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Abstract—Multidisciplinary studies of the bottom sediments–water column–atmospheric water layer system
in the Barents and Pechora seas and Baydaratskaya Bay of the Kara Sea were carried out on the expedition
European Arctic–2023: Geological Record of Environmental and Climate Change during the season of polar
night and active development of autumn–winter thermal convection. Fundamentally new data on a number
of areas of oceanology were obtained in the cruise.
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The expedition European Arctic–2023: Geological
Record of Environmental and Climate Change was car-
ried out within the program of the Shirshov Institute of
Oceanology, Russian Academy of Sciences (IO RAS),
to study sedimentation, climate fluctuations, and
regional features of methane emissions in the contact
zone between cold Arctic and warm Atlantic waters [6].
The European Arctic, including the Barents Sea and
the Fram Strait, is a key region of the global ocean
conveyor, the processes in which determined the cli-
mate and environmental conditions throughout the
“Arctic Mediterranean” and the Northern Hemi-
sphere in the Pleistocene and, particularly expres-
sively, in the last 16–17 ka during the transition from the
Last Glaciation of the Pleistocene to the modern inter-
glacial of the Holocene. Reduction of ice cover and
melting of glaciers on Arctic islands in the 21st century
can be considered the modern period of the regional
periglacial [6], an analogue of repeatedly occurring
periods of warming in the Holocene [2].

The research was carried out during the polar night
from November 8 to December 7, 2023, in the Barents
and Pechora seas and Baydaratskaya Bay of the Kara
Sea (Fig. 1) along the entire route of the vessel, some
4000 nautical miles, and at 124 integrated oceanologi-
cal stations. Cumulative research of bottom sedi-
ments, the water column, and atmospheric surface

layer was achieved through the efforts of a multidisci-
plinary team, e.g., to solve the problems of creating a
monitoring system for climate change and climate-
active substances in accordance with Order of the
Russian Federation Government no. 3240-r of Octo-
ber 29, 2022 [1, 5]. We present only a few important
and fundamentally new results.

For the first time, using the chamber method,
273 gas f low measurements at the water–atmosphere
interface were carried out with a Picarro G4301
CO2/CH4/H2O gas analyzer [10] at 79 stations. The
expedition recorded atmospheric methane emission
via to molecular diffusion with an intensity on the
order of several hundred μgCH4 m–2 h–1 in waters of
Baydaratskaya Bay, locally reaching several mg m–2 h–1

due to the ascent of gas bubbles on the Yamal shelf as
a result of f luid unloading of methane from bottom
sediments. The highest methane concentrations in the
water column and sediments were determined in Bay-
daratskaya Bay and the Pechora Sea. In this area, the
methane concentration in the surface atmospheric
layer reached 2118 ppb. Background methane concen-
trations exceeded 2018 ppb according to continuous
minute measurements with two gas analyzers: a
Picarro G2132-I [4] at a height of 19 m above the water
line and a Picarro G4301 [10] at 9 m above the water
644
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Fig. 1. Map of expedition route and oceanographic stations in Russian part of Western Arctic shelf of Eurasia, November–
December 2023: (1) integrated stations; (2) integrated stations with sampling of sediment columns using large-diameter geolog-
ical gravity corer; (3) current vectors; (4) vessel route; (5) ice cover; (6) borders of economic zones of Russian Federation and
Norway and fishery protection zone of Svalbard. Current vectors were constructed from reanalysis (http://bulletin.mercator-
ocean.fr/en/PSY4#3/75.50/-51.33) and are presented after [9]. Position of the edge of ice cover is shown as of date of study in
this part of the water area according to the Norwegian Meteorological Institute, https://cryo.met.no. GEBCO bathymetric base,
https://www.gebco.net.

70�

72�

74�

76�

78�

80�
N

68�

70�

72�

74�

76�

78�

80�

68�

30� 40� 50� 60� 70� E

30� 40� 50� 60� 70�

1 2 3 4 5 6

S
va

lb
ar

d

Franz Josef LandFranz Josef LandFranz Josef Land

MurmanskMurmanskMurmansk

Yamal
Peninsula

Yamal
Peninsula

Yamal
Peninsula

N
o

v
a
y
a
 Z

e
m

ly
a

N
o

v
a
y
a
 Z

e
m

ly
a

N
o

v
a
y
a
 Z

e
m

ly
a

BARENTS
SEA

BARENTS
SEA

BARENTS
SEA

PECHORA
SEA

PECHORA
SEA

PECHORA
SEA

KARA
SEA

KARA
SEA

KARA
SEA
line, respectively. A steady f lux of carbon dioxide from
the atmosphere onto the water surface was recorded
throughout the studied region in the range from 15 to
160 mgCO2 m–2 h–1.

For the first time, the structure of the Western
Novaya Zemlya Current at the Barents–Kara bound-
ary has been studied in detail; the vertical and lateral
matter f luxes in this current, which transports warm
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North Atlantic water towards the Kara Sea at a speed
of up to 70 cm/s, have been assessed. The merging of
two branches of the current was revealed near the
northern tip of Novaya Zemlya.

A detailed hydrological survey was carried out in
the central Barents Sea on a meridional transect along
39° E, an analogue of secular standard transect no. 6
“Kola Meridian” [8]. For different landforms, differ-
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ent stages of convection have been identified in the
areas of the cores of the three main branches of the
North Cape Current and Murmansk Coastal Current.

The winter reserve of nutrients in the photic zone
was calculated. Nutrients that limit primary production
in spring have been identified: primarily mineral forms
of nitrogen in Baydaratskaya Bay and dissolved silicon
in the Barents Sea. Local sources of oil slick formation
on the water surface of the Barents Sea have been iden-
tified. The concentration of hydrocarbons in ice and
subglacial water is shown, mainly in suspension.

In areas where methane-bearing f luids are dis-
charged, a rich collection of benthic fauna has been
recovered (10 types and 107 morphospecies; 43 species
identifications have been made so far), including two
large groups of sedentary animals: brachiopods and
bryozoans (Bryozoa). Bryozoans are widely repre-
sented, with 22 species. Currently, there is no informa-
tion in the literature on the response of bryozoans to
methane input from sediments. The composition and
distribution patterns of meiofauna have been studied
in detail in order to identify indicator species of meth-
ane discharge. The first information on the bioaccu-
mulative potential (heavy metals, rare earth elements)
of benthic fauna in these areas has been obtained.

Five sediment sections promising for detailed sedi-
mentation and paleoclimate reconstruction over the
past 10–15 ka were obtained in order to understand
the further development of the natural environment
under conditions of modern global warming. A rare
mineral, ikaite, was discovered in a core from a con-
tourite drift of the South Novaya Zemlya Trench at a
depth of 4.4 m, a paleomarker of the sedimentation
environment and discharge of methane-bearing fluids.
In the Pechora Sea water column, new acoustic anom-
alies were recorded, formed by the release of gas from
the sedimentary layer. Studies of previously known gas
manifestation points were carried out based on materi-
als from recent geological-geophysical and geomorpho-
logical expeditions of the Institute of Oceanography of
the Russian Academy of Sciences [3]. On the north-
eastern slope of the Litke Plateau (Barents Sea), a
pockmark with a diameter of ~250 m and a depth of
10–12 m was studied; as it formed, material was ejected
to the north due to the explosive release of gas. Thus,
the accumulation and release of significant volumes of
methane from sedimentary strata in the Arctic [7]
accompanied the change in glacial and interglacial cli-
matic events.
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