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Baltic Sea 

- Curonian and Vistula lagoons 

are the sediment traps for rivers 

sediment load; 

- cross-shore transport exist; 

long-shore transport dominate. 

- complex of erosion and 

accumulation processes 

leading to smoothing of 

irregularities of coastal 

line (bays, capes) is the 

tendency of modern 

development of 

Kaliningrad region 

coasts; 

(Dorokhova, Dorokhov, P3). 
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1970-1986 

The geological maps (at 1:200 000 and 1:500 

000 scales) by the VNIIMORGEO Institute 

In 1993-2002 VSEGEI, ABIO RAS and 

Kaliningrad Hydrogeological Expedition 

generalizied geological, geophysical and 

cartographic information concerning the 

geological structure of the seafloor of the 

southern Baltic Sea within the Russian 

Federation economic zone 
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Paleogeographical reconstructions of the 
Curonian Spit development 
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Materials and methods 
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Materials and methods 

Side-scan sonar  CM2 (C-MAX Ltd., UK) 

Seismo-acoustic profiling 

Glacial moraine outcrops Paleo river valley 



Towed 
interferometric side-
scan sonar Benthos 
C3D (200 kHz) 

Side-scan sonar image 



Video ROV “Gnom”  

with GoPro camera 
Box-corer 



On-line positioning based on side-scan and multibeam data 



Side-scan sonar image of relict lagoon 
mud outcrops 

Sediment types combined  
with swath bathymetry 

Baltic Sea 



before 11 700 ka BP 

11 700 – 9000 ka BP 

11 700 – 5500 ka BP 

5500 – 0  ka BP 

Curonian Bay 

Sergeev, 2015 
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The aim of presented study:  

1)to summarize geological and geophysical data obtained 

in 2005-2015 in the Russian sector of the southeastern 

Baltic and compare the results with Polish and Lithuanian 

data to create a single regional model for coastal zone 

formation; 

2)to analyse coastal processes using the concept of the 

morpho-lithodynamic system; 

3)to establish boundaries and to determine the time of 

formation and the structure of the studied system.  



New detailed investigations of the Baltic Sea bottom 
along the southern half of the Curonian Spit allowed identification 
and mapping of a unique underwater landscape 
formed by extensive outcrops of laminated and folded lagoon marl at 
water depths of 5–15 m.  

1 – sands 

2 – lagoon marl 



1 – fine sands 

2 – lagoon marl 

3 – glacial till 



Submarine photos of lagoon marl outcrops 



5500-6200 cal. years BP 



Extrusion of lagoon marl from beneath massive migrating sand 

dunes rise up to 3–4 m above the lagoon level and owe their origin 

to extrusion from their 7–8 m in situ depth beneath the present 

regional water table 

(Bitinas, 2006) 

The combined onshore–
offshore database indicates 
that relict lagoon marl was 
deformed, compacted and 
dehydrated by a massive 
dune-covered coastal barrier 
migrating landward 
(retrograding) over these 
sediments during the Littorina 
Sea 
transgression in a processes 
termed ‘dune tectonics’.  

Sergeev, A. Y., Zhamoida, V. A., Ryabchuk, D. V., 
Buynevich, I. V., Sivkov, V. V., Dorokhov, D. V., Bitinas, 
A. & Pupienis, D.: Genesis, distribution and dynamics of 
lagoon marl extrusions along the Curonian Spit, 
southeast Baltic Coast. Boreas. 10.1111/bor.12177. 
ISSN 0300-9483. 



Spatial analysis of the relict 
sediments helped to constrain the 
rates of the southeast migration of 
the dune massif. A conceptual 
model is presented to explain the 
present context of marl exposures 
above the regional water table, as 
well as the occurrence of relict 
lagoon marl diapirs on the 
underwater marine slope of the 
Curonian Spit. 

1 = palaeo-basin bottom (substrate). Ancient (relict) 

sediments: 2 = lagoon marl; 3 = barrier sand; 4 = 

lagoon sand sheet; 5 = aeolian sand; 6 = recent 

marine deposits; Processes: 7 = water-level 

fluctuations; 8 = marine sand transport and 

deposition; 9 = aeolian transport; 

10 = gravitational subsidence; 11 = avalanching; 12 = 

loading/extrusion; 13 = previous water-level position; 

14 = previous dune position. 
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Geological transect crossing the Baltic Sea beach in the vicinity of Zelenogradsk 

The peat layer (lens) was revealed as a result of drilling on the Baltic Sea beach near 

the village of Lesnoy  and the interpretation of the GPR profile (GPR5). Right panel – 

paleosol layers in the erosion escarpment of relict coastal dune 800 m to the south of 

the GPR5 profile (photo by V.Bobykina).  



Geological transect crossing the Baltic Sea beach in the vicinity of Rybachy village 

GPR profile (GPR2) along the Baltic Sea beach in Rybachy village.  
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11000 BP (Ancylus Lake shoreline at -60 m). In the bottom depressions of the central 

part of the Curonian Lagoon could be located small fresh-water lakes. In the northern 

part of the Curonian Lagoon, connected with the open part of the Baltic Basin during 

period of the lowest water level, deltaic sand accumulation took place. 

 

8000 BP (first stage of the Litorina Sea, coastal line at depth -25 m). Isolated fresh-

water lake occurred in the Curonian Lagoon Basin.  



8000-7500 BP (maximal phase of Litorina transgression (about +3 m a.s.l.), ridges 

and the plateau of the Curonian Spit and the Rybachy Plateau areas were 

submerged. Area of the Curonian Lagoon was an open bay of the Litorina Sea, 

possibly partly separated just by several small islands. Due to active hydrodynamics, 

bottom erosion and redeposition of sediment material dominated within study area 

after maximal phase of the Litorina transgression.  

 

7500 BP - formation of big “islands”  as a result of cross-shore and longshore 

sediment transport and relict lagoon marls in small lagoons 



Geological settings and postglacial history of the Vistula Spit area are 

completely different. There are only subaerial lacustrine–swampy or alluvial–deltaic 

complexes beneath the modern silty sediments of the gulf, whereas marine 

complexes are completely absent. Therefore, the Vistula lagoon has never been an 

open Litorina sea.  

Uscinowicz, 2003 



After 4500 BP separate sand islands as a result of sediment drift (with 

domination of longshore transport) has formed the Curonian Spit  



9-8 ka BP 



7.5-7 ka BP 



6-4,5 ka BP 





The Curonian Spit developed during the Holocene on a 

postglacial surface (e.g., glacial moraine ridges remains) as a 

polygenic accretion form. During the first stages of Curonian Spit 

development (the regressive phase after the Litorina transgression 

maximum), both cross-shore and longshore sediment transport were 

sources of sediment material as a result of the erosion of the 

Sambian Peninsula, Rybachy Plateau and deltaic sediments. The 

smoothed contour of the spit shoreline was formed during last 5000 

years, mostly as a result of longshore sediment drift.  

Conclusions 



The Vistula Spit area was located onshore by the time of the 

Litorina transgression when the coastline shape first became similar 

to the modern one. The Hel Spit developed and the Vistula Lagoon 

became separated from the sea by the Vistula Spit, most likely with 

several palaeostraits. 
        Consequently, the lagoon systems of the south-eastern Baltic 

became morphologically similar during the last 5000 years when the 

Curonian and Vistula Spits and lagoons had similar configurations; 

the lagoons became sediment traps for the alluvial material of the 

Neman, Vistula and Pregola Rivers; and longshore and sediment 

transport became one of the most important coastal processes of these 

marine shores. 
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Relative sea-level curves for South-Eastern Baltic 

Damušytė., 2011 

Poland Lithuania 

Gelumbauskaitė 2009 

Uścinowicz et al., 2003 



Vertical crustal displacement (mm/year) for the twentieth century: 1 – isobases by 

[Harff et al., 2011]; 2 – isobases. Graphs: 3 – the isostatic component; 4 – relative 

sea level change; 5 – the eustatic curve. 


