The successive roles of proglacial drainage,
normal ice-age rivers and marine processes in eroding
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EARLY MIDDLE PLEISTOCENE
( palaeogeographic scenario )

~1,000,000 - 500,000 yr ago
= Bavelian, Cromerian Complex
= MIS 21, 19, 17, 15, 13 highstands

Major North German and Baltic rivers with repeatedly glaciat/gd headlands

highstand: shallow sea
lowstand: delta of
Rhine-Meuse-Thames
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LATE MIDDLE PLEISTOCENE
( palaeogeographic scenario )

= 420,000 - 150,000 yr ago
= Holsteinian, early and middle Saalian
= MIS 11, 9 and 7 highstands

Hoxnian
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Palaeogeography at times of high sea level
Uplands, Valleys, coasts and shallow seas

Shallow sea and coast
B Active floodplains and deltas
Relative young terraces

Resistant strata Rivers and structural geomorphology

More ancient terraces
Higher uplands
o Early palaeolithic sites

— 1/ Cretaceous chalk . Inferred river courses

Palaeozoic outcrop
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Structural controlled
initial landbridge
geomorphology

Thalwegs of proglacial landbridge erosion

Palaeocene marine clay .~ Evident from deposits, geomorphology

4\, Cuestas, major faults, basin hinge line

Proglacial erosion
of 1st major
north sea glaciation
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highstand: shallow sea

lowstand: delta of
Rhine & Meuse
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Palaeogeography at times of high sea level
Valleys, coasts and shallow seas ~ Surrounding landscape

Shallow sea and coast
B Active floodplains and deltas
Relative young terraces

More ancient terraces

SW Weald-Artois anticline 51.4N/02.2E Southern Bight 51.8N/03.0E North Sea Basin NE
NW France | Belgium | SW Netherlands
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Bedrock stratigraphy Proglacial erosion
~— Cretaceous BN Oligocene Middle-Late Pleistocene, Holocene Saddle elevation Weald-Artois Anticline 0.5 Ma
Jurassic \\ Eocene Early Pleistocene === Best-guess proglacial lake levels ! 0.45 Ma; !! 0.16 Ma
Older Paleocene Miocene, Pliocene ——~ Best-guess spillway thalweg ! 0.45-0.44 Ma;
beginning of the Pleistocene (deposits younger than 1 Ma stripped)
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Neogene and Quaternary deposition Basin-shoulder terrestrial erosion Mesozoic and Palaeogene Substrate
Miocene, Pliocene shallow marine Tectonic hinge line, since Miocene Cretaceous [ Oligocene
Pleistocene: basin marginal ~— most active faults less active / inactive faults Jurassic Eocene
Pleistocene: depocentre T~ Chalk Massive Clay Older Palaeocene

Late Miocene North Sea extent —> Ancient drainage, at Mio-Pliocene transition .. Late Oligocene incised valley
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Never glaciated upland
Former glaciated upland —_T| Cretaceous chalk
Scandinavian-ice till cover

British-ice till cover (Anglian)

Normal ice-
coastal erosion follow up
landbridge not yet gone

Resistant strata Rivers and structural geomorphology

Palaeozoic outcrop A‘\',' cuestas, major faults, basin hinge line

o e Important palaeolithic / stratigraphic sites
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Proglacial erosion
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north sea glaciation

LATE PLEISTOCENE: FIRST 50,000 YEARS
( palaeogeographic scenario )

= 130,000 - 80,000 yr ago
= Eemian and Early Weichselian
= MIS 5e highstand; MIS 5d-a falling stage

= Last Interglacial and begin Last Glacial
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Uplands (higher, lower) submerged/emerging valley Palaeozoic outcrop

What volume was removed where and when?

What processes contributed what?

LANDBRIDGE EROSION BUDGET RECONSTRUCTION-BASED VOLUMETRIC ESTIMATES

1))
c for DOVER STRAIT Mesozoic 'Chalk' (and more erodible strata)
O erosion volume out flux ero. rate
— duration % of width % of depth length gone (km3 (mm
S Time steps (yr) total (km) total (m)*™ (km) (km3)  peryr) per yr)
-
— | Episode 450 ka # 10,000 2% 5 14% 70 50 17.5 1.75 7
l’ Interbellum 280,000 62% 70% 0.17
(qv’ axial rivers™ 6 10 50 3.0 0.04
E coast retreat” 19.5 56% 45 50 44.0 0.16
B Il Episode 160 ka * 10,000 2% 7 70% 20 50 7.0 0.70 2
Z Last 150ka AA 150,000 33% 35 100% 0.25
7)) axial rivers* 7 10 50 3.5 0.07
= coast retreat” 10.5 30% 65 90 34.0 0.43
N
S Total last 450 ka 100% 35 km 109.0 km3 km3
d>J
(7)) for SOUTHERN BIGHT Palaeogene 'Clay' (and more erodible strata)
c erosion volume outflux ero. rate
(@) duration % of width % of depth length gone (km3 (mm
- Time steps (yr) total (km) total  (m)** (km) (km3)  peryr) per yr)
(O
"L | Episode 450 ka # 10,000 2% 20 15% 50 150 150.0 15.00 5
&
‘—B Interbellum 280,000 62% 73% 0.64
(@) axial rivers* 12 25 100 30.0 0.09
(. coast retreat” 75.1 58% 25 80 150.2 0.09
O
.f? I' Episode 160 ka * 10,000 2% 30 73% 30 40 36.0 3.60 3
E Last 150ka AA 150,000 33% 100% 1.17
- axial rivers* 30 15 100 45.0 0.10
coast retreat” 34.9 27% 25 150 130.8 0.17
Total last 450 ka 100% 130 km 542.0 km3 km3
Short episodes of proglacial spillage contribute 22% *** 34%
Periglacial lowstand valley downcutting 6% ™ 14% ™
Cliff retreat and mass wasting (towards rivers) 2% ™~ 52% ™
of lost 'Chalk’ of lost ‘Paleogene’

Erosion budgets

N See also Van Hoesel et al. (this congress): erosion modeling complementary to this reconstruction
M See also Hijma et al. (this congress), Hijma et al. (forthcoming) & Busschers et al. 2008 (Boreas)

* Combined total erosion envelope, with alternation of highstand (marine) and lowstand (periglacial) activity
** elevation difference averaged over an area; = 'developing paleobathymetry' minus 'initial paleotopography'

*** 04 relate to total erosion in now offshore area
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Palaeocene marine clay ,~— Evident from deposits, geomorphology Shallow sea and coast Shallow sea and coast Palaeocene marine clay,~— Evident from deposits, geomorphology
4(;\ Inferred continuations / delta diversions ‘ ‘ B River valleys & deltas “_ Active river deltas — 1 Cretaceous chalk 4‘;\ Inferred continuations / delta diversions

4 \%, cuestas, major faults, basin hinge line

Normal ice-age rivers and
coastal erosion follow up
landbridge now gone
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