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Introduction

The development of the coastal plain of the Netherlands was controlled by the morphology of the pre-transgressional surface, the (decreasing) rate of sea-level rise (SLR) and the sediment supply. Together they define the accommodation space for sediment. 
During the Late Pleistocene (the Weichselian glaciations) the western and northern Netherlands formed the gently seaward dipping fluvial plain of the rivers Rhine and Meuse and a number of much smaller, local rivers and brooks. As sea-level during this time mostly varied between 50 and more than 100 m below present level, the southern North Sea was most of the time dry. 
[image: image1.jpg]10000
0

8000 6000 4000 2000
L I ! I

20|

30

40

:
¢

//

Dogger N
Bank

GREAT

Shoreline positions

+9000 BP

— \>”+8500 BP
N_=_ =~ ={+8000BP

1 BRITAIN

FRANCE 0 100 200 km





Fig. 1. SLR-curves for the Flemish coast (1), and the coast of the western (2) and northern Netherlands (left); successive flooding of the southern North Sea.

After about 20 000 BP sea level started to rise from a depth of about – 120 m and flooded the southern North Sea and the coastal plain after 9000 BP. Initially, rate of SLR was in the order of 1 to 2 cm/year. By about 8000 BP the sea reached the present coastal plain and invaded the valleys of the small rivers and brooks. Not that of Rhine and Meuse as these rivers supplied  sufficient sediment to prevent drowning. Because of the shape of the transgressional surface a barrier and tidal back-barrier basin developed in the excursion area. The IJsselmeer, a large lake in the central part of the Netherlands, and prior to 1934 connected to the North Sea, is a remnant of this Holocene tidal back-barrier.
Sediments in the back-barrier area consist of fine sand and mud. All siliciclastics were supplied by tidal currents from the North Sea. Sand and clay derived from the receding shoreface and from the eroding floor of the southern North Sea. Reed marshes fringed the tidal back-barrier basins.
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Fig. 2. Tides and tidal ridges in the Southern North Sea
Rising sea-level provided the accommodation space in the back-barrier basin. Until about 5000 BP sediment supply was insufficient to fill up the space and consequently, the barrier/back-barrier system migrated landwards. However, after about 5000 BP rate of SLR decreased rapidly and sediment supply was sufficient to gradually fill up the back-barrier, which, between 5000 and 3000 BP changed in a reed marsh with lakes. The barrier stabilized and started to prograde between 5000 BP and about Roman times.
Facies in the tidal back-barrier was strongly influenced by the SLR. Aggradation to cope with SLR caused the isolation of the channels from the interchannel areas. Unlike recent tidal back-barriers, as for instance the present Wadden Sea, sand was restricted to the channels and their levees, whereas the interchannel areas received mostly mud.[image: image3.jpg]LEGEND
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 Fig. 3. The Pleistocene surface, and paleogeographic reconstructions of the back-barrier at ~7000 and 6000 BP.
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 As filling of the tidal back-barrier also implied the closure of the tidal channels, the offshore area with its ebb-tidal deltas in front of the channel inlets was also reorganized to the present closed shoreface. This provided a major sand source for the prograding barrier. [image: image5.jpg]3000 BP
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Fig. 4 Simplified paleogeographic reconstructions of the Dutch coastal plain. By 5000 BP the oldest preserved barriers were formed and tidal inlets started to silt up. The Holland Basin was a major sediment sink, in contrast to the Pleistocene high in the north and the alluvial plain of Rhine and Meuse in the south. By 3000 BP the coast was closed except for the outlets of the Rhine and its tributaries. Most of the coastal plain was changed in a marsh with peat deposition. By 1000 BP the sea gradually invaded the coastal plain at many places, but by that time political organization was sufficiently strong to organize counter measures. This change can at present still be seen in the gradual deepening of the shoreface in time. 
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Fig. 5 Shoreline positions.
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Fig. 6 Reconstruction barrier complex  

The barrier prograded until ~2000 BP. In particular the older barrier ridges were small with a few low dunes and often separated by wide strandplains. In time they became higher, probably because of the steepening of the shoreface and, consequently, increasing wave attack. In medieval times, starting ~800 AD, the older barriers were overblown by the so-called Younger Dunes, probably due to a combination of erosion of the shoreface and major droughts. 
The Alkmaar-Egmond area, where the excursion ends, is situated above one of the main tidal inlets feeding the back-barrier prior to ~3700 BP, when it finally closes. Position of the inlet and its closing history are given in the following figures.
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Fig. 7. Cross-section A-A’ with the lithology (upper panel) and the resistance (lower panel) of the fill of the Alkmaar/Egmond channel. See figure 8 for the position of the cross-section 
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Fig. 8 Main morphological features of the Alkmaar area.
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Fig. 9 Simplified NW-SE-running cross-section of the Holocene succession of the Alkmaar area with the former inlet covered by barrier deposits and dunes, and the western part of the filled back-barrier.
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Fig. 10 Closing history of the Alkmaar/Egmond channel
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Top of the Pleistocene deposits
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