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AN ALTERNATIVE CLASSIFICATION AND PROFILE 
TYPE MAP APPLIED TO THE HOLOCENE DEPOSITS 

OF THE BELGIAN COAST AL PLAIN (*) 

by Cecile BAETEMAN (**) 

ABSTRACT. - The renewed mapping of the Belgian coastal plain met with difficul­
ties concerning mapping units. The objections against the classical triparti­
tion Calais-surface peat-Dunkerque are explained and proved by means of analysis 
of literature. The new lithological classification (BARCKHAUSEN et al.) and its 
advantages are described. Application of the new method is shown in 2 different 
Holocene profile type maps of the western part of the Belgian coastal plain. 

1. INTRODUCTION. 

Until now Holocene geology of the Belgian coastal plain 
never has gone through a thorough research. The Holocene or ''Sys­
tème Quaternaire supérieur ou Moderne" on the most recent geologi­
cal map of Belgium, made by Mourlon and dated from 1895 is divided 
into : 

alp 2 
alq 
alp 1 
alr 2 

t 
alr 

Argile des polders supérieure 
Sable meuble, jaune à Cardium 
Argile des polders inférieu·re 
Argile sableuse grise passant au sable, 
dit sable mou supérieur 
Tourbe 
Sable fin, plus ou moins argileux 
grisâtre, dit sable mou inférieur. 

About 1950 soilmapping started to investigate the geology 
of the coastal plain in a more detailed way. The soilmaps clearly 
give an exact picture of the spreading of the upper and most recent 
sediments. 

The deeper Holocene sediments were hardly considered. 
Only some vague ideas were supposed because of lack of exact infor­
mation. The only existing data about the deeper sediments were co­
ming from a series of drill holes carried out during the years 1930 
and accurately described by HALET. However it never was taken into 
account that these borings were all located along the coastline, an 

(**) Belgische Geologische Dienst, Jennerstraat 13 - B-1040 Brussel 

( *) This article is part of a PhD thesis entitled "De Holocene ontwikkeling 
van de westelijke kustvlakte (België)". 
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area with its own specific characteristics. Yet the data were con­
sidered representative for the entire coastal plain. 

2. PROBLEMS WITH REGARD TO MAPPING UNITS, 

Since 1975 a boring campaign started in the western part 
of the Belgian coastal plain to investigate the complete sequence 
of the Holocene sediments and to draw up a new geological map. The 
choise of the stratigraphy and the mapping units however led to se­
rious problems. 

Normally a legend is based on the existing stratigraphy of 
the area. In Belgium the Holocene sequence is divided into 3 units, 
via.Calais afzetting, oppervlakte v~en, Dunkerque afzetting (trans­
gressie). THis tripartition is also used in northern France and in 
the legend of the Dutch geological map. Although it may appear self­
evident that this classification and terminology could be applied 
here as well, further inquiries showed important problems concerning 
that tripartition. 

As a basic principle it was admitted that the mapping units 
should be clearly recognizable in the field. They must not be units 
which can only be distinguished by means of "laboratory-limits" 
like e.g. 14-C data (HAGEMAN, 1963). 

The mapping units must be representative for the entire 
coastal plain and besides they should give as much lithological in­
formation as possible. Moreover one should consider that mapping 
a coastal plain is nearly exclusively done by borings; in fact iso­
lated points which have to be correlated. 

When taking into account these principles, it was obvious 
that the existing stratigraphical classification based on Calais 
and Dunkerque could not longer be considered for several reasons. 

One of these reasons is the indistinct stratigraphical mea­
ning of the names Calais and Dunkerque. They have been used by va­
rious authors with apparently different meanings in different stra­
tigraphical systems. This led to serious confusion. This confu­
sion will appear from the following historical review. The diffe­
rent classifications in which Calais and Dunkerque appear are illus­
trated in table 1, 2 and 3. 

3, THE STRATIGRAPHICAL MEANING OF THE NAMES CALAIS AND DUNKERQUE 

THROUGHOUT THE LITTERATURE, 

3.1. THE ORIGINAL MEANING OF THE NAMES CALAIS AND DUNKERQUE 
IN THE STRATIGRAPHY. 

In his work "Recherches sur les terrains Quaternaires du 
nord de la France" from T9z.4 DUBOIS subdivided the H.andiUen in 3 
deposits : Assise d'Ostende, Assise de Calais, Assise de Dunkerque. 
DUBOIS described the deposits on a pure lithological base, but de­
fined them according to the molluscs. The A.6.6i.6e de Calai.6 is de­
fined as a bluegrey sand from the coastal plain occurring between 
-1 Sm and Om and characterised by Zirphaea arispata and Ostrea edulis 
but without Mya arenaria. The A.6.6Ùe de Vu.nk.e11.que is defined as sand 
with Cardium and polderclay with SarobiauZaria and Mya arenaria, histo­
rically dated (III - XIII century). In that lithostratigraphical 
classification DUBOIS has a great interest in the content of molluscs. 
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In that way he identified sometimes the A-0-0l-0e de Vunke4que as 
"zone paléontologique à Mya arenaria". 

In reality this zone corresponds to a very recent deposit 
as Mya arenaria invaded the European coasts during the 16th and 17th 
centuries (HESSLAND, 1945). 

DUBOIS did not consider the peatlayer occuring between the 
A-0-0l-0e de Ca.la.l-0 and the A-0-0l-0e de Vunke4que as a separate unit, 
but joined it to the A-0-0l-0e de Ca.la.l-0. Moreover he described the 
peatlayer as a theoretical boundary, difficult to recognize. 

3.2. CALAIS AND DUNKERQUE IN THE BELGIAN STRATIGRAPHY. 

CORNET (1927) is the first author two introduced Calais 
and Dunkerque in the Belgian stratigraphy in a pure lithostratigra­
phical sense, followed by HACQUAERT who already made some changes 
in the original classification by adding the peatlayer to the AML6e 
van Vulnke4ke, without any comment. 

The first important change in the stratigraphical meaning 
of the names was brought by BRIQUET (1930) who used filand!Uen and 
dunkeJtqwlen to indicate transgressions, sea-level ris es and the pe­
riod of sedimentation. BRIQUET did not pay attention to the sedi­
ments thenrse·lves, because he considered that the coastal plain was 
build up by two consecutive transgressions : the .tlutY1'6g4eMlon ma!Une 
ifland!Uenne and the tli.a.Mgtr.M.Slon mcvdne dunke4qulenne. The name Calais 

was not mentioned in his work. 

HALET (1931) was the only Belgian author who could not 
agree with DUBOIS' stratigraphical system. He pretended that it 
was impossible to subdivide the sediments of the coastal plain in 
deposits, because of the lack of sharp boundaries. According to 
him the peatlayer could not be considered as reference-level for the 
limitation of the deposits. 

Although HALET was one of the few geologists who disposed 
of accurate information with exact observations, his statement never 
was taken into consideration in future research. 

The investigation in the coastal plain however attests the 
influence of BRIQUET, like for instance the numerous works of 
TAVERNIER (1938, 1943, 1946, 1947, 1948a, 1948b and 1954), who took 
most of BRIQUET's ideas, at least in the beginning. 

TAVERNIER neither did not look very close to the meaning 
of a stratigraphical classification and its terminology. In 1938 
and 1943 he used Fla.nd!Ua.a.Mc.he tlla.Mg4eM.le and VulnkeJt~c.he tlt.a.M­
g4eMle whereby he paid great importance to the chronological position 
of especially the Vulnke4kla.a.n-0c.he transgression. The name Calais 
is not mentioned here as well, but TAVERNIER prefered the termino­
logy Mblu pL6-0MM introduced by GOSSELET ( 1893) and used by 
BLANCHARD (1906) and BRIQUET (1930). Only in the article of 1946 
the AML6e de Ca.la.,{,{, appears. However the meaning of i t is not very 
clear, because in his classification, called Ch4onolog.le du QWLteJtna..l4e 
the AML6e de Ca.la.,{,{, is described as a li thological unit belonging to 
a transgression. The accompanying table (cf. table 1) representing 
a chronological classification with a depth-scale and based on litho­
stratigraphical units gives evidence of the problems about setting 
up a stratigraphical system for the Holocene and the confusion that 
exists about the meaning of the terminology. In the same article 
the AML6e de VunkeJtque is not mentioned, but in the table TAVERNIER 

259 



260 

Subdivisions du Flandrien en Flandre 

Assise Dépôts actuels. a: ... _ ...... -............. .......................... _. .. , .......... ~ .... .......... ......... . .............. " " de Sables marins (XIII' siècle). ., 
"' Cl 

Sol médiéval. e: 
iiï 

Dunkerque Sables marins (dU Ill• au Vlll• siècle) 

Sol gallo-romain. 

. 
Assise Dépôts poldêriens et marécageux Cordon liltoral 

de (sable gris bleu, argiles de polder, des 

Calais tourbes néolithiques). Pierrelles 

Sables Limon Tourbe profonde 

de de Coquelles 

Assise Leflingbe d'Ostende 

à Argile d'estuaire de 

d'Ostende Corbleu la Sable d'Ostende Coquelles (à E. primigenius) 

à 

Corbleu la 

DUBOIS 1924 

Nr 
uit 

Tabel Il 
Beschrijving der lageu 

Polderklei en Jong Cardium-zand · · · · Duinkerke 
Turf ............... . 

Fijnkorrelige afze.ningen (Jeem en zand) . Kales. 

Grove afzettingen met Corbier.da fluminal.is. Oostende. 

1... 

---
Fig. 3." 

Schematisch dwarsprofiel door de Vlaamsche Zeevlakte. 

0 :;:::= Lagen der Assise van Oostende ; K = Lagen der Ast>ise van Kales. 
Deze gaa11 over tot Leemen L naer het binnenland toe. t = Turf ; z = Zand 

met Cœrd1.ttm e,dule; p. k. = PolderklPi; d = Duinen; B = strandafzettingen. 

N ::;· 
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" " " 
" ;. 
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., 
" Cl 
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HACQUAERT 1930 
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:; 
C' ;:; 
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z 
l:l 
t.> 
0 .,.a 
0 
:i; 
• le 
0 .. 

Système Holocène (Ho). 

/»laine maritlwt'. Intérieur du pays. 

/Io. Sables éoliens (<lunes V), 
argile des polrlers (alp), sabirs 
marins (alq) et tourhe (1). 

llo. Subles éoliens (V), dépôts 
iles peutes (ale), traVt'rtins (If), 
limon de cnw (alm), alluvions. 
parfois tourhrrn.:;rs, <lu fond des 
rnlli•es (ait), taurin• (1) et limo· 
nite (of). 

Syatèmo Plélalocène (Q). 

PLEISTOCENE SUPERIEUR (Qt). 

Plaine maritime. Intérieur du pays. 

Qt. Sahles à faune marine et Q2. Limons divers et sables nu. 
limons. viatîles. A la hase. gravier et 

t._'Uilluutis. 

Faune froide : Elephas prtmige­
nius, llangifer tarandus. 

PLEISTOCENE INFERIEUR (QI). 

QI. Graviers, cailloux, salilps pt glaises fluvîa.tJles, limons. 

1-'nnne chuwte: l<:lt!}lhfls '/'rnyunlheri, llliinorrros .Uerc1'1i, CorlJirula 
!LamitWliR. 

LEGENDE GEOLOGISCHE KAART BEI.GIE 
HALET 

1929 
1931 

INDEELING VAN HET HOLOCEEN 

+1000 - Dulnktrklaansche Vormlna van ~na·duinlaadschal; 
SUBATLANTISCH Afz«!hin2 YBD onae zeeldel (Pol erklei) 

trànsgress/e en. ioaa altuY m; 
VrrClriaken na het oppervlakle·veen. 

0-

'Vermoede/ljke Orenaborizon un WBBBR(?); 
SUBBORBAAL Stllstand van de Veen•onnlq; 

- 1000 - zu1ptegelrlfzlng Sluilund•ormin11?lln blnnenland. 

- 2000 -

AanY1n1 TID de •onninll van 
- 3000 - oppenlakte-.eea ln 1eevl•kte en 

yallelen • 

ATLANTISCH Flandrlaansche Alzelllnr nn de caablea plaaarda•; 
- 4000 - transgressle Vormlnr van oud-dulnland1chap ; 

Opvullin1 der Hllelen ; 
Mariene doorbnak van het Nauw 
van Kalea. 

- 6000 -

1---1 -7000-

si Lagere stand Veenvonnln1 (pro perle veen op 
BORBAAL von de aroote dleptel; 1tallzandvorml111 ~ - 8000 -

zeespl•gel ln het blnnen and. 
ltl 
Q 
lil 
0 - 9000 - Enretand met contlnen1 verbonden 

TAVERNIER 1943 

li 
" .; .. .. 
0 
0 :c .. .., 
... 
0 . 
1 
Il 

f 
1 
ô. 

.; 
fi a ... 
0 

·I 
0 
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0 
0 ... .. .., 
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l Arµile t'l Sabfos su1lé-
+ 1000 l' ;; 1 li r T,·wi.<gression rit•m·s tlt•s Polders, al u-

- • u ia an iqut'. tlu11lwrqufounc vions récentes. 

"' ;;, 

"' 

0 

i - 1000 -

t; ,,, 
"'-2000-
7. 
'G s 
0 
:c 

- 3001) -

-- 4000 -

1
- f)O-OO -

ô -6000-

"' ~ - 7000 -

.~ - 8000 -

~ :c -- 9000 -

~uhhm•1."al 

AllanlÎlllll'-

Boréal 

Tru usgr<'s.i,;iou 
/lamlJ·ie111œ ) 

llehut ùe la formation 
dt' la toul'lic de 8Ul't'aco. 
A11iil1• èl sable inffr. des 
Poldt•1·s (sallk-s pissarùs). 
AHuvi<ms anciennc•H. 

(Fom1alion du Pas-de-Calais). 

.. , , • fondeur (Jlm part••). 

) 

Tourhc ile ~rarnlLi pro-

Niuau,<lt, la uwi Sahle éohen sm_· le_ tar-
tres luis tliglaciairc Crt'UN<.'ment 

tlt•s vallées holoci•ups. 

(A ng-letur1·1• reliée au continc•nl). 

Plaine maritime belge. 

I>. Dt~-;:;.FtJS-:- -1 A. H-;;:.•oT, l-G.-nu1101s,-··1-F:J~;:;;::-1R.T~;~;RNm~: 
0- - 1884 1897 1 1924 1\1:!1 1 1946 

Hl'mhlaî ! .. Moderne ,. ! .. li,lan<lrien sup.,, l u Moder1w ,, 1 Argile 
1 1 (Assilm 1 1 supcrieure 

- - - - - - 1 1 ùe Dunkerque) 1 Argile supérieure 1 ùc Polders 
1 Argile 1 ~~~,~~~'.'.'.._ I el Tourhe 1 ................... _,_ ...... .. 
1 supérieure 1 1 1 

.. Mrnl••rnu .. 1 1 • ~·lalllll'itm 1 1 , 
1 ut Tourhe 1 moyen • 1 1 Tourlll! 
1 1 (Assise de Calais) 1 1 tle surface 

-~ 

l _____ I Tourhe l _______ 1 __ .. ,,_,,, __ .... _ .. _ 
1 1 1 
1 J • Flandrien• 1 

------1 1 1 

- JO- "Qua!t•rnaire 
1 1 Sabll'S pissards Assise ùe Calais : Assise de Calais 
/ • ~'la11driP11• / 
1 1 

(salill's pissards) / 

supérieur • 1 marin 1 1 (Holocène) 
1 1 1 1 
1 aVe<' 1-:-Fïa:1ïM.;-1 :-------
1 1 inférieur ,, 1 Cmwhcs Zouc sablo-
1 1 (Assise ù'Oslcnde) 1 de Jta"sages 1 limoneuse 

i C.Orbicala 1 A. :.:able i lin~:~::~~ses J ,f! 'l~~~~;:, 
1 1 11e· Lefiing-ue I avec zones 1 i•rofonde 
1 fi11111ina/is 1 tl"• <1• •• >1i~1~',",uui·l11.i I tourlmuses 1 (Taidi«laciaire) 

._ OU 1-fl'avt•h'USCS n 
1 1 tlo Co111ll'lles) 1 1 
1 1 1 1-------

-15-

-20·-

1 1 1 1 
- -- - - - 1 1 \ 1 Assise d'Ost<•ntlc 

\ la hast• \ 1 1 

" Quaternaire / : / : à l.'orbicula 

- 25 - infùrieur • 1 1 B. Sable 1 1 
1 1 1 Assise d'Ostende 1 
1 1 d'Oslcnùè 1 1 

flumiualis 

Sahlo marin 1 1 1 1 
1 1 1 1 (lnterstaùiairc 

avec 1 1 1 1 
Corbicula : : : : 

-
30

- /ftt11'linttlis 1 1 ! 
1 

Würm) 

TAVERNIER 1946 
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HOLOCÈNE 
ANNÉES PÉRIODES VÉGÉTATIO 

RECENT ET DEBOISEMENT Ass1SE0< 

+1.QQ SUBATLANT. ~L~:~~~:sRESSI 
INTENSE 

(HUMIDE) 
DUNES Rf.t(NTES 

0 SUBBORÉA CHÊNAIE MIXTE 
FORMATION 

{RELATlV[M[NT AVEC. 
SEC ET 

HÊTRE 
or TOURBE 

CHAUD) 
-1000 DE SURFACE 

CHÊNAIE MIXTE ----
CHÊNf.TILLEul, ASSISE DE CALAIS 

-2.000 ATLANTIQUE 
(SABLES PISSARDS) 

ORME, FRÊNE, 

RfLAÎIV[MEN COUDRIER ET DUNES INTERNES 

-3.000 
CHAUD (T DE GHYVELDE 

AULNE SURTOUT 

HUMIDE) 
DANS LES PLAINES RuPTURC ou -4.000 PAS-DE-fALA15/ 

HÊTRE / 

SPORADIQUE 
/ iOCALEM[NT 

-5000 /fORM AT ION or 
TOURS[. PROfON 

FORÊTS DE (PRO PARtr) 

-6000 
BORÉAL 

PIN, COUDRIER 

{CHAUD 
AULNE, TILLEUL 

ET 

-7.000 
SEC) ORME ET èHËNE 

-8.000 
PRÉBORÉAL PJN (1 BOULEAU 

-10.000 BOULEAU ET PIN ASSISE D'ÛSTENDE 
(ZONE DE LEFFINGE . 

-15.000 
UBARCTIQU( PARC MARÉCAGEUX 

(SOUS·SOL GELÉ) 

-200001 ARCTIQUE TOUNDRA 

HOLOCENE 

Années 1 Périodes l Végétation 1 Plaine maritime 

Récent et Subat- Déboisement in- Assise de Dun-
+1.000 !antique . tense kerque (plu-

(Humide) sieurs phases 
de transgres-
sion) 

Dunes récentes 

0 Subboréal (Rela- Chênaie mixte Formation de 
tivement sec et. avec Hêtre tourbe de sur-
chaud) face 

-2.000 
Chênaie mixte --------· -2.000 Atlantique Chêne, Tilleul, 

Orme, Frêne, Assise de Calais 
Coudrier et (Sables pissards) 

(Relativement Aulne surtout Dunes internes 
-3.000 chaud et hu- dans les plaines de Ghyvelde 

mide) Hêtre sporadique Rupture du Pas-
-4.000 de-Calais 

-----· -5.000 
Boréal (chaud et Forêts de pin, Localement for-

-6.ooo sec) coudrier, aulne, mation de tour-
tilleul, orme et be profonde (pro 

-7.000 chêne parte) 

-8.ooo Pré boréal Pin et bouleau 

' 
-I0.000 Tardiglaciaire Parc-toundra 

TAVERNIER 1948 TAVERNIER 1954 

i::: 
Duinkerkiaanse transgressie Q) 

i::: QJ 
Q) (J Duinkerke III transgressie > 0 
Or-i Duinkerke II transgressie l!lg Duinkerke I transgressie 

i::: ai Oppervlakte veen 
Q) QJ 

'O (J Zanden van het Oud Duinlandschap 'O 0 
·.-t r-1 

Sedimenten de assise ::>::~ van van Kales 

ai 
Veen op grotere diepte 

Io< Q) 
Q) (J 
'O 0 
l:::r-1 og 

Moormann 1954 
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Lithosiratigraphiscbe Parallelisierung des Küsten-Holozâns (Grenzwerte gemittelte 14 C-Daten) 

Niederlande 
1 

1 
Sdtleswig-Holstein Schidtt Sdtidtten Unterformation i Formation 1 Niedersadisen 

1 

1 :: 

1 i 

1 1 
1400 n. 

····················! Pe~um D Illb h Wyk 
1100 n. ··· 1100 n. 

D Ilia J1 Tonning 
800 n. 02 ... 750 n . :z: 

~ 
D II 0 

250 n. N 

0 ~~ ... 0 0 Dünkirdten '" :::i 

Schwabstedt 
(1) 

Dl 
500 v. 

200 v. V z 600 v. 0 
1000 v. "2 1000 v. ... 1000 v. Midlum 

.. 
c.. 

DO Meldorf "' 1600 v. U1 IV " .... 1700 v. 1900 V. " ' 
22CJO V. Husum "rf 

0 
C IV ~~.~. IIIB .. 

Domum a 
2800 v. 

.. 
":'BA. .... 2900 v. 

1 Fiel 
... 
0 cm .. 3200 IIIA .i Calais :::i 

3500 v. 
ID:213 .. IIB 

C II 
.... 4300 v. m2A 

1 Eesdt 
....... 4200 v. IIA 

1 ·~~~lt 5000 v. Baltrum 
Cl 

5400 m1 
?5800 v. 

BRAND, HAGEMAN, JELGERSMA & SINDOWSKI 1965 
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No beachdeposi!s 

or dunes known 

Jnterr.uption fvet) phase 
during duneformil.tfon 

O.D. II 

0.D. I 

• 1 

1 DUNKIRK Illbi 

1 DUNKIRK Ill al 

DUNKIRK Il 

DUNKIRK Il 
1 1 L _______ J 

1DUNKIRK01 
1 1 
1 1 
1 1 
L--------" 

CALAIS If! 

~LAIS Ill 1 
L _______ _J 

l CALAIS Il 

î 
Transgressive phases 

JELGERSMA, DE JONG, ZAGWIJN & VAN REGTEREN ALTENA 1970 
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Landzijde Zeezijde 

Afzetting van Subatlanticum Duinkerke 

Nieuwmunster Atlanticum en Subboreaal veen van 
5064 B.P. (14-C op veen) 

Afzetting van Atlanticum Zuienkerke 

vMr Afz. v. Afzetting van Atlanticum (waarschijnlijk) 11000 Meetkerke Houtave 
B.P. -----

1 Afzetting van Tardiglaciaal 
1 Wenduine 11349 B.P. (14-C op schelpen) 1 -- 1 
1 Afzetting van 1 Weichsel 1 Uitkerke 

Afzetting van Eem Oostende 

DE BREUCK, DE MOOR & MARECHAL 1970 

î 
î 

î Duinkerke· 
Membe< 

l Coutai Barrier Rolland 
Peat Member t Member 

1 
Calais 

1 Memher 

t 
In the Calais Memher four heds are distin­

guished : Calais 1, II, III and IV; the Duinkerke 
Memher is differentiated as Duinkerke 0, I, II and 
III. The fluviatile equivalents in the perimarine 
area are the Gorkum and Tiel memhers, respec· 
tively. 

The following correlation is accepted (B. P. Hage· 
man, 1969; A. Verhraeck, 1970) 

Duinkerke III 1150 years B.P. and Jater Tiel III 
Duinkerke II 1700 1350 years ~.P. Tiel Il 
Duinkerke l 2550 2050 Tiell 
Duinkerke 0 3450 2950 TielO 
Calais IV 4550 3750 Gorkum IV 
Calaill III 5250 4750 Gorkum 111 
Calaill Il 6250 5250 Gorkumll 
Calaill 1 7950 6450 Gorkuml 

DE JONG 1971 
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The main lithostratigraphical 
subdivision applied to the sedimentary 
sequence in the Groningen coastal area 

NORTH SEA 

GRONINGEN .. J FORMATION 

.•. ;~~~~~i~j 
<ili 

D clastic tidal deposits 

mmrn peat 

" ..... 

--- non-erosional unconformity (occasionally with 
vegetation horizon) 

ROELEVELD 1974 



TABLE 2 The chronology of the Holocene 

Conv. 14c 
t lme ErocH A G E+ 

TIHE INTERVALS 
t ransgress tve 

regresslve 
years * 

BP AD/BC scale 

y. 8.P. 

1000 

2000 

3000 

4000 

5000 -

H 

0 

0 

c 

SUBATLANT 1 C 

SUBBOREAL 

t 

Dunkerque 1 .. 9 

:•:•••::::···:\••':llllJ:fiiiid••::twA: ~i~~ 
Calais IV-A 

JZJii9tî.;l"ffiîl.tJF z~g~ 
Calais 111 

1--~~~~4.~.)~i:~?~/~~~:J~!~~~~=:~=-~=tJ~,-c15000 
5225 

Calais Il 

:~~: î 800 
600 
300 AC 

50 BC 

ml 
1025 
1275 
1550 
1725 
2000 
2250 

2550 
2750 
3050 
3275 

ROELEVELD 1974 

Lithostratigrafie Ouderdom 

Formatie Laagpakket 

Afzettingen ::i:: 

van 0 

WESTLAND Duinkerke t"' 

1500 B.C. 0 
FORMATIE Rolland veen 2000 B.C. C":l 

Afzettingen t<:I 

van t<:I 

Calais :..: 
6000 B.C. 

Elbow 
Afzettingen 

ZAGWIJN & VAN STAALDUINEN 1975 
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°' OO 

La tourbe de "Grande Profondeur" 

Boréal - début Atlantique 

La transgression Flandrienne 

5500 à 2300 av. J.C. 
Assise de Calais (sables pissards) 

La régression Pré-Dunkerquienne 

fin de la période atlantique 
les dunes d'Adinkerke - Ghyvelde 

- la tourbe 

La transgression Pré-Romaine 

fin de !'Holocène moyen 

Les trânsgressions Dunkerquiennes 

1. La transgression du Dunkerquien 
ne· s, av. J;c~ - Ier siècle 

2. La régression Romaine 
Ier - IVe siècle 

3. La transgression du Dunkerquien 2 
IVe - VIIIe siècle 

4. La régression Carolingienne 
VIIIe - XIe siècle 

5. La transgression du Dunkerquien 3 
- Transgression du D 3a : XIe siècle 
- Transgression du D 3b : XIIe siècle 

Les polders historiques 

OZER 1976 
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replaced it by AJr.gile. Mpruewr.e du PoldeM. The surface peat is only 
described as representing a stand still in the sea-level rise be­
tween the -tfl.a.111.>gl!.uûon 6.la.ndlûenne and the -tfl.a.111.>gl!.UJ.i-lon dunkell.qcienne. 

In 1947 on the contrary, TAVERNIER considered the surface 
peat as an apart unit, but the AMMe de Caf.a,U, and the MJ.iMe d'0.6.tende 
are brought together in one chronologically determined unit. The 
M.6Me de Vunkell.que is described as "invasion marine du 4e siècle". 

In the following articles of TAVERNIER (1948a, 1948b, 1954) 
no changes worth mentioning are occuring. 

This analysis of TAVERNIER's work shows that no logical 
consistency in the stratigraphical classification exists and that 
the names Calais and Dunkerque have been used with several meanings. 
But the further research on the Holocene was influenced precisely 
by these publications. 

This was the case with the new classification presented by 
MOORMANN in 1954 (cf. table 2) where lithostratigraphy, chronostra­
tigraphy, transgression and geomorphological units are occurring in 
the same chronostratigraphical classification. 

In the publication of TAVERNIER & MOORMAN (1954) the 
Holocene is subdivided in a chronological system : 

- l'Holocène inférieur 
- l'Assise de Calais 

l'Assise de Dunkerque, subdivided in chronologically 
determined transgressive phases. 

The surface peat is not mentioned anymore. 

In the Belgian liter~ture, the subdivision of the Holocene 
is not very clear and inaccurate up till now, whereby no distinction 
is made between chronostratigraphy, lithostratigraphy and transgres­
sion. The only constant in the classifications is the occurrence of 
the names Calais and Dunkerque, however without any accurate defini­
tion. 

3.3. THE INTRODUCTION OF CALAIS AND DUNKERQUE IN THE 
STRATIGRAPHY OF THE NETHERLANDS. 

In 1960 DE JONG & HAGEMAN proposed a new legend for the 
geological màp· of the Netherlands. The principle of pl!.o6ile trJpU 
is here introduced for the first time .. The co~ponents of the pro­
file types are lithostratigraphical units, viz, A6zetting va.n VuJ..nkell.ke, 
A.6zettlng va.n Holla.nd, A.6zet.tlng va.n Caf.a,U,. The A6zettlng va.n VuJ..nkell.ke and 
A.6zettlng va.n Cal.a,U, were taken fr:om the Be lgian .1 i tera ture, whi le 
the A6zet.tlng va.n Holla.nd replaces the former term oppell.v.fukte veen. 
These units were divided into (non formal) formations defined as 
lithostratigraphical units, which in turn were subdivided into land­
scape types. 

In 1963 HAGEMAN completed that proposition by introducing 
several level6 allowing to make a clear distinction between litho­
logical units on the one hand and transgressions on the other hand. 
In the new lithological classification the Fol!.rna.tie va.n Holla.nd. is sub­
divided in (formal) Members (to which the A6zet.tlngen va.n Vu-lnkell.ke and 
the A6zettlngen van Cal.a,U, be long) which in turn •are subdi vided in to 
Beds and in which all the transgressive phases are placed. 

269 



3.4. THE APPLICATION OF CHRONOLOGICAL CRITERIA IN THE 
LITHOSTRATIGRAPHY. 

In reality however this lithostratigraphical classifica­
tion of HAGEMAN is based on the succession of transgressions and 
regressions. To compare and correlate the several transgressions 
on a regional scale, the interfingering peatlayers have to be da­
ted. 

An eloquent evidence of this new tendency is the article 
of BRAND, HAGEMAN, JELGERSMA & SINDOWSKI (1965) on the subdivision 
of the marine Holocene a long the North Sea coast. Vü.n/UJtk and Ca.fa,U, 
were considered as lithostratigraphical units, but the regional 
correlation was based on 14-C data. The several transgressive pha­
ses, determined by 14-C data however, were also named Calais and 
Dünkirk. 

This new trend, whereby a lithostratigraphical classifi­
cation is set up on base of only age determination, is followed by 
e.g. SINDOWSKI (1968) and HOFFMANN (1969). SINDOWSKI took the geo­
chronologically determined boundaries from the system of BRAND et al. 
and used them to establish a lithostratigraphical classification in 
another area. HOFFMANN also used 14-C data to subdivide the Holocene 
of Syl t into C'a.ectu., and Véinkhck which here got the meaning of deposi ts 
of a transgression. 

By using transgressions the Holocene is not subdivided 
anylonger on a pure lithostratigraphical base and the names Calais 
and Dunkerque get a chronostratigraphical meaning. The identifica­
tion of lithostratigraphical units with transgressive and regressi­
ve phases resulted in the application of chronological criteria for 
the determination of the lithostratigraphical identity of sedimenta­
ry units. 

The use of 14-C data will gain more and more importance and 
will be considered as one of the main elements in the lithostratigra­
phical classifications. 

The publication of HAGEt-1AN in 1969 proves this tendency. 
The lithostratigraphical units Ca.fa,U, de.po;.,,i;tt, and Vun/UJtk de.p0.6,i;tt,, 
separa ted by the main pe.aftayeJt 06 :the Hoila.nd pe.ctt are subdi vided on ba­
se of transgressions which are dated and nominated as Calais I, II, 
III, ... and Dunkirk I, II, III,... It is true Hageman points out 
that the 14-C data should be considered locally. 

Taking into account the stratigraphical principles, DE JONG 
introduced in 1971 the formal terms Ca.fa,U, Me.mbeJt and Vu.lnkeJtke Me.mbVt 
which he subdivided into Beds, but which were defined on a pure geo­
chronological base. He took exactly the same timescale HAGEMAN pu­
blished in 1969 (to define the transgressions) as a generally accep­
ted subdivision for the marine Holocene without any comment on the 
local character of the 14-C data. 

In a new classification proposed by ZAGWIJN & van STAALDUINEN 
(1975) again some changes in the stratigraphical terminology appear: 
A6zet:Unge.n van ca.ea,u,, A6zet:Unge.n va.n VCLlnkeJtke., Ho.tea.ndve.e.n. The latest is 
described as the main separation between the older and younger depo­
si ts. The use of a peatlayer as a correlationmethod in a lithostra­
tigraphical system is highly undesirable and leads to the intermixing 
of chrono- and lithostratigraphy. 

3.5. THE ACTUAL SITUATION IN BELGIUM. 

The ambiguity about the stratigraphical systems and about 
the meaning of the names Calais-Dunkerque also remained in Belgium. 
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In 1971 PAEPE subdivided the Holocene in Cai.a,U, 6ol!.ma:üe and 
VuJ,nk.e.Jtk.e 6ol!.ma:üe while he still used the A6ze.tting van Cai.a,U, and 
A6zed:ti.ng van VuJ,nke.Jtke in the description of the profile. 

The confusion is clearly shown in the article of GULLENTOPS 
(19V4) which even needs no further comment. The author devided 
the Holocene sediments into : 

- transgressive Atlantic Calais-lagoons 
- Subboreal Holland-peat 
- Subatlantic Dunkerque transgressions. 

In the article of Paepe et ai. (1976) on the new definition 
of Flandrian it became impossible to find out what Calais and 
Dunkerque stand for. The authors wrote in one and the same article 
Subh.tage& 06 the F.landJUan, M Cai.a,U, and Vunke.Jtque, Cai.a,U, depohffi, Cal.aM, a.nd 

Vunke.Jtque heJUe&. 

Other evidence of the confused situation is shown in the 
article of OZER (1976) who used nearly all the existing stratigra­
phical terminology and systems pell-mell. 

BAETEMAN (1978) mixed up the chrono- and lithostratigraphy 
when writing "the Flandrian stage comprises the Calais member, the 
Dunkerque member, " 

3.6. FINAL CONSIDERATIONS ON THE STRATIGRAPHICAL MEANING OF 
CALAIS-DUNKERQUE. 

This preceding analysis of the literature shows very clear­
ly that the nâmes Dunkerque-Calais always are defined as lithostra­
tigraphical units, but they are used to nominate transgressions ba­
sed on chronological criteria.. These transgressions in turn serve 
to set up a chronostratigraphical subdivision with units named 
Dunkerque and Calais. 

The intermixing of transgressions and regressions on one 
hand and a stratigraphical system on the other is an inaccurate 
and undesirable method in the Holocene geology. Moreover the assi­
milation of the succession peat-clastic sediments as a succession 
of regression-transgression is not always valid and should never be 
generalised uncritically for the entire coastal plain. 

The honour is due to STREIF (1971, 1972, BARCKHAUSEN, 
PREUSS. & STREIF, 1977) and ROELEVELD (1974, 1980) who thoroughly 
criticized the classical tripartitioned stratigraphical system. 
They introduced a new lithological resp. lithostratigraphical sys­
tem in which the confusion about the Dunkerque-Calais terminology 
definitely was ended. 

4. THE OTHER DEFICIENCIES OF THE CLASSICAL TRIPARTITION. 

Besides the unclear stratigraphical meaning of the tenninology, 
there are other objections why the classical succession of the 
Calais Deposits - surface peat - Dunkerque deposits can not be con­
sidered as basis for the legend. 

In that system the surface peat is regarded as the dividing 
unit between the Calais and Dunkerque Deposits. But the use of a 
peatlayer as a reference-level in a mapping system is very inaccurate 
and unreliable. The marine Holocene sediments lend themselves very 
well for the setting up of a chronostratigraphy based on 14-C data 
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of the several peatlayers. However problems may arise about the 
significance of the peatlayers. 

Indeed neither the top not the base of a peatlayer are ne­
cessary of the same age over the entire plain. Moreover the pre­
sence of the sizeable surface peat demonstrates that some transgres­
sive intervals have not been recorded while in other parts of the 
coastal plain these transgressive intervals have been recorded 
(ROELEVELD, 1974). 

The long distance correlation of peatlayers is only possi­
ble by means of age determination (STREIF 1972). This concerns al~ 
so the difference between regional and local peatlayers. However 
this method leads to the chronostrat~graphy which is unpracticle 
and not useful in our mapping system as the boundaries are not re­
cogni zable in the field. Moreover a chronostratigraphical system 
must not be generalised for an entire coastal plain and therefore 
does not fit for the use as a basis for a legend. 

Another objection why the classical tripartition can not 
be used is .a very practicle one. The surface peat is lacking in a 
great part of the coastal plain. Until now it was believed that in 
this area the peat was completely eroded by the Dunkerque-II trans­
gression, so that the Holocene sequence over there consists of 
sandy creek-sediments from the Dunkerque-II transgression. However 
in a great part of those areas peatgrowth never could occur as the 
environment was not suitable for it. That means that those areas 
are characterised by sediments deposited since the very beginning 
that the plain was influenced by the Holocene sea-level rise. In 
most of these areas it is very difficult to carry through any li­
thological or other classification as they always have been charac­
terised by the same depositional sedimentary environment since the 
beginning of the filling up of the coastal plain. 

As final objection it should be mentioned that Dunkerque 
or Calais do not reveal anything about the lithology. 

5. THE NEW LITHOLOGICAL SYSTEM. 

In view of the objections put forward above it seems unrea­
sonable to base the legend for the Holocene map on the classical tri­
partition. We prefer to apply the lithological system recently in­
troduced by BARCKHAUSEN, PREUSS & STREIF in 1977. These authors de­
veloped a new method for the representation of sedimentary sequences 
in coastal regions in the form of profile types. The application of 
the system covers tidal flat areas, marshes and coastal peatbogs. 

In the new method a hièrachic system of lithological clas­
sification has been developed, based on the vertical succession and 
the lateral interfingering of clastic sediments on the one hand and 
peat on the other hand. 

In the lithological classification system three different 
hierarchic levels can be distinguished (STREIF, 1978a) : 

1. THE COMPLEXES 
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- a clastic complex (clastic sediments without intercalated 
peatlayers) 

- an interfingering complex (clastic sediments are intercala-
ted by peatlayers) 

- a peat complex (sedentary organic deposits are dominant). 
The complexes can be represented in the form of main profile 
types, respectively the X, Y and Z-type. 



REPRESENTATION OF SEQUENCES 

*Fig. 1: Schematic cross section through the coastal deposits 

with the lables for the principal profile types 

(X 1 , X2 , x3, X4, Y1 , ••• etc. Z4). The sequences are 

labeled with stratigraphie symbols according to 

BARCKa.AUSEN, LOOK, VINKEN & VOSS (1975). qhK • 

clastic sequence, qhOB - organic basal aequence, 

qhOD - organic cover sequence, qhKU • lower clastic 

sequence, qhA - splitting up sequence, qhKO ~ upper 

clastic eequence, qhO - organic sequence, qhKB • 

clastic basal sequence, qhKE --clastic interbedded 

sequence, and qhKO::. cl as tic cover sequence • 

1~.\:\i\\·\\.\\\\\\i clastic sediments • peat 

•with the permission of H. STREIF 
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PROFILE TYPE MAP OF THE HOLOCENE 
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LEGEND, 

MAIN SUBORDINATE s p c I A p R 0 F I L E T y p E PROFILE PROFILE E L 

TYPE TYPE SEQUENCE PETROGRAPHY GENESIS 

X XI qhK clay with thin salt marsh 
sandlayers facies 

X2 2 qhK clay with thin salt marsh 
sandlayers facies 

qhOB peat peat 

y Y2 3 qhKO clay with thin salt marsh 
sandlayers facies 

qhA alternation of peat-lagoonal 
peat and mud facies 

qhKU mud lagoonal facies 
qhOB peat peat 

Y2 4 qhKO clay mudflat facies 
qhA alternation of peat-lagoonal 

peat and mud facies 
qhKU alternation of lagoonal-tidal 

mud and fine flat facies 
sand, clayey 

qhOB peat peat 

X XI 5 qhK sand and clayey gully facies 
silt 

XI 6 qhK alternation of mud and mixed 
thin layers flat facies 
sand and mud 

Xu 7 qhK alternation of mud and mixed 
thin layers_ flat facies 
sand and mud 
silty sand sandflat facies 
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2. THE SEQUENCES are subdivisions of the complexes and consist of 
one or more facies units. Sorne interrelationships between orga­
nic ans clastic deposits can be deduced from the vertical suc­
cession and the lateral interfingering of the sequences. The 
variety of possible interrelation is represented in form of a 
schematic section (fig. 1). 

3. THE FACIES UNITS give a more detailed subdivision of the sequen­
ces and are at the base of "special profile types 0 • The facies 
units are variable in number and in range, so that genetic, pe­
trographic, structural and other criteria can be taken into ac­
count and represented in an unlimited number of special profile 
types. The facies units and the special profile types have to 
be selected with respect to the specific objectives and the pre­
vailing local conditions. 

6. APPLICATION OF THE NEW SYSTEM, 

According to the new system two kinds of profile type maps 
were drawn for the western part of the coastal plain. 

A general map on a small scale, based on the main profile 
types, X, Y and Z, clearly shows a general picture of the Holocene 
sequence (fig. coloured map : spreading of the lithological comple­
xes). 

The map based on the main profile types can be easily drawn 
without a thourough and detailed study of the boring-descriptions 
and yet gives a distinct idea of the Holocene geology of the area. 

The general map shows that the X-type is occurring in two 
main areas, viz. in the seaward part of the plain, with important 
landward extentions (SE of Nieuwpoort and in the area of De Moeren) 
and along the outcropping Pleistocene. In the latest area the X2-
type was distinguished (clastic sediments with basal peat). The 
tidal channels, which are of great importance for the development 
of a.coastal plain, also figure clearly on that kind of map. The 
Y-type is occurring betwee~ those two areas. The Z-type (exclusi­
vely peat covered by a thin packet of clastic sediments) is restric-
ted to the southern and eastern part of the plain. 

The components of the detailed profile type map are the 
special profile types based on the facies units. As criteria for 
the facies units the following depositional sedimentary environ­
ments were chosen : the reedmarsh or lagoon, the tidal flat, with 
its subdivision into salt marshes, mudflat, mixed flat and sandflat, 
the tidal channels and the coastal peatbogs. 

These depositional sedimentary environments are characte­
rized by their specific facies which will be considered as mapping 
unit. Thus the mapping units chosen are lithogenetic units which 
can be described lithologically and which give a distinct picture 
of the genesis, the filling up and, at the same time, of the evo­
lution of the coastal plain during the Holocene. 

A fragment of the profile type map of Nieuwpoort is shown 
~s an ~xample of a more detailed map (fig. 2). It is build up by 
7 special profile types. 

Prof ile type 1 and 2 occur nearby the outcropping Pleisto­
cene and consist of salt marsh sediments reaching a thickness of up 
to c. 2.5 m, underlain by basal peat in profile type 2. 
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Profile type 3, belonging to the Y-type, takes up a great 
part of the map. Its splitting up sequence consists of one or more 
peatlayers intercalated by mud from the lagoonal facies. In this 
example no distinction was made between areas where only one peat­
layer on the one hand and two or more peatlayers on the other hand, 
are occurring. But special profile types could be selected to 
point out that difference. In profile type 4, also belonging to 
the Y-type, the direct marine influence is already present in the 
under clastic sequence, where tidal flat deposits are alternating 
with lagoonal deposits. 

Profile type 7 pre-eminently shows the direct marine in­
fluence occurring in seaward areas. Its clastic sequence comprises 
sandflat sediments reaching a thickness of up to c. 20 m, overlain 
by a cover of mud- and mixed flat sediments. 

The mapped area is intersected by a tidal channel represen­
ted by profile type 5. The influence of the tidal channel in the 
building up of a coastal plain is demonstrated by the extension of 
the tidal flat in landward direction. This is shown on the map by 
profile type 6, consisting of exclusively the tidal flat facies. 

7. FINAL CONSIDERATIONS. 

The advantage of the new lithological classification and 
its application in the form of profile types is that by means of 
the basis data a general map can be drawn very easyly and quickly, 
showing already the general picture of the Holocene of a coastal 
area. 

Besides, the system can be used for showing not only pure 
geological information, but thanks to the liberty in choosing the 
criteria for the facies units·, useful information and more economic 
interesting data can figure on the map (like e.g. raw materials or 
pure lithological data like the quality and granulometric composi­
tion of sand). 

These data can be easily read from the map without the 
need of raveling out a classical stratigraphical system. 

BIBLIOGRAPHY. 

BAETEMAN, C. (1978) - New evidence on the Marine Holocene in the western Belgian 
coastal plain. Bull. Belg. Ver. Geol. 87, p. 49-54. 

BAETEMAN, C. (1981) - De Holocene ontwikkeling van de Westelijke Kustvlakte 
(België). Proefsch:r>ift, 297 p., Brussel. 

BARCKHAUSEN, J., LOOK, E., VINKEN, R. & VOSS, H., (1975) - SymbolschlÜssel 
Geologie. 2. Aufl. : 135 p., Hannover. 

BARCKHAUSEN, J., PREUSS, H. & STREIF, H. (1977) - Ein lithologisches Ordnungs­
prinzip fÜr das Küstenholozan und seine Darstellung in Form von 
Profiltypen. Geol. Jb. A44, 45-74. 

BARCKHAUSEN, J. & STREIF, H. (1978) - Erlauterungen zu Blatt Emden West Nr.2608. 
Geol. Ka.rte Niedersachsen. 80 p., Hannover. 

BLANCHARD, R. (1906) - La Flandre. Librairie Armand Colin, 530 p., Pa.ris. 

BRAND, G., HAGEMAN, B. P., JELGERSMA, S. & SINDOWSKI, K. H. (1965) - Die litho­
stratigraphische Unterteilung des marinen Holozans an der Nordseeküs­
te. Geol. Jb. 82, 365-384. 

277 



BRIQUET, A. (1930) - Le littoral du Nord de la France et son évolution morpholo­
gique. Librairie Armand Colin, 439 p., Paris. 

Conseil Géologique (1929) - Légende générale de la Carte Géologique détaillée 
de la Belgique. Annales des Mines de Belgique 30, 1 - 80 p. 

CORNET, J. (1927) - Leçons de Géologie. Edit. M. Lamertin : 674 p., Bru:x:elles. 

DAVIS, R. A., Jr. (editor) (1978) - Coastal Sedimentary Environments. Springer 
Verlag - 420 p. 

DE BREUCK, W., DE MOOR, G., MARECHAL, R. (1969) - Litostratigrafie van de kwar­
taire sedimenten in het Oostelijk Kustgebied (België). Nat. Wet. 
Tijdschr. 51, blz. 125-137. 

DE JONG, J. D. (1971) - The scenery of the Netherlands against the background 
of Holocene geology : a review of the recent literature. Revue de 
Géographie Physique et de Géologie Dynamique 2, 13, 2, pp. 143-162. 

DE JONG, J. D. & HAGEMAN, B. P. (1960) - De legenda voor de Holocene afzettingen 
op de nieuwe geologische kaart van Nederland, schaal 1:50.000. 
Geologie en MijnboUlJJ 39, blz. 644-653. 

DERAAF, J. F. M. & BOERSMA, J. (1971) - Tidal deposits and their sedimentary 
structures. Geologie en Mi.jnbouw 50, blz. 479-504. 

DUBOIS, G. (1924) - Recherches sur les terrains quaternaires du Nord de la 
France. Mémoires de Za Société Géologique du Nord, 8, 355 p. 

DUPHORN, K., GRUBE, F., MEYER, K. D., STREIF, H. & VINKEN, R. (1973) - State of 
Research on the Quaternary of the Federal Republic of Germany : Area 
of Scandinavian Glaciation : Pleistocene and Holocene. Eiszeitalter 
u. Gegenwart 23/24 - 222-250. 

GINSBURG, R. N. (edit.) (I 975) - Tidal Deposits. A c,.sebook of recent examples 
and fossil counterparts. Springer Verlag,428 p. 

GOSSELET, J. (1893) - Géographie physique du nord de la France et de la Belgique. 
II. La Plaine Maritime. A. S. G. N. 21, pp. 119-137. 

GULLENTOPS, F. (1974) - The Southern North Sea during the Quaternary. Evol. 
Quat. Bassin Fluv. Mer du Nord. pp. 273-280, Liège. 

HACQUAERT, A. (1930) - De geologische geschiedenis van onze kust. Botanisah 
jaarboek 22, blz. 105-112. 

HAGEMAN, B. P. (1963) - De profieltype-legenda van de nieuwe geologische kaart 
voor het zeeklei- en riviergebied. Tijdsahr. Kon. Nederl. Aard.rijksk. 
genootsah. 80, 2, blz. 217-229. 

HAGEMAN, B. P. (1969) - Development of the western part of the Netherlands during 
the Holocene. GeoZogie en MijnboUlJJ 48, blz. 373-388. 

HALET, F. (1931) - Contribution à l'étude du Quaternaire de la plaine maritime 
belge. Bull. Soc. GéoZ. 41, p. 141-166. 

HEDBERG, H. D. (editor) (1976) - International stratigraphie guide. 
stratigraphie classification, terminology, and procedure. 
New York, 200 p. 

A guide to 
WiZey, 

HESSLAND, I. (1945) - On the Quaternary Mya period in Europe. Arkiv. Zool. 37A, 
8, 51 p. 

278 



HOFFMANN, D. (1969) - The marine Holocene of Sylt. Discussion of the age and 
facies. GeoZogie en Mijnbouw 48, bZz. 343-347. 

JELGERSMA, S. (1961) - Holocene sea level changes in the Netherlands. Med. GeoZ. 
Stiaht., Serie C, 6, 7 - 100 p. 

JELGERSMA, S., DE JONG, J., ZAGWIJN, W. H. & VAN REGTEREN ALTENA, J. F. (1970) -
The coastal dunes of the western Netherlands; geology, vegetational 
history and archeology. Med. Rijks. Geol. Dienst, N. S. 21, bZz. 93-
167. 

MOORMAN, F. -R. (1951) - De Bodemgesteldheid van het Oudland van Veurne Ambacht. 
Nat. Wet. Tijdsahr. 33, bZz. 3-124. 

OZER, A. (1976) - La morphologie des polders. Les dépôts côtiers holocènes. 
In A. PISSART (ed.) : GeomorphoZogie de Za Belgique, pp. 17-27, 
Liège. 

PAEPE, R. (1971) - Autosnelweg Brugge-Calais. Beringen en Geologisch Profiel. 
Prof. Paper 9, 59 p., Brussel. 

PAEPE, R., SOMME, J., CUNAT, N. & BAETEMAN, C. (1976) - Flandrian, a formation 
or just a name ? NewsZ. Stratiger., 5 (1), p. 18-30. 

READING, H. G. (editor) (1978) - Sedimentary Environments and Facies. BZaakweZZ 
Saientifia PubZiaations, 557 p. 

REINECK, H. E. (1978) - Das watt. Ablagerungs- und Lebensraum. Kramer VerZag, 
Frankfurt a/M., 185 p. 

REINECK, H. E. & SINGH, I. B. (1973) - Depositional Sedimentary Environments. 
Spinger Verlag, 439 p. 

ROELEVELD, W. (1974) - The Groningen Coastal Area : A study in Holocene geology 
and low-land physical geography. Beriahten Rijksdienst Oudheidk. 
Bodemcmderz. 20-21, 19.70-1971,p. 7-25, en 24, 1974, p. 5-132. 

ROELEVELD, W. (1980) - De bijdrage van de aardwetenschappen tot de studie van 
de transgressieve activiteit langs de zuidelijke kusten van de 
Noordzee. In : Transgressies en oaaupatiegesahiedenis in de kustge­
bieden van Nederland en BeZgië. PI'oa. BeZg. Centrum voor LandeZijke 
Gesahiedenis, nr. 66, blz. 291-312. 

SINDOWSKI, K. H. (1968) - Gliederungsmoglichkeiten im sandig ausgebildeten 
KÜsten. Holozan Ostfrieslands. Eiszeitalter und Gegenwart 19, 209-218. 

SINDOWSKI, K. H. & STREIF, H. (1974) - Das KÜstenholozan. In : WOLDSTEDT, P. 
& DUPHORN, H. (1974) - Norddeutschland und angrenzende Gebiete im 
Eiszeitalter. KoehZer VerZag, Stuttgart, 411-431. 

STREIF, H. (1971) - Stratigraphie und Faziesentwicklung im KÜstengebiet von 
Woltzeten in Ostfriesland. Beih. geoZ. Jb. 119, 59Ji: 

STREIF, H. (1972) - The results of Stratigraphical and Facial Investigations 
in the Coastal Holocene of Woltzeten/Ostfriesland, Germany. 
GeoZogiska Foreningen i StoakhoZm ForhandZingar 94, 2, p. 281-299. 

STREIF, H. (1978a) - A new method for the representation of sedimentary sequen­
ces in coastal. regions. Proa. 16 th. CoastaZ Engineering Conferenae, 
Hamburg, p. 1245-1256. 

STREIF, H. (1978b) - Geologie des Untergrundes. In REINECK, H. E. (edit.), 
(1978) : Das Watt. Kramer VerZag, Frankfurt a/M., 19-38. 

279 



STREIF, H. & ZIMMERMANN, B. (1973) - Das KÜstenholozan von Rysum/Knock im Gebiet 
der EmsmÜndung (Nordsee). GeoZ. Jb. A9, 3-20. 

TAVERNIER, R. (1938) - De geologische ontwikkeling van de Vlaamse Kust. 
Wetenschap in VZaanderen 4, 1 en 2, 19 bZz., Langemark. 

TAVERNIER, R. (1943) - De Kwartaire Afzettingen van België. Nat. Wet. Tijdschr. 
25, bZz. 121-137. 

TAVERNIER, R. (1946) - L'évolution du Bas Escaut au pléistocène supérieur. 
BuZZ. Soc. beZge GéoZ. 55, pp. 106-125. 

TAVERNIER, R. (1947) - L'évolution de la plaine maritime belge. BuZZ. Soc. 
beZge GéoZ. 56, pp. 332-343. 

TAVERNIER, R. (1948a) - Les formations quaternaires de la Belgique en rapport 
avec l'évolution morphologique du pays. BuZZ. Soc. beZge GéoZ. 57, 
pp. 609-641. 

TAVERNIER, R. (1948b) - De jongste geologische geschiedenis der Vlaamse Kust­
vlakte. HandeZingen der Maatsch. voor geschiedenis en Oudheidkunde 
te Gent, N. R. 3, 2 - bZz. 107-115. 

TAVERNIER, R. (1954) - Le Quaternaire. Le système Holocène. In : FOURMARIER,P. 
(edit.) : Prodrome d'une description géologique de la Belgique, 
pp. 577-586, Liège. 

TAVERNIER, R. & MOORMAN, F. (1954) - Les changements du niveau de la mer dans la 
plaine maritime flamande pendant !'Holocène. GeoZogie en Mijnbow» 
16, bZz. 201-206. 

VAN STRAATEN, L. M. J. U. (1950) - Environment of formation and facies of the 
Wadden Sea sediments. Tijdschr. Kon. NederZ. Aardrijksk. Genootsch. 
Wàddensymposium, bZz. 94-108. 

VAN STRAATEN, L. M. J. U (1954) - Composition and structure of recent marine 
sediments in the Netherlands. Leidse geoZ. Meded. 19, bZz. 1-110. 

ZAGWIJN, W. & VAN STAALDUINEN, C. (redactie) (1975) - Toelichting bij geologische 
overzichtkaarten van Nederland. Rijks GeoZogische Dienst, HaarZem, 
134 bZz. 

280 

Lecture given at the Session of 
15 September 1981. 




