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Abbreviations  
BIIS  British-Irish Ice Sheet 

BKIS  Barents-Kara Ice Sheet  

BSW  Brine-enriched shelf water 

cal ka BP calendar thousand years before present (1950) 

EPV  Elbe Palaeovalley 

GZWs  Grounding zone wedges 

IRD  Ice-drafted debris 

KMF  Kveithola Trough Mouth Fan 

LAT  Lowest Astronomical Tide 

LGM Last Glacial Maximum ɀnearly all ice sheets at their maximum position (26.5ɀ19 

cal ka BP) 

MIS  Marine oxygen isotope stage  

MSGL  Mega-scale glacial lineation  

SIS  Scandinavian Ice Sheet 
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Summary  
Continental shelves with their large-scale depositional and erosional sedimentary structures are 

governed by the complex interplay between shelf physiography, hydrodynamic regime, sediment 

flux, and climate-driven eustatic changes. They hold, therefore, detailed archives of past climate 

and environmental conditions, that in turn are the building stone for understanding the influence 

of changing climate and sea-level, and for constructing future scenarios or testing palaeo-

constructions and -models. The main aim of this thesis is to investigate palaeo-environmental 

organizations recorded in the elongated depressions and confined depocenters in the 

southeastern North Sea and northwestern Barents Sea, both of which were affected the Eurasian 

Ice-Sheet Complex during Late Weichselian.  

Along the sub-aerially exposed periglacial environment in the southern North Sea during the late 

Weichselian, Elbe Palaeovalley (EPV) carried meltwater from southern margin of the 

Scandinavian ice sheet along with drainage from rivers of North European plain. Although this 

extremely wide valley was a crucial member in the sensitive North Atlantic climate system by 

contributing freshwater , but also, in environmental organization of North Sea shelf, there are only 

a couple of studies having dealt with the EPV up to now. Analysis of sediment echo-sounder and 

multichannel seismic data along with the sedimentological sampling enabled the identification 

EPV morphology, up to 5 m deep incisions at its base, and EPV infill in detail for the first time. The 

base of EPV situates between 40ɀ80 m below the present sea-level, and the braided style 

palaeodrainage is inferred to have been established during the MIS 2 sea level fall and/or  

lowstand in a periglacial environment. However, EPV had encountered a sudden gradient change 

on its downstream part, probably reflecting the southern margin of the confluence of ice sheets in 

the North Sea during late Weichselian. The moraine ridges flanking the valley probably represent 

an extension of the Late Weichselian ice sheet from the western Denmark towards Dogger Bank. 

In fact, around 26-m thick stiff clay succession, likely reflecting glaciogenic origin, is spatially 

mapped in the southeastern Dogger Bank, and supports the earlier speculations on the existence 

of an ice-dammed lake south of Dogger Bank. Moreover, this lake provides a further evidence for 

SIS sourced meltwater found in the Bay of Biscay between 23ɀ19 ka BP. As the ice blockage was 

supposed to have been collapsed around 18.5 ka BP, the northwestward continuation of EPV, via 

East Dogger Deep, might have transferred meltwater (possibly from lake discharge) towards 

Norwegian Channel, and endured its main path towards northerly latitudes. This northerly 
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segment of the base EPV (between 65ɀ80 mbsl) is characterized by significantly less occurrence 

of incisions in contrast to its southern segment.  

With the subsequent Late PleistoceneɀEarly Holocene sea level rise, successive depocenters 

established within the EPV, reflects the evolving hydrodynamic regime in tide- and wave-

dominated environment until present. With the first marine influence during the Early Holocene, 

EPV became an estuary with tributaries, intertidal and subtidal flats. After the drowning of EPV 

around 10 ka BP, the southern North Sea became a shallow micro-tidal basin that is constricted 

by Dogger Bank Island. This stage indicates that EPV was the major sedimentary trap of the 

southern North Sea for easterly sediment transport. With the arrival of Atlantic Water (ca. 8 ka 

BP) increased strength of currents (tidal and wind-driven) caused disturbance of the main valley 

infill  leading to persistent erosion/non-deposition zone around the western rim of EPV. 

Coinciding with the deceleration in the sea level rise, the accommodation space of EPV was almost 

fil led by ca. 5.8 ka BP. Briefly, under the control of climate, sea level rise and associated changes 

in hydrodynamic regime, five stages of the shelf organization are recorded in EPV: (1) bradided 

river system, (2) estuary (3) shallow basin with restricted connections for Atlantic water (10-8 

ka), (4) the southwestern connection establishment with the Dover Strait (8-5.8 ka), and (5) open 

marine environment (5.8 ka BP) with the drowning of Dogger, respectively. 

Moving towards high-latitude continental shelf from North Sea, another key region in the North 

Atlantic realm is the western Barents Sea close to the center of water mass exchange between 

North Atlantic and the Arctic Ocean. Here, a high latitude sediment drift (the Kveithola Drift) 

located confined to a glacially-carved trough in the northwestern Barents Sea. Drift deposits is 

generally regarded as excellent palaeo-environmental repositories, as they provide high lateral 

continuity and relatively high accumulation rates together with restricted occurrence of hiatuses. 

However, there is need to better understand the relationship between bottom current circulation 

and internal drift geometry, that is linked to paleoclimatic variations. The drift was investigated 

by densely spaced acoustic data along with lithological and sedimentological investigations in 

ÏÒÄÅÒ ÔÏ ÅØÁÍÉÎÅ ÄÒÉÆÔȭÓ ÅØÔÅÒÎÁÌ ÁÎÄ ÉÎÔÅÒÎÁÌ ÇÅÏÍÅÔÒÙ ÆÏÒ ÔÈÅ ÆÉÒÓÔ ÔÉÍÅȢ 4ÈÅ ÃÏÍÐÌÅØ 

morphology of the drift is characterized by a main and a minor drift body, two drift lenses in the 

outer part of the trough, drift patches in the innermost part and small perched sediment patches 

in a structurally-controlled channel to the north. The drift morphological and internal 

characteristics, an abrupt northward pinch-out forming a typical drift moat, and gradual tapering 

to the south, and sedimentary facies with strongly bioturbated sediments, abundant silty/sandy 

ÍÏÔÔÌÅÓ ÁÎÄ ÓÈÅÌÌ ÆÒÁÇÍÅÎÔÓ ÓÕÇÇÅÓÔ Á ÓÔÒÏÎÇ ÃÏÎÔÒÏÌ ÂÙ Á ÂÏÔÔÏÍ ÃÕÒÒÅÎÔ ǨÏ×ÉÎÇ ÉÎÓÉÄÅ ÔÈÅ 

trough. The formation of Kveithola Drift is inferred to be driven by production of Brine-enriched 

ÓÈÅÌÆ ×ÁÔÅÒ ɉ"37Ɋ ÄÕÒÉÎÇ ÔÈÅ ×ÉÎÔÅÒ ÓÅÁÓÏÎ ÁÎÄ ÉÔ ǨÏ×Ó ×ÅÓÔ×ÁÒÄ ÁÌÏÎÇ ÔÈÅ ÍÏÁÔ ÂÅÆÏÒÅ 
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cascading the continental slope. As the onset of the drift deposition started around 13 ka BP, BSW 

formation must have started around the same time, indicating that the presence of coastal 

polynyas and increased storminess and/or atmospheric cooling of the surface waters.
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Kurz fassung 
+ÏÎÔÉÎÅÎÔÁÌÓÃÈÅÌÆÅ ÕÎÄ ÉÈÒÅ ÇÒÏħÒßÕÍÉÇÅÎ !ÂÌÁÇÅÒÕÎÇÓ- und Erosionsstrukturen werden von 

einem komplexen Zusammenspiel der Schelf-Physiographie, des hydrodynamischen Regimes, der 

3ÅÄÉÍÅÎÔÓÔÒĘÍÅ ÓÏ×ÉÅ ËÌÉÍÁÁÂÈßÎÇÉÇÅÒ ÅÕÓÔÁÔÉÓÃÈÅÒ 6ÅÒßÎÄÅÒÕÎÇÅÎ ËÏÎÔÒÏÌÌÉÅÒÔȢ $ÁÓ ÍÁÃÈÔ ÓÉÅ 

ÚÕ ÉÄÅÁÌÅÎ ÓÅÄÉÍÅÎÔßÒÅÎ !ÒÃÈÉÖÅÎ ÆİÒ ÖÅÒÇÁÎÇÅÎÅ +ÌÉÍÁ- und Umweltbedingungen und somit zu 

einem wichtigen Baustein um die Auswirkungen von Klima- und Meeresschwankungen zu 

ÅÎÔÓÃÈÌİÓÓÅÌÎ ÓÏ×ÉÅ :ÕËÕÎÆÔÓ-Prognosen zu ÅÒÓÔÅÌÌÅÎ ÂÚ×Ȣ 0ÁÌßÏÒÅËÏÎÓÔÒÕËÔÉÏÎÅÎ ÕÎÄ ɀmodelle 

ÚÕ ÐÒİÆÅÎȢ $ÁÓ :ÉÅÌ ÄÉÅÓÅÒ $ÏËÔÏÒÁÒÂÅÉÔ ÉÓÔ ÅÓȟ ÄÉÅ 6ÅÒßÎÄÅÒÕÎÇÅÎ ÄÅÒ 0ÁÌßÏÕÍ×ÅÌÔȟ ÄÏËÕÍÅÎÔÉÅÒÔ 

ÉÎ ÄÅÎȟ ÄÕÒÃÈ ÄÉÅ %ÕÒÁÓÉÓÃÈÅÎ %ÉÓËÁÐÐÅÎ ÚÕÒ :ÅÉÔ ÄÅÒ 3ÐßÔ×ÅÉÃÈÓÅÌ ÂÅÅÉÎÆÌÕÓÓÔÅÎȟ ÌßÎÇÌÉÃÈÅÎ 

$ÅÐÒÅÓÓÉÏÎÅÎ ÕÎÄ ÂÅÇÒÅÎÚÔÅÎ !ÂÌÁÇÅÒÕÎÇÓÚÅÎÔÒÅÎ ÉÎ ÄÅÒ ÓİÄĘÓÔÌÉÃÈÅÎ .ÏÒÄÓÅÅ ÓÏ×ÉÅ ÄÅÒ 

nordwestlichen Barentsee zu untersuchen.  

7ßÈÒÅÎÄ ÄÅÒ 3ÐßÔ×ÅÉÃÈÓÅÌ ×ÕÒÄÅ 3ÃÈÍÅÌÚ×ÁÓÓÅÒ ÖÏÍ ÓİÄÌÉÃÈÅÎ 2ÁÎÄ ÄÅÒ ÓËÁÎÄÉÎÁÖÉÓÃÈÅÎ 

%ÉÓËÁÐÐÅÎ ɉ3ÃÁÎÄÉÎÁÖÉÁÎ )ÃÅ 3ÈÅÅÔȟ 3)3Ɋ ÇÅÍÅÉÎÓÁÍ ÍÉÔ ÄÅÎ !ÂÆÌÕÓÓ ÄÅÒ &ÌİÓÓÅ ÄÅÒ 

.ÏÒÄÄÅÕÔÓÃÈÅÎ 4ÉÅÆÅÂÅÎÅ ÅÎÔÌÁÎÇ ÄÅÒ ÓÕÂÁÅÒÉÓÃÈÅÎ ÐÅÒÉÇÌÁÚÉÁÌÅÎ 5ÍÇÅÂÕÎÇ ÄÅÒ ÓİÄlichen 

.ÏÒÄÓÅÅ ÉÍ 0ÁÌßÏÔÁÌ ÄÅÒ %ÌÂÅ ɉ%ÌÂÅ 0ÁÌaeovalley, EPV) ÂÅÆĘÒÄÅÒÔÅȢ Obwohl dieses sehr breite Tal 

ÅÉÎ ×ÉÃÈÔÉÇÅÒ "ÅÓÔÁÎÄÔÅÉÌ ÆİÒ ÄÉÅ 3İħ×ÁÓÓÅÒÖÅÒÓÏÒÇÕÎÇ ÉÍ .ÏÒÄ !ÔÌÁÎÔÉË ×ÁÒ ÕÎÄ ÓÏÍÉÔ ÁÕÃÈ 

einen signifikanten Einfluss auch das empfindliche Klima sowie ÄÉÅ 6ÅÒßÎÄÅÒÕÎÇ ÄÅÒ 

Umweltbedingungen des Nordseeschelfs hatte, gibt es bisher nur wenige Studien, die sich mit dem 

EPV auseinander setzen. Zum ersten Mal hat die detaillierte Analysen von Sedimentecholot und 

mehrkanalseismischen Daten in Kombination mit sÅÄÉÍÅÎÔÏÌÏÇÉÓÃÈÅÎ 0ÒÏÂÅÎ ÅÓ ÅÒÍĘÇÌÉÃÈÔȟ ÄÉÅ 

%06 -ÏÒÐÈÏÌÏÇÉÅ ÍÉÔ ÂÉÓ ÚÕ υ Í ÔÉÅÆÅÎ %ÉÎÓÃÈÎÉÔÔÅÎ ÉÎ ÄÅÎ 4ÁÌÂÏÄÅÎ ÓÏ×ÉÅ ÄÉÅ %06 &İÌÌÕÎÇ ÚÕ 

identifizieren und kartieren. Der Talboden des EPV liegt zwischen 40 und 80 m unter dem 

ÈÅÕÔÉÇÅÎ -ÅÅÒÅÓÓÐÉÅÇÅÌȢ !ÕħÅÒÄÅÍ ×ÕÒÄÅ ÅÉÎ 0ÁÌßÏÄÒÁÉÎÁÇÅÓÙÓÔÅÍ ÉÍ ÖÅÒÆÌÏÃÈÔÅÎÅÎ 3ÔÉÌ 

(braided-ÓÔÙÌÅɊ ÉÄÅÎÔÉÆÉÚÉÅÒÔȟ ×ÅÌÃÈÅÓ ÓÉÃÈ ÖÅÒÍÕÔÌÉÃÈ ÚÕÒ :ÅÉÔ ÄÅÓ -)3 ς -ÅÅÒÅÓÓÐÉÅÇÅÌÒİÃËÚÕÇÓ 

und/oder ɀtiefstandes in einer periglazialen Umgebung gebildet hat. Des Weiteren zeigt das EPV 

im Teil flusÓÁÂ×ßÒÔÓ ÅÉÎÅ ÐÌĘÔÚÌÉÃÈÅ ?ÎÄÅÒÕÎÇ ÄÅÓ 'ÒÁÄÉÅÎÔÅÓȟ ×ÅÌÃÈÅ ×ÁÈÒÓÃÈÅÉÎÌÉÃÈ ÄÉÅ 

6ÅÒÅÉÎÉÇÕÎÇ ÄÅÒ %ÉÓËÁÐÐÅÎ ÉÎ ÄÅÒ .ÏÒÄÓÅÅ ÚÕÒ :ÅÉÔ ÄÅÒ 3ÐßÔ×ÅÉÃÈÓÅÌ ×ÉÄÅÒÓÐÉÅÇÅÌÔȢ $ÉÅ 

-ĘÒßÎÅÎÈİÇÅÌȟ ×ÅÌÃÈÅ ÄÁÓ 4ÁÌ ÆÌÁÎËÉÅÒÅÎȟ ÒÅÐÒßÓÅÎÔÉÅÒÅÎ ÖÅÒÍÕÔÌÉÃÈ ÅÉÎÅ !ÕÓÄÅÈÎÕÎÇ ÄÅÒ 3)3 

von 7ÅÓÔ $ßÎÅÍÁÒË ÂÉÓ ÚÕÒ $ÏÇÇÅÒ "ÁÎËȢ %ÉÎÅ !ÂÆÏÌÇÅ ÖÏÎ ÕÎÇÅÆßÈÒ ςφ Í ÍßÃÈÔÉÇÅÍ ÓÔÅÉÆÅÎ 4ÏÎ 

ÖÏÎ ×ÁÈÒÓÃÈÅÉÎÌÉÃÈ ÇÌÁÚÉÇÅÎÅÒ (ÅÒËÕÎÆÔ ×ÕÒÄÅ ÇÒÏħÆÌßÃÈÉÇ ÅÎÔÌÁÎÇ ÄÅÒ ÓİÄĘÓÔÌÉÃÈÅÎ $ÏÇÇÅÒ "ÁÎË 

ËÁÒÔÉÅÒÔ ÕÎÄ ÕÎÔÅÒÓÔİÔÚÔ ÖÏÒÒÁÎÇÅÇÁÎÇÅÎÅ 3ÐÅËÕÌÁÔÉÏÎÅÎ İÂÅÒ ÄÉÅ %ØÉÓÔÅÎÚ eines Eistausees 

ÓİÄÌÉÃÈ ÄÅÒ $ÏÇÇÅÒ "ÁÎËȢ !ÕħÅÒÄÅÍ ÌÉÅÆÅÒÔ ÄÉÅ %ØÉÓÔÅÎÚ ÄÉÅÓÅÓ 3ÅÅÓ ×ÅÉÔÅÒÅ "Å×ÅÉÓÅ ÆİÒ ÄÅÎ 

Einstrom von SIS Schmelzwasser in den Golf von Biscaya zwischen 23 und 19 ka BP. Da die 

%ÉÓÂÌÏÃËÁÄÅ ÖÅÒÍÕÔÌÉÃÈ ÖÏÎ ÃÉÒÃÁ ρψȢυ ËÁ ËÏÌÌÁÂÉÅÒÔÅȟ ËĘÎÎÔÅ die nordwestliche Fortsetzung des 

%06ȟ ÅÎÔÌÁÎÇ ÄÅÓ $ÏÇÇÅÒ 4ÉÅÆÓȟ 3ÃÈÍÅÌÚ×ÁÓÓÅÒ ɉÍĘÇÌÉÃÈÅÒ×ÅÉÓÅ ÁÕÓ 3ÅÅÎ ÓÔÁÍÍÅÎÄɊ ÉÎ 2ÉÃÈÔÕÎÇ 
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.ÏÒ×ÅÇÉÓÃÈÅÒ +ÁÎÁÌ ÁÂÆÇÅÆİÈÒÔ ÈÁÂÅÎȢ 3ÏÍÉÔ ×ßÒÅ ÄÅÒ 4ÁÌÖÅÒÌÁÕÆ ÉÎ ÎĘÒÄÌÉÃÈÅÒÅÎ "ÒÅÉÔÅÎÇÒÁÄÅÎ 

ÅÒÈÁÌÔÅÎ ÇÅÂÌÉÅÂÅÎȢ $ÉÅÓÅÓ ÎĘÒÄÌÉÃÈÅ Talbodensegment des EPV (zwischen 65 und 80 m unter dem 

ÈÅÕÔÉÇÅÎ -ÅÅÒÅÓÓÐÉÅÇÅÌɊ ×ÅÉÓÓÔ ÉÍ 6ÅÒÇÌÅÉÃÈ ÚÕÍ ÓİÄÌÉÃÈÅÒÅÎ 4ÅÉÌ ÓÉÇÎÉÆÉËÁÎÔ ×ÅÎÉÇÅÒ 

Einschneidungen auf. 

7ßÈÒÅÎÄ ÄÅÓ ÁÎÓÃÈÌÉÅħÅÎÄÅÎ 3ÐßÔÐÌÅÉÓÔÏÚßÎ-&ÒİÈÈÏÌÏÚßÎ -ÅÅÒÅÓÓÐÉÅÇÅÌÁÎÓÔÉÅÇÓ ÂÉÌÄÅÔÅÎ ÓÉÃÈ 

sukzessive Ablagerungszentren im EPV, welche die Entwicklung des hydrodynamischen Regimes 

in einer gezeiten- und wellendominierten Umgebung bis heute wiederspiegeln. Zum Zeitpunkt 

ÄÅÓ ÅÒÓÔÅÎ ÍÁÒÉÎÅÎ %ÉÎÆÌÕÓÓÅÓ ×ßÈÒÅÎÄ ÄÅÓ &ÒİÈÈÏÌÏÚßÎÓ ÈÁÔ ÓÉÃÈ ÄÁÓ %06 ÉÎ ÅÉÎ ?ÓÔÕÁÒ ÍÉÔ 

.ÅÂÅÎÆÌİÓÓÅÎȟ ÓÏ×ÉÅ 7ÁÔÔ- ÕÎÄ ÓÕÂÔÉÄÁÌÅÎ &ÌßÃÈÅÎ ÅÎÔ×ÉÃËÅÌÔȢ .ÁÃÈ ÄÅÒ &ÌÕÔÕÎÇ ÄÅÓ %06 ÖÏÒ ÃÉÒÃÁ 

ρπ ËÁ ×ÕÒÄÅ ÄÉÅ ÓİÄÌÉÃÈÅ .ÏÒÄÓÅÅ ÚÕ ÅÉÎÅÍ ÆÌÁÃÈÅÎ -ÉÃÒÏ-Gezeitenbecken, welches durch die 

Dogger Bank Insel begrenzt wurde. Diese Phase deutet darauf hin, dass das EPV eine bedeutende 

3ÅÄÉÍÅÎÔÆÁÌÌÅ ÆİÒ ÄÅÎ ÏÓÔ×ßÒÔÉÇÅÎ 3ÅÄÉÍÅÎÔÔÒÁÎÓÐÏÒÔ ÄÅÒ ÓİÄÌÉÃÈÅÎ .ÏÒÄÓÅÅ ÒÅÐÒßÓÅÎÔÉÅÒÔÅȢ -ÉÔ 

ÄÅÒ !ÎËÕÎÆÔ ÄÅÓ !ÔÌÁÎÔÉÓÃÈÅÎ 7ÁÓÓÅÒÓ ɉÖÏÒ ÃÉÒÃÁ ψ ËÁɊ ÖÅÒÓÔßÒËÔÅÎ ÓÉÃÈ ÄÉÅ ÇÅÚÅÉÔÅÎ- und 

×ÉÎÄÇÅÔÒÉÅÂÅÎÅÎ 3ÔÒĘÍÅ ÕÎÄ ÂÅÅÉÎÔÒßÃÈÔÉÇÔÅÎ ÄÁÂÅÉ ÄÉÅ &İÌÌÁÂÌÁÇÅÒÕÎÇ ÉÍ 4ÁÌ ÕÎÄ ÆİÈÒÔÅÎ ÚÕ 

einer lang anhaltenden Phase der Erosion/Nichtablagerung entlang des westlichen Rands des 

EPV. Gleichzeitig mit der Verlangsamung des Meeresspiegelanstieges wurde der 

!ÂÌÁÇÅÒÕÎÇÓÒÁÕÍ ÉÍ %06 ÎÁÈÅÚÕ ÇßÎÚÌÉÃÈ ÇÅÆİÌÌÔ ÕÍ ÃÉÒÃÁ υȢψ ËÁ "0Ȣ :ÕÓÁÍÍÅÎÆÁÓÓÅÎÄ ×ÕÒÄÅÎ 

ÆİÎÆ 3ÔÁÄÉÅÎ ÄÅÒ 3ÃÈÅÌÆÅÎÔ×ÉÃËÌÕÎÇ ÉÍ %06 ÄÏËÕÍÅÎÔÉÅÒÔȟ ÄÉÅ ×ÉÅ ÆÏÌÇÔ ÚÕÓÁÍÍÅÎÇÅÆÁÓÓÔ ×ÅÒÄÅÎ 

ËĘÎÎÅÎȡ ɉρɊ ÅÉÎ ÖÅÒÆÌÏÃÈÔÅÎÅÓ &ÌÕÓÓÓÙÓÔÅÍȟ ɉςɊ ÅÉÎ ?ÓÔÕÁÒȟ ɉσɊ ÅÉÎ ÆÌÁÃÈÅÓ "ÅÃËÅÎ ÍÉÔ ÂÅÇÒÅÎÚÔÅÍ 

:ÕÇÁÎÇ ÆİÒ Äas Atlantische Wasser (10 ɀ 8 ka BP), (4) die Etablierung einer Verbindung mit der 

3ÔÒÁħÅ ÖÏÎ $ÏÖÅÒ ɉψ ɀ 5.8 ka BP), sowie (5) offene Meeresbedingungen (seit 5.8 Jahren) mit der 

Flutung der Dogger Insel. 

 )Î ÈĘÈÅÒÅÎ "ÒÅÉÔÅÎÇÒÁÄÅ Âildet die Barentsee, nahe des Zentrums des Wassermassenaustauschs 

Ú×ÉÓÃÈÅÎ .ÏÒÄ !ÔÌÁÎÔÉË ÕÎÄ !ÒËÔÉÓÃÈÅÍ /ÚÅÁÎ ÇÅÌÅÇÅÎȟ ÅÉÎÅ ×ÅÉÔÅÒÅ 3ÃÈÌİÓÓÅÌÒÅÇÉÏÎ ÉÍ 

ÎÏÒÄÁÔÌÁÎÔÉÓÃÈÅÎ 2ÅÇÉÍÅȢ )Î ÅÉÎÅÍ ÓÕÂÍÁÒÉÎÅÎ 'ÌÅÔÓÃÈÅÒÔÁÌȟ ×ÅÌÃÈÅÓ ÓÉÃÈ İÂÅÒ ÄÉÅ ÎÏÒÄ×ÅÓÔÌÉÃÈÅ 

Barentsee erstreckt, befindet sich hier ein Sediment Drift (der Kveithola Drift). Durch ihre hohe 

ÌÁÔÅÒÁÌÅ +ÏÎÔÉÎÕÉÔßÔ ÕÎÄ 3ÅÄÉÍÅÎÔÁÔÉÏÎÓÒÁÔÅÎ ÓÏ×ÉÅ ÄÕÒÃÈ ÄÁÓ ÅÉÎÇÅÓÃÈÒßÎËÔÅ 6ÏÒËÏÍÍÅÎ ÖÏÎ 

Hiati, gelten solche Driftablagerungen im Allgemeinen als exzellente Archive fİÒ 

0ÁÌßÏÕÍ×ÅÌÔÂÅÄÉÎÇÕÎÇÅÎȢ %ÉÎ ÂÅÓÓÅÒÅÓ 6ÅÒÓÔßÎÄÎÉÓ ÄÅÒ :ÕÓÁÍÍÅÎÈßÎÇÅ Ú×ÉÓÃÈÅÎ 

"ÏÄÅÎÓÔÒĘÍÕÎÇÅÎ ÕÎÄ ÄÅÒ ÉÎÔÅÒÎÅÎ $ÒÉÆÔÇÅÏÍÅÔÒÉÅ ÉÎ 6ÅÒËÎİÐÆÕÎÇ ÍÉÔ ÐÁÌßÏËÌÉÍÁÔÉÓÃÈÅÒ 

6ÁÒÉÁÔÉÏÎÅÎ ÉÓÔ ÄÁÈÅÒ ÎĘÔÉÇȢ :ÕÍ ÅÒÓÔÅÎ -ÁÌ ×ÕÒÄÅ ÄÉÅ ÅØÔÅÒÎÅ ÕÎÄ ÉÎÔÅÒÎÅ 'ÅÏÍÅÔÒÉÅ ÄÅÓ 

Kveithola Drift anhand von einem engen Netz an akustischen Profilen sowie lithologischer und 

ÓÅÄÉÍÅÎÔÏÌÏÇÉÓÃÈÅÒ $ÁÔÅÎ ÕÎÔÅÒÓÕÃÈÔȢ $ÉÅ ËÏÍÐÌÅØÅ -ÏÒÐÈÏÌÏÇÉÅ ÄÅÓ +ÖÅÒÉÔÈÏÌÁ $ÒÉÆÔÓ ÉÓÔ ÇÅÐÒßÇÔ 

von einem Haupt- ÕÎÄ ÅÉÎÅÍ .ÅÂÅÎÄÒÉÆÔËĘÒÐÅÒȟ Ú×ÅÉ $ÒÉÆÌÉÎÓÅÎ ÉÍ ßÕħÅÒÅÍ Teil des Tals, 

ÕÎÒÅÇÅÌÍßħÉÇÅÎ $ÒÉÆÔÓ ÅÎÔÌÁÎÇ ÄÅÓ ÉÎÎÅÒÅÎ 4ÅÉÌÓ ÓÏ×ÉÅ ËÌÅÉÎÅÎȟ ÕÎÒÅÇÅÌÍßħÉÇÅÎ ÓÅÄÉÍÅÎÔßÒÅÎ 
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Bereichen in einem strukturkontrolliertem Kanal im Norden. Die Drift Morphologie und internen 

Merkmale beinhalten ein abruptes Auskeilen gen Norden, welches den Drift-typischen Graben 

ɉÄÅÎ ÓÏÇÅÎÎÁÎÔÅÎ -ÏÁÔɊ ÆÏÒÍÔȟ ÅÉÎ ÇÒÁÄÕÅÌÌÅÓ :ÕÓÐÉÔÚÅÎ ÇÅÎ 3İÄÅÎȟ ÓÏ×ÉÅ ÓÔÁÒË ÂÉÏÔÕÒÂÉÅÒÔÅ 

ÓÅÄÉÍÅÎÔßÒÅ &ÁÚÉÅÓȢ (ßÕÆÉÇ ÖÏÒËÏÍÍÅÎÄÅÒ 3ÉÌÔȾ3ÁÎÄ ÓÏ×ÉÅ -ÕÓÃÈÅÌÆÒÁÇÍÅÎÔÅ ÄÅÕÔÅÎ ÁÕÆ ÅÉÎÅÎ 

starken Einfluss eines Bodenstroms innerhalb des Tals hin. Die Enstehung des Kveithola Drifts 

wurde vermutlich durch die Produktion von salzwasserreichem Schelfwasser (Brine-enriched 

ÓÈÅÌÆ ×ÁÔÅÒȟ "37Ɋ ×ßÈÒÅÎÄ ÄÅÓ 7ÉÎÔÅÒÓ ÁÎÇÅÔÒÉÅÂÅÎȢ $ÉÅÓÅÓ "37 ÆÌÉÅħÔ ×ÅÓÔ×ßÒÔÓ ÅÎÔÌÁÎÇ ÄÅÓ 

Moats bevore es den KoÎÔÉÎÅÔÁÌÈÁÎÇ ÈÅÒÁÂ ÓÔİÒÚÔȢ $Á ÄÅÒ "ÅÇÉÎÎ ÄÅÒ $ÒÉÆÔÁÂÌÁÇÅÒÕÎÇ 

ÖÏÒÒÁÕÓÓÉÃÈÔÌÉÃÈ ÖÏÎ ρσ ËÁ ÅÉÎÓÅÔÚÔÅȟ ÍÕÓÓ ÄÉÅ "37 "ÉÌÄÕÎÇ ÕÎÇÅÆßÈÒ ÚÕÒ ÇÌÅÉÃÈÅÎ :ÅÉÔ ÉÎÉÔÉÉÅÒÔ 

×ÕÒÄÅ ÓÅÉÎȢ $ÉÅÓ ÄÅÕÔÅÔ ÁÕÆ ÄÉÅ 0ÒßÓÅÎÚ ÖÏÎ ËİÓÔÅÎÎÁÈÅÎ ÓÏÇÅÎÎÁÎÔÅÎ 0ÏÌÙÎÙÁÓ ÓÏ×ÉÅ ÅÒÈĘÈÔÅÒ 

SturmakÔÉÖÉÔßÔ ÕÎÄȾÏÄÅÒ ÁÔÍÏÓÐÈßÒÉÓÃÈÅÒ +İÈÌÕÎÇ ÄÅÒ /ÂÅÒÆÌßÃÈÅÎ×ÁÓÓÅÒ ÈÉÎȢ
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Thesis outline & contribution declaration  
The work conducted for this thesis is presented as five chapters. In Chapter 1 the motivation and 

objectives of this study are described, and general introduction regarding Late Quaternary 

glaciation and deglaciation history of Eurasian ice sheets, glacial structures and current controlled 

sedimentary processes on the continental shelves, and sea-level rise are introduced. Thereafter, 

overview of the data acquired during associated cruises and explanations of the methodology 

used are presented. The next three chapters (Chapter 2, 3, and 4) and Appendix (A and B) 

comprise manuscripts of the doctoral thesis. Chapter 2 and 3 are pending for submission to the 

relevant journal; while Chapter 4, Appendix A, and Appendix B are published in peer-reviewed 

journals. 

Chapter 2 presents the environmental re-organization that took place in the southeastern North 

Sea shelf since the Last Glacial Maximum with the main emphasis on the Elbe Palaeovalley and its 

sedimentary infill . This chapter consists of the manuscript below and it is ready for submission: 

From an ice-marginal spill -way to a sedimentary trap (Elbe Palaeovalley , SE North 

Sea)  

!ÓÌą vÚÍÁÒÁÌȟ (ÁÎÎÏ +ÅÉÌȟ $ÁÎÉÅÌ !Ȣ (ÅÐÐȟ 4ÉÌÍÁÎÎ 3ÃÈ×ÅÎËȟ (ÅÎÄÒÉË ,ÁÎÔÚÓÃÈȟ 4ÏÂÉÁÓ 

-ĘÒÚ, Volkhard Spiess 

To be submitted to the Quaternary Science Reviews 

Author contribution : Acquisition of multi-channel seismic and sediment echo-sounder 

ÄÁÔÁȟ ÔÈÅÉÒ ÐÒÏÃÅÓÓÉÎÇ ÁÎÄ ÉÎÔÅÒÐÒÅÔÁÔÉÏÎ ÈÁÖÅ ÂÅÅÎ ÄÏÎÅ ÂÙ !Ȣ vÚÍÁÒÁÌȟ ÁÓ ×ÅÌÌ ÁÓ ×ÒÉÔÉÎÇ 

ÁÎÄ ÐÒÅÐÁÒÁÔÉÏÎ ÏÆ ÁÌÌ ÆÉÇÕÒÅÓȢ 4ÈÅ -3#, ÃÏÒÅ ÌÏÇÇÉÎÇ ×ÁÓ ÐÅÒÆÏÒÍÅÄ ÂÙ !Ȣ vÚÍÁÒÁÌ ÁÎÄ $Ȣ 

(ÅÐÐȢ 4ÈÅ ÓÁÍÐÌÅÓ ÆÏÒ ÔÈÅ ρτ# ÄÁÔÉÎÇ ×ÁÓ ÓÅÌÅÃÔÅÄ ÁÎÄ ÔÒÅÁÔÅÄ ÂÙ !Ȣ vÚÍÁÒÁÌ with the 

help and utilities provided by H. Lantzsch. Draft versions were reviewed by H. Keil, T. 

Schwenk, D. Hepp and H. Lantzsch. All co-authors participated in the discussion of results.  

Chapter 3 unravels for the first time the northward continuation of the Elbe Palaeovalley in the 

eastern North Sea with regards to late Weichselian ice sheet extension and paleoceanograhic 

development of the area following the deglaciation. This chapter consists of the manuscript below 

and it is ready for submission: 
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The pathway of Elbe Palaeovalley and late Quaternary sedimentary succession in 

the eastern North Sea 

!ÓÌą vÚÍÁÒÁÌȟ (ÁÎÎÏ +ÅÉÌȟ 4ÉÌÍÁÎÎ 3ÃÈ×ÅÎË, Daniel A. Hepp, Volkhard Spiess 

To be submitted to the Marine Geology 

Author contribution : The data acquired by H. Keil and D. Hepp. A. Ouro, T. Ehmen, and A. 

vÚÍÁÒÁÌ ×ÅÒÅ ÒÅÓÐÏÎÓÉÂÌÅ ÆÏÒ ÓÅÉÓÍÉÃ ÄÁÔÁ ÐÒÏÃÅÓÓÉÎÇȢ !Ȣ vÚÍÁÒÁÌ ÉÎÔÅÒÐÒÅÔÅÄ ÔÈÅ ÄÁÔÁȟ 

prepared figures, wrote and organized the manuscript. T. Schwenk, H. Keil and D. Hepp 

provided suggestions and feedback.  

Chapter 4 deals with the glacially originated Kveithola Trough in the NW Barents Sea and its 

sedimentary succession after deglaciation with specific focus on the bottom current controlled 

sedimentation. This chapter consists of the manuscript below: 

Evolut ion of a high -latitude sediment drift inside a glacially -carved trough based on 

high -resolution seismic stratigraphy (Kveithola, NW Barents Sea)  

Michele Rebesco, Aslą vÚÍÁÒÁÌȟ 2ÏÇÅÒ 5ÒÇÅÌÅÓȟ $ÁÎÉÅÌÁ !ÃÃÅÔÔÅÌÌÁȟ 2ÅÎÁÔÁ 'Ȣ ,ÕÃÃÈÉȟ $ÅÎÉÓÅ 

2İÔÈÅÒȟ -ÏÎÉÃÁ 7ÉÎÓÂorrow, Jaume Llopart, Andrea Caburlotto, Hendrik Lantzsch, Till J.J. 

Hanebuth 

Published in Quaternary Science Reviews 

Author contribution : Parasound sediment echosounder data acquisition, handling and 

stratigraphical interpretation of profiles were done by !Ȣ vÚÍÁÒÁÌȟ ÁÓ ×ÅÌÌ ÁÓ ÉÎÔÅÇÒÁÔÉÏÎ 

of MSCL measurements and sedimentological information into the Parasound profiles 

during a research stay in Italy under the supervision of M. Rebesco. The version of 

chapters about methods and results were written by A. vÚÍÁÒÁÌȟ ×ÈÏ ÐÒÅÐÁÒÅÄ ÁÌÓÏ ÁÌÌ 

figures apart from Fig. 4.2 and 4.9 and gave input to the discussion part. Final version was 

×ÒÉÔÔÅÎ ÂÙ -Ȣ 2ÅÂÅÓÃÏȟ ÁÎÄ !Ȣ vÚÍÁÒÁÌ ÃÏÎÔÒÉÂÕÔÅÄ ÔÏ ÔÈÅ ÒÅÖÉÓÉÏÎ ÁÆÔÅÒ ÔÈÅ ÅÄÉÔÏÒ ÁÎÄ 

ÒÅÖÉÅ×ÅÒÓȭ ÃÏÍÍÅÎÔÓȢ 

Finally, Chapter 5 summarizes the main results conclusions derived from three study areas along 

with the suggestions/recommendations for further research that could be conducted. 

Appendix A is a further work in the German North Sea representing the first controlled source 

electromagnetic survey results and a comparison of resistivity model to reflection seismic data 

from this area. It is published in the peer-reviewed journal as: 
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Trans -dimensional Bayesian inversion of controlled -source electromagnetic data 

in the German North Sea 

Romina A. S. Gehrmann, Jan Dettmer, Katrin Schwalenberg, Martin Engels, Stan E. Dosso 

ÁÎÄ !ÓÌą vÚÍÁÒÁÌ 

Author contribution : Seismic data acquisition and processing were conducted by A. 

vÚÍÁÒÁÌȢ )ÎÔÅÒÐÒÅÔÁÔÉÏÎ ÏÆ ÓÅÉÓÍÉÃ ÌÉÎÅ ×ÁÓ ÄÉÓÃÕÓÓÅÄ ×ÉÔÈ 2Ȣ Gehrmann.  

Appendix B is a further work regarding Kveithola area that is presented in Chapter 4. This chapter 

focuses on the submarine glacial landforms that are imprinted on the modern seafloor, and 

published in the peer-reviewed journal as:  

Grounding zo ne wedges and mega-scale glacial lineations in Kveithola Trough, 

Barents Sea 

-Ȣ 2ÅÂÅÓÃÏȟ 2Ȣ 5ÒÇÅÌÅÓȟ !Ȣ vÚÍÁÒÁÌ Ǫ #/2)"!2 ÓÃÉÅÎÔÉÆÉÃ ÐÁÒÔÙ 

Published in Atlas of Submarine Glacial Landforms: Modern, Quaternary and Ancient 

Author contribution : Parasound sediment echosounder data acquisition, handling and 

ÆÉÇÕÒÅ ÐÒÅÐÁÒÁÔÉÏÎ ÆÒÏÍ ÔÈÅ ÐÒÏÆÉÌÅ ×ÅÒÅ ÄÏÎÅ ÂÙ !Ȣ vÚÍÁÒÁÌȢ
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Continental shelves with their large-scale depositional and erosional sedimentary structures are 

governed by the complex interplay between shelf physiography (e.g. geodynamics), 

hydrodynamic regime (waves, tides, and currents), sediment flux (e.g. rivers and estuaries), and 

climate-driven eustatic changes (Fig. 1.1). They hold, therefore, detailed archives of past climate 

and environmental conditions, that in turn are the building stone for understanding the influence 

of changing climate and sea-level. This understanding is a key element for modeling. The 

Quaternary period, with its fluctuating climate and associated global eustatic sea-level changes, is 

characterized either by roughly similar setting to that of the present day during interglacial 

periods, or by mostly terrestrial settings when sea levels were more than 100 m below the present 

level. The latter period caused subaerial exposure of some shelves due to the glacio-eustatic 

lowering in sea levels, for instance, routes of valleys would have been expanded further beyond 

ÔÈÅ ÔÏÄÁÙȭs shorelines being part of a coastal plain environment, especially on passive margins 

with their wide continental shelves (Bridgland, 2002).  

 

Figure 1.1 Controlling factors on continental shelves in long- and short-term geological timescales after 
Chiocci and Chivas (2014). 

Aside from the wealth of geomorphological and sedimentological information contained within 

continental shelves and being sediment carriers beyond the shelf edge, these terrestrial  

landscapes would have been attractive occupation sites for mammalian megafauna along with 

humans, thereby holding an important potential for the archeological information . Before the 
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water that is stored by glaciers released by melting of ice sheets, hence rising sea levels and 

warming climate progressively inundated shelf regions, particularly low-lying areas such that the 

land area of Europe around the last glacial maximum was around 40 percent ÇÒÅÁÔÅÒ ÔÈÁÎ ÔÏÄÁÙȭÓ 

and the land bridge between continental Europe and Britain existed. In contrast, on high-latitude 

shelves with their ice-generated depressions at depths of around some hundreds of meters, 

subaerial exposure was limited only to the innermost parts (Zecchin et al., 2015).  

In this thesis, two different areas of European continental shelves (Fig. 1.2) in temperate and high 

latitude environment were investigated within the framework of MARUM SD2 (Climatic control 

on large-scale sedimentary structures). However, both margins were influenced by the Late 

Weichselian Eurasian Ice Sheet Complex in terms of glacial processes and sedimentary deposits. 

Elbe Palaeovalley and Kveithola Trough served as important drainage paths during the last 

deglaciation of Scandinavian and Barents Sea Ice Sheet, respectively.  

 

Figure 1.2 Bathymetric overview of study areas in the North and Barents Sea(numbered boxes refer to 
chapter number). Contours only show 100-400 m depth interval every 100 m. Grey arrows: North 
Atlantic Current; stippled grey arrows: coastal currents; white arrow: East Greenland Current. 
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οȢο 3ÔÕÄÙ ÁÒÅÁÓ ÁÎÄ ÏÂÊÅÃÔÉÖÅÓ  

οȢοȢο .ÏÒÔÈ 3ÅÁ 

Sea level and climate changes since the last glacial period have led to significant reorganization of 

the landscape and coastlines in the Northwest Europe (e.g. Shennan et al., 2000). The Elbe 

Palaeovalley (EPV) has been a large river system whose catchment included continental drainage 

in the North European plain, particularly the meltwater drainage from the southern margin 

Scandinavian Ice Sheet (Figge, 1980). During the sea-level rise and flooding of the shelf, such a 

palaeovalley would be the first to response by reflecting climatic and hydrodynamic variations, 

together with shallow embayments, estuaries and coastal wetlands (e.g. Hanebuth et al., 2011). 

Additionally, earlyɀmid Holocene sea level rise is supposed to be the key to estimate the future 

changes (Siddall et al., 2010). Since the mid-19th century mean sea level has increased by around 

1.7 mm yr-1 in the North Sea, and also, increased tidal ranges have been measured by tide gauges 

in the German Bight which are yet to be understood for coastal safety management. Furthermore, 

possible coastal drowning in Northern Germany could be accelerated by neo-tectonic subsidence 

as pointed out by (Reicherter et al., 2005). 

 Regarding the evolution of the North Sea since last glacial period, particularly the Elbe 

Palaeovalley, a number of issues are to be understood with this study:  

¶ What were the environmental and depositional changes throughout the reorganization of 

the southern North Sea shelf? 

¶ What are the main controlling factors of the valley infill architecture; which processes 

govern the sediment transport/deposition?  

¶ What was the fate of the Elbe Palaeovalley outside the German part of the North Sea; was 

the EPV disrupted by the Late Weichselian (MIS-2) ice sheet in the North Sea on its 

downstream part? Can we detect imprints of the ice margin and associated sedimentary 

deposits ɀ as the margin is supposed to be located within the study area?  

These scientific questions will be targeted utilizing sediment echosounder and multi-channel 

seismic data, as well as sediment cores from German, Danish and Norwegian sectors of the 

North Sea. The data-set allows to carry out the following tasks:  

Ɇ mapping the morphology of EPV and its speculative pathway in the North Sea,  

¶ describing and interpreting the core lithology, and physical properties perform 

chronological control for the EPV infill succession and reconstruct and discuss the 

evolution of the palaeoenvironment in the southeastern North Sea,  
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The results provide the first  detailed insights into the EPV, its role in the and late Weichselian 

deglaciation history (e.g. meltwater contribution to the North Atlantic realm), and Late 

Weichselian ice sheet presence in the North Sea, therefore contribute to overall evolution of the 

North Sea throughout the Late Weichselian. 

οȢοȢπ .7 "ÁÒÅÎÔÓ 3ÅÁ 

Moving towards high-latitude continental shelf, another key region in the North Atlantic realm is 

the western Barents Sea close to the center of water mass exchange between North Atlantic and 

the Arctic Ocean. During late Weichselian, the grounded ice on the Barents Sea is known to have 

advanced twice to the shelf break in the west (Laberg and Vorren, 1996; Vorren et al., 1998), ice 

streams occupied cross-shelf troughs, and the deglaciation followed a stepwise pattern (Polyak et 

al., 1995; Winsborrow et al., 2010Ƞ 2İÔÈÅÒ ÅÔ al., 2012). 

Kveithola Trough within this arctic environment, was a drainage zone for the ice sheet sitting on 

the Spitsbergenbank ɉ2İÔÈÅÒ ÅÔ ÁÌȢȟ ςπρςȠ "ÊÁÒÎÁÄĕÔÔÉÒ ÅÔ ÁÌȢȟ ςπρσɊ. Its confined ice sheet area is 

supposed to provide intensified response to external forcing parameters linked to the climatic 

variations in the northern Atlantic realm (Sarnthein et al., 2003a; Rebesco et al., 2011).  

Furthermore, in the close vicinity to the polar front, dense winter water formed by seasonal sea-

ice production cascades into the Arctic and Nordic Seas, thereby intensifying Atlantic Ocean 

circulation. As a result, this region is expected to hold the record of variations in sea-ice formation 

along with the storminess. In this regard, contourites can provide crucial evidence to understand 

changes in climate and ocean circulation (Rebesco and Camerlenghi, 2008a).  

At present, Arctic climate gives signs of rapid change; based on satellite data sea ice cover across 

the Arctic Ocean has been decreasing by 2ɀ3% per decade, and also, during last two decades 

surface temperatures has increased around πȢυЈ# ÐÅÒ ÄÅÃÁÄÅ ÁÔ ÌÁÔÉÔÕÄÅÓ ÁÂÏÖÅ φπЈ.Ȣ ɉ¡ÌÕÂÏ×ÓËÁ 

et al., 2005). 

Therefore, it is vital to understand past climate changes in this environment that has been 

significantly affected by present atmospheric warming, and consequently, the following scientific 

questions will be addressed:     

¶ Which mechanisms have controlled sedimentary successions within the Kveithola Trough, 

particularly the Kveithola Drift? 

¶ When was the Kveithola drift formed and how was it evolved (e.g. its spatial distribution 

in the Kveithola Trough)? 

¶ What information  can be revealed from the high-resolution sedimentary succession of the 

Kveithola Drift? 
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These scientific questions will be targeted utilizing sediment echosounder, multbeam 

echosounder, and gravity cores from the Kveithola Trough, which allow to  

¶ reveal the palaeoclimatic and palaeoocenographic variability in the western Barents Sea 

area 

¶ map development stages of the Kveithola drift for the first time 

¶ perform chronological control for the evolution of drift succession 

¶ describe and interpret the core lithology and physical properties  

¶ combine existing bathymetric data and to provide high resolution map 

The results will provide a complement to the data and results from the western Barents Sea 

continental margin, especially to the Kveithola Trough Mouth Fan.  

οȢπ 4ÈÅ ,ÁÔÅ 7ÅÉÃÈÓÅÌÉÁÎ )ÃÅ 3ÈÅÅÔ ɉ%ÕÒÁÓÉÁÎ )ÃÅ 3ÈÅÅÔ #ÏÍÐÌÅØɊ ÁÎÄ 

ÄÅÇÌÁÃÉÁÔÉÏÎ 

Northern Hemisphere ice sheets were established 2.6 Ma ago in the early Pleistocene causing 

variations in the atmospheric and oceanic circulations besides to organization of the physical 

landscape. Since then for ca. 1.6 Ma, ice sheets were built up and vanished in accordance with the 

τρ ËÁ ÃÙÃÌÅÓ ÒÅÌÁÔÅÄ ÔÏ ÔÉÌÔ ÏÆ ÔÈÅ %ÁÒÔÈȭÓ ÁØÉÓ (Imbrie et al., 1992). However, over the last 800 ka 

ÔÈÅ %ÁÒÔÈȭÓ ÃÌÉÍÁÔÅ represents a series of glacial-interglacial cycles lasting around 100 ka 

(eccentricity) and gradual ice sheet growth followed by subsequent abrupt termination 

establishing a sawtooth curve (Hays et al., 1976; Clark et al., 2009; Berger et al., 2016). Following 

the last interglacial period (Fig. 1.3) when the climate at least as warm as today or as warm as 

today, the Earth switched into the glacial mode and the global ice-sheet-reached maxima within 

the diachronous period between 33 and 19 ka BP that is centered around 26.5 ka BP (Peltier and 

Fairbanks, 2006; Clark et al., 2009) and the North Atlantic PolÁÒ &ÒÏÎÔ ÍÏÖÅÄ ÔÏ×ÁÒÄ ÃÁȢ τυЈ. 

(Clark et al., 2009). During the late Weichselian maximum, an extensive (the second largest of the 

Northern Hemisphere) and approximately 2.75ɀ1.75-kilometer-thick ice sheets occupied the 

northern Europe (from western Ireland offshore to Taimyr Peninsula) (Fig. 1.3; Siegert et al., 

2001; Svendsen et al., 2004; Stroeven et al., 2016).  

Around half of the massive interlocked ice sheet complex (Eurasian Ice Sheet Complex) on the 

northwestern Eurasia reached until the continental shelf edge, while its terrestrial margin was 

lying between North European and Russian plains (Hughes et al., 2016). Each ice sheet within 

Eurasian Ice Sheet Complex were influenced different external forcing such as sea-level, climate, 

geothermal heat and Glacial Isostatic Adjustment (GIA), however during the Last Glacial Maximum 

(LGM) they were evolved as single massive ice complex (Patton et al., 2016). It  is composed of 

initially  individual ice sheets: predominantly terrestrial -based Scandinavian Ice Sheet (SIS), 
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British-Irish Ice Sheet (BIIS), and marine-based Barents-Kara Sea Ice Sheet (Svendsen et al., 2004; 

Hughes et al., 2016; Patton et al., 2016).  

 

Figure 1.3 The Eurasian Ice Sheet complex (SIS: Scandinavian Ice Sheet; BIIS: British Irish Ice Sheet; BKIS: 
Barents-Kara Ice Sheet) in the framework of Northern Hemispheric Glaciation during the Late 
Weichselian (modified from Patton et al., 2016). Red line marks approximate maximal limits of the 
three Eurasian ice; black stars indicate study areas in the North Sea and Barents Sea.   

The western margins of SIS and BIIS advanced across their continental shelves already by 29 ka 

BP, however it took 6 ka for the ice complex to attain its maximum stand (22.7 ka BP). Owing to 

the geomorphological imprint, glaciogenic sediment deposition within trough mouth fans, and ice-

rafted debris position in cores, the early advance to the shelf recorded for the interval 27ɀ24 cal 

ka BP for the western margins of Eurasian ice complex (Sejrup et al., 2000; Scourse et al., 2009; 

Jessen et al., 2010). Based on the glacial landform mapping along with radiometric and 

cosmogenic nuclide exposure dating, terrestrial limits for the maximum extent on the south and 

east of the complex were constrained for the interval 25ɀ17 ka BP (Boulton et al., 2001; Kleman 

et al., 2008; Ehlers et al., 2011a). However, the configuration and chronology for the coalescence 

of the SIS and BIIS over the North Sea and the eastern extent of the BKIS are still not well-

constrained due to the lack of data (Svendsen et al., 2004; Clark et al., 2012b; Hughes et al., 2016; 

Patton et al., 2016). The North Sea and Atlantic margins were already withdrawing while eastern 
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margins were advancing until around 20 ka BP, therefore maximum stand of the ice sheet complex 

was a relatively brief period (Patton et al., 2016; Stroeven et al., 2016). The BIIS was mainly 

controlled by relatively warm and maritime climate nourished by the weakened North Atlantic 

current, and it was very sensitive to variations in the sea-level and climate leading to rapid and 

dynamic advance and retreat (Scourse et al., 2009; Clark et al., 2012a; Patton et al., 2016).  

The extensive SIS was mainly controlled by its western topographic relief (Scandinavian 

Mountains) that triggered the terrestrial eastern margin advance towards east (Boulton et al., 

2001; Kleman et al., 2008). On the contrary, BKIS was predominantly marine-based, and grounded 

at depths down to 550 mȟ ÔÈÅÒÅÂÙ ÐÒÏÖÉÄÉÎÇ ÁÎ ÁÎÁÌÏÇÕÅ ÆÏÒ ÔÏÄÁÙȭÓ Greenland and Antarctic ice 

sheets that are grounded below present day sea level (Polyak et al., 1997Ƞ 2İÔÈÅÒȟ ςπρςɊ. The 

major ice dome developed on the northwestern Barents Sea shelf and it grew towards northern 

and western margins when the maximum position was established. After the LGM around 18.5 ka 

BP, the SIS unzipped from the BIIS on the North Sea (Clark et al., 2012a; Sejrup et al., 2016) and 

the BKIS was separated from the SIS offshore northern Norway ɉ"ÊÁÒÎÁÄĕÔÔÉÒ ÅÔ ÁÌȢȟ ςπρτɊ.  

Last deglaciation and sea -level rise  following the  LGM 

Due to the built-up and decay of northern hemisphere ice caps, global mean sea levels were varied 

significantly with amplitudes greater than 100 m (Fig. 1.4; e.g. Lambeck et al., 2002b and 

Yokoyama and Esat, 2011). The major trigger initiating the Northern Hemisphere deglaciation 

between 19 and 20 ka was the northern latitude insolation leading to rapid mass loss in ice sheet 

as demonstrated by Clark et al. (2009) based on their LGM geochronology, and also, the 

deglaciation, subsequently, amplified by the carbon cycle (increased atmospheric CO2) and ocean 

feedbacks (tropical Pacific sea surface temperatures).  

Following the last glacial maximum when global mean sea level fell to around 130 m below the 

present, rapid melting of ice sheets caused high rates of sea level rise (Cronin, 2012); and from 

LGM until the end of Younger Dryas around 80 m increase in the global mean sea level was caused 

by the decay of ice sheets (Clark et al., 2012b). The onset of deglaciation in the Northern 

hemisphere at ca.19.5ɀ19 ka conduce to an abrupt sea-level rise of 5ɀ10 m as a response to 

northern summer insolation forcing (Clark et al., 2004b). This rise corresponds to 19 ka meltwater 

pulse (MWP) (Clark et al., 2009). The succeeding sea-level rise was around 15 m between 19ɀ14.7 

ka due to the continued retreat of the SIS (Rinterknecht et al., 2006) and Laurentide Ice sheet, this 

period includes Heinrich event 1 at ca. 17 ka (Hemming, 2004; Clark et al., 2009). Based on fossil 

coral records, the acceleration in the sea level rise occurred during the time corresponding to the 

onÓÅÔ ÏÆ "ĜÌÌÉÎÇ ×ÁÒÍ ÉÎÔÅÒÖÁÌ ÁÒÏÕÎÄ ρτȢχ ËÁ ɉÃÏÎÃÕÒÒÅÎÔ ×ÉÔÈ ÔÈÅ -70-1a) and within 700 

years, sea-level rise was 10ɀ20 m, and (Hanebuth, 2000). As any indication for the accelerated 

retreat for SIS and LIS were not found, the retreat of Antarctic Ice Sheet from its LGM is considered 
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to be responsible for meltwater contribution that is equivalent to a sea level rise of around 15 m 

(Weaver et al., 2003; Clark et al., 2009). From 14.0 to 12.9 ka sea-level rise continued until the 

Younger Dryas cold event (ca. 12.9ɀ11.6 ka; according to Rasmussen et al., 2006) interrupted the 

postglacial warming during which slowing down in the rate of sea-level rise occurred based on 

records of low latitude corals (e.g. Bard et al., 2010). The cooling and decrease in the Atlantic 

Meridional Overturning Circulation (AMOC) during this time attributed to eastern outlet of the 

Lake Agassiz to the northern Atlantic Ocean (e.g. Broecker et al., 1989) or to the Arctic Ocean 

(Murton et al., 2010). 

 

Figure 1.4 Global sea-level curves from the past 200 ka derived from oxygen isotope records (modified after 
Siddall et al., 2007; full references for the respective data are provided therein). The last glacial cycle 
is divided into stages MIS 1ς5. MIS-4 and -3 stadials resembles the onset of LGM, MIS-2 contains the 
LGM that is followed by rapid decay of ice and MIS-1 represents the past 11.7 ka (Lambeck et al., 
2002a). Red box: interest interval for this thesis. MIS=Marine Isotope Stage. 

Climate evolution in Europe  during the last deglaciation  

Northern Europe during LGM, based on pollen records, was characterized by open, steppe-tundra 

environments when winter temperatures and precipitations decreased around 5ɀρυ Ј# ÁÎÄ σππɀ

400 mm y-1, respectively (Fletcher et al., 2010; Clark et al., 2012b).  

The slight increase in temperature and precipitation marking the conclusion of LGM, pursued by 

the dry and cold stadial (the Oldest Dryas between 17.5ɀ14.7 ka) when glacial state in vegetation 

was resumed ɉ'ÏđÉ ÅÔ ÁÌȢȟ ςπππ; Clark et al., 2012b). The subsequent rapid temperature increase 

by 3ɀυ Ј# ÁÔ ÔÈÅ ÏÎÓÅÔ ÏÆ "ĜÌÌÉÎÇ ×ÁÓ ÆÏÌÌÏ×ÅÄ ÂÙ ÃÏÏÌ ÐÅÒÉÏÄ ÃÏÒÒÅÓÐÏÎÄÉÎÇ ÔÏ 9ÏÕÎÇÅÒ $ÒÙÁÓ ×ÉÔÈ 

Á ÔÅÍÐÅÒÁÔÕÒÅ ÄÅÃÒÅÁÓÅ ÕÐ ÔÏ ρυ Ј# ÁÎÄ ÒÅÓÕÌted in tundra environment again. The abrupt end of 
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9ÏÕÎÇÅÒ $ÒÙÁÓ ÁÎÄ ÒÁÐÉÄ ÔÅÍÐÅÒÁÔÕÒÅ ÉÎÃÒÅÁÓÅ ÏÆ ÁÒÏÕÎÄ τ Ј# ɀ varied latitudinally  ɀ occurred at 

around 11.7 ka (Clark et al., 2012b). 

οȢπȢο ,ÁÎÄÆÏÒÍÓ ÁÎÄ ÆÏÒÍÁÔÉÏÎÓ ÉÎ ÇÌÁÃÉÁÌ ÁÎÄ ÐÅÒÉÇÌÁÃÉÁÌ ÅÎÖÉÒÏÎÍÅÎÔÓ  

As several periods in the Quaternary were characterized by several ËÉÌÏÍÅÔÅÒÓȭ thick ice even 

extending over temperate latitudes of the Northern Hemisphere, (palaeo) landscape was mostly 

sculpted by combination of glacial erosion and sediments. The land in the vicinity of the glaciers 

ɀperiglacial landscapesɀ were under the influence of cold tempreatures leading to permafrost 

occurrence and tundra-steppe vegetation. 

As the distribution of glacial landform assemblages implies a quite range of different appearances 

in terms of the ice-sheet dynamics and environmental conditions, this section focuses on large-

scale landforms observed in the study areas western Barents Sea and North Sea. 

 

Figure 1.5 Glacial and periglacial environments (modified after Brodzikowski and van Loon, 1991; Janszen, 
2012). 

Ice-streams drain rapidly  interior basins within the ice-sheet and they are the fast-flowing 

segment of an ice sheet, therefore surrounded by slower flowing ice (e.g. Batchelor and 

Dowdeswell, 2014). In high latitude climate and oceanography, they play an important role due 

to their  rapid drainage ability during peak glacial conditions thereby huge mass transfer to the 

ice-sheet drainage basin margin (Andreassen et al., 2004). When the ice was grounded in the 

Barents Sea, bathymetric cross shelf troughs were occupied by fast flowing (or switching between 

fast flowing and stagnation) ice streams ɉ$Ï×ÄÅÓ×ÅÌÌ ÁÎÄ %ÌÖÅÒÈĜÉȟ ςππςɊ. Ice streams in troughs 

have important protrusions on their mouth at the shelf break called Trough Mouth Fan, are 

composed mainly of glaciogenic debris flow deposits, and are prominent , among others, on the 
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Svalbard margin of the NorwegianɀGreenland Sea where they have provided evidence for ice-

sheet dynamics (e.g. Bear Island ɉ"ÊĜÒÎĜÙÁɊ, Storfjorden, Kveithola Trough Mouth Fan; Vorren et 

al., 1998; Lucchi et al., 2013; Llopart et al., 2015).  

Mega Scale Glacial Lineations (MSGLs) are elongate streamlined curvilinear ridges of sediment 

that are produced sub-glacially indicating the track of ice-stream. Their lengths are usually around 

6ɀ100 km, have width of around 200ɀ1300 m (length to width ratio >10:1), and their spacing 

ranges between 200 m to 5 km. They were first discovered on the Antarctic continental margin by 

high-resolution seismic and swath bathymetry investigations (Clark and Stokes, 2003), but later, 

they also have been discovered in western Eurasia, e.g. inside Kveithola Trough (see Appendix B) 

and Norwegian Channel (Ottesen et al., 2005Ƞ "ÊÁÒÎÁÄĕÔÔÉÒ ÅÔ ÁÌȢȟ ςπρσ; Ottesen et al., 2016).  

Grounding zone wedges (GZWs) are diamictic wedges marking the significant still-stand duration 

during deglacial ice retreat across the shelf and implying episodic retreat rather than catastrophic 

(Dowdeswell et al., 2008). 

Ice-marginal valleys or spillways are originally referred to German term ȰUrstromtalȱ. They were 

aligned parallel to ice front margins in periglacial environments, therefore their courses are 

related to particular stages of ice sheet limits. These broad valleys (around 25 km wide) collected 

meltwater from proglacial meltwater channels which were formed across the ice front , as well as 

river drainage from ice-free areas. They were produced by enormous volumes of water, some of 

which might be received from catastrophic outbursts related to ice-dammed lakes. Thermal 

erosion of river banks related to permafrost conditions can be also involved in their formation 

(Kolstrup, 2005). Ice-marginal valleys recognized not only along the SIS margin, but also along the 

margin of Laurentide Ice Sheet during the Late Wisconsin and they were associated with 

catastrophic megaflood events (i.e. outburst floods) (Kehew et al., 2009). 

It was in the North Germany where ice marginal valleys were first investigated (Woldstedt, 1950), 

and in 1909 they were already depicted in the map of the north European Plain by Keilhack (Fig. 

1.6; ,İÔÈÇÅÎÓ ÁÎÄ "ĘÓÅȟ ςπρς). They were situated along North European Plain from Russia to the 

North Sea where ice-margin transversal meltwater channels cut morphological highs such as till 

plains (also referred to ground moraine) and end moraine ridges and formed interconnections 

between ice marginal valleys. The southward proglacial drainage over sandar (i.e. outwash plain) 

from southern margins of SIS joined eastɀwest flowing rivers towards the North Sea (Figge, 1980; 

Ehlers and Wingfield, 1991; Ehlers et al., 2004Ƞ "ĘÓÅȟ ςππυɊ. During the Pleistocene glaciations, 

northward outflow of rivers towards Baltic Sea were blocked by ice sheets; hence their flow was 

dependent on the position of ice sheet margin such as the Rhine and Meuse in the Netherlands, 

Elbe, Weser and Ems in Germany. An example of ice-ÍÁÒÇÉÎÁÌ ÖÁÌÌÅÙ ɉ4ÏÒÕď-Eberswalde) during 

Weichsel glaciation from German-Polish lowland is shown in Fig. 1.7. This large valley (> 500 km 
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long, 2ɀ20 km wide) with curved banks is represented by numerous channels (up to 8.5 m deep) 

of braided system under the periglacial climate (Pisarska-*ÁÍÒÏŀÙȟ ςπρυɊ. As being part of the 

ÓÙÓÔÅÍ ÉÃÅ ÍÁÒÇÉÎÁÌ ÖÁÌÌÅÙÓȟ Ȱ%ÌÂÅ 5ÒÓÔÒÏÍÔÁÌȱ ÉÎ ÔÈÅ ÎÏÒÔhwest Germany which was the major 

drainage system of meltwaters that were carried towards present-ÄÁÙȭÓ .ÏÒÔÈ 3ÅÁ ×ÈÅÎ ÔÈÅ ,ÁÔÅ 

Weichselian ice margin (during early MIS 2 or late MIS 3, ca. 34ɀ24 ka BP) was situated around 

northeast of Elbe Lineament (Ehlers et al., 2011bȠ ,İÔÈÇÅÎÓ ÁÎÄ "ĘÓÅȟ ςπρρɊ. In Chapter 2 and 3, 

further details on its North Sea pathway is presented in detail. 

 

Figure 1.6 Southwestern sector of SIS was drained by a system of ice-marginal valleys the first map by Keilhack 
(1909). After deglaciation, these valleys were often reshaped by rivers. 1: end moraines of Late 
Weichsel glaciation; 2: Saale or penultimate glaciation. 

Braided river systems are prominent features in ice-marginal valleys as a result of huge amount 

of glacial debris transport throughout the peak ice melt discharge taking place in summer and 

spring with limited aggradation. Although not a prerequisite, the braiding pattern is usually 

established on permafrost that is common for periglacial environment considering that 

permafrost aids in an effective expansion of channel network (Vandenberghe and Woo, 2002). 

The response of river systems to changes in climate and environmental conditions during 

Weichselian were presented and discussed by Vandenberghe and Woo (2002), Huisink (2000),  

Vandenberghe (1995) and Mol (1997) for some of the European rivers; major changes in 

vegetation cover, changes in discharge characteristics, the position of the river catchment are 
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considered to be mainly responsible for the evolution of the fluvial style such as braided, 

meandering or anastomosing (Fig. 1.8). 

 

Figure 1.7 Ice-marginal valley during Weichsel glaciation. It drained the water from sandar from north and 
extraglacial rivers from south (modified after Pisarska-WŀƳǊƻȍȅΣ нлмр). 

Ice-dammed lakes When the meltwater drainage system is impeded by ice margins, water 

ponding can give rise to formation of an ice-dammed lake that are characterized as being unstable. 

Breaking down of the dam can be catastrophic if hydrostatic pressure of the lake surpasses the 

overburden pressure of ice at the lake outlet, or when the lower terrain is exposed by the 

retreating ice margin, or via overtopping (Stroeven et al., 2016). For instance, north flowing rivers 

of West Siberia and northern Russian plain (e.g. Yenissei, Ob, and Pechora) were captured by the 

BKIS and ice-dammed lakes (that were larger than any lake today) were formed during the 

Quaternary period (Mangerud, 2004). Another example of the biggest lake (349,000 km2) related 

to decaying SIS margin was Baltic Ice Lake during Younger Dryas (Jakobsson et al., 2007). In the 

North Sea, the existence of ice-dammed lake and its overspill (possible catastrophic) during 

Elsterian, Saalian, and also during Weichselian is inferred and some direct and indirect evidences 

for glaciolacustrine sediments (i.e. wave-rippled sands, fine grained rainout deposits; Murton and 

Murton, 2012) are presented by (Smith, 1985Ƞ -ïÎÏÔ ÅÔ ÁÌȢȟ ςππφ; Toucanne et al., 2010; Hijma et 

al., 2012; Cohen et al., 2014).Ice-dammed or proglacial lakes are, among others, important 

formations for the climate system, since their drainage routes to the ocean can contribute to the 

sudden climate changes as drainage of the Lake Agassiz contributed to the Younger Dryas (Teller, 

1990). 
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The arcuate shaped sediment accumulations are moraine complexes document either still-stands 

or ice-front oscillations during glacier retreat (Andreassen et al., 2008; Sejrup et al., 2016) and are 

represented by poor to well sorted, stratified to weakly stratified sediments and diamictons (Benn 

and Evans, 2010). 

 

Figure 1.8 Comparison of fluvial behaviour under climatic changes (taken from Vandenberghe and Woo, 
2002).  

οȢπȢπ )ÍÐÁÃÔ ÏÆ ÉÃÅ ÓÈÅÅÔÓ ÏÎ ÃÌÉÍÁÔÅ 

Several climate modeling studies imply the influence of Northern Hemisphere ice-sheet on climate 

changes on millennial time scales by the release of fresh water to the North Atlantic, affecting sea 

surface conditions (salinity and temperature), extent of sea-ice cover, and North Atlantic Deep 

Water formation (Manabe and Broccoli, 1985; Ganopolski et al., 1998; Clark, 1999). Indeed, 

northwest European ice sheets together with Icelandic ice sheet is suggested by multi -proxy 

foraminiferal and geochemical analyses to be the principal driver in millennial-scale AMOC 

variability during the last glacial period, besides to North American Laurentide ice sheet (e.g. Peck 

et al., 2006; Bigg et al., 2010; Eynaud et al., 2012) given that both ice sheets were readily available 



  )ÎÔÒÏÄÕÃÔÉÏÎȟ #ÈÁÐÔÅÒ σ 

ος 

 

freshwater reservoirs on both sides of the North Atlantic (Toucanne et al., 2015) and large 

freshwater inputs have been related to iceberg release to ocean or sudden outburst of freshwater 

from ice-dammed lakes and subglacial meltwater (Lekens et al., 2006). Moreover, significant 

hydrographic changes along European margin associated with accelerated slowdown of AMOC 

have been reported by e.g. Hall et al. (2006), Eynaud et al. (2012), Knutz et al. (2007), Lekens et 

al. (2006), Peck et al. (2007). The sensitivity of the climate system to freshwater was tested on 

geographic locations such as outlet of meltwater draining river systems and the border of LGM ice 

sheets by climate modelling which showed that freshwater forcing of Nordic Seas (due to 

Norwegian Channel Ice Stream) displays direct freshening influence in the vicinity to deep water 

formation zones in the North Atlantic; while Arctic freshwater forcing has a long-term response 

associated to sea-ice formation and advection (Roche et al., 2010). What is particularly significant 

to the SIS and BIIS is that their meltwater injections to the North Atlantic (via The Channel River) 

and subsequent AMOC destabilization and interhemispheric climate changes have been shown 

based on Nd isotope record; for between 22.5ɀ21.3 ka BP, 20.3ɀ18.7 ka BP, and 18.2ɀ16.7 ka BP 

(Toucanne et al., 2015). For instance, the last meltwater event (starting around 18.2 ka BP) was 

important enough to elicit interhemispheric seesaw event and the Heinrich Stadial-1 (HS1) in the 

northern Hemisphere. This event lasted for 1500 years to concede the subsequent iceberg release 

from LIS by mid-depth warming of the North Atlantic, thereby extending the duration of HS1 

(Toucanne et al., 2015). 

οȢρ 2ÅÌÁÔÉÖÅ ÓÅÁ ÌÅÖÅÌ ÒÉÓÅ ÄÕÒÉÎÇ (ÏÌÏÃÅÎÅ 

The Northern Hemisphere ice sheets were mostly vanished between 11.6ɀ7.0 ka from early to 

mid-Holocene due to warming by boreal summer insolation, and also, greenhouse gasses (Marcott 

et al., 2013; Moossen et al., 2015); and global mean sea-level was about 60 m below the present at 

the Younger Dryas/Holocene transition (Smith et al., 2011). Relatively high rate (up to 2.5 cm yr-

1) of the Early Holocene sea-level rise is estimated by several sea level proxies; however, after 7 

ka relative sea level approaches to the global mean sea level when the ice sheet decay was 

completed (Fleming et al., 1998). 

2ÉÇÈÔ ÁÆÔÅÒ 9ÏÕÎÇÅÒ $ÒÙÁÓȟ ÉÃÅ ÃÏÒÅÓ ÆÒÏÍ 'ÒÅÅÎÌÁÎÄ ÉÎÄÉÃÁÔÅ ÒÁÐÉÄ ÒÉÓÅ ÏÆ ÃÁ ρυ Ј# ×ÉÔÈÉÎ ρυππ 

years leading to further decay of ice sheets and glaciers (Smith et al., 2011). By the end of 

deglaciation (ca. 7 ka), rise of around 20ɀ25 m since 9.5ɀ9 ka (Cronin, 2012). The 8.2 ka abrupt 

cooling event in the Northern Hemisphere is linked to sea-level jumps of approximately 0.4 and 

2.1 m in the Mississippi and Rhine-Meuse deltas, respectively (TĘÒÎÑÖÉÓÔ ÁÎÄ (ÉÊÍÁȟ ςπρςɊ. 

Moreover, this event has been suggested by 4ĘÒÎÑÖÉÓÔ ÁÎÄ (ÉÊÍÁ (2012) to be associated with the 

freshwater drainage through Hudson Bay from Lake Agassiz leading to perturbations in the North 



  )ÎÔÒÏÄÕÃÔÉÏÎȟ #ÈÁÐÔÅÒ σ 

οσ 

 

Atlantic ocean circulation and triggering abrupt cooling events. During the late Holocene (last 2ɀ

3 ka) sea level was almost stable until the acceleration dated ca 1900.  

οȢρȢο 2ÅÌÁÔÉÖÅ ÓÅÁȤÌÅÖÅÌ ÒÉÓÅ ÉÎ ÔÈÅ ÓÏÕÔÈÅÒÎ .ÏÒÔÈ 3ÅÁ 

Sea-level changes since last glacial maximum was not uniform everywhere as relative sea-level 

rise is controlled by regional scale factors, that has been recognized after compilation efforts of 

dated sea-level indicators such as fossil corals, peat deposits, wood from estuarine clays 

(Woodroffe and Murray-Wallace, 2012). Such regional factors interacting with each other are 

controlled by different spatial and temporal scales (Kiden et al., 2002), and they mainly are: (i) 

global/eustatic increase in ocean volume that is climatically controlled; (ii) glacio- and/or hydro -

isostatic change due to ice, sediment and water loading; (iii) tectonic subsidence or uplift 

(Lambeck et al., 1998; Shennan et al., 2000; Vink et al., 2007; Steffen and Wu, 2011). Due to the 

loss in weigÈÔ ÏÆ ÉÃÅ ÓÈÅÅÔÓ ÄÕÒÉÎÇ ×ÏÒÌÄ×ÉÄÅ ÄÅÇÌÁÃÉÁÔÉÏÎ ÁÎÄ ÔÈÅ %ÁÒÔÈȭÓ ÄÙÎÁÍÉÃ ÒÅÓÐÏÎÓÅ 

against it, vertical land movements have taken place in previously glaciated or peripheral to these 

regions, described as glacial isostatic adjustment (GIA). The rebound of former glaciated regions 

along with the forebulge dynamics, and hydro-isostasy causing a subsidence of the ocean floor 

and a flexure continental shelves together with ocean siphoning effect contributes to the complex 

geographical variation in the realtive sea-level rise pattern (Walcott, 1972; Lambeck and Chappell, 

2001; Mitrovica and Milne, 2002; Conrad, 2013). 

In the northwestern Europe, the post-glacial sea-level history contains these isostatic, eustatic and 

tectonic contributions (Kiden et al., 2002), making this area difficult to be represented by a 

common sea-level curve, especially during the Early and Middle Holocene (Vink et al., 2007). The 

subsiding zone in the North Sea (former  glacial forebulge updoming) surrounding the 

Fennoscandia uplift center is defined by geophysical isostatic models (Lambeck, 1995; Kiden et 

al., 2002), and it is also recognized by observational data ɉ-ĘÒÎÅÒȟ ρωχω; Kiden et al., 2002). The 

maximum of this zone is arranged in a relatively narrow band stretching along onshore northwest 

Russia (Lake Ilmen), central Poland, northern Germany and from there towards southern North 

Sea (Steffen and Wu, 2011). Relative sea-level data from the northwest Europe (Fig. 1.9) depicts 

differential crustal movement between the Belgium, the Netherlands, the northwest Germany and 

the southern North Sea (Vink et al., 2007; Steffen and Wu, 2011). This complex non-linear pattern 

ɀaside from the tectonic activityɀ contains glacio- and/or hydro -isostatic component that 

increases toward German sector of the North Sea from the Belgian coastal plain (Kiden et al., 2002; 

Vink et al., 2007). As revealed by Vink et al. (2007), northwest Germany experienced isostatic 

lowering of around 7.5 m relative to Belgium from 8 cal ka BP until 4.8 cal ka BP. Moreover, over 

the last 6000 years, isostatic movements have caused subsidence of East Frisian coast with a rate 

of 0.6 cm/1000 years. ɉ"ÕÎÇÅÎÓÔÏÃË ÁÎÄ 3ÃÈßÆÅÒȟ ςππωɊ.  
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Figure 1.9 Estimated relative mean sea level (MSL) error bands from NW Europe(from Belgium, the 
Netherlands, Germany and the southern North Sea; mainly derived from basal peats) along with 
global/eustatic sea-level curves; inset shows the mid-lines of each error band (taken from Vink et al., 
2007). 

οȢρȢπ %ÆÆÅÃÔÓ ÏÆ ÓÅÁ ÌÅÖÅÌ ÒÉÓÅ ÏÎ ÃÏÁÓÔÁÌ ÁÒÅÁÓ 

Continental shelves and coastal lowland regions are the most vulnerable to changes in the sea 

level caused the morphodynamical changes in the landscape, i.e. by shifting the coastline landward 

and drowning of incised valleys, thereby formation of estuaries where riverine sediment delivery 

is not abundant enough to form deltas along the coastal shoreline. In the northwest Europe, 

swampiness (paludification) of Pleistocene sandy deposits due to the post glacial sea level rise 

(therefore rise in the groundwater level) led to formation of basal peat as a first development 

stage in the inundated landscape (Koster, 2005). Intertidal and subtidal conditions subsequently 

were occurred to be followed by shallow marine environment in the course of the ensuing sea-

level rise (Streif, 2004).  
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Doggerland (Fig. 1.10), for example, characterized the palaeolandscape of the present day North 

Sea region before the sea-level rise completely inundated the valleys and wetlands (e.g. marshes 

and swamps) that was attractive to the Mesolithic people (Coles, 2000; Shennan et al., 2000; 

Gaffney et al., 2007). 

The sea level rise affects the coastal system by inundating wetlands, increasing shoreface erosion 

as well as storm events by increased flooding depths and inundation extents (Passeri et al., 2015). 

The coastal system tries to adapt to sea level rise by changing its landscape, and marshes, for 

instance, will try to keep up with the sea-level rise depending on the sediment supplies into the 

system and the rate of sea level rise. Furthermore, peatland within wetland ecosystems not only 

present a habitat for variety of plant and animal species, but also, they provide fertile land for 

agriculture and can be used as fuel. Therefore, sea level rise effects will be on ecological habitats 

and organisms and will also have socio-economic dimension (Church et al., 2010; Passeri et al., 

2015) such that today low-lying coasts, elevations less than 10 m, are populated by more than 10 

percent of the world population (Clark et al., 2015).  

The most of the coastal morphology, for instance, present-day barrier-inlet systems in the North 

Sea, was developed when the rapid sea-level rise was slowed or during the stillstands in the sea-

level rise. Estuaries, wetlands, tidal inlet/basin systems have rich bio-diversities, but are short-

lived/temporary landscapes on geological timescales, and especially tidal flats within this system 

are the most vulnerable ones for potential relative sea-level rise (van Goor et al., 2003; 

Dissanayake et al., 2012). The possible impacts of future sea-level rise have been modelled by 

some studies. The modelling adapted by van Goor et al. (2003) for Wadden Sea inlets showed that 

inlet/basin systems were able to keep up with more than 10 mm/year relative sea-level rise by 

accumulating sediment into the system to reach a dynamic morphological equilibrium. 

Predictions for sea-level rise regarding the period between 1990ɀ2100 ranges between 0.75 and 

1.9 m and higher end future prediction of 2 m could drown 1. 5% of the present-day coastal area 

(Wilmes and Green, 2014). 
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Figure 1.10 The early Holocene flooding of a) Doggerland leading to isolation of Britain from the Europe 
mainland, b) Sunda shelf area in the southeast Asia, and c) Bering Strait, former land bridge between 
Asia and North America (taken from Smith et al., 2011). 

οȢς 0ÁÌÁÅÏÖÁÌÌÅÙÓ 

Palaeovalleys were created during sea level falls and lowstands, when rivers were adapting to 

low-stand shorelines, and therefore their erosional bases are considered to be the most 

remarkable indication for sequence boundaries. Comprehensive research on palaeovalleys 

(incised valleys) have been conducted since the 1970s, palaeovalleys (van Wagoner et al., 1998); 
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however, the major advance in studying incised valley systems (and estuaries) initiated during 

ρωωπȭÓ ÂÙ ÒÅÁÓÏÎ ÏÆ ÔÈÅÉÒ ÄÅÐÏÓÉÔÓȟ ÐÁÒÔÉcularly their sand-prone fills, holding potential as an oil 

reservoir (Dalrymple et al., 1994; Zaitlin et al., 1994; Gregoire et al., 2017). Aside from 

hydrocarbon reservoir interest, the lower surface of the incised valleys denotes the expansion of 

drainage system to the continental shelf, which possibly evacuate sediment/freshwater either to 

the outer shelf or to the continental slope during the base level fall and lowstand (Blum et al., 

2013). Additionally , they comprise one of the most important component of the continental 

shelves as they have the highest potential to host lowstand and transgressive deposits to 

document environmental changes, climate events, but also, human activities (Boyd et al., 2006; 

Chaumillon et al., 2010).  

Several studies on palaeovalleys from Precambrian to present day shelf setting implied the 

influence of changes in the sea-level, climate, tectonics, sediment supply and valley morphology 

on their infill and stratigraphic architecture (Dabrio et al., 2000; Simms, R, A. et al., 2006; Simms 

et al., 2010). Late Quaternary and Holocene incised valley systems that became estuaries with the 

flooding have been studied by e.g. Nordfjord et al. (2006), Rodriguez et al. (2008), Thomas and 

Anderson (1994). 

The typical models of incised valley fill, according to Zaitlin et al. (1994), composed of a landward 

segment with fluvial deposits, a middle segment where fluvial deposits are covered by central-

basin deposits and a seaward segment that contains both fluvial and central-basin and overlain 

by marine deposits. However, this model was expanded or modified by the subsequent studies 

(Dalrymple et al., 2006). For example, Garrison and van den Bergh (2006) and Li et al. (2006) 

presented models that the fill composed of almost only fluvial deposits. Furthermore, Payenberg 

et al. (2006) showed another example that after complete drowning, the valley was not filled 

completely, thereby having an accommodation space to be filled later by open-marine sediments 

like shelf dunes in East coast of Australia. Further example from Hudson Shelf Valley, on the other 

hand, showed that catastrophic flooding associated with glacial lakes filled the valley by large field 

of subaqueous bedforms, banks and levees (Thieler et al., 2007). Also, Chaumillon et al. (2010) 

compared the incised valleys from coasts of France and it turned out that valleys in the same 

setting (tectonically stable and sediment starved margins) depicted contrasting conditions of 

hydrodynamics, inherited morphology and sediment supply. They observed that sea-level is the 

main controlling parameter for the valley formation and its infill as is in the model proposed by 

Zaitlin et al. (1994). However, for the variations in the infill, the first order controlling parameter 

was hydrodynamics such as valley location with respect to the littoral drift and tide-, mixed (tide 

and wave), wave-dominated infill like the categorization made for present-day estuaries or 

lagoons. The second order controlling factor was attained to inherited morphology of the valley 
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and the latter in turn controls sediment supply and hydrodynamics (e.g. bedrock related 

irregularities focus tidal flow).  

οȢσ #ÕÒÒÅÎÔ ÃÏÎÔÒÏÌÌÅÄ ÄÅÐÏÓÉÔÉÏÎ ÏÎ ÓÈÅÌÖÅÓ 

οȢσȢο 3ÈÁÌÌÏ× ÓÈÅÌÖÅÓ 

As rivers or glaciers sculpt the shelf profile, hydrodynamical processes (i.e. waves and currents) 

and meteorological conditions since the last deglacial transition take a profound role in inducing 

the sediment motion and in the re-distribution of sediments (Wright, 1995) by affecting the 

evolution of coastal and geological basin (Ward et al., 2015). Transport of shelf sea sediment under 

the control of tides, waves and wind-driven currents is a complex process that relative influence 

of each can vary on temporal and spatial scales (van der Molen, 2002; Neill et al., 2010; Ward et 

al., 2016). For instance, long term sediment transport in the present-ÄÁÙȭÓ .ÏÒÔÈ 3ÅÁȟ ÐÁÒÔÉÃÕÌÁÒÌÙ 

the southern North Sea, is mainly dominated by tidal currents although waves and wind-driven 

currents are also involved in the process (van der Molen and Swart, 2001b; van der Molen, 2002).  

Water masses in the ocean basin are forced to rotate around amphidromic points due to the 

combination of gravitational forces between Moon and Sun, the geometry of the basin, and the 

Coriolis effect (Schieber, 2016a). On shallow shelf areas (ranging between 10-200 m water depth) 

in wide passive continental margin setting significant tidal currents usually exist due to the 

increase in tidal action associated with their greater shelf width. Therefore, on many shelves, 

these rotating tidal currents are capable of transporting sandy sediment (even medium grained 

sand) and even mud in bedload (Houbolt, 1968; Stride, 1982; Reynaud and Dalrymple, 2012; 

Schieber, 2016a).  

)Î ÅÐÉÃÏÎÔÉÎÅÎÔÁÌ ÅÍÂÁÙÍÅÎÔÓ ÌÉËÅ ȰÏÐÅÎ-ÍÏÕÔÈÅÄ ÉÎÄÅÎÔÁÔÉÏÎÓȱ ɉÅȢÇȢ .ÏÒÔÈ 3ÅÁ ÁÎÄ Yellow Sea), 

within continental interiors that have a narrow connection to the open ocean (e.g. Hudson Bay 

and Baltic Sea), and in straits or seaways (e.g. Dover Strait) that connect larger water bodies, tidal 

currents interact with waves, wind/storm -induced currents and geostrophic currents (related to 

global ocean circulation), thereby resulting in variety of sediharrmentary deposits (Reynaud and 

Dalrymple, 2012) and they can be enhanced by enhanced by local topographic effects such as 

islands and sand banks. Significant tidal currents are particularly observed in embayments having 

a tidal resonance or in seaways/straits where the tidal currents are strengthened (Reynaud and 

Dalrymple, 2012).  

Furthermore, regarding the wind-driven circulation in shallow seas, storms occasionally interact 

with  seabed and ease the lateral transport of mud (Swift, 1970; Nittrouer et al., 2007; Schieber, 

2016a). For instance, in the Mid Atlantic Bight, the interaction of seasonal winds with the shelf 
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water instigated bottom currents of around 20 cm/s; wind-circulation, therefore was responsible 

for moving, reworking surface muds as bedload but also as suspension (Schieber, 2016a). The 

combination of tidal currents with strong storms that occasionally resuspend seafloor muds could 

lead to transport of significant amount of sediment (Schieber, 2016b). 

The most common, but also the largest bedforms observed in shallow marine settings are current 

ridges (sand banks) and compound dunes (also called sand waves) which are flow transverse 

bedforms indicative of strong currents (50ɀ65 cm/sec; Kenyon and Cooper, 2005) and their 

hydrodynamical agents are mostly tidal currents, e.g. in the southern North Sea (Caston, 1972; 

Caston, 1981; McCave and Langhorne, 1982; Stride, 1982; Davis and Balson, 1992; Deleu et al., 

2004), Celtic Sea (Reynaud et al., 1999), northeastern Australia (Harris, 1989), East China Sea (Liu 

et al., 2007). Sand ridges are elongated sedimentary bodies, aligned somewhat parallel to the coast 

and oblique to the peak tidal current direction at angles ÂÅÔ×ÅÅÎ π ÁÎÄ ςπЈ with many kilometers 

in length, a few kilometers in width and some tens of meters in height (Trentesaux et al., 1999). 

As a good example of sand ridge from the southern North Sea, Middelkerke Bank, displays four 

phases of evolution such as palaeovalley infilling, lagoon or subtidal environment, coastal, storm-

dominated sand bar, which was the core for overlying offshore sand bank. The composition of this 

bank varies laterally from prograding oblique to horizontal reflectors and onlap underlying units 

(Trentesaux et al., 1999). Overall, the deposition of first three units in Middelkerke Bank was 

suggested to be controlled sea-level rise, while modification of storm dominated sand bar to tidal 

sand bank might be occurred under the relatively stable sea-level. 

1.5.1.1 North Sea  

Highly energetic regime in the North Sea is forced by mechanisms such as tides (semi-diurnal), 

winds and density differences (Backhaus, 1989). The North Sea circulation and main physical 

mechanisms are summarized in Fig. 1.11. From the north, tidal energy is brought into the North 

Sea resulting in strong frictional stresses that stir the water column. Aside from tides, winds 

together with atmospheric pressure changes cause storm surges that may cause several meters 

increase in the mean sea-level if they overlap with spring tides. Furthermore, density differences 

are driven by seasonal thermal stratification (e.g. summer thermocline) due to heating and cooling 

of surface waters, and also, by freshwater inputs (Howarth et al., 1994). The most important rivers 

with regard to their catchment area are Elbe, Weser, Ems, Rhine, Meuse, Scheldt, Thames and 

Humber. The suspended particulate matter in the North Sea is sourced from the Atlantic Ocean, 

from the English Channel, rivers, erosion of the seafloor coastal areas, atmosphere, and primary 

production and associated sandy or muddy sediments settle in the Wadden Sea, German Bight, 

and Skagerrak/Norwegian Channel (Ospar Commision, 2000). The remainder of the North Sea 

floor consists of Pleistocene and Early Holocene relict deposits and of reworked sands and gravels 



  )ÎÔÒÏÄÕÃÔÉÏÎȟ #ÈÁÐÔÅÒ σ 

ππ 

 

(Eisma et al., 1987). Sandy beaches, dunes, estuaries (e.g. Elbe, Weser, Rhine and Meuse), tidal 

inlets and islands in the Wadden Sea exist along the coastal zone from Dover Strait to western 

Danish coast. Along the east coast of England, estuaries (Humber and Thames), and sand/ mud 

flats (in the Wash) are also found. 

 

Figure 1.11 Basic physical processes in the North Sea from Charnock et al. (1994). The North Sea as a tide 
dominated shelf sea depicts strong variations in its currents. Strong tidal currents in the Southern 
North Sea establishes highly turbulent regime with vertical. 

1.5.1.2 Impact o f sea level rise on hydrodynamic variations on shelves  

Sea-level changes since the LGM have impacted upon the open ocean tidal amplitudes as a result 

of modifications in the ocean basin geometry, which is indicated by global tidal modelling studies 

(e.g. 4ÈÏÍÁÓ ÁÎÄ 3İÎÄÅÒÍÁÎÎȟ ρωωω; Egbert et al., 2004). The impact of sea-level rise on tides also 

supported by modelling studies from northwest European shelf seas which have indicated 

considerable changes in tidal dynamics in terms of elevations, currents, and migration of 

amphidrome positions (Austin, 1991; Shennan et al., 2000; Uehara et al., 2006; Pickering et al., 

2012; Ward et al., 2016), including wave climates (Neill et al., 2009) and thereby affecting 

sediment transport regimes (Gerritsen and Berentsen, 1998; van der Molen and Swart, 2001a; 

Hall and Davies, 2004; Neill et al., 2010), tidal mixing front locations, and water levels at where 

tidal-driven mixing takes place (Uehara et al., 2006; Ward et al., 2012) which even influences the 

primary production and carbon dioxide uptake on the shelf sea (Rippeth et al., 2008).  

The change in relative sea-level can cause significant changes in the strength of tidal currents due 

to the evolved coastal and shelf morphology (Reynaud and Dalrymple, 2012) and such increase in 

the currents cause bed shear stresses to increase, which therefore increase the kinetic energy for 
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suspending and transporting the bed material (Pickering et al., 2012), but also lead to increased 

turbidity of the water column, which in turn, has ecological impact due to reduced light 

penetration (e.g. Pelling et al., 2013). For instance, according to modelling study by Pickering et 

al. (2012), a future scenario with 2 m sea-level rise points to large amplitude increases (tens of 

centimeters higher than present-day levels) in M2 tidal constituent, particularly in present-day 

shallow areas in the southeastern North Sea and Dutch Wadden Sea. Furthermore, according to 

UK assessment report on climate change, it seems very likely that already eroding sectors (e.g. 

widespread in UK and Ireland) of the coast will encounter with higher rates of erosion because of 

the sea-level rise (Masselink and Russell, 2013).  

While wave heights and periods increase with the rising sea level due to increase in fetch length, 

the effect of wave-induced bed shear stress will decrease considering that it is sensitive to 

variations in water depths (in contrast to tidal-induced shear stress) as modelled by Neill et al. 

(2009) and (Neill et al., 2010). Hence, from Late Glacial to present shear stress have varied 

significantly. The sea-level rise will permit larger waves to arrive to the coast, but their energy 

loss to the friction with seafloor will be less thereby causing increased coastal erosion and 

sediment export to the shelf. Therefore, shallow areas like Dogger Bank are prone to be 

significantly affected by the wave action.  

Overall situation over the northwest European shelf with the increasing sea-level during Holocene 

is that the influence of wave action on sediment transport decreases and tidal currents mainly 

govern the pathway of sediment transport ɀ as also seen today (Stride, 1982; Neill et al., 2010; 

Cazenave, 2013). 

οȢσȢπ 'ÌÁÃÉÁÔÅÄ ÃÏÎÔÉÎÅÎÔÁÌ ÓÈÅÌÖÅÓ  

1.5.2.1 Sediment  drifts  on high latitudes  

Sediment (or contourite) drifts are generally elongated parallel to contour-current flow direction 

and depict themselves as erosion/non-deposition area near the bottom current axis and 

depositional area that is adjacent to the high velocity zone (contour-current core) with high 

sedimentation rates ɉ&ÁÕÇîÒÅÓ ÅÔ ÁÌȢȟ ρωωω; Rebesco and Stow, 2001Ƞ &ÁÕÇîÒÅÓ ÁÎÄ 3ÔÏ×ȟ ςππψɊ. 

They can be found everywhere, from the abyssal floor, via continental margins, to mid- and upper 

slope, but also, over continental shelves ɉ&ÁÕÇîÒÅÓ ÁÎÄ 3ÔÏ×ȟ ςππ8). 

In general, most of them have mounded elongated shape with dimensions ranging from relative 

small patch drifts (100 km2) to giant elongated drifts (100,000 km2). These accumulations can be 

10s to 100s km long, with a thickness of 10s to more than 1000 m (Rebesco et al., 2013). Changes 

in the bottom current strength and location is mainly regulated by climatic conditions. For 

instance, oscillations in the intensity of Mediterranean Outflow during northern hemisphere 
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coolings (e.g. Heinrich events and Younger Dryas) lead to contourite formations (van Weering et 

al., 2008). 

High latitudes display variety of current-induced deposits such as contourite drifts and sediment 

waves along with channel-levee complexes associated with mas-flow processes and turbidity 

currents that are mainly controlled by climatic conditions. The intercalation between contourite 

and turbidite deposition is very common and huge amounts of sediments can be released to the 

shelf edge and upper slope especially on glaciated margins (van Weering et al., 2008). For 

instance, Metz Drift (East Antarctica), located in an 850 m deep glacial trough on the shelf during 

late Pleistocene and Holocene, was formed due to the dense saline water flow owing to the 

seasonal extensive sea-ice coverage due to the presence of coastal polynya (Harris et al., 2001; 

Presti et al., 2003). 

1.5.2.2 Brine -enriched shelf water  in polar regions  

The occurrence of coastal polynyas (i.e. ȰÐÅÒÓÉÓÔÅÎÔ ÁÎÄ ÄÕÒÁÂÌÅ ÉÃÅ ÆÒÅÅ ÁÒÅÁÓȱ surrounded by sea 

ice and ȰÉÃÅ ÐÒÏÄÕÃÔÉÏÎ ÆÁÃÔÏÒÉÅÓȱ) is the most important hydrographical feature in high-latitude 

regions. Sea ice, by releasing brine during freezing, supplying fresh water during melting, 

shielding warm underlying water column against cold Arctic air and reflecting solar radiation, 

constitutes sensitive part of the high-latitude climate.  

The offshore winds, tides and currents, which advect the ice away from the coast are responsible 

for the formation and maintenance of latent heat polynya. On the other hand, they can also be 

formed by melting of ice cover due to upwelling of warm water and called sensible heat polynya 

(Skogseth et al., 2008). In latent heat polynyas, rapid and persistent ice growth is caused by 

intense heat loss from the open water to the atmosphere (Skogseth et al., 2008). Brine rejection 

during the sea ice growth results in the formation brine-enriched shelf water (BSW). For instance, 

in Antarctic coastal polynyas, high ice production resulting in brine rejection leads to dense water 

formation on shelf, large scale water cascading over shelf edge and ÆÏÒÍÁÔÉÏÎ ÏÆ ×ÏÒÌÄȭÓ ÄÅÎÓÅÓÔ 

water mass (Antarctic Bottom Water; e.g. Shapiro et al., 2003; Tamura et al., 2008). Along the 

Arctic coastal margin, many coastal polynyas occur on the shallow shelves, making significant 

contributions to Arctic Ocean halocline (e.g. Laptev Sea polynya; Thomas and Dieckmann, 2010).  

The western Barents Sea shelf, composed of deep troughs surrounded by shallow banks formed 

during the glacial period, and there tÈÅ ÇÌÁÃÉÁÌÌÙ ÇÅÎÅÒÁÔÅÄ +ÖÅÉÔÈÏÌÁ 4ÒÏÕÇÈ ÁÔ χυЈ. ÉÓ ÏÎÅ ÏÆ ÔÈÅ 

prominent locations where the densest water masses of the continental shelf are produced 

(Fohrmann et al., 1998; Rebesco et al., 2016a). These dense waters, BSW, is the result of interplay 

between topography and accumulation of the dense brine which is formed by salt rejection related 

to the sea-ice formation in the course of winter times (Fohrmann et al., 1998). The BSW is likewise 
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observed inside the adjacent Storfjorden Trough during northeasterly winds in winter 

(Haarpaintner et al., 2001; Skogseth, 2004) in the north of Kveithola Trough. Furthermore, 

cascading of this water along with winter storminess re-suspends sediment plumes on shelf and 

sediments are subsequently carried down to the continental slope (Fohrmann et al., 1998; 

Sarnthein et al., 2003a). Therefore, Kveithola Trough ɂas one of the cross-shelf bathymetric 

troughs in the NW Barents Sea neighboring the continental slopeɂ acts as a drainage pathway 

towards eastern Norwegian Sea for the surrounding Spitsbergen and Bear Island Banks via 

channels connected to its basin (Fohrmann et al., 1998).  

οȢτ $ÁÔÁ ÁÎÄ ÍÅÔÈÏÄÓ ÕÓÅÄ 

This thesis is based on the data collected during the R/V Maria S. Merian cruise MSM 30 

(CORIBAR) in 2013, R/ V Heincke cruise HE405 in 2013, and cruise HE463 in 2016. During these 

cruises, seismic and acoustic acquisition were carried out, and sediment gravity cores and 

vibrocores were collected. Additional sediment echosounder data is provided by HE444 and 

Sonne SO Cruise 9. 

οȢτȢο 0ÁÒÁÍÅÔÒÉÃ ÓÕÂȤÂÏÔÔÏÍ ÐÒÏÆÉÌÅÒ 

High resolution sub-bottom profiles were recorded with a SES-2000 medium from Innomar 

Technologie GmbH during R/V Heincke cruises HE405, HE463 and HE444 in the North Sea. 

Parasound system from Teledyne Atlas during R/V Maria S. Merian cruise MSM30 in the Barents 

Sea and R/V Sonne SO Cruise 9 in the North Sea. 

The non-linear hydro-acoustic behavior of water against transmission of two high energy signals 

with  different frequencies results in manipulating the frequency content of sound wave, and 

thereby harmonics are generated at frequency sum (high frequency parametric signal) and 

frequency difference (low frequency parametric signal). The latter one with its short pulse length 

without ringing and large bandwidth affords high vertical resolution of around 20 cm. Moreover, 

the small footprint owing to narrow beam ɉτØτȢυЈɊ of the transducer makes this source 

satisfactory for achieving high lateral resolution as well in archaeological, environmental and 

geotechnical studies (e.g. Wunderlich et al., 2005; Schrottke et al., 2006; Missiaen et al., 2008). The 

penetration depth, depending on the properties of sediment whether soft or over-consolidated, 

can be up to 150 m. One disadvantage with  high frequency acoustic profiling systems is that not 

being able to penetrate till  because of its consolidated state. Wunderlich et al. (2005) gives 

comprehensive technical aspects of the system. 
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οȢτȢπ -ÕÌÔÉȤÃÈÁÎÎÅÌ ÓÅÉÓÍÉÃ  

In shallow marine environments (e.g. the North Sea, depths shallower than 50 m), the 

conventional multi-channel seismic systems achieving deep penetration with their  low frequency 

range (2ɀ100 Hz) are not applicable, as a result of small incident angles (< σπЈɊ ÏÆ ÔÈÅ ÁÃÏÕÓÔÉÃ 

wave; hence custom-designed system of Marine Technology / Environmental Research (MTU) 

working group at the University of Bremen was utilized for data acquisition in the study area. 

These data were recorded with the MaMuCS-System (MTU).  

During cruise HE405, the micro Generator Injector (GI) Gun (provides frequencies up to 600 Hz) 

data were recorded by 32-channel analogue streamer with 4 m spacing each channel consisting 

of a single hydrophone. However, with the cruise HE463, the fully digital HTI streamer with 96 

single hydrophones at a distance of 1 m were deployed. The depth control of streamers was 

achieved by birds. When the sound source is a small airgun (micro-GI) there is a good compromise 

between penetration and vertical resolution (~ 1m) provides. The small chamber volume of 2x0.1 

L allows fire rates of 1.5 s, thereby enhancing the signal to noise ratio. 

Data-set were processed with the software package VISTA Seismic Processing 2D/3D by following 

standard processing scheme. The calculations of exact positions of source and receiver, and their 

geometry relative to the GPS antenna were performed with  software Wingeoapp 0.9.8 (Hanno 

Keil). In order to obtain gathers that are reflected from common subsurface midpoint, CMP-

binning performed along the line. The setup of CMP bin size for GeoB13 data was 2 m, while for 

GeoB16 it was 1 m. After CMP binning, dead and noisy channels were extracted, and gun delay is 

corrected by applying bulk shift in time which is vital for accurate two-way travel time of 

reflections. On selected CMP gathers, the root mean square (RMS) velocities are interactively 

identified . The velocity model is subsequently used for the Normal Move-Out (NMO) correction. 

Vertical time shifts within CMP gathers due to movement of the ship and the sea surface, were 

attempted to correct by residual statics correction module of Vista. After stacking all CMPs, 

migration is performed as a final step. The Finite Difference (FD) migration method was chosen 

for both data-set, as this method tolerates the possible errors in the velocity model. Migration is 

the imaging process by which diffraction hyperbolas are collapsed, dipping events are moved to 

their true spatial positions, thereby spatial resolution is increased. Additional steps such as F-K 

filter  (for e.g. eliminating the ghost), 4D-DEC (for post-stack random noise removal) and SRME 

(for multiple suppression) were performed for some lines. Extended explanations for seismic data 

processing methods are given in great detail by Yilmaz (2001). 
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οȢτȢρ 3ÅÄÉÍÅÎÔ ÃÏÒÅ ÄÁÔÁ 

Vibrocorers and gravity corers were used to retrieve sediments in the North and Barents Sea, 

respectively. A gravity corer with lengths of up to 12 m and top weight of 1.5 tons was used in 

muddy environments in the Kveithola Trough. A Geo-Corer 6000 Vibrocoring system (VC) with a 

barrel length of 5.80 m was used for fine, middle and coarse sands that characterize the seabed of 

the North Sea. Sediment cores were cut into 1-m segments and split into two halves, and core 

imaging and visual descriptions were made. Sample preparation for 14C dating measurements 

comprised of wet sieving into coarse and fine fractions, oven-drying, sonic sifting and sample (e.g. 

plant remains and foraminifers) extraction under a binocular microscope. 

Physical poperties were measured on half-sections. Changes in grain-size distribution or in the 

ratio of terrigenous and biogenic component in sediments are mainly reflected by their physical 

and acoustic properties, which are of interest in palaeo-environmental and palaeo-climatic 

studies (Weber et al., 1997). A standard GEOTEK multi sensor core logger (MSCL) was used on 

half-core sections of gravity and vibro-cores in order to measure physical properties such as 

compressional P-wave velocities, the amount of magnetically susceptible material, and 

attenuation of gamma rays at 1 cm and 2 cm intervals. Cores were allowed to equilibrate to 

ambient room temperature before the start of measurements, which is important especially for 

the accuracy of velocity measurements. P-wave velocity varies with porosity, lithology and the 

bulk density of the material, and in marine sediments, for example, lithification and consolidation, 

occurrence of free gas and fracturing also controls the velocity (Blum, 1997). Magnetic 

susceptibility is the magnetic behaviour of material as a response to an exerted magnetic field. It 

is useful for core-to-core correlation and provides reliable proxies for stratigraphic changes, 

characterization of lithological units, changes in sedimentary provenance (terrigenous or iron 

mineral content) and diagenetic environment (Blum, 1997). Gamma density measurements can 

reveal changes in the lithology and porosity, coring disturbance, but also, can be used together 

with p-wave measurements to construct synthetic seismograms by allowing the calculation of 

acoustic impedance. 
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Abstract  

The present day North Sea has been organized and sculpted as a result of the climate, 

hydrodynamics and eustatic fluctuations. Along the sub-aerially exposed periglacial environment 

in the southeastern North Sea during the late Weichselian, at least 210 km longɀ40 km wide SEɀ

NW trending Elbe Palaeovalley (EPV) carried meltwater from southern margin of the 

Scandinavian ice sheet along with drainage from rivers of North European plain. Although this 

extremely wide valley was a crucial member in the sensitive North Atlantic climate system by 

contributing freshwater to Bay of Biscay and/or Nordic Seas, but also in understanding of the 

environmental organization took place in the Northwest European shelves under the sea level 

control, there are only a couple of studies having dealt with the EPV up to now. That resulted in 

the untested palaeo-reconstructions and -modelling studies such as drainage pathway, sea-level, 

tidal and the sediment transport modelling. Analysis of sediment echo-sounder data along with 

the sedimentological sampling and mapping enabled the identification EPV morphology, up to 5 

m deep incisions at its base and EPV infill in detail for the first time. The base of valley situates 65 

m below the present sea-level, and the palaeodrainage aligned in SE-NW with its braided system 

during the MIS 2 sea level fall and lowstand in a periglacial environment. With the post-glacial sea-

level rise, EPV became an estuary with tributaries, intertidal and subtidal flats with a limited 

sediment supply. After Early Holocene, sea-level rise drowned the Elbe Palaeovalley system 

around 10 cal ka BP, it subsequently became the major sedimentary trap of the southern North 

Sea. Under the control of sea level rise and associated changes in hydrodynamic regime, three 

stages of the shelf organization are recorded in valley infill succession after drowning; shallow 

basin with restricted connections for Atlantic water, the southwestern connection establishment 

with the Dover Strait, and open marine environment (5.8 cal ka) with the drowning of Dogger, 

respectively.  

πȢο )ÎÔÒÏÄÕÃÔÉÏÎ 

Continental shelves, that were sub-aerially exposed during lowstands of sea-level, incised by river 

valleys, and inundated during high-stands of sea-level, represent important archives for the 

history of reorganization between marine and terrestrial environment and for the dispersion of 

sediment either on the shelf or out of the shelf towards deep ocean (e.g. "ÌÕÍ ÁÎÄ 4ĘÒÎÑÖÉÓÔȟ ςπππ; 

Meijer, 2002; Bourillet et al., 2003; Blum et al., 2013). Palaeovalleys (incised valleys) that were 

created as a response to base level fall encompass non-marine, estuarine and open-marine infill 

facies (Dalrymple et al., 1992; Dalrymple et al., 1994; Zaitlin et al., 1994; Greene et al., 2007) all of 

which are controlled by variations in sea-level, climate, gradient of the shelf and hydrodynamics 

on the region (Wellner and Bartek, 2003; Payenberg et al., 2006; Reijenstein et al., 2011). 
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Figure 2.1 Bathymetry of the Central and Southern North Sea (A), from the European Marine Observation 
and Data Network (EMODnet) hydrography portal), Elbe Palaeovalley (EPV) in the southeastern North 
Sea (200 km long and 25ς50 km wide; red outline). Drainage from rivers Ems, Weser, Elbe and Eider 
discharged across the present North Sea through EPV. Inset map shows present-day Atlantic water 
(AW) inflow to the North Sea, about 50% of AW is mixed with fresh water from rivers before it leaves 
the North Sea via the Norwegian Channel (Winther and Johannessen, 2006; Talley et al., 2011). B) 
Echo-sounder tracklines (white) and vibro-coring sites in the study area. 

4ÈÅ %ÌÂÅ 0ÁÌÁÅÏÖÁÌÌÅÙ ɉ%06Ɋ ÏÒ Ȱ%ÌÂÅ-5ÒÓÔÒÏÍÔÁÌȱ ɉÉÃÅ-marginal valley) as a drowned river valley 

is locÁÔÅÄ ÉÎ ÔÈÅ ÓÏÕÔÈÅÁÓÔÅÒÎ .ÏÒÔÈ 3ÅÁ ÂÅÔ×ÅÅÎ υσЈɀυφЈ. ÌÁÔÉÔÕÄÅȟ ÁÎÄ σЈɀωЈ% ÌÏÎÇÉÔÕÄÅ ÁÎÄ ÁÔ 

water depths between 35 and 50 m (Fig. 1). With its width of around 40 km and length of around 

210 km, it played a major role in the Late Weichselian and Early Holocene palaeo-drainage 

network of the Northwest Europe. The meltwater and sediment flux from the southern sector of 

Scandinavian Ice Sheet (SIS) along with extra-glacial rivers were collected by the Elbe 

Palaeovalley system as an ice-marginal valley until the ice margin retreated to the modern Baltic 

coastline around northeast Poland (river Vistula) where the flow diversion created the Baltic Ice 

Lake (Ehlers et al., 2004; Pisarska-*ÁÍÒÏŀÙȟ ςπρυɊ. The analogy to the EPV which carried 

meltwater flux to the Nordic Seas and/or towards Bay of Biscay ɉ-ïÎÏÔ ÅÔ ÁÌȢȟ ςππφ; Toucanne et 

al., 2010; Toucanne et al., 2015) was the northwestern deglacial drainage outlet of Late Wisconsin 

Laurentide Ice Sheet via Mackenzie River system in Beaufort Shelf as thousands of cubic 

kilometers of freshwater from were discharged towards Arctic Ocean (Fisher and Smith, 1994; 

Murton et al., 2010; Westaway and Bridgland, 2010), thereby contributing significantly to 

weakening of the Atlantic Meridional Overturning Circulation (AMOC) and triggering the abrupt 
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cooling event (Condron and Winsor, 2012). The critical position of the North Sea, as a possible 

meltwater contributor from SIS and BIIS to the North Atlantic climate system (Clark et al., 2004a; 

Lekens et al., 2005; Lekens et al., 2006; Gupta et al., 2007; Toucanne et al., 2010; Clark et al., 2012a; 

Toucanne et al., 2015; Sejrup et al., 2016) causing a positive feedback mechanism that led to the 

further weakening of Atlantic Meridional Oceanic Circulation and accelerated the decay of 

Northern Hemispehere ice sheets has recently been recognized (Plaza-Morlote et al., 2017).  

However, relatively little attention has been given to the role of EPV as a drainage pathway and 

sediment depocenter of the shelf sedimentary system. Although several paleogeographical 

reconstructions included EPV as a main proglacial drainage collector in the southern North Sea 

along with the Late Weichselian ice-sheet extents (e.g. Coles, 2000; Houmark-Nielsen and Kjaer, 

2003; Houmark-Nielsen et al., 2012; Toucanne et al., 2015), none of these studies have been 

conducted for the EPV itself. The compilation of a palaeo-landscape/environmental model for the 

North Sea, therefore, is still to a certain extent hypothetical suffering from a lack high-resolution 

seismic stratigraphy and sedimentological data. Besides to Northern Hemisphere ice sheet aspect, 

the subsequent development of EPV under the sea-level rise as a marine embayment (as an 

estuary or a tidal basin with its channels and flats) together with Dogger Bank as a topographic 

barrier -like feature against incoming Atlantic Water around the pre-Holocene coastline (Fig. 1) 

make EPV a unique element in the North Sea system as the valley is expected to aid in 

understanding of post-glacial sea-level rise, sediment supply, and hydrodynamic regime evolution 

in the Southern North Sea.  

The extension of this ice-marginal valley in the North Sea was first mapped by Figge (1980) 

between SW Helgoland and White Bank using analogue acoustic boomer profiling. More detailed 

evaluation of seismic sections following Figge (1980) was conducted by Schwarz (1996) in order 

to investigate possible control by the salt structures and buried tunnel valleys lying 

stratigraphically beneath the EPV; however, in a few cases direct correlation was observed 

regarding their distribution along the German sector of the North Sea. Later, coinciding with the 

northern extension of the EPV, in a 51 m long borehole located in the Danish sector of the North 

Sea, biostratigraphy and Holocene environmental evolution under the rising sea level were 

investigated based on the foraminiferal assemblages by Konradi (2000). Since then, there is a gap 

in the literature regarding the spatial framework of postglacial sedimentary processes in the 

southeastern North Sea, particularly in the EPV, as integrated chronological and sedimentological 

studies have been carried out only for the coastal regions (e.g. Zeiler et al., 2000; Gerdes et al., 

2003; Streif, 2004; Behre, 2007Ƞ "ÕÎÇÅÎÓÔÏÃË ÁÎÄ 3ÃÈßÆÅÒȟ ςππω; Wolters et al., 2010). 

The aim of this study was to (i) understand the re-organization palaeo-landscape/environment of 

the southeastern North Sea shelf since the Late Weichselian and the evolution of the EPV, and to 
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ɉÉÉɊ ÅÌÕÃÉÄÁÔÅ %06ȭÓ ÓÅÄÉÍÅÎÔÁÒÙ ÉÎÆÉÌÌ ÐÁÔÔÅÒÎ ÁÎÄ ÉÔÓ ÍÁÉÎ ÃÏÎÔÒÏÌÌÉÎÇ ÆÁÃÔÏÒÓ ÕÎÄÅÒ ÔÈÅ ÖÁÒÉÁtions 

of the sea-level and climate. Owing to the very high vertical and horizontal resolution achieved by 

parametric echo-sounder data and vibro-cores that penetrated into the sandy North Sea 

sediments, EPV`s geometry and sedimentary infill architecture could be investigated in a great 

detail for the first time. Focusing on the evolution of around 8000 km2 area wide palaeovalley 

whose accommodation space has allowed for about 17 m thick infill during late Weichselianɀ

Holocene, this study hopefully clinches an argument for the speculated palaeo-drainage and -

coastline in the southern North Sea from the last glaciation up to modern conditions today. 

πȢπ 2ÅÇÉÏÎÁÌ 3ÅÔÔÉÎÇ 

North Sea as a shallow marginal sea situating in the Northwest European continental shelf is open 

to the Atlantic Ocean via the Dover Strait to the southwest and to the north, and to the east it is 

connected to the Baltic Sea (Fig. 1). Epicontinental North Sea basin, underlied by Mesozoic rifts, 

was surrounded by British Isle, Fennoscandian Shield and central and western Europe with a 

ÎÁÒÒÏ× ÃÏÎÎÅÃÔÉÏÎ ɉÁÒÏÕÎÄ ÐÒÅÓÅÎÔ ÄÁÙȭÓ .ÏÒ×ÅÇÉÁÎ #ÈÁÎÎÅÌɊ ÔÏ ÔÈÅ .ÏÒÔÈ !ÔÌÁÎÔÉÃ /ÃÅÁÎ ÄÕÒÉÎÇ 

the Cenozoic (Ziegler, 1992). During Late Miocene, Pliocene and Early Pleistocene Southern North 

Sea served as a major depocenter for deltaic sediments associated with the former Baltic River 

System and north German rivers under the control of both the Mesozoic Central Graben and 

climate (Cameron et al., 1993; Rasmussen, 2004). Subsequently, several ice waning and waxing 

since the Middle Pleistocene (780 ka BP) controlled the later sedimentation in the area. Each 

glaciation ended with tidal marine environments that is more or less similar to the present-day 

condition. Therefore, regarding the shelf architecture of the study area, several landscape 

adaptations (ranging from glacial, fluvial, aeolian and marine) have taken place as a result of 

Pleistocene glacial and interglacial periods coupled with sea-level changes. During the oldest 

Elsterian stage (MIS 12 or 10; according to Toucanne et al. (2009b) and Litt et al. (2007), 

respectively) and Saalian Complex stage (MIS 8ɀ6), the study area was completely covered by 

glaciers and it was characterized by subglacial tunnel valleys with incisions of around 500 m deep 

(Huuse and Lykke-Andersen, 2000; Streif, 2004; Lutz et al., 2009). Subsequent Eemian interglacial 

lasted between 126ɀ115 ka BP correlating to MIS 5e. Later, several alternating stadials and 

interstadial characterize the Weichselian Stage from 115ɀ11.6 ka BP (from MIS 5c to the 

beginning of MIS 1). Weichsel glaciation caused the area being dominated by periglacial processes 

(Fig. 2). The palaeo-drainage system of the rivers Elbe, Weser, Eider (Figge, 1980Ƞ +ĘÈÎȟ ρωωρɊ 

and Ems (Hepp et al., 2017) discharged across the present-day southeastern North Sea through a 

30-40 km wide EPV to the Central North Sea. In the wake of post-glacial transgression, EPV, 

Pleistocene glacial leftovers like end-moraines Borkum Riffgrund and Sylt from Saale glaciation 

(Pratje, 1951) and Dogger Bank (assumed from Weichsel glaciation) have configured the 
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landscape of the southeastern North Sea (Veenstra, 1965; Carr, 2004; Carr et al., 2006; van 

Heteren et al., 2014).  

 

Figure 2.2 Elbe Palaeovalley and Late Weichselian ice sheet extents  extents (according to Hughes et al., 2016) 
between A) 25ς19 ka BP, possible blockage of EPV due to ice-sheet confluence around Dogger Bank 
and B) 18ς11 ka BP, ice-free for the possible EPV drainage outlet(s). Most of the present southern 
North Sea basin was dry land (Doggerland), dominated by periglacial conditions, and the rest was 
partly surrounded by Weichselian ice sheet correlating with the MIS 2. Weichselian ice advances were 
ƴƻǘ ǎƛƳǳƭǘŀƴŜƻǳǎΣ ǘƘŜǊŜŦƻǊŜ ǘƘŜ ά[Daέ ǘŜǊƳ ǿŀǎ ǊŜƎƛƻƴ ŘŜǇŜƴŘŜƴǘΦ 5ǳǊƛƴƎ ǘƘŜ ƭŀǘŜ ²ŜƛŎƘǎŜƭƛŀƴΣ 
meltwater carried by EPV that extended northwest towards the modern North Sea along with 
confluence of rivers Weser, Ems and Eider (Figge, 1980; Gibbard et al., 1988). Note that present-day 
topography and bathymetry (with 80 and 120 m contours as black dashed line) is used; for the Late 
WeichselianςHolocene coastline modelling of the NW European shelf, the reader is referred to Ward 
et al. (2016) and Lambeck (1995). 

πȢπȢο 3ÅÁȤÌÅÖÅÌ ÁÎÄ ÃÌÉÍÁÔÅ ÓÉÎÃÅ ÌÁÔÅ 7ÅÉÃÈÓÅÌÉÁÎ ÉÎ ÔÈÅ ÓÏÕÔÈÅÒÎ .ÏÒÔÈ 3ÅÁ 

During the Last Glacial Maximum, 24ɀ19 ka BP (Fig. 2), the sea-level was approximately 134 m 

below the present level (Lambeck et al. (2014)Ƞ ÃÏÒÒÅÃÔÅÄ ÆÏÒ ÉÓÏÓÔÁÔÉÃ ÅÆÆÅÃÔÓɊ ÁÎÄ ÔÏÄÁÙȭÓ .ÏÒÔÈ 

Sea was exposed as a periglacial landscape. The coastline was located approximately 600 km 

farther north today (or 350 km north of Dogger Bank; Streif, 2004) at the western rim of 

.ÏÒ×ÅÇÉÁÎ #ÈÁÎÎÅÌ ÁÎÄ $ÅÖÉÌȭÓ (ÏÌÅȢ 4ÈÉÓ ÃÁÕÓÅÄ ÔÈÅ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ Á ÄÒÁÉÎÁÇÅ ÓÙÓÔÅÍ ÔÏ×ÁÒÄ 

the continental shelves (Gibbard et al., 1988), discharging meltwater from the SIS along with 

drainage from northern Europe carried by EPV to the North Sea (Ehlers and Gibbard, 2004).  

Since decades there is an ongoing debate on whether the maximum extents of BIIS and the SIS led 

to ice sheet coalescence during the MIS 2 (Sejrup et al., 2000; Boulton et al., 2001; Graham et al., 
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2007; Sejrup et al., 2016) or these ice sheets were independent from each other (e.g. Jansen, 1976; 

Long et al., 1988; Ehlers and Wingfield, 1991) with Dogger Bank located in between as a thrust 

block moraine (Carr et al., 2006). The speculated ice connection might have resulted in the 

formation of an ice-dammed lake at the southern margin ice sheet (Fig. 2a; Valentin, 1957a) in a 

topographic depression possibly around Oyster Ground, as it was evidenced for the previous 

glaciations (Mangerud, 2004; Toucanne et al., 2009a; Cohen et al., 2014; Sejrup et al., 2016). If 

such meeting of ice sheets was the case during MIS 2, the northward drainage of the EPV must 

have been prevented and drained into this large lake. In fact, Toucanne et al. (2009a), Toucanne 

et al. (2015) and -ïÎÏÔ ÅÔ ÁÌȢ (2006) stated that between 30ɀ18 ka BP SIS drainage via north 

German rivers (Elbe, Weser) was directed to the Bay of Biscay via possible ice-dammed lake. On 

the contrary, studies from Denmark (Houmark-Nielsen and Kjaer, 2003; Lambeck et al., 2010; 

Houmark-Nielsen et al., 2012) and the Norwegian Sea (Lekens et al., 2006) suggested that 

southern SIS margin meltwater drainage was towards north (i.e. Arctic Seas) between 30ɀ20 ka 

although there might have been short epochs of ice sheet coalescence between SIS and BIIS. Due 

to the existence of several reconstructions and assumptions on North Sea ice sheet extent, recently 

reconstructed ice sheet extensions with 1 ka interval based on an extensive compilation 

conducted by Hughes et al. (2016) are presented in Fig. 2. A possible drainage pathway of EPV 

towards north(west) was ice-free when ice sheets were unzipped and started to collapse ca. 18.5 

ka (Sejrup et al., 2016).  

The onset of the marine transgression following the LGM caused a stepwise submergence of the 

periglacial landscape (Fig. 2b) and accompanied by a coastline shift of about 600 km towards 

south (Streif, 2004). Based on the rate of the sea level rise three major stages are defined by Streif 

(2004). During the first stage between 18.0 to 10.3 ka BP, the sea-level rose from a low stand of 

about 130 m to about 72 m below present-day sea-level (Streif, 2004) when the environment was 

similar to tundra in northern Siberia and Canada today (Dittmers et al., 2008; Flemming and 

KÁøÁÔÁÙȟ ςπρτɊ. Regarding the period between 14.5 and 13.0 ka BP, Rise et al. (2008) constructed 

models of depositional environments at the Norwegian Channel, and he attained this interval to 

the riverine input by northward drainage of palaeo-rivers off Germany. Progressive inundation of 

brackish water via Outer Silver Pit took place during this first stage (Wolters et al., 2010).  

During second stage, the rate of RSL was much more rapid; from 10.3 until 7.1 ka BP, the sea-level 

rose from about 72 to 25 m below the present sea-level (Streif, 2004). Moreover, the compilation 

of both existing and new sea-level indicators (mostly basal peats), revision of previous Holocene 

relative sea level (RSL) curves of southern North Sea, and geodynamic Earth and ice modelling 

revealed a differential crustal movement between Belgian, the Netherlands, northwest Germany 

and the southern North Sea associated with tectonic and post glacial glacio (and hydro) isostatic 
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subsidence. The differential isostatic subsidence, for instance, in Northwest Germany in 

comparison to Belgium was around 7.5 m ka between 8 and 4.8 cal ka BP (Vink et al., 2007), which 

represented by relative elevations between sea-level data from these regions. 

At the beginning of the second stage, the North Sea coastline was located around 300 km farther 

north than today. According to Jelgersma (1979), +ĘÈÎ (1991) palaeocoastline coincided with 

ÔÏÄÁÙȭÓ φπ Í-depth contour line (between north of the Dogger Bank and northern tip of Denmark) 

when a watershed (Doggerland ɀ a vast tundra) existed between the Dogger Bank and the isle of 

Texel (Coles, 2000)Ȣ 4ÈÅ %ÌÂÅ 2ÉÖÅÒȭÓ ÄÒÁÉÎÁÇÅ ÓÙÓÔÅÍ ×ÁÓ ÌÏÃÁÔÅÄ ÅÁÓÔ ÏÆ ÔÈÉÓ ×ÁÔÅÒÓÈÅÄȢ 

Holocene marine transgression in the EPV from the north between Denmark and Dogger Bank led 

to estuarine from the east of Dogger Bank, and then open-marine conditions introduced by the 

Outer Silver Pit (Konradi, 2000). Between 9 and 8 ka BP, Streif (2004) reported a broad 

development of tidal flat sediments in the southern North Sea. At around 8.3 ka BP, the opening 

ÏÆ ÔÈÅ %ÎÇÌÉÓÈ #ÈÁÎÎÅÌ ÖÉÁ ÔÈÅ $ÏÖÅÒ 3ÔÒÁÉÔ ÉÎÕÎÄÁÔÅÄ Ȱ$ÏÇÇÅÒÌÁÎÄȱ (Coles, 2000) and left Dogger 

Bank as an island in the southern North Sea so that strong tidal currents were brought in. Prior to 

the last stage of Streif (2004), Dogger Bank was submerged around 7.5 ka BP (Fitch et al., 2005), 

which might have also caused a significant change in the hydrographical circulation (Konradi, 

2000). This last stage with relatively low rate of SLR continued until the present sea-level was 

ÅÓÔÁÂÌÉÓÈÅÄ ÁÎÄ ÉÔ ÉÓ ÃÈÁÒÁÃÔÅÒÉÚÅÄ ÂÙ Á ςυ Í ÒÉÓÅ ÂÙ ÄÅÖÅÌÏÐÉÎÇ ÔÏÄÁÙȭÓ ÃÏÁÓÔÁÌ ÚÏÎÅÓ ×ÉÔÈ Óandy 

barrier islands, coastal marshlands, tidal flats, tidal channels and estuary mouths along the coast 

of German Bight (Streif, 2004Ƞ "ÕÎÇÅÎÓÔÏÃË ÁÎÄ 3ÃÈßÆÅÒȟ ςππωɊ.  

πȢπȢπ (ÙÄÒÏÇÒÁÐÈÉÃ ÓÅÔÔÉÎÇ ÁÎÄ ÓÅÄÉÍÅÎÔ ÄÉÓÐÅÒÓÁÌ 

The interaction between seabed morphology, tidal residual currents and wind effects results in a 

complex and dynamic hydrography controlling the morpho-dynamics of the southeastern North 

Sea seafloor (Becker et al., 1992; Dippner, 1993). The modern mean residual currents (total 

current minus the oscillatory tidal current) have an anti-clockwise direction parallel to the coast 

(Mittelstaedt and Soetje, 1982). Calm wind situations advocate the development of the large 

cyclonic circulation on the area over the EPV (Dippner, 1993). 

Generally, two main water masses exist in the study area (Becker et al., 1983). These water masses 

influenced by (i) the Central Southern North Sea Water (NSW) originating from North Atlantic and 

(ii) the Continental Coastal Water (CCW), a mixture of Atlantic surface water from the English 

Channel and river discharge directly from Ems, Weser and Elbe and indirectly from Rhine and 

Meuse (Becker et al., 1992)Ȣ .37ȭÓ bottom layer component (NSBW) shows a strong coupling to 

seafloor morphology and is found above the EPV. Given that this area still forms a morphological 

depression with depths greater than 40 m, EPV is a possible core path for bottom waters (Otto et 
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al., 1990). Besides, deeper channel-like features like the Outer Silver Pit in the western North Sea 

and the Dover Strait in the Southern Bight also allow bottom water to flow (Otto et al., 1990).  

Owing to its tides and winds, the southeastern North Sea waters are well mixed vertically, 

although stratification can temporarily develop depending on the freshwater discharge and/or 

warm and calm weather conditions. Seasonal thermal stratification occurs at 40 m depth contour, 

except over Dogger Bank (Huthnance, 1991).  

The surface sediments of southeastern North Sea sediments are mobile due to wave and current 

action; strong shear currents or wave action re-suspends sediment prior to support 

transportation by tidal or residual currents (Becker et al., 1992). With a velocity range between 

45ɀ54 cm/s (Mittelstaedt and Soetje, 1982), tidal currents are able to transport sand in the 

German North Sea (van der Molen, 2002). Regarding entire southern North Sea, the bottom 

material can be mobilized by wind waves. Even water depths up to 45 m, (van der Molen, 2002) 

observed erosional bottom stratigraphy, washout of bottom features, high concentrations of 

suspended sediment and large wave-induced orbital current velocities. Therefore, the capacity of 

the ambient currents (forced by tides, wind and local density differences) is enhanced by wind 

waves, which results in the ease of sand transport (van der Molen, 2002). In summary, wind waves 

and wind-driven currents, possibly aided by tidal currents, determine the sediment transport on 

and around the Dogger Bank, in the Oyster Grounds and in the German Bight. These transport 

processes feature a predominant southeast transport direction of sandy sediments on the Dogger; 

while the silty and organic rich surface sediments in the Oyster Grounds are tranthe 40sported 

northeast. In the German Bight, littoral transport converges in the southeastern corner, and the 

transport during storms is away from the coast to a deeper water (van der Molen, 2002). 

πȢρ $ÁÔÁ ÁÎÄ -ÅÔÈÏÄÓ 

πȢρȢο 3ÅÄÉÍÅÎÔ ÅÃÈÏÓÏÕÎÄÅÒ ÄÁÔÁ  

The study is built on the sediment echosounder data were collected during the HE405 cruise on 

board R/V Heincke in 2013 along a network of EPV transects covering an area of 70 x 200 km (Fig. 

2.1). Grids of closely spaced profiling were also surveyed at some areas of interest inside and at 

the rims of EPV. As a complementary data, additional sediment echosounder profiles were 

analyzed from the R/V Sonne SO Cruise 9 (in 2014) and R/V Heincke cruise HE444 (in 2015). 

Track lines belonging to these three cruises are shown in Fig. 2.1.  

The sediment echosounder data were acquired using the hull-mounted SES-2000 medium system 

(INNOMAR Technology) and Parasound (Teledyne Atlas Hydrographic), the both of which utilizes 

the parametric effect to gain acoustic data with high vertical and horizontal resolution. In 
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principle, two primary sound waves of slightly differing frequencies are transmitted. Due to the 

non-linear interaction of these sound waves, a secondary sound wave is transmitted with the 

difference frequency of the primaries. The secondary low frequency was set to 4 kHz for both 

systems providing a vertical resolution of up to 20 cm. The horizontal resolution depends on the 

ÂÅÁÍ ×ÉÄÔÈȟ ×ÈÉÃÈ ÉÓ ςЈ ÆÏÒ ÔÈÅ 3%3 ÍÅÄÉÕÍ ÁÎÄ τȢυЈ ÆÏÒ ÔÈÅ 0ÁÒÁÓÏÕÎÄ ÓÙÓÔÅÍȟ ÒÅÓÕÌÔÉÎÇ ÉÎ 

footprints of <2 m and <4 m, respectively. The sub-bottom penetration of the acoustic signal was 

up to 18 m for the EPV infill, while it was less outside of EPV where relatively thin (up to 3 m) 

mobile sands directly drape the consolidated Pleistocene sediments.  

The SES and Parasound raw data were converted to seg-y data format using custom developed 

software (H. Keil, University of Bremen) and loaded into Kingdom software (IHS) project for 

interpretation by applying the seismic stratigraphy principles as introduced by Mitchum et al. 

(1977). Using the Kingdom software capabilities, unconformities were mapped, and thicknesses 

as well as volumes of the derived acoustic units were calculated. The two-way travel time to depth 

conversion was done by using an acoustic velocity of 1500 m/s. The data was corrected according 

to the Lowest Astronomical Tide (LAT) by using the bathymetry provided by the Federal Maritime 

ÁÎÄ (ÙÄÒÏÇÒÁÐÈÉÃ !ÇÅÎÃÙ ÏÆ 'ÅÒÍÁÎÙ ɉ"ÕÎÄÅÓÁÍÔ ÆİÒ 3ÅÅÓÃÈÉÆÆÆÁÈÒÔ ÕÎÄ (ÙÄÒÏÇÒÁÐÈÉÅɊȢ 

In the case that acoustic blanking impeded the interpretation, multi-channel seismic data 

gathered during R/V Heincke cruise HE405. These data were gathered with a Mini GI Gun as 

source and, as receiver, with 32-channel streamer composing of single hydrophones. A standard 

seismic processing was carried out including binning with a distance of 2 m, NMO-correction, 

static correction, stacking and FD migration. 

πȢρȢπ 3ÅÄÉÍÅÎÔ ÃÏÒÅ ÄÁÔÁ 

The sediment cores were collected during HE-405 cruise at 16 sites in the center and on the flanks 

of the EPV using a vibrocorer. A Geo-Corer 6000 vibrocoring system, provided by the company 

Geo-Engineering.org (Bremen, Germany) with a barrel length of 5.80 m, yielded sediment cores 

with fine, middle and coarse sands from the late Pleistocene-Holocene North Sea sediments. Visual 

core description and imaging were performed partially on board and onshore. The visual core 

description included information about color, lithology, sedimentary structures and visual 

determined grain size. Physical properties such as gamma ray attenuation (dependent on porosity 

and density of sediments), compressional wave velocity, and magnetic susceptibility (with a 

Bartington point sensor MS2E) were measured on half sections of ten cores (GeoB177-05, -06, -

08, -09, -10, -11, -12, -15, -17, -20) with a resolution of 2 cm using a GEOTEK Multi-Sensor Core 

Logger (MSCL) at the MARUM (University of Bremen, Germany). Raw data were corrected from 
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artefacts (e.g. voids and core section breaks) prior to the correlation with the seismic stratigraphy 

and lithological information. Apart from cores obtained during HE-405 cruise. 

Radiocarbon ages were determined at five samples from cores GeoB17714-1 (4.77ɀ4.79 mbsf), 

GeoB17715 (3.45ɀ3.46 mbsf), GeoB17717-1 (1.10ɀ1.11 mbsf), Geob17718-3 (5.31-5.32 mbsf), 

and GeoB17721 (4.76-4.77 mbsf; Table 1). We selected plant fragments, benthic foraminifers and 

ÏÓÔÒÁÃÏÄÓ ÆÏÒ ÄÁÔÉÎÇȠ ÔÈÅ ÐÅÁÔ ×ÁÓ ÄÁÔÅÄ ÁÓ ÂÕÌË ÓÁÍÐÌÅȢ 3ÁÍÐÌÅÓ ×ÅÒÅ ÓÕÂÍÉÔÔÅÄ ÔÏ ÔÈÅ 0ÏÚÎÁď 

Radiocarbon Laboratory in Poland. Additionally, we used published radiocarbon ages by Konradi 

(2000), Vink et al. (2007), and Alappat et al. (2010) which were re-calibrated for a better 

reproducibility (Table 1). The dates were calibrated with the CALIB v. 7.1.0 software (Stuiver and 

Reimer, 1993) using the IntCal13 data set for plant fragments and bulk peat samples; while we 

used the Marine13 calibration data set for foraminifer and ostracod and mollusc samples (Reimer 

et al., 2013)Ȣ 4ÈÅ ÒÅÓÅÒÖÏÉÒ ÃÏÒÒÅÃÔÉÏÎ ÖÁÌÕÅ ɉЎ2Ѐ ɀσ ϻ ςχ ÙÒɊ ÆÏÒ ÔÈÅ .ÏÒÔÈ 3ÅÁ ÉÎ ÔÈÅ -ÁÒÉÎÅρσ 

calibration curves is determined from Cage et al. (2006) ×ÈÏ ÒÅÐÏÒÔÅÄ ÒÅÇÉÏÎÁÌ Ў2 ÖÁÌÕÅÓ ÆÏÒ ÔÈÅ 

Northeast Atlantic Shelf sea ÒÅÇÉÏÎȢ 4ÈÅ ÍÅÁÎ ÖÁÌÕÅÓ ÆÒÏÍ ÔÈÅ ÃÁÌÉÂÒÁÔÅÄ ÁÇÅ ÒÁÎÇÅ ÏÆ ϻρʎ ÁÒÅ 

normalized to calendar year and indicated as cal ka BP (Table 1). In addition, the Median 

Probability (MP) of the probability distribution determined by the software since it provides more 

reliable estimation of the sample calendar age (Telford et al., 2004).  

πȢς 2ÅÓÕÌÔÓ  

πȢςȢο /ÖÅÒÖÉÅ× ÏÆ %ÌÂÅ 0ÁÌÁÅÏÖÁÌÌÅÙ ÍÏÒÐÈÏÌÏÇÙ ÂÁÓÅÄ ÏÎ ÔÈÅ ÅÃÈÏÓÏÕÎÄÅÒ ÐÒÏÆÉÌÅÓ 

The EPV stretches from the SW of Helgoland in a northwestern direction through the whole 

German sector of the North Sea and still expresses a shallow and narrower depression in the 

modern seafloor (Fig. 2.2). The palaeo margins of EPV has a length of about 210 km, and widens 

from roughly 25 km in the south to more than 50 km in the north (Fig. 2.1). The base of the EPV 

deepens from south toward north from 39 m to until 63 m mbsl, with a gradient of approximately 

0.13 m/km (Fig. 2.3).  

The margin of the EPV shows several spatial bends (Fig. 2.1); occurring mostly at the western 

flank (south of the White Bank) and one at the eastern flank near the Amrum Bank. The three 

spatial bends in the southernmost part (Fig. 2.7a), close to the mouths of the Elbe, Weser and Ems 

Rivers, are more hypothetical due to a less number of seismic profiles. The eastern margin of the 

valley runs parallel to the recent coastline



 

 

ς
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Table 2.1 Radiocarbon dates and calibrated ages (WD: water depth in LAT; SD: sample depth). 

Core ID 
 

Lab ID 
 

Coordinat
es 

WD 
(m) 

SD 
(mbsf) 

Sample type 14C age 
(a BP) 

мˋ ǊŀƴƎŜ 
(cal a BP) 

нˋ ǊŀƴƎŜ 
(cal a BP) 

Median 
Probability 
(cal a BP) 

Location 
(relative to EPV) 

GeoB17718-3 Poz-
83150 

рпϲмрΦрл b 
лтϲмоΦнл 9 

38.5 5.31ς5.32 Plant fragments фрмлҕрл 11017ς11067 10921ς11085 10,822 S-channel infill 
(FU) (Fig. 6b) 

GeoB17714-1 Poz-
83147 

рпϲоуΦрл b 
лсϲмлΦлл 9 

41 4.77ς4.79 Plant fragments фнулҕрл 10405ς10565 10278ς10585 10,463 N-infill (OU)  

GeoB17717-1 Poz-
83188 

ррϲмрΦту b 
лсϲлсΦфм 9 

48.6 1.10ς1.11 Benthic foraminifers 
and ostracodsd 

рпнлҕор 5741ς5861 5680ς5900 5798 N-infill (SU) 

GeoB17715-1 Poz-
83149 

рпϲрлΦру b 
лсϲлнΦмп 9 

41 3.45ς3.46 Peat уутлҕрл 9905ς10153 9766ς10179 10,003 N-W rim 

GeoB17721-1 Poz-
83151 

рпϲлоΦло b 
лсϲруΦру 9 

33 4.76ςς4.77 Peat ффтлҕрл 11270ς11599 11248ς11693 11,411 S-Tributary (Ems) 

BH89/8a AAR-
4460 

ррϲпфΦлл b 
лрϲмтΦлл 9 

55 17ς17.10 Mollusc fragmentsd млнрлҕфл 11126ς11393 11053ς11690 11,274 N-infill (?) 

FR07(35VC)b Hv-
25767 

рпϲрфΦфс b 
лрϲорΦмф b 

40 4.50 Basal peat ффтлҕмпл 11243ς11704 11170ς12024 11,512 N-Outside W rim 

FR07(35VC)b Hv-
25768 

рпϲрфΦфс b 
лрϲорΦмф 9 

40 5.50 Wood молмлҕнрл 15203ς15945 14671ς16321 15,555 N-Outside W rim 

Gauss 1987/5 τ ррϲлпΦсо b 
лрϲпфΦсф 9 

43 5.74 Fen peat base фмсрҕнол 9941ς10692 9675ς11085 10,353 N-Outside W rim 
(Fig.3) 

245c τ рпϲпмΦул b 
лсϲммΦрл 9 

41 4.75 Fen peat top флллҕнлл 9778ς10377 9550ς10576 10,091 N-Western flank 

BSK VC-15c τ рпϲрпΦму b 
лсϲрнΦсм 9 

34 0.46 Fen peat base унрлҕмлл 9092ς9401 9012ς9462 9231 N-Outside E rim 

H15/2Vc τ рпϲмлΦмт b 
лсϲртΦлт 9 

35 4.35 Fen peat top уфтрҕфл 9931ς10232 9744ς10271 10,067 S-Outside W rim 
(Fig. 6c) 

H18/3Vc τ рпϲлсΦсл b 
лсϲррΦнл 9 

34 3.40 Fen peat middle урорҕмрл 9308ς9728 9126ς10004 9535 S-Outside W rim 

280c τ рпϲлтΦлф b 
лтϲмнΦтф 9 

36 2.95 Fen peat middle флллҕнлл 9778ς10377 9550ς10576 10,091 S-Western flank 
(Fig.6d) 

FR07(49VC)b Hv-
25778 

роϲрмΦсф b 
лтϲомΦом 9 

20 4.75 Peat упфлҕмол 9301ς9593 9123ς9885 9478 Shore region 
Frisian 
Islands 
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The cross-valley shape is generally asymmetric provided by a smooth/gentle western flank and a 

steeper eastern flank (Figs. 2.4, 2.5). Mean values regarding flank slopes range between 

ÁÐÐÒÏØÉÍÁÔÅÌÙ πȢπτ ÁÎÄ πȢπφЈ ÆÏÒ ÔÈÅ ×ÅÓÔÅÒÎ ÆÌÁÎË ÁÎÄ πȢπχ ÁÎÄ πȢρρЈ ÆÏÒ ÔÈÅ ÅÁÓÔÅÒÎ ÆÌÁÎËȟ ÅØÃÅÐÔ 

in the southernmost part of the valley close to Helgoland where the eastern flank is not well 

developed (Fig. 2.6). 

Furthermore, incisions, bars, ridges, and terraces are noticeable in the cross-section profiles. 

Several incisions were observed in all profiles across the valley base (see Figs. 2.3ɀ7, and Fig. S1). 

Bars, which can reach heights of up to 3 m (Fig. 6a), occur between the incisions of the valley base. 

Ridges occur along some parts of the western flank of the EPV (Fig. 2.5). The morphological 

terraces at the eastern flank were observed in two cross profiles (Fig. 2.5a and Fig. S1) and 

situated around 9 m above the adjacent thalweg and with a width of around 2 km. 

 

Figure 2.3 NW-SE echo-sounder profile along the valley, for location see Fig. 2.1. Northernςsouthern 
discrimination of EPV is based on local features of infill pattern. BU, FU (blue), LU (pink), OU (yellow) 
and TU represent acoustic units defined. Dashed line indicates shell rich-layer, which fades out in TU 
towards east and north of the valley. The depth axis here and the rest of profiles was determined using 
a velocity of 1500 m/s. Depth values were corrected to LAT. 

πȢςȢπ 3ÅÉÓÍÏÁÃÏÕÓÔÉÃ ÓÔÒÁÔÉÇÒÁÐÈÙ ÏÆ ÔÈÅ %ÌÂÅ 0ÁÌÁÅÏÖÁÌÌÅÙ 

4ÈÅ ÓÔÒÏÎÇ ÓÕÂÓÕÒÆÁÃÅ ÒÅÆÌÅÃÔÏÒ ÏÆ ÔÈÅ %06ȭÓ ÂÁÓÅ ÁÎÄ ÉÔÓ ÓÕÂÓÅÑÕÅÎÔ ÉÎÆÉÌÌ ÏÆ ÕÐ ÔÏ Á ÔÈÉÃËÎÅÓÓ ÏÆ 

17 m were identified from sub-bottom profiles. The infill of the EPV was divided into 5 major units 

based on their acoustic facies: (i) a complex infill of the incisions (FU), (ii) units of acoustically 

transparent lenses (LU), (iii) acoustic units OU and SU with internal inclined sub-parallel, well-

defined reflectors, and finally, (iv) acoustically transparent unit (TU) that fills the shallowest part 

of the valley. These facies, including their spatial and vertical distributions as well as variations, 

will be described in detail in the following (Fig. 2.7).  
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2.4.2.1 The acoustic base of Elbe Palaeovalley (S1)  

The acoustic base of EPV (S1) is represented in all seismic cross profiles by a prominent acoustic 

reflector, which separates the valley infill from the basement beneath, hereafter named BU could 

be only identified by accompanying high resolution multi-channel seismic lines (Fig. 2.6a). The 

valley base is characterized by numerous up to 5 m deep and about 200ɀ500 m wide V- and U-

shaped depressions (Figs. 2.3, 2.4, 2.5, 2.6, 2.7). Local acoustic blanking zones with an upper 

enhanced reflection hamper acoustic  

 

Figure 2.4 The valley transverse profile from the northernmost part of the study area(A). Lithology and 
sedimentary structures of cores GeoB17716-1 and 17717-1, red arrow in 17717-1 indicates 
radiocarbon dated sample position (B).  Correlation of MSCL results of 17717-1 with the acoustic units 
(C). MS, magnetic susceptibility (10-6 {LύΤ ˊΣ ǿŜǘ ōǳƭƪ ŘŜƴǎƛǘȅ όƎκŎƳ3); Vp, p-wave velocity (m/s).  
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Figure 2.5 Valley transverse profiles from northern part of the EPV (AςC) where most of the acoustic blanking 
ŀƴŘ ƛƴŎƭƛƴŜŘ ŜǊƻǎƛƻƴŀƭ ǘǊǳƴŎŀǘƛƻƴ ƻŦ h¦Ωǎ ǘƻǇ ŀǊŜ ƻōǎŜǊǾŜŘΦ bƻǘŜ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ƭŀǘŜǊŀƭ 
extent of truncation, sedimentary bulge or ridge on the seafloor height, but also the moat-like 
representation SU. A close-up from B shows MSCL log of core GeoB17715-1 and peat was sampled for 
radiocarbon dating. Sedimentary structures of cores GeoB17714 and 17712 in (C) are given in Fig. 2.9. 
See Fig. 2.1 for profile locations and Fig. 2.4 for core description legend.  

signal penetration down to the S1. They mostly accumulated on the northern EPV at depths 

greater than 9 meter below seafloor (Figs. 2.3 and 2.8a) and relatively numerous narrower zones 

which can be directly related to the thalweg of incisions (Fig. 2.7). The occupation by these 

acoustic blanking zones extends seaward and reaches a width of around 12 km (Fig. 2.3, 4 and 

2.8a). 

$ÅÔÁÉÌÅÄ ÍÁÐÐÉÎÇ ÏÆ ÔÈÅ %06ȭÓ ÂÁÓÅ ×ÁÓ ÐÏÓÓÉÂÌÅ ÉÎ Á ÓÍÁÌÌ ɉτω ËÍ2) pseudo-3D survey with 

profiles spaced 50 m apart (see Fig. 2.1 for location of the survey), sheds a light on the character 

of the incisions (Fig. 2.7). Based on the pseudo-3D map, five, up to 5 m deep, southeastɀnorthwest 

orientated channels can be traced through this small study area; one channel reveals a nearly 

straight course, whereas the other channels show slight bending or bifurcation. 

2.4.2.2 Incised channel fills (FU) and transparent lenses (LU) at the base  

The valley base is partly overlain by small acoustic units FU and LU: FU represents the infill of 

incisions at the valley base, whereas LU represents acoustically transparent lenses. Nearly all 














































































































































































































































