediments up to
10 cm thick. Lava flows, apparently, erupted from sev-
eral separate sources in the axial valley 12—15 km wide.

The wunderlying seismic complex NA-7-III
(~0.42—0.773 Ma), whose base is limited by RH R3,
generally follows the geometry of the lower part of the
overlying seismic complex, but is characterized by the
presence of contrasting reflections, probably indicat-
ing magmatic activation during its formation. The
simplest juxtaposition of the seismic section on the age
of ~0.773 Ma BP, when the seismic complex began to
form theoretically (Fig. 7c, Appendix 1), shows a good
coincidence of RH within the rift valley and elevated
flanks, but its absence in the intermontane depres-
sions of syn-rift mountains in the Amundsen Basin.

The underlying seismic complex NA-7-I1
(~0.773—0.99 Ma), whose base is limited by R4 RH,
mimics the geometry of the overlying seismic complex
and is characterized by the presence of contrasting
reflections. The contrast range of reflections is slightly
lower, which is most likely related to the beginning of
intense attenuation of the seismic signal. The seismic
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complex is slightly thicker on ridge flanks on the Nan-
sen Basin side, relative to the opposite side in the
Amundsen basin (Figs. 7b, 7c, Appendix 1).

On the flanks and walls of the rift valley, the lower
seismic complex (NA-7-1, >~0.99 Ma) lies on the
oceanic basement and is characterized by several spe-
cific features (Figs. 2, 7b, Appendix 1). Based on the-
oretical calculations, the age of its appearance in the
rift valley is ~1.775 Ma, which corresponds to bound-
ary R6, according to (Alexandropoulou et al., 2021).
On the flank toward the Amundsen Basin, the seismic
complex is significantly thinner than on the symmet-
rical flank toward the Nansen Basin.

Based on theoretical calculations, the central part of
the rift valley (F1, Fig. 7b) was formed during <0.42 Ma.
Thickness of seismic complex NA-7-1Vis ~0.7 s, cor-
responding to a thickness of ~630 m at an average sed-
imentation rate of 1.8 km/s. Then, average sedimenta-
tion rate is 1.5 km/Ma, which looks excessive for the
pelagic type of sedimentation. The “instantaneous”
accumulation of a thick sedimentary shell in the rift
valley due to intense landslide and turbidite flows from
the continental margin troughs seems to be a more
plausible scenario, which is established for the north-
eastern Norway—Greenland Basin described above.

DISCUSSION

The Bear Island Trough Fan extends from the
modern continental slope edge toward the deepwater
basin over about 620 km (Fig. 3), which is significantly
more than the distance from the continental slope
edge to the Gakkel Ridge rift valley (~370 km) along
seismic profile ARC1407A (Fig. 7a) and is comparable
to the distance from the modern Bear Island Trough
edge to the northern portion of the Mohn Ridge
marked by glaciomarine deposits. The sporadic devel-
opment of sediments with an age of <2.7 Ma in the
Knipovich Ridge rift valley is explained by the block-
ing of landslide and turbidite flows from troughs at the
western margin of the Barents Sea by the rift moun-
tains. The flows pass around the seamounts and enter
the valley only through intermontane depressions.

Such sediment formation mechanism seems to be
valid for the central and, partially, eastern parts of the
Gakkel Ridge rift valley. The slope angles (Fig. 5) indi-
cate the following scenario: upon approaching the rift
valley from the Nansen Basin, seismic profile
ARCI1407A crosses the edge of local syn-rift mountains
and then approaches a relief depression (intermontane
depression) in the west in the axial part of the rift.

‘We can assume the following scenario for the cycli-
cal formation of Late Pliocene—Quaternary glacioma-
rine deposits in the Eurasian Basin. The Saint Anna
Trench is slightly smaller than the Bear Island Trough,
as evidenced by its large area within the 500-m isobath
(Fig. 1). Similarly as the Bear Island Trough, the Saint
Anna Trough served during the Late Pliocene—Qua-
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Fig. 8. Model of the main stages of the ice sheet development in the Arctic since Late Pliocenea. Modifies after (Alexandropoulou
et al., 2021; Grosswald, 2009; Knies et al., 2009). Based on the IBCAO digital model of relief, v.4 (Jackobson et al., 2020).
(a) Stage 1 (~2.7—1.5 Ma BP); (b) stage 2 (~1.5—0.42 Ma BP); (c) stage 3 (<~0.11 Ma BP). Abbreviations: (SC) Scandinavia,
(SB) Spitsbergen Archipelago, (FJL) Franz Josef Land Archipelago, (SZ) Severnaya Zemlya Archipelago, (NZ) Novaya Zemlya
Archipelago, (NSI) New Siberian Islands, (YP) Yermak Plateau, (MJ) Morris Jesup Rise. (I) Bear Island Trough; (II) Orel
Trough; (111) Franz Victoria Trough; (IV) Saint Anna Trough; (V) Voronin Trough. (1—4) Terrains with the maximum and min-
imum development of ice sheet: (1) maximum (from ~2.7 to ~1.5 Ma BP), (2) minimum (from ~2.7 to ~1.5 Ma BP); (3) maxi-
mum (from ~2.7 to ~2.58 Ma BP); (4) maximum (from ~1.95 to ~1.5 Ma BP); (5) ice sheet centers during <~0.11 Ma BP;
(6, 7) terrains of glaciomarine deposits with an age of <~2.7 Ma in deep-water parts of the Eurasian and Podvodnikov basins:
(6) transported from continental margins of the Barents Sea—Kara and Laptev seas, (7) transported from the East Siberian con-
tinental margin; (8—12) position of seismic profiles: (8) ARC1407A (Russia), according to (Zayonchek et al., 2023), (9) AWI
(Germany), according to (Jokat and Micksch, 2004)), 10) ARC (Russia), according to (Zayonchek et al., 2023), (11) ARC (Rus-
sia), according to (Nikishin et al., 2018), (12) Lomrog (Denmark/Canada), according to (Castro et al., 2018); (13, 14) position
of boreholes: (13) ACEX, according to (Backman et al., 2006), (14) shallow stratigraphic (Russia), according to (Malyshev et al.,
2024); (15) recorded by seismic data on the terrain of glaciomarine deposits in rift valleys of the Knipovich and Mohn ridges,
according to (Amundsen et al., 2011; Gusev and Shkarubo, 2001); (16) terrain of glaciomarine deposits in the northeastern Nor-
way—Greenland Basin. The semi-transparent shading outlines Pliocene—Pleistocene landfalls in the northeastern Norway—

Greenland Basin, according to (Safronova et al., 2017).

ternary as the main “gateway” for the transport of gla-
ciomarine sediments into the Nansen basin, which is
confirmed by the existence of an underwater canyon
system on the opposite side extending up to the Gakkel
Ridge rift mountains (Fig. 6).

Starting on the eastern flank of the Franz Victoria
Trough and the western flank of the Saint Anna
Trough, seismic profiles located in the Nansen Basin
north of the Franz Josef Land Archipelago (Fig. 8)
include large areas marked by the loss of seismic signal
correlation, which are interpreted as turbidite flows
and landslides (Sokolov et al., 2021; Zayonchek and
Merkouriev, 2021). Similar objects are also distin-
guished on seismic profile AWI 20010100 (Figs. 1, 8)
located opposite the Orel Gorge mouth (Engen et al.,
2009).

The first glaciomarine sedimentation (~2.7—1.5 Ma)
stage, designated GI in (Alexandropoulou et al., 2021;
Faleide, 1996), was marked by an avalanche-type
accumulation of sediments as underwater landslides
(Figs. 2, 8a). We assume that the Kara Glacier, which
also occupied the Voronin trough, was formed almost
synchronously with the Barents and Novaya Zemlya
ice sheets (Fig. 8a). The relief in the Nansen Basin was
deeper than at present, apparently, occupied an
approximately intermediate position between the
modern relief and the lower surface of the assumed
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landslide bodies. Comparison of reflections in the
middle part of the seismic section reveals differences
in incidence angles on both walls of the ridge. In the
Amundsen Basin, they fall from the Lomonosov
Ridge foothill toward the Gakkel Ridge. On the con-
trary, they begin to rise on the ridge approximately in
the middle of the Nansen Basin. Such geometry indi-
cates subsidence of the Earth’s crust because of the
impossibility of full compensation due to its own elas-
ticity under the influence of the mass of avalanche-
type glaciomarine deposits.

Prior to the glaciomarine stage, sediments deliv-
ered to the Nansen basin from the Barents—Kara shelf
(Nikishin et al., 2018) should have formed a prograda-
tion complex on the continental slope. The along-
trough movement of glaciers toward the Nansen Basin
provoked the detachment of older sedimentary
sequences on the continental slope and the emergence
of underwater landslides. The formation of such struc-
tures in the glaciomarine period has been studied well
on the Scandinavian continental slope. This segment
accommodates about 40 underwater landslide bodies
that appeared over the last ~2.7 Ma—4 ka BP (Maza-
rovich et al., 2024). The world’s largest Storegga
underwater landslide (Smith et al., 2004) is marked by
the wall detachment Iength of ~290 km. The landslide
moved over a distance of about 770 km ~8.2 ka BP.
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The observed lower two regions of the loss of seis-
mic signals 1 and 1' correlation (Fig. 7a, Appendix 1),
interpreted as submarine landslides, indicate the
movement of older sedimentary sequences toward the
Gakkel Ridge. Given that impulse 1 of the avalanche-
type sedimentation (Fig. 2) is linked with the Norwe-
gian western continental margin of the Barents Sea, it
may correspond to stage GI (~2.7—1.5 Ma BP).

Impulse 1 (correlation loss areas 1 and 1', Fig. 7a,
Appendix 1) smoothed out the paleorelief in the cen-
tral Nansen Basin. During impulse 2 (correlation loss
areas 2 and 2'), the submarine landslides “lingered”
for a while in the lower part of the continental slope,
and the relief was smoothed. Upon moving from the
basin center toward the Gakkel Ridge, the seismic sec-
tion shows a transition from the chaotic record to par-
tially chaotic pattern and the subsequent appearance
of packages with prominent reflections, suggesting a
transition from landfalls to turbidite flows with signif-
icant kinetic energy, which allowed them to reach the
syn-rift mountains. Bypassing the latter mountains
and filling the intermontane depressions, they began
to reach the Gakkel Ridge paleorift valley ~1.775 Ma BP,
but the maximum intensity was achieved ~0.99 Ma BP
(Figs. 7a—7b, Appendix 1). Since the underwater tur-
bidite flows were intense and fast, they almost “flew”
over the rift valley and settled on the ridge flank in the
Amundsen Basin.

These two impulses, similar in the sedimentation
mechanism (submarine landslides), can be considered
as cycle 1 (=2.7—0.99 Ma BP) that produced the seis-
mic complex NA-7-1.

The next sedimentation stage (~0.99—0.42 Ma BP)
differed significantly from the previous stages. Within
the identified seismic complexes (NA-7-11 and NA-7-
I1I), only the topmost portion includes the area of par-
tial acoustic turbidity of signal. In general, the time
section is characterized by a partial loss of signal
coherence. One can see a steady narrowing trend of
solitary reflections toward the ridge, possibly indicat-
ing the settling of a coarse-grained portion within the
continental slope and a higher content of water in
flows as they move away from the slope. This cycle was
characterized by the predominance of turbidite flows.

The final stage (NA-7-1V, <~0.42 Ma BP) took
place under mixed conditions of both turbidite flows
and underwater landslides, presumably, due to a
change in the ice sheet boundaries and sea level. The
existing seismic profile network in the Nansen Basin is
not yet sufficient to decipher more detailed fabrics.
The ARCI14 profiles (Fig. 1) do not extend to the rift
valley, and some of them in the northern part are
located above seamounts, hampering application of
the seismostratigraphic correlation method used in
this work.

In our opinion, the seismostratigraphic subdivision of
the upper part of the section in the Amundsen Basin
remains problematic. The seismic time section (Fig. 7a,
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Appendix 1) indicates a difference in sedimentation
mechanisms in the Amundsen and Nansen basins.
According to (Castro et al., 2018), the sediments were
delivered to the Amundsen Basin from the northern
Greenland shelfin the Late Pleistocene. The geomor-
phological analysis (Figs. 5, 6) suggests a significant
input of sediments into the eastern and central parts of
the Amundsen Basin from the Laptev Sea.

Issue of the possible glaciation on the New Siberian
Islands and the surrounding East Arctic shelf was
debated for many years. One group of scientists pro-
posed the model of Pan-Arctic ice sheet (ice-sheet
glaciation of the entire northern Polar region) in the
Pleistocene (Grosswald, 2009; Grosswald and
Hughes, 1995, 1998; Hughes, 1998; Hughes et al.,
1977; Kotlyakov, 1994). Other researchers advocate
the concept of “limited glaciation” (Pavlidis et al.,
1998; Velichko et al., 1979), admitting the existence of
only local ice caps.

Field observations of natural outcrops of Quater-
nary sediments on the New Siberian Islands, as well as
geochemical and isotopic studies of stratified ice caps,
confirmed the assumption about the existence of ice-
sheet glaciation (Basilyan and Nikol’sky, 2010), the
beginning of which dates back to the second half of the
Middle Pleistocene (Golionko et al., 2019), which
corresponds to the boundary with an age of ~0.13 Ma
(Figs. 2, 7a, 7b).

Shallow stratigraphic drilling accomplished on the
northern shelf of Laptev Sea (Figs. 1, 8) was accompa-
nied by ultra-high resolution seismic acoustic survey
(Malyshev et al., 2023). Some areas revealed that rocks
in the uppermost seismic complex are involved in
intense fold—thrust deformations, similar to glaciody-
namic deformations on the New Siberian Islands
(Verzhbitsky et al., 2024). Although the field of maxi-
mum ice sheet in the East Arctic seas is shown in Fig. 8c
in accordance with (Grosswald, 2009), its domain
remains an open issue. According to (Basilyan and
Nikol’sky, 2010), the glaciation centers were repre-
sented by the Zhokhov and Bennett Islands of the De
Long Archipelago. From these rises, ice could spread
in all directions, partially capturing the New Siberian
Islands. In this case, the upper part of the sedimentary
cover in the Amundsen and Podvodnikov basins can
be represented by glaciomarine deposits of the second
half of the Middle Pleistocene. In the eastern Nansen
Basin near the Laptev Sea coast, where landslide bod-
ies are known on the slope (Kaminsky et al., 2024),
probably, glacial sedimentation began earlier in the
Late Pliocene.

CONCLUSIONS

1. Significant sedimentary cover thicknesses in the
Nansen Basin are composed glaciomarine sediments
accumulated since the end of the Late Pliocene.
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2. Interpretation of the time section of seismic pro-
file ARC1407A allows the possibility of using the seis-
mostratigraphic correlation scheme of glaciomarine
deposits developed previously for the western Barents
Sea and the northeastern adjacent deepwater basin.

3. The geomorphological analysis revealed
extended canyon systems in the Nansen Basin and the
eastern part of the Amundsen Basin.

4. In the central part of the Nansen Basin, glaciom-
arine sediments were delivered simultaneously from
two closely spaced troughs (Saint Anna and Voronin).

5. The accumulation of glaciomarine sediments in
the central Nansen Basin was characterized by cyclic-
ity, with the submarine landslides and turbidite flows
serving as the main suppliers of sedimentary material.

6. Glaciomarine deposits of significant thickness
are also present in the central and eastern parts of the
Gakkel Ridge rift valley.

7. In the Amundsen and Podvodnikov basins, the
deposition of glaciomarine sediments could begin in
the second half of the Middle Pleistocene.
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