
Proceedings of the first Geologica Belgica International Meeting, Leuven, 11-15 September 2002 
Aardk. Mededel., 2002, 12, 21-24 

21 

 
 
 

Caenozoic evolution of the Channel and southern North Sea areas (western Europe). 
The neotectonic control on sedimentation and rivers 

 
  
 

B. Van Vliet-Lanoë1, N. Vandenberghe2, F. Bergerat3, J.-P. Henriet4, J.-L. Mansy1, F. Meilliez1, 
F. Lacquement5, M. Sintubin6 & S. Vandycke7 

 

1. Sedim. & Géodyn., Fre 2255 CNRS, USTL, 59655 Villeneuve d’Ascq cedex, France, brigitte.van-vliet-lanoe@univ-lille1.fr 
2. Historische Geologie, Katholieke Universiteit Leuven, Redingenstraat 16, 3000 Leuven, Belgium, noel.vandenberghe@geo.kuleuven.ac.be 

3. Lab. Tectonique, UMR 7072 CNRS, Univ. P. & M. Curie, 75252 Paris cedex 05, France, francoise.bergerat@lgs.jussieur.fr 
4. Renard Centre for Marine Geology, Universiteit Gent, Krijgslaan 281 S8, 9000 Gent, Belgium, jeanpierre.henriet@rug.ac.be 

5. BRGM , Orléans, France, f.lacquement@brgm.fr 
6. Structural Geology & Tectonics Group, Katholieke Universiteit Leuven, Redingenstraat 16, 3000 Leuven, Belgium, manuel.sintubin@geo.kuleuven.ac.be 

7. Service de Géologie Fondamentale et Appliquée, Faculté Polytechnique de Mons, 9 rue de Houdain, 7000 Mons, Belgium, sara.vandycke@fpms.ac.be 
 
 
ABSTRACT 
 
Western Europe tectonic is controlled in the North by the 
Variscan Overthrust and in the South by Southern Brittany 
shearing zone. In between a domain is defined with a rather 
homogeneous behaviour under control of plate stress. Since 
the Palaeogene, north and south of this “Channel” region, 
shores are subsiding. A major feature is the inversion of 
Mesozoic deposits as the Weald and the Bray which initiated 
in late Cretaceous and reach a maximum of activity during 
from the Lutetian to the Late Eocene and from the Late 
Oligocene to the lower Miocene; inversion continued at 
lower intensity during the Neogene and the Quaternary, 
despite the change in regional stress field and a global post-
rift subsidence. The morphology and river drainage net 
adapted to flexuration over deep Variscan faults. A new 
analyse of the inland stratigraphy, dating of Neogene and 
Quaternary deposits were performed on the whole regions. 
Timing of neotectonic and co-seimic feature were combined 
with these data. The re-analysis of Caenozoic formations 
shows that these regions were subject in space by long wave 
length uplift and relaxation phases which affect the shape of 
the Middle Eocene, upper Miocene, Middle Pliocene and 
Middle Pleistocene transgressions. The periods of maximum 
accommodation space for sedimentation is the Upper 
Lutetian, the Upper Tortonian, the Upper Piacenzian and the 
Cromerian, all fitting with tectonic relaxation events. 
Episodic uplift largely controlled the open or closed status of 
the Dover Strait from Late Zanclean, by reactivating 
Variscan structures. The inversion of the Dover Strait region 
is practically synchronic with these of the basins of the 
Channel and North Sea areas. Neotectonic related on 
variscan structure still prevails on glacio-isostatic 
deformation and basin subsidence. 
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Introduction 
 
Palaeo-shorelines provide evidence of long-term eustatic 
changes and help to understand of tectonic movements on a 
regional scale. Raised shoreline anomalies are found in the 
Channel region-Southern North Sea and may result from 
deformations induced by tectonics. 
In Western France, the Redonian Crags or Faluns shell 
deposits and the Red Sands represent the Mio-Pliocene 
deposits. The same period is covered in Belgium by the 
Diest, Kattendijk and part of the Lillo Formations (Luchtbal 
Crag). In the Netherlands, it corresponds respectively to the 
Breda and Oosterhout formations. In East Anglia, the 
Coralline Crags partly correspond to it. Between these main 
regions, sporadic deposits lead to stratigraphic controversies.  
Most of these shore formations consist of decalcified coarse 
clastic or sandy bodies located at various altitudes, ranging 
from 3 to 190 m, often on a low platform. It is now quite 
obvious that elevation cannot be used in any chronological 
sense, but this does not mean that elevation is not important; 
it is precisely from differences in elevation of well-dated 
units that tectonic events can be identified by comparison 
with available eustatic curves (Hardenbol et al. 1998). On 
the marine shelf, platform shaping has limited the 
preservation of Neogene bodies, troughs excepted. Although 
a few exploration drillings for oil have been performed at the 
shelf break in the Channel Western Approaches, neither the 
Hurd Deep, nor the Fosses Dangeard have been deeply 
cored. The only available marine information comes from 
the Southern North Sea in the Murray Pit. Thus Neogene is 
lacking high resolution data in this region. Concerning 
Palaeogene, data are rather scarces along the Channel, 
Wight-Solent sector excepted , though on the northern side 
of the Variscan front, sequential stratigraphy has been 
conducted in detail (Vandenberghe & Hardenbol, 1998; 
Vandenberghe et al., 1998) 
This study is based 1) on the morphostructural analysis of 
every site in relation to preserved sedimentary wedge in the 
field or in sismic section 2) on the pedosedimentary and 
sequential record in these formations 3) on palaeontological 
dating combined with ESR (Electron Spin Resonance 
Spectroscopy) on quartz and 87Sr/86Sr dating of shells or 
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bones. North of the Dover Strait, the various steps of the 
transgressions have been reconstructed on the basis of 
micropalaeontology (dinoflagellate cyst stratigraphy), owing 
to the non-oxidized status of the Diest Formation. The 
boundaries defined by these approaches emphasize the part 
played tectonic reactivation of the Variscan substratum (Fig. 
1). 
 

 
 
Fig. 1. Tectonic location of the investigated region 
(modified from Mansy et al., submitted) 
 
 
Late Cretaceous to Palaeogene 
 
Inversion started already in late Cretaceous, in Lower 
Caenomanian as recorded at Sangatte below the Plenus bed 
(Vandycke & Bergerat, 1992, Bergerat & Vandycke, 1994, 
Mansy et al., submitted). The main phase of inversion 
started in the Boulonnais, the Artois, the Weald, the Ardenne 
from the beginning of the Lutetian (van Vliet-Lanoë et al., 
submitted), synchronously with movements in the Western 
Approaches (Ziegler, 1992), at Wight (Badley et al.,1998; 
Vandycke & Bergerat, 2001) or in the Southern North Sea 
(Henriet et al., 1989) . This is recorded by the unconformity 
at the base of the Middle Eocene in the Channel, the Thames 
and Belgian basins, and in the Southern North Sea (Henriet 
et al., 1989). This is recorded by the unconformity at the 
base of the Middle Eocene in the Channel, the Thames and 
Belgian basins, and in the Southern North Sea (Henriet et 
al., 1989; Evans 1990, Cameron et al., 1992, Sumbler, 
1996). This inversion of the Variscan front promoted a 
bulging with a north-south axe in Picardie and accommodate 
most of the shortening induced by the Pyrenean Orogeny to 
the Western border of the European plate. The Dover Strait 
is open probably from the late Lutetian, during a part of the 
Oligocene, Oligocene faunal assemblages being identical on 
both sides of the strait (Vandenberghe et al., 1998). This 
opening is related with the evolution of the Western Channel 
and its palaeovalley system. It is closed again for tectonic 
reason from the onset of the Neogene, the building of large 
shingle ridges similar as those of Portland Bill have probably 
easy the closing. Vadose silicifications developed from the 
Upper Eocene. 
 

Neogene  
 
The Mid Miocene unconformity recorded in North Sea 
basins is often attributed to prevailing climate and eustatism 
with a major d 18O decrease in stable regions (Huuse & 
Clausen, 2001). During late Palaeogene, the “Channel gulf” 
was excavated to the East (van Vliet-Lanoë et al., 2002 & 
submitted), probably re-reaching the Boulonnais during the 
Tortonian . This re-incision facilitated by enhanced thermal 
gradient on the Atlantic as mid latitude still experienced 
mild temperature, while northern Atlantic and especially 
Iceland experienced glaciations. This resulted in stronger 
storminess and higher erosion efficiency (van Vliet-Lanoë et 
al. 1998b) as theoretically stressed by Posamentier et al. 
1988. The platforms were excavated by marine abrasion as 
well as also the main palaeocliffs, mostly during lowstands 
(van Vliet-Lanoë et al., 2002), as recorded by the occurrence 
of an unconformity at the base of the Cockburn Formation in 
the Western Approaches (Evans 1990), a late Serravallian-
Tortonian prograding submarine fan. In the same time, 
tectonism increased, progressively reactivating the Variscan 
front and the Armorican massif, in parallel with progressive 
rise of the sea level since the base of the Tortonian. Most of 
the sandy Neogene record started about 11 Ma ago in 
association with rising accommodation space. Tilting in the 
vicinity of the Variscan front is also proved, by the tilting of 
Cornwall, the drowning of the palaeocliff along the southern 
coast of England, by the absence of sediment into the 
Northern Valley of the Channel. During late 
Tortonian/Messinian , the Strait corresponds to a shallow 
saddle, temporarily occupied by shingle bars and with a 
smooth relief guiding the river network. The strait remains 
closed and huge gravel or sand bars follow the coast from 
Aldershot in Britain to the Diest region in Belgium, an area 
of large sand banks.  
Along the Channel, the Pliocene transgression is correctly 
recorded especially at the West and along subsiding margins 
(south of SASZ or along the Western Approaches). A long 
wavelength deformation uplifts the whole during the 
Messinian. Subsidence starts by incipient flooding during the 
early Zanclean in the Rennes basin (5.2 Ma), apparently 
lately towards the Northeast related to delayed relaxation 
(Van Vliet-Lanoë et al., 1998 & 2002). The Southern North 
Sea reacted similarly (Vandenberghe & Hardenbol, 1998; 
Vandenberghe et al., 1998). Flooding is more important 
during the Piancenzian testifying to a main relaxation, 
despite a lower highstand level than during the Zanclean, 
and also a delayed answer to the N-E. The uplift of the 
northern part of the Tunnel Flexure at Sangatte facilitated 
the retrogressive incision of a Lobourg river flowing towards 
the subsiding North Sea. Flooding of the strait occurred 
probably only during the late Zanclean, circa 4.4- 4.3 Ma. 
During Late Pliocene, the global lowering of the sea level 
related to the building of the ice caps revealed North of the 
Strait the occurrence of a bulge, created, as earlier from the 
Palaeocene by the reactional uplift of the Anglo-Brabant 
massif.  
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Pleistocene 
 
Raised beaches anomalies exist in the Channel region . 
Pleistocene shorelines are subsiding north and south of this 
“Channel” region. Episodic uplift largely controlled the 
open or closed status of the Dover Strait, especially from 
Early Quaternary (U.Gelasian), by reactivating Variscan 
structures from 1.4 to circa 0.8 Ma as visible in the present-
day topography (Fig. 2). 
 

 
Fig. 2. Topography of the investigated sector (US 
Geological Survey DEM, elevation magnification x10). 
 
After 400 ka, global cooling allowed supplementary 
deformations in the area to be induced by glacio-isostatic 
rebound and clustered seismic activity during the phase of 
ice sheet building. Evidence of 8 different transgressions 
dated by ESR from Oxygen Istopic Stage 13 to the end of 
O.I.S. 5 shows the complexity of the sea-level records in a 
region unstable for isostatic and neotectonic reasons. Most 
platforms were initially cut during the Late Miocene, and 
seem to have been re-trimmed several times, especially since 
O.I.S. 9. Regionally, the sea apparently rose to about the 
same level in O.I.Stages 11, 9 and 7 (van Vliet-Lanoë et al., 
2000). Glacio-isostatic and glacio-eustatic relative 
displacements of the sealevel together with background 
tectonic movements have modified coastal positions and 
have temporarily altered the intensity of tidal currents. The 
oldest shoreline deposits are preserved only in subsiding 
areas, controlled by the deep crustal pattern. The O.I.S.7 
positive anomaly seems related to a regional relaxation event 
initiated from circa 280 ka. The Dover Strait reopened from 
late OIS7 early OIS6 by a reactivation of the subsidence at 
the level of the Sangatte flexure zone. During the Holocene, 
probably from circa 4 ka, the flexural activity shows a 
renewed activity controlling anthropogenic sedimentation 
and floodings. 
 
 
Tectonic and sequential interpretation 
 
A slightly diachronous global uplift of this Variscan region 
associated with a southward tilting of the Northern Front 
promoted strong modifications of the river system during the 
Upper Eocene-Early Oligocene, during the Late Miocene-
Early Pliocene and at the Plio-Pleistocene transition. The 
change of stress direction from the onset of Neogene 
induced a drastic change in river pattern and watershed by 
river capture in association with the tilting to the South of 

the Paris basin and the enhanced subsidence of the North 
Sea one. The Somme and its palaeostream on the Eastern 
Channel are both located on active flexures on hidden 
variscan faults. The infill of the Fosses Dangeard was 
probably multiphased since the early reactivation of the 
variscan front at the onset of Caenozoic, with probably a 
mean infill middle Eocene in age (Fig. 3).  
 

 
Fig. 3. Stratigraphical log of the deposits and moprho-
tectonic events from the onset of the Neogene. (O: Dover 
Strait open, C: closed). 
 
Plotting the stratigraphic sequence of the different 
formations observed in the region concerned make now 
rather clear that a similar situation existed as well during 
Middle Eocene (Lutetian, Bruxellian), as during the Upper 
Miocene (Tortonian, Messinian, Diest Sands) or during the 
Lower Quaternary ( sands banks in the southern North Sea): 
large sand bodies derived from palaeogene saprolites 
prograde at the time of increasing accommodation space, 
immediately after an uplift event at the level of the variscan 
front. Depot centres are migrating basinwards from the 
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Middle Eocene to Quaternary to the subsiding North Sea or 
to the Western Approaches. Neotectonics related to Variscan 
structure reactivation still dominates glacio-isostatic 
deformation and basin subsidence. 
Globally, since the Thanetian the whole region is subsiding 
at various degree (Fig. 4), with relative uplift of inverted 
sectors and a real slight uplift for the Bray and a stronger 
one for the Western Weald and along the North coast of 
Devon. 
 

 
Fig. 4. Total deformation of the area since the end of the 
Palaeocene (50m steps). 
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