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Introductory note

A synthesis of the geology of the Belgian continental shelf is here presented. The main
part of this document is dedicated to the review of the lithostratigraphy, geotechnical
properties, geometry and distribution of the Tertiary and Quaternary deposits.

The data compilation, review and assessment have been conducted from the numerous
existing studies and large data sets, available offshore, but also onland when offshore data
were scarce or lacking. Three main projects have enabled to collect the offshore data: (1) the
project “Seismic stratigraphy, Southern Bight, North Sea” (RCMG, City of London
Polytechnic/NERC, University of Caen/CNRS) ; (2) the project “Seismisch onderzoek op het
Belgisch Continentaal Plat. Eerste faze. Ontginningszone 2” (MEZ/Administratie van het
Mijnwezen, RCMG) ; (3) the project “Studie opperviaktelaag van het Belgisch Continentaal Plat.
Seismisch prospectie sector B” (MEZ/Belgian Geological Survey-BGD, RCMG). Data consist
mainly of seismic profiles (16,000 km), cores (79) and cone penetration tests (CPTs, 177). All
the data have been digitised and integrated in appropriate georeferenced softwares. Synthetic
integrated maps and tables have been produced, aimed to provide the end-users with clear and
directly usable information.

This synthesis has been conducted in the framework of the project “Optimal Offshore
Wind Energy Developments in Belgium”, financed by the Belgian federal government (Federal
Office for Scientific, Technical and Cultural Affairs). This project is in keeping with the part I
project network “Production patterns and sustainable consumption” of the PADD II program.
Objectives of this project consisted in providing recommendations for the selection of sites that
are convenient with respect to the stability of offshore wind structures and the minimisation of
geo-environmental impacts.



Contents

INTRODUCTORY NOTE 3
INTRODUCTION: PRESENT-DAY SEABED SEDIMENTS 6
SEABED MORPHOLOGY 6
General seabed morphology 6
Bedforms 7
BEDFORM DYNAMICS 8
TERTIARY AND QUATERNARY DEPOSITS 11
1 DATA AND METHODOLOGY 11
1.1 SEISMIC DATA 11
1.2 CORING INFORMATION 11
1.3 CONE PENETRATION TESTS 12
1.4 METHODOLOGY 13
2 PALAEOGENE DEPOSITS 14
2.1 PREVIOUS WORKS 14
2.2 SEISMIC STRATIGRAPHY 14
2.3 NATURE OF DEPOSITS 16
2.3.1 Previous works 16
2.3.2 Problematics 17
2.3.3 New data and interpretations 18
2.3.3.1 Lithostratigraphy 18
2.3.3.2 Geotechnical properties 20

2.4 DISTRIBUTION AND GEOMETRY OF THE DEPOSITS 25
2.4.1 Subcrops of Palaeogene units and subunits 25
2.4.2 Unit thickness and extension 27
2.5 DEFORMATIONS 30
2.5.1 Basement induced deformations 30
2.5.1.1 Noordhinder deformation zone 30
2.5.1.2 Goote-Raan deformation zone 31
2.5.1.3 Regional, structural explanation 32
2.5.1.4 Genetic analysis and tectonic reconstruction 32
2.5.2 Sediment-dynamical or -tectonical deformations 32
2.5.2.1 Ypresian 32
2.5.2.2 Bartonian 34
2.5.2.3 Rupelian 34

3 QUATERNARY SEDIMENTS 39
3.1 DEPOSITIONAL HISTORY 39
3.1.1 The Pleistocene deposits 39
3.1.2 The Holocene deposits 40
3.2 NATURE OF DEPOSITS 40
3.2.1 Lithology 40
3.2.1.1 Generalities 40
3.2.1.2 The Pleistocene sediments 40
3.2.1.3 The Holocene sediments 40
3.2.2 Geotechnical properties 41



3.3 MAIN DEPOSITIONAL FEATURES

41

3.3.1 Pleistocene scour hollows 42
3.3.1.1 Sepia Pits 42
3.3.1.2 Northern Hollow 42
3.3.1.3 Zeebrugge Pit 42

3.3.2 Holocene tidal sandbanks 42
3.3.2.1 Architecture: seismic units 42
3.3.2.2 Geotechnical properties 47

3.4 DISTRIBUTION AND GEOMETRY OF DEPOSITS 49

3.4.1 Base of the Quaternary deposits 49

3.4.2 Depth of the Top Eemian 51

3.4.3 Thickness of the Quaternary deposits 52

ACKNOWLEDGMENTS 54
REFERENCES 54
LIST OF FIGURES 59
LIST OF TABLES 60
ANNEXES 61
Annex 1: Available cores: name and location. 62
Annex 2: Lithostratigraphic interpretation obtained from cores. Examples of Typical cores
drilled in various Tertiary units. 63
Annex 3: Synthesis of the existing information concerning the lithology of the Palaeogene
units. Onland and coastal data. 67
Annex 4: Synthesis of the existing information concerning the lithology of Quaternary
deposits (a), Pleistocene (b) and Holocene (¢) deposits. 70




6! 9%!"1#

", 8 6! 9% !"1#

+ + - ? +)1
4 14+ o+ )
&1 * 1) # ? D 4
A 1 ) 0; 8,
# 7 +)1 * #

!

$% $$&% " (
;o) F ' )5" )

S D R

)" %  ,A 5)

) ? ¥,
* ) )" % #5 0&
0, + 1 + * 1 ’Il5
* ' ' * 1 '
+ 8; 4+
'S+ $ % + )&6
K
+ 91;) ! <
19 6 =7>
" #
* 4 - 'k
’ ’ o 1$ * T L !
( ) 5 $ 5
440&



$! 6,
? A) 5 )1 ) ?$ )'"$ %0334&1 o+ "
?) ( L} ll# , n )l n ? A) L} + l n # )
5 ) () ?" #5 0 G ' F B5#'F ), )* 5 ")
?2 A) # ) ( # 5*)6 Yy ") ? A) |
2C C1 <"+ ) ) 2?2 A) ? 5 2 C1
# 2 C ) 5 ) 5 * 84 + ' #'1 ,5"+ # 0"$
) )5 1) ( ) A"+ ) # ) ( A"+ ) D
<" + ) A) ) * ) % "A A Al D Al 5 "&
, )* ) =, * + + * n ) + D A *
% A 5) "1 .440&
! ""$l ) 7 A) , ( D 1 5 ) 5, 5 )1 =, * + )
A) 1 ) 5 ) + ) II$ L} # . . + , ) # )
CHO T T A ) 2 A) ) coo ) s
5 ) Dl ’l n # L} 5 ) ’,5 # n # 1 ) * )ll * # 1
* ) ) ? A) %A A )& + ), +*" =1 (
5 ) ! I|Il$l L} 1 #l ) 5 ) ?) ( L} 1 = + $
A) %5* /I +& ' ' * ' A) # ")
) ? A) # I|||$ ( ? +)
B O #S ? 5 ) )y 5" ) M5 ) $ $ + , N +
+ ., 8 " # 6/, 7 #% 1 $ 18, Cc | + 6 |
@, $ ) A
B I1</ 2196 C# $ .9 " 16, | B.]O 6 6 & ," &! | 445
271 27> 96 $ $).0/.D "6 6K | 6. 6 blwesc
% % ! 6)D6 , 6
E F 27> 96 6 6 !)! GHG
+om ) ,
18 % " # I C # +@;g, " </Z”! ) °
1" L4 ., %) ! C $1!'66" 8 « 1)) !
#( ;%2075 o
: L ) 5" ) )
# # C \
M=A " #% " # C " :
#6 # C" 6 ) 1S , ,91
M#A6 #% " # C" 6 ! # )1 % "$ 9 9" 8 % 66 1$ 8 $!
#+ # C" o+
, * 1/ 2 .13
Tk



>, 4454

V/—\..Uj

?

6 ),

A)

llll

")
)*

) )

+

"y ,.,5 D)
- A) D'

% 5 * 00 +& % 51
"#' 5 ) B+ '
" 5 #' )1 (

* #5 81

LA 5) "1 .440&

5 !

[+ 898'* 3 5

s g ) 7 A)
44 3 ) (+
ne g D ) )5++ )
0/44 % # <"+ )

’

$ ! A
?5 "$ ?) (
") ;)1
5 B
) 02. +1 .2: + Bk
)5" ) ,
' P + ) = 9%03/3
+ 9 1;) ! <
19 6 =7>
>0000000008006
) *+ ,--
YY) # S )
D ) 7
'"$ ) ? A)D )) o+ -
5D ? #' 1 03991 03

A)1l



However, the morphological units under the influence of the Westerschelde estuary, as well as
small recently formed sandbanks, tend to be more dynamic. Not included in the analysis are the
Hinder Banken and the Zeeland Ridges. Research on kink areas of sandbanks do reveal a much
more complex morphological behaviour than linear parts of sandbanks (Deleu, 2002).

Table 1: Stability of the major sandbank-swale systems, from east to west (description from
Van Cauwenberghe 1966, 1971).

morphological unit

dynamics (from Van Cauwenberghe 1966, 1971)

Wandelaar

not enough reliable data to trace its evolution

Akkaert Bank

not enough reliable data to trace its evolution

Wielingen West

the general geometry has been subdued to major changes as a whole or partly; in
the period 1959-1968, a certain narrowing takes place; this was also the case, but
more pronounced in the period 1866-1870

Wenduine Bank

stable in the period 1800-1968

Ravelingen recent in origin, it became part of larger existing sandbanks
Oostendebank stable in the period 1800-1968
Middelkerkebank |stable in the period 1800-1968
Negenvaam major stability since the period 1924-1929
Kwintebank stable in the period 1800-1968
Kwinte major stability since the period 1924-1929
Grote Rede the_general geometry has been subdued to major changes; the situation in the
period 1959-1968 resembles that of 1901-1903
Kleine Rede the_general geometry has been subdued to major changes; the situation in the
period 1959-1968 resembles that of 1901-1903
Stroombank major stability since the period 1879-1882; previously they showed an S-shaped

movement of 300 to 350 m

rechtstreekse kil'

entrance navigation channel towards Oostende; an anthropogenically induced
channel through the Stroombank due to dredging works and hence gradually
increased in depth

Baland Bank

recent in origin, it became part of larger existing sandbanks

Noordoostpas

stable in the period 1800-1968

Nieuwpoort Bank

major stability since the period 1879-1882; previously they showed an S-shaped
movement of 300 to 350 m

Noordpas major stability since the period 1901-1903
Westdiep major stability since the period 1879-1882
the general geometry has been subdued to major changes;the movements are
Smal Bank especially located at its SW end which has broadened and was subdued to a NNE
displacement
Den Oever t1h9e7g1;eneral geometry has been subdued to major changes; see Van Cauwenberghe
Poti the general geometry has been subdued to major changes as a whole or partly;
otje :
subdued to a NE displacement
T the general geometry has been subdued to major changes; see Van Cauwenberghe
rapegeer

1971

Broers Bank

the general geometry has been subdued to major changes; see Van Cauwenberghe
1971

Zuydcoote pas

the general geometry has been subdued to major changes as a whole or partly;
subdued to a NE displacement

the general geometry has been subdued to major changes; subdued to a NE
displacement; the connection Breed Bank - Hills Bank has also known a SW

Hills Bank movement under the influence of an ebb and flood parabola of which the ebb
overruled the flood
Braek Bank major stability since the period 1866-1870
Snouw Bank stable in the period 1800-1968

Passe de I'Ouest

stable from the period 1901-1903 onwards

9



morphological unit

dynamics (from Van Cauwenberghe 1966, 1971)

Mardyck Bank

major stability since the period 1932-1939; before that, the bank showed a
significant movement of +/- 2 km to the E

Fosse de Mardyck

the general geometry has been subdued to major changes as a whole or partly;
since the period 1866-1870, it is 500 m closer to the coast and has an eastwards
displacement

Breed Bank

stable in the period 1800-1968; still the bank tend to broaden and was subdued to a
NNE movement (at least for the period up till 1968)

Binnen Ratel Bank

stable from the period 1901-1903 onwards; the shallow triangular part was
previously subdued to movements

stable from the period 1932-1939 onwards; a SE movement of the SW side of the

Buiten Ratel sandbank only occurs in the period 1932-1939

the general geometry has been subdued to major changes as a whole or partly;
Dyck Bank since 1866-1870 the bank is decreased in surface at its NE where it tends to rotate

counterclockwise, possibly under the influence of local changes in the current

stable from the period 1932-1939 onwards; only the SW part of the sandbank was
Oost Dyck previously subdued to a SE movement (in period 1879-1882 and 1901-1903); the

sandbank itself is very stable

In-Ruytingen Bank

not enough reliable data to trace its evolution

Out-Ruytingen Bank

not enough reliable data to trace its evolution

Bergues Bank

not enough reliable data to trace its evolution

Based on time-series of observations, the following conclusions can be drawn on the
behaviour of large dunes on the Belgian continental shelf (Lanckneus et al., 2001): (1) nearly
all large dunes present an asymmetry (ebb- or flood dominated) that is subject to inversions ;
(2) the height of all dunes oscillates around a particular value through time ; the height can be
lowered by heavy weather ; (3) the large dunes are subject to oscillatory movements (up to 20
m) resulting , however, in minor net migration rates ; (4) displacement of the large dunes can
occur in the direction of the steep slope or of the long flank, since the asymmetry of a large
dune do not always show the direction of the short-term sediment transport. Dunes observed
on kink areas are also more migrating than on the linear parts of the banks.

10




TERTIARY AND QUATERNARY DEPOSITS

On the Belgian continental shelf, the substratum is composed of solid layers of various ages.
The Paleozoic basement is found at a depth of some 250 m near the French border to 450 m
near the Dutch border. It is a relatively stable continental block called the London-Brabant
Massif which was only flooded since Late Cretaceous times. During this period was deposited a
chalk layer the thickness of which ranges from a minimum of 50 m between Nieuwpoort and
Oostende and increase rapidly offshore to a maximum of 220 m in the area of the Hinder
Banks. The chalk top lays at a depth of some 150 to 350 m, increasing to the NE (De Batist,
1989). The Palaeogene deposits (Tertiary) composed the upper part of the substratum. They
outcrop locally on the seabed under a discontinuous cover of Quaternary sediments. These
layers were mainly deposited during the Thanetian (started some 57 Ma) to Rupelian period
(ended 30 Ma ago ; Haq et al., 1987). The top of these deposits is located at depth increasing
in an offshore direction from some 10 to 60 m and features a thickness of 110 to 280 m,
increasing toward the E-NE (De Batist, 1989). These solid layers are covered by sediments of
Quaternary age.

1 Data and methodology

Internal layers are investigated by combining lithostratigraphical and geometrical information
gathered from direct and indirect measuring systems.

1.1 Seismic data

Seismic data allow to determine the geometry (distribution and internal architecture) of
geological layers. The high resolution reflection seismic method is based on acoustic wave
propagation. The data consist of profiles corresponding to 2D vertical acoustic images. These
images show reflectors corresponding to areas where an acoustic impedance contrast exists,
induced by a contrast of compaction, internal pattern and/or sediment or rock nature.

Sediment geometries, identified from seismograms, can be interpreted according to seismo-
stratigraphical principles (Vail et al. 1979) that allow a discrimination into depositional
sequences. These are further investigated according to their seismic facies and can indicate the
depositional environments. It needs emphasis that seismo-stratigraphical boundaries merely
have a chronostratigraphical meaning and can not necessarily be interpreted in
lithostratigraphical terms (Vail et al. 1979). Moreover, lateral alternations in lithofacies within a
layer do not necessarily give rise to a seismo-stratigraphical boundary.

Since 1978, a dense and regular high-resolution reflection seismic grid with a total length of
about 16,000 km has been acquired by the Renard Centre of Marine Geology (RCMG) on the
Belgian continental shelf and the adjacent French, Dutch and UK sectors (between 51°-52° N
and 2°-3.5° E) with a variety of different seismic tools (figure 4).

1.2 Coring information

Cores represent true 1D vertical data that can provide the lithological and
micropalaeontological data required to determine the lithostratigraphic characteristics of the
deposits. These information complement the geometrical and geotechnical information,
obtained from the respective interpretation of extensive seismic data and cone penetration
tests.
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There is only limited core information (figure 4, see precise location in Annex 1). Among the
79 available cores, only 37 cored reach the Tertiary substratum of the Belgian continental shelf.
Generally, they are no longer than 10m, exception made of some cores (e.g. RGD-N1262/B1
which has a length of 61.8m). Cores have been acquired by:

(1) the Rijks Geologische Dienst (RGD, NL) in the 1970’s and 1980’s. Most of the RGD cores are
Geodoff drillings and are more or less equally partitioned over the Belgian continental shelf,

(2) the Belgisch Geologische Dienst (BGD), on the whole Belgian continental shelf,

(3) the OSIRIS Survey (NL).

Extra core information is available on the Oostdyck sandbank (ODB-B2) and near the
Paardenmarkt (BKR-2/A B22).

Here, cores allow to recognise the different geological units.

Detailed lithostratigraphic information from 4 nearshore BGD boreholes (GR1, SWB, SEWB
and VR1) were available and have already been correlated with seismic information (Jacobs &
Sevens, 1993; Jacobs & De Batist, 1996). In the framework of this project, information from 33
cores, drilled offshore in the upper part of the substratum, has been integrated: for each core,
a litholog was available, most of the cores were already interpreted in terms of stratigraphy, the
others have been interpreted during the project period through a correlation with the seismic
information. Some typical lithologs are reported in Annex 2, and core lithology is described in
Annexes 3 and 5 .

A large variety of analysis realised on cores provide valuable indications on deposit ages
(e.g. microfossil analysis such as palynomorphs) and deposit nature (e.g. grain-size and
sedimentary facies analysis), which allowed the complete section to be correlated with
equivalent sediment series onshore and, next, to establish the lithostratigraphy of offshore
seismic units.

1.3 Cone Penetration Tests

Cone penetration tests (CPT’s) correspond to 1D vertical measurements that provide
quantitative data of various geotechnical parameters. A CPT is carried out by pushing statically
a conus into the ground. Cone resistance (q. in MPa) and, sometimes, total friction (Qs in kN)
are then measured. The correlation of CPT’s parameters and coring data can enable to evaluate
the lithological and geotechnical characteristics of geological units.

Almost all available CPT’s have been realised onland, exception made of measurements
taken near the harbour of Zeebrugge and discussed by Depret (1981), and the four CPT's
acquired in offshore locations in the Quaternary deposits (1 in the Westhinder sandbank, 3 in
the Oostdyck sandbank) (figure 4).

The onland and offshore CPT’s were mostly acquired by the department of Geotechnics
(Ministry of the Flemish Community) and made available by DOV (Databank Ondergrond
Vlaanderen). Data were twofold: CPT’s recorded before 1980 were only available on paper
sheets, whereas the most recent CPT’s were available as PDF files, converted by DOV and
consultable on their website (dov.vlaanderen.be). In the Zeebrugge's area, 68 CPT’s have been
reported by Depret (1981) from which 37 penetrate deeper than 30m and 65 deeper than 20m.

Given the huge quantity of onland CPT’s, the ones, interpreted and integrated in the
framework of this project (165), have been selected on the basis of the following factors: (1)
CPT’s with available stratigraphic interpretations, delivered by DOV, were first considered; (2) it
was necessary that the location of the CPT’'s would not be too far from the coast. For this
reason only the geological chart numbers 4, 5, 11 and 12 (Jacobs et al., 1993, 1996, 19993,
1999b, 2002) were taken into consideration; (3) the purpose was to represent every unit, thus
CPT’s were also chosen as a function of their position (see location on figure 4); (4) as many
CPT’s were only very shallow, only those penetrating deeper than 25m were studied; (5)
preference was given to CPT’s which penetrate into Tertiary deposits.

12
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2 Palaeogene deposits

2.1 Previous works

A first attempt to investigate the geology offshore Belgium in detail was undertaken by
Bastin (1974). The study of De Batist & Henriet (1995), of which some preliminary results have
already been presented by Henriet et al. (1989a, b) and De Batist et al. (1989), represents the
first comprehensive investigation of the stratigraphy and structural setting of the Belgian
continental shelf. A fine-scale, seismo-stratigraphical model for the Palaeogene was formulated
by De Batist (1989) and De Batist and Henriet (1995). A sedimentation model has been
proposed by Jacobs & De Batist (1996). It is complementary to the palaeomorphologic studies
of Mostaert et al. (1989) and Liu et al. (1992, 1993), and to the lithostratigraphic investigations
of Jacobs et al. (1990) and Jacobs & Sevens (1993). The present knowledge of the onland
Palaeogene lithostratigraphy was summarized by Maréchal and Laga (1988) and Laga et al.
(2001) with contributions from various authors.

2.2 Seismic stratigraphy

Detailed seismic interpretation following Mitchum et al. (1977), allowed De Batist (1989) and
De Batist and Henriet (1995) to identify 8 seismo-stratigraphical units and a number of subunits
within the Belgian offshore Palaeogene succession using geometry and facies characteristics.

Erosional truncation and valley incisions are common features at the top of the units. Most of
the units have a pronounced sheet-like shape, with planar dipping boundaries at their base and
top, and show only minor thickness variations. Each unit is also characterized by a distinct
seismic facies and/or by typical facies variations, indicative for the depositional environment and
its evolution.

The major seismo-stratigraphical units have been labelled with a character-digit symbol,
indicating their most probable chronostratigraphical position: Y1 to Y5 from Ypresian age, L1
and L2 from Lutetian age, B1 from Bartonian age and P1 from Priabonian.

The main seismo-stratigraphical characteristics of these units are listed in table 2 and have
been compiled into a synoptic seismic and schematic type section, constructed as a composite
or ‘collage’” of several seismogram sections acquired with comparable source signatures
(figure 5).
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continental shelf and surroundings (after De Batist and Henriet, 1995).

Table 2: Seismostratigraphical characteristics of the 11 Palaeogene units in the offshore Belgian

Unit | Nature of | Nature of | Seismic facies Geometry Thick-
base top (sound velocity in m/s) ness
R2 conformity | erosional very regularly banded pattern of continuous, parallel high- | Base: planar dipping 0-60m
truncation, to medium-amplitude reflectors (1650 m/s) Top: strongly incised and
channel channelized
incision
R1 discrete discrete irregular and laterally discontinuous facies composed of | Base and top: planar | +/-35m
downlap truncation subparallel to wavy reflectors with variable amplitude (1700 | dipping
m/s)
P1 discrete discrete Vertical succession of 2 seismic facies subunits (1700 m/s): Base and top: planar [ 40-90m
onlap truncation 2: homogeneous pattern of continuous, parallel, low- to | dipping
medium amplitude reflectors Unit: divergent to NE
1: continuous, parallel, draping reflectors of varying
amplitude
B1 conformity | conformity Vertical succession of 7 distinctive and laterally very | Base and top: planar | 45-60 m
continuous seismic facies subunits (1580 m/s): dipping
7: reflection free with a low-amplitude, discontinuous, | Unit: thickening to N and
draping ondulating reflectors NE
6: ondulating, medium-amplitude, draping reflectors
5: reflection free
4: convex, lob-shaped mounds of medium-amplitude,
prograding, hummocky reflectors
3: reflection free
2: oblique reflectors ; progradating (shingled) reflector on
top
1: regular set of continuous, parallel, high-frequent
reflectors
L2 not known not known not known Unit: very thin, locally | not known
distributed patchy
deposit
L1 conformity | tectonically | Vertical succession of 2 seismic facies subunits (1700 m/s): Base and top: planar | 25-30 m
influenced 2: discontinuous, parallel to subparallel reflectors of variable | dipping
truncation amplitude towards the top 2 to 3 discontinuous,
subparallel, very high-amplitude reflectors
1: 2 continuous high-amplitude parallel reflectors, and 1
discontinuous, low-amplitude reflector at base
Y5 downlap truncation 3 seismic facies subunits of local area extent (1700 m/s): Base and top: planar | 0-17 m
and toplap 3: low-amplitude, parallel reflectors dipping
2: parallel-oblique clinoforms Unit: wedge  shape,
1: reflection-free pinching out towards N
Y4 downlap truncation 3 SE prograding infilling subunits with sigmoidal to parallel | Base: linear channelized 10 km
oblique clinoforms of variable amplitude (Y4.a, Y4.b, Y4.c) | Top: planar dipping wide, N70°
(1700 m/s) Unit: channel-fill shape orientation
c:0-25m
b: 0-20m
a: 0-21 m
Y3 discrete truncation low-amplitude, discontinuous, parallel reflectors or parallel- | Base: planar dipping 0-25m
downlap oblique clinoforms (1600 m/s) Top: planar  dipping
(locally channelized)
Y2 downlap truncation reflection-free or very low-amplitude, parallel-oblique, | base and top: planar | +/- 30 m
prograding clinoforms (1750 m/s) dipping
Y1 conformity | discrete homogeneous seismic facies of low-amplitude, | base and top: planar | 150-180 m
truncation discontinuous parallel reflectors affected by intraformational | dipping
deformations (1620 m/s): Unit: thickening to NE
3 : undisplaced, faulted blocks with alternately tilting and
downwarping bedding terminations
2: major tilted blocks, convolute structures with broad
synclines and cusps anticline, diapers
1: block-faulting, tilted and bent blocks, randomly dipping
fault planes

15
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outcrops. Seismic unit facies and their morphological expression at outcrops and subcrops were
also analysed (De Batist, 1989). The knowledge of the offshore lithology of the seismic units
was based on 4 shallow cored boreholes drilled near the Belgian coast, containing a nearly
continuous, 200 m thick sediment succession of Eocene age, described in detail by Jacobs and
Sevens (1993a) and Jacobs (1995b). Unfortunately, integration of these data with the seismic
information has not been straightforward: 3 of the boreholes were located in shallow water
areas, characterised on the seismic profiles by acoustic blanking due to superficial gas, and only
borehole VR1 can be tied directly to the seismic data (see figure 4).

2.3.2 Problematics

When lithological information is sparse, the most reliable methodology consists of
considering that each seismic unit has a homogeneous lithology: the lithology known from
onshore observations and punctual wells can be applied offshore to the whole seismic unit.
However, attention needs to be paid to the fact that unit boundaries are: (1) offshore:
chronological and do not necessary depend on lithology ; (2) onshore: based on lithological
criteria.

These remarks are of specific interest as most of the Palaeogene units of the Belgian Basin
are characterized by rapid, wholescale lateral facies changes, inherent to the marginal position
of the area within the North Sea Basin, as it was concluded by Jacobs & De Batist (1996) by
using sequential stratigraphy method. Marginal environments (table 3) are submitted to a
strong variability of sediment sources and deposit processes, inducing a possible rapid change
in the sediment nature and pattern (lithology) in the across-margin (onshore-offshore)
direction. Globally it can be said that deposits become finer in the offshore direction and coarser
in coastal environments, but no more detailed conclusions can be drawn on the lithology, and
local morphologies can induce maodifications of this pattern.

Table 3. Depositional environments of the Tertiary units of the Belgian continental shelf (after
Jacobs & De Batist, 1996).

Seismic | Depositional environment

units

P1 shallow marine and barrier-protected lagoonal, wash-over and tidal flat
environments (onland: Steurbaut, 1986 ; Jacobs & Sevens, 1993)

B1 central to outer shelf environment (20 to 50 m water depth) (onland: distal
deltaic environment, Jacobs & Sevens, 1993)

L2 transgressive lag deposit overlying a ravinement surface

L1 very shallow marine environment (strong variations) (onland: tidal flats, lagoons
; Jacobs et al., 1990, Jacobs & Sevens, 1993)

Y5 lagoon towards mouthbar or crevasse splay in a deltaic to intertidal environment
(onland: tidal ridge system, Houthuys & Gullentops, 1988 ; cross-bedded sands)

Y4 eroded and then infilled depression (channel or basin ?) (onland: tidal ridge
system, Houthuys & Gullentops, 1988 ; cross-bedded sands)

Y3 nearshore mudshelf (15 — 30 m) with delta influence (top of Merelbeke clay) and
tide influence (Pittem Member) (nearshore: offshore sand-shoal deposits, Jacobs
& Sevens, 1993)

Y2 deltaic origin deposits with a southern sediment supply (onland: offshore mud-
flat deposits, Jacobs & Sevens, 1993)

Y1 mud-shelf environment below storm-wave base (Jacob & Sevens, 1993)

17



2.3.3 New data and interpretations

2.3.3.1 Lithostratigraphy

New offshore cores (33) have been interpreted in terms of lithostratigraphy (Annex 3). New
insights have been drawn on the lithology of offshore Palaeogene units, and also on the lateral
variability of the lithology within each unit (table 4). The lithology of deposits can also be
determined using the cone resistance values obtained from CPT’s (figure 6 and Annexe 4). This
parameter allows to clearly define pure sand and pure clay. The values with absolute certainty
for clays are below 2 MPa whereas for sands the values are higher than 15 MPa. Although,
most of the cone resistance values are in-between both limits (tables 5 and 6, figure 6 and
Annexe 4), given raise to difficulties to characterize sediments, they can provide very valuable
lithological information when correlated with coring information.

Y1 and Y4 units and the Ursel, Zomergem and Onderdijke Members of B1 are made of clay.
The Buisputten Member of unit B1 is made of sand. The majority of units is made of a mixture
of sand and clay, often evolving laterally: clayey sands (Wemmel and Asse Members of unit B1,
Beernem Members of unit L1), sandy clay (Y3). Y2 and evolve from a sandy to clayey nature
from onland towards offshore. The Oedelem Member is described as a clayey sand unit onland,
but displays a vertical rapid alternation of clayey and sandy units towards offshore. The sandy
clay Pittem Member of Y3 unit contains numerous mud drapes and rythmic interlayered
bedding. Y4.a unit displays a fining of sand (medium coarse to fine) towards offshore, and the
Y4.b unit displays an increasing amount of silt in this direction. The units displaying important
lateral variability of the lithology (L1-Oedelem, Y5, Y2) concern sediments deposited in a very
coastal environment where rapid changes of sedimentary sources and processes occur
(table 3).
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Table 4. Lithology of the Palaeogene geological units. Synthesis of available information.

Main Unit Subunit Lithological description Lithological spatial
variability

P1 no subunit coastal zone: Bassevelde sands Member: strongly bioturbated clayey | no specific noticeable

(Zelzate F.) fine sands with mottled texture and containing carbonised plant | spatial trend

remains, with 1 bioturbated intercalated sandy clay layer (Jacobs & De
Batist, 1996) / offshore: stiff and slightly sandy, green grey clay
(known till 5 m depth)

(evolution towards a
more clayey sediment

?)

B1 Onderdijke M. clay (Jacobs & De Batist, 1996) / offshore (this study): stiff to very | no specific  spatial
(Maldegem F.) heavy clay, with various amounts of silt and sand trend
Buisputten M. sand
Zomergem M. strongly bioturbated blue-green clay
Onderdale M. moderately clayey sands
Ursel M. blue-grey bioturbated massive clay with pyrite concretions
Asse M. bioturbated clayey sands and sandy clays
Wemmel M. grey glauconitic, slightly clayey fine sands with 2 continuous
calcarenite horizons
L2 no subunit onland (Mourlon, 1873 and Fobe, 1988 ; in Laga et al., 2001): | no offshore
(Lede F. ?) calcareous and glauconifereous, fine sand. The base is formed by a | information
pebble layer with reworked elements from older deposits. 3 layers of
sandy limestone or calcareous sandstone are observed.
L1 Oedelem M. coastal zone (Jacobs & De Batist, 1996): grey-green glauconitic fine | evolution from sandy
(Aalter F.) sands to clayey sands, with bioturbation and fossil abundance. At the | to clayey sediments
top, a number of discontinuous subparallel very high amplitude | towards offshore
reflectors correlate with calcareous sandstone beds reported in the
Zeebrugge area (Depret, 1983) / offshore (this study): very stiff to
hard, silty, locally slightly sandy clay (known till 40 m depth),
surmounted by a slightly silty fine sand layer (11 m thick) ; at the top
(2 to 3.5 m thick) very hard to very stiff clay, with (in some places)
alternating layers of sandy silty clay and clayey silty sand
Beernem M. grey-green bioturbated glauconitic clayey fine sands (Jacobs & De | no offshore
Batist, 1996) information
Y5 no subunit onshore (Houthuys, 1990): cross-bedded sands with several layers of | evolving from cross-
(upper part of sandstones / coastal zone (Jacobs & De Batist, 1996): green | bedded sands to clay:
Gentbrugge glauconitic fine sands with low angle parallel lamination, thin brown | sediment fining
F.) sand laminae and a brown clayey matrix / offshore (this study) (only | towards offshore
the upper 10 cm are known): clay with a low amount of very-fine sand
Y4 generality onland: occurrence of several layers of sandstones
(upper part of | Y4.c - compact clay to loam (this study, known till 1.15 m depth) no specific data trend
Gentbrugge - several layers of sandstones (known onland)
F.) Y4.b - brittle to compact clay to loam. In some places, low amount of shell | increasing amount of
fragments, gravel and micas (this study, known till 3.2 m depth) silt
- several layers of sandstones (known onland)
Y4.a compact clay containing a high amount of silt and sand, and some | fining of sand
shell fragments (this study, only the 1°* m known) (medium coarse to
fine) towards offshore
Y3 Pittem M. bioturbated sandy clay with mud drapes, rhythmic interlayered | no  specific trend
(lower part of bedding, shell clasts and local silica cementations (Jacobs & De Batist, | identified
Gentbrugge 1996)
F.) Merelbeke M. strongly bioturbated silty clay with thin laminae, heavily burrowed at
the top (Jacobs & De Batist, 1996)
Y2 no subunit - onland (Geets, 1988a ; Steurbaut, 1998): very-fine sands evolution from cross-
(Egem M. from - coastal zone (Jacobs & De Batits, 1996): sharp-based, glauconitic, | bedded fine sands to
Tielt F. bioturbated fine sands with low-angle cross-bedding and fine | silty clay: sediment
laminations, ripples and flaser lamination (mud drapes) fining towards
- offshore: olive-grey, stiff, sandy loam to silty clay offshore
Y1 Kortemark M. | centimetric, fining upward, yellowish, silty sand laminae that consist | no spatial trend
(lower part of | (Tielt F.) almost entirely of early-diagenetic authigenic siderite in a poor clay | identified
Tielt F. and matrix (Jacobs & De Batist, 1996)
Kortrijk F.) Kortrijk F. mostly made of a massive, very heavy and hard, green-grey clay which | no spatial trend
displays a vertical texture change from a disturbed (bioturbation) and | identified

random orientation of clay particles, towards a preferential orientation,
undisturbed at the base but laminated towards the top. 1 dark organic
rich clay layer with very well parallel-oriented clay particles (Jacobs &
De Batist, 1996). 4 fining upward clayey litho-units can be identified ;
they are capped by a sandy clay unit and by a silty to fine-sandy clay
unit (Jacobs et al., 1990 ; Jacobs & Sevens, 1993a, Jacobs, 1995b)
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