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Geology and coastal processes of 
Eurasian Arctic Marginal Seas

Barents Sea     1 424 000 кm²,
shoreline - 6645 km
(5930 km – islands)

White Sea        90 800 km²
shoreline – 3215 km
(120 km – islands)

Kara Sea     893 400 км²
shoreline - 6025 km
(3765 km – islands)

Laptev Sea        672 000 км²
shoreline 3880 km, 2020 km – islands

East Siberian Sea - 944 600 км²,  shoreline - 3145 km (1945 km – islands)
Chukchi Sea - 595 000 км²,  shoreline - 1300 km (405 km – islands)
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Geology and coastal processes of 
Eurasian Arctic Marginal Seas

Huge area differ in geology, 
tectonics, geological history
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“Eurasian Marginal Seas – Past and 
Future”

1. Available data about Quaternary geology, 
geomorphology and coastal processes of 
Eurasian Arctic Marginal Seas

2. Disputable questions, unsolved problems 
and possible project outcomes
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Multiscale State Geological Mapping (1:2.5M, 1:1M, 1:200000)

https://vsegei.ru/ru/info/ggk/
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Seamless Map of Quaternary Geology 1 : 2.5M
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Geological mapping of 1:M scale 
will be completed by 2024

Geological Map (preQuaternary deposits)      Sea-bed substrate
Quaternary Deposits                                           Mineral Resources
Environmental geological 
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SevMorgeo (St.Petersburg)

Ministry of Natural Resources and Environment
Federal Agency on Mineral Recourses

State geological mapping:

Marine Arctic Geological Expedition MAGE (Murmansk)
Polar Marine Geological  Expedition PMGE (Lomonosov)

VNIIOkeangeologiya (St.Petersburg)
VSEGEI (St.Petersburg)

P.P.Shirshov Institute of Oceanology (Moscow, with branches in Kaliningrad, 
St.Petersburg, Gelendzhik, Arkhangelsk),
Moscow University 
Geological Institute RAS

Scientific Research: 
Russian Academy of Science

Hydrometeorological survey: 
Arctic and Antarctic Reseaarch Institute (St. Petersburg)



геологический институт им. А.П. Карпинского
Всероссийский научно-исследовательский

Geological mapping of 1:M scale 
will be completed by 2024

Geological Map (preQuaternary deposits)      Sea-bed substrate
Quaternary Deposits                                           Mineral Resources
Environmental geological 
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State Geological Map 1:1000000, Sheet R59
Eastern Siberian Sea (VSEGEI) (2019-2021)
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EMODnet – geology project

WP. Geological data specification and sourcing
WP. Sea-floor geology
WP. Sea-bed substrate 
WP. Coastal behaviour
WP. Geological events and probabilities 
WP. Minerals 
WP. Data management, web portal and services 



геологический институт им. А.П. Карпинского
Всероссийский научно-исследовательский

Research questions:  ice-sheets extent and deglaciation

14 000 BP

12 000 BP

11 000 BP

10 000 BP

9 000 BP

?
?

?

?

Hughes et a., 2016 
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Buried subglacial landforms in the SW Barents 
Sea imaged using high-resolution P-Cable 
seismic data. 

Tasianas et al., 2017 Bjarnado & Andreasen, 2017

Multibeam swath bathymetry from Kveithola Trough, 
western Barents Sea. (a) Swath-bathymetric image 
showing trough geomorphology.
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14 000 BP

12 000 BP

11 000 BP

10 000 BP

9 000 BP

Amantov, 
Fjeldskaar, 2011

Harff, 2017

Eastern Gulf of Finland
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Research questions:  ice-sheets extent and deglaciation
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Deglaciation

14.5 ka BP or 13.8-13.3 ka BP (Kalm 2006; 
Vassiljev et al., 2011Vassiljev et al., 2013)

Salpausselkä I (12.25-11.5 ka BP  (Saarnisto & 
Saarinen 2001; Hang 2003; Kalm 2006; Subetto
2009; Hang & Kohv 2013)

13.3-13.5  ka BP (Vassiljev et al., 2013) or 12.7 
ka BP (Vassiljev et al., 2011)

Amantov, Amantova, 2017
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12 000 BP

11 000 BP

10 000 BP

9 000 BP

Hughes,  1998
Grosswald, 2009

Bolshiyanov, 2004-2011

Research questions:  ice-sheets extent and deglaciation

Zastrozhnov (VSEGEI), 2020 
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14 000 BP

12 000 BP

11 000 BP

10 000 BP

9 000 BP

Novaya Sibir’ Island

Nikiforov, 1985

Basylian, Nikolsky, 2007 

Tumskoy, 2009 

MIS6

MIS5

MIS4
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14 000 BP

12 000 BP

11 000 BP

10 000 BP

9 000 BP

R/V “Capitan Voronin” (Moscow University)
Cruise leader Igor Neevin (VSEGEI)

VSEGEI, 2020)
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Dense clay (core depth50-
60 cm), site 20-ВСМ-32

Interpretation by Alexander Sergeev, 
Leonid Budanov
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Box-corer, site 20-ВСМ-43
Interpretation by Alexander Sergeev, 
Leonid Budanov
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14 000 BP

12 000 BP

11 000 BP

10 000 BP

9 000 BP

1 – seas of the Eastern Arctic and Bering 
Strait (Дегтяренко и др., 1982); 2 – Eastern 
Siberian Sea (Селиванов, 1995); 3 – Laptev 
Sea (Bauch et al., 2001); 4 – Eastern 
Siberian Sea (near Zhokhov Island) 
(Анисимов и др., 2009); 5 – south-eastern 
part of Bunge Land (Anisimov et al., 2014).

1 – Eastern 
Siberian Sea; 2 –
Chukotskiye Sea; 
3 – Bering Sea; 4 
– average

Research questions:  Holocene sea-level change

Zastrozhnov (VSEGEI), 2020 
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State Geological Map 1:1000000, Sheets R56-R60
Eastern Siberian Sea (2018-2020, VSEGEI)
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14 000 BP

12 000 BP

11 000 BP

10 000 BP

9 000 BP

ГЛБО диапазон 300 м

Глубина моря - 25 м

80 м
Фрагменты записей 
многолучевого
эхолотирования

2200 km 
of SBP, SSS and MB
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14 000 BP

12 000 BP

11 000 BP

10 000 BP

9 000 BP
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10 cores
(up to 2.5 m)

130 surface 
sampling sites
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14 000 BP

12 000 BP

11 000 BP

10 000 BP

9 000 BP

Eastern 
Siberian Sea

Samples of acoustic-seismic 
profiles

Interpretation by Leonid Budanov,  
Alexander Sergeev, Vladimir Zhamoida

ССT VI- Ng-Pliocene
CCT V – Pliocene-
Calabrian (up to MIS 20)
CCT IV – MIS19-MIS6
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14 000 BP

12 000 BP

11 000 BP

10 000 BP

9 000 BP

Eastern 
Siberian Sea

Samples of 
acoustic-seismic 
profiles

Interpretation by Leonid Budanov,  
Alexander Sergeev, Vladimir Zhamoida

ССT IIIb – MIS 5
hyathus – MIS 4
CCT IIIa – MIS 3
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14 000 BP

12 000 BP

11 000 BP

10 000 BP

9 000 BP

Eastern 
Siberian Sea Samples of 

acoustic-seismic 
profiles

Interpretation by Leonid Budanov,  
Alexander Sergeev, Vladimir Zhamoida

ССT II – MIS 2 – MIS 1
CCT I – MIS 1 (marine 
Holocene sediments)
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Sediment cores 
18-ВСМ-3 18-ВСМ-96

18-ВСМ-12

18-ВСМ-37

0
5

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95

100
105
110
115
120
125
130
135
140
145
150
155
160

Dep
th,

 cm

15790±35

Date

20 40 60 80 100

Trees
Herb

s
Spo

res

La
rix

Abie
s

20

Pice
a

Pice
a om

ori
ca

Pice
a ob

ov
ata

20 40

Pinu
s

20

Pinu
s s

ibi
ric

a

Pinu
s p

um
ila

20

Betu
la

20 40 60

Betu
la 

na
na

Alnu
s
Alna

ste
r

Sali
x
Eph

ed
ra

20

Poa
ce

ae

Cyp
era

ce
ae

Care
x s

p.

20

Aste
rac

ea
e

Arte
misi

a

Che
no

pod
iac

ea
e

20

Cary
op

hy
lla

ce
ae

Poly
gon

ac
eae

20

Bras
sic

ac
ea

e

Fab
ac

ea
e

Ros
ac

ea
e

20

Sax
ifra

ga
ce

ae

Ju
nc

ac
ea

e

Apia
ce

ae

Ran
un

cu
lac

ea
e

Lil
iace

ae

20

Eric
ac

ea
e

20

Irid
ac

ea
e

Alis
mata

ce
ae

Bora
gin

ac
ea

e

Vale
ria

na

Aqu
ati

c

20

Vari
a

Poly
pod

iac
ea

e

Sela
gin

ell
a s

elag
ino

ide
s

Equ
ise

tum

Ly
co

po
diu

m ann
oti

um

Ly
co

po
diu

m se
lag

o

100 200 300

Con
ce

ntr
ati

on
, re

l.%

Zone

5

4

3

2

1

Trees Herbs Spores

Lit
ho

log
y

mari
ne 

bra
ck

ish
 

fre
sh

water
 

pla
nkto

n 

be
nth

ic 

Bac
ter

os
ira

 fra
gil

is 

Chae
toc

ero
s d

Iade
ma 

Chae
toc

ero
s f

urc
ell

atu
s 

Chae
toc

ero
s s

p. 

Tha
lass

iosir
a grav

ida 

T. n
orde

ns
kio

ldi
i 

Detonu
la 

co
nfe

rva
ce

a 

Ento
mon

eis
 kj

ell
man

ii 

Fragil
ari

op
sis

 cy
lin

dru
s 

Fragil
ari

op
sis

 oc
ea

nic
a 

Poro
sir

a g
lac

ial
is 

Tha
lass

iosir
a bram

ap
utra

e 

A. ta
en

iat
a 

Navic
ula

 di
rec

ta 

Para
lia

 su
lca

ta 

marine neritic marine ice-related brackish

de
pt

h,
 c

m

max.: 58 
PANGAEA/PanPlot

Â Ñ ì 37ãð2.txt - 2020-09-10 17:45 h

0

10

20

30

40

50

80 100 0 83 0 42 80 100 0 208 0 73 0 94 0 42 0 50 0 30 0 30 0 208 0.1 1.2 -10 20 0 30 0 42 0 83 0 63 0 52 0 52



геологический институт им. А.П. Карпинского
Всероссийский научно-исследовательский

14 000 BP

12 000 BP

11 000 BP

10 000 BP

9 000 BP

Shallow boreholes in Chukchi Sea. 
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14 000 BP

12 000 BP

11 000 BP

10 000 BP

9 000 BP

Coastal processes. Barents Sea (Kola Pennincula)

Norway

Teriberka Bay
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Main features of Russian Arctic coasts development

- coastal erosion in the main  source of sediment material; 
- sea-ice blocked wave impact during 6 months or longer; 
- floating ice can cause temporary accretion processes; 
- freezing of beach sediments can protect coast from active erosion;
- permafrost in unconsolidated sediments leads to very fast 
denudation caused by thermal erosion;
- high development of barrier costs (very changeable).

White Sea
Barents Sea
Kara Sea
Laptev Sea
East-Siberian Sea
Chukchi Sea

Ice-free period
June-November (6)
July-October (4)
July-September (3)
July-September (3)
August-September (2)
June-October (5)

Permafrost 
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Thermal erosion erosion of unconsolidated 
permafrost rocks 

Up to 10-30 m/year
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1 Primary coasts (fjords and other rock coasts)
2 Erosion of sedimentary rocks (cliff coasts)
3 Active erosion of unconsolidated sediments 
4 Thermal erosion  (eroding permafrost coasts)
5 Stable marine deposition/erosion coasts
6 Marine deposition (sand and gravel beaches, spits, bars)
7 Lagoon coasts
8 Delta coasts
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Barents and White Seas

Rates of coast retreat:
Kanin Peninsula: up to 2 m/year (Suzdalsky, 1974; Gorbatsky, 1970; 

Are, 1980)
Cheshskaya Bay (eastern coast) - 1.5-3 m/year.
Pechrskaya Bay (between Pesyakov isl. and Medinsky
Zavorot Peninsula) - 0.5 – 2.5 m/year (Ogorodov, 2004).
Ice coasts of Victoria Isl. - 5-6 m/year (Kaplin et al., 1991).

Barents Sea

Harff, 2017
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Kara Sea

Rates of coast retreat:
Yugorsky Peninsula 1-5 m/year (Zinchenko et al., 2007)
Yamal Peninsula – 2.4 – 3 m/year (Are, 1980; Solomatin et al.,  1998). 
Gydansky Peninsula (up to 8 m/year) (Suzdalsky, 1974).
Marre-Sale – 1978-2006 – 0.5-2.7 m/year (Pavlidis et al., 2007). 1946-
1953 – 1.4 m/year
1950s – 1970s – 1.8 m/year
Average rate of open sea coast retreat 0.8-2.9 m/year
For the bays – 0.2-0.7 m/year
For the islands – from 1 to 6.8 m/year
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Laptev Sea and Eastern Siberian Seas
Chukchi (Chutotskoye) Sea

Rates of coast retreat:
Muostakch Isl. – up to 18 m/year (Pavvlidis et al., 2007)
Between capes Olenyok and Anabar (station of RAS - 10-20 m/year (Pavlidis et al.., 
2007). 
Terpyay Tumus (polar station) - up to 4 m/year) (Kaplinet al., 1991). Islands 
Vasilievsky and Semenovsky has disappeared since 1823  (erosion rate up to 55 
m/year)
Eastern Siberian Sea from 1-2 m/year to 6.8-11 m/year (Pavlidis et al., 2007)
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According to mathematical modeling (Leontyev, 2002; Pavlidis
et al., 2007) during next 100 year Arctic coasts of Russia can 
retreated:

Eastern Barents sea – shoreline retreat up to 500 m (low 
coasts); up to 200 m (4-6 m high coastal terrace); 60-80 m (8-10 
m high terrace)
Kara Sea – increasing of ice free time period by 4 months per 
year. Erosion rate will increase, coastal line retreat will locally 
reach from 50 m (for high coasts) to 80 m (for low coasts).  
Eastern Siberian Sea - shoreline retreat up to 100 m to 200 m 
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Veremeeva, 2017

Basylian et al., 2007
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Eurasian Marginal Seas – Past and Future
Background for the project. Russian Baltic and Arctic 

1. A huge amount of available information (e.g. different scale 
geological maps)

2. Many knowledge gaps, a lot of discussions and open questions 
(climate change  e.g. sea-level change, glaciations/interstadials)

3. Scientific research of Quaternary stratigraphy in Eastern Arctic is 
needed

4. Broad-scale view and modeling can help to solve some 
problems

Past

Future
1. Coasts of  Eurasian Arctic Seas suffer from erosion and very 

sensitive to climate change
2. Modeling and prognosis of future development is a very 

important task
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We hope for future cooperation

“Eurasian Marginal Seas –
Past and Future”
project is a great idea

Thank you for attention!
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