
X F âq
74 Mémoires pour servir à l ’explication 

des Cartes géologiques et minières 
de la Belgique

MÉMOIRE N° 8

Toelichtende Verhandelingen 
voor de Geologische K aart en M ijnkaart 

van België

VERHANDELING Nr 8

THE

STRATIGRAPHY a n d  PALAEOBOTANY
OF THE

LATE PLEISTOCENE IN BELGIUM

BY

R. PAEPE and R. VANHOORNE
Geological Survey o f Belgium , Brussels. State University Cf/ntre, Antwerp and R oyal Belgian

Institute o f  Natural Sciences, Brussels.

M INISTÈRE DES A FFA IR E S ÉCO NO M IQ UES  

A D M IN IST R A T IO N  DES M INES

Service Géologique de Belgique
13, rue Jenner, 13 
B R U X E L L E S  4

M INISTERIE V A N  ECO NO M ISCHE ZAK EN  

B E ST U U R  V A N  HET M IJNW EZEN

Aardkundige Dienst van België
13 Jennerstraat 13 
B R U S S E L  4

M ém. Expl. Cartes G éologiques et Minières de la Belgique. 

Toelicht. Verhand. Geologische Kaart en Mijnkaart van België.
1 9  6 7 N ° 8 96 p. 14 pi.



G E O L O G I C A L  S U R V E Y  OF B E L G I U M

M e m o ir  N r . 8

THE

STRATIGRAPHY a n d  PALAEOBOTANY
OF THE

LATE PLEISTOCENE IN BELGIUM

BY

R. PAEPE and R. VANHOORNE
Geological Survey o f Belgium, Brussels. State University Centre, Antwerp and R oyal Belgian

Institute o f  Natural Sciences, Brussels.

IM PRIM ERIES DEW A RIC H ET  
16, R U E  D U  BOIS SA U V A G E  
BRUXELLES 1 - TEL. 18.45.20

1967



CONTENTS

Page

Acknowledgm ents ...................................................................................................................................................  7

Sam envatting —  Résum é —  A b s t r a c t ...............................................................................................................  9

G eneral S t a t e m e n t s ........................................................................................................................................................  11

C H A PT E R  I: T he R ock  Sequences of the late Pleistocene (R. P aepe) .........................................  13

1.1. IN T R O D U C T IO N ......................................................................................................................................  13

1.2. D E SC R IPT IO N  O F T H E  L IT H O -ST R A T IG R A PH IC A L  U N IT S IN  T H E  V A R IO U S
SE D IM E N T A T IO N  B A S IN S ................................................................................................................  14

1.2.1. The Loess A r e a ........................................................................................................................  15

1.2.1.1. The Loam Belt ......................................................................................................  15
T o n g r in n e .................................................................................................................... 15
R a c o u r ........................................................................................................................  16
V o lk e g e m ....................................................................................................................  16

1.2.1.2. The Haine P l a i n ......................................................................................................  17
M a i s i è r e s ....................................................................................................................  17

1.2.2. T he T ransitional Ar e a ....................................................................................................... 17

1.2.2.1. The Lys Alluvial Plain................................................................................................ 17

W a r n e t o n ....................................................................................................................  18
Ploegs t e e r t .................................................................................................................... 19
W e v e lg e m ....................................................................................................................  19
H a r e lb e k e ....................................................................................................................  20

1.2.2.2. The Sandloam B e l t ..................................................................................................  20
P o p e r in g e ....................................................................................................................  21
R u m b e k e ....................................................................................................................  22
Z o n n e b e k e .................................................................................................................... 23

1.2.2.3. The Scheldt Plain ..................................................................................................  24
E s q u e lm e s .................................................................................................................... 24
Hérinnes ....................................................................................................................  24

1.2.3. T he Coversand A rea....... ......................................................................................................  25

■



Page

1.2.3.1. The Flemish V a lle y ..................................................................................................  25

Z e l z a t e ...................................................................................................................  25
G h e n t ........................................................................................................................ 26

1.2.3.2. The Sand B e l t ........................................................................................................... 27

S in t-N ik la a s ........................................................................................................... 27
M e c h e le n ...............................................................................................................  27
H in g en e ...................................................................................................................  28

1.2.3.3. The Scheldt V a l le y ..................................................................    28

Antwerp (left b a n k ) .......................................................................................... 28
Hoboken (right b a n k ) ...................................................................................... 30

1.3. THE CHRONO-STRATIGRAPHICAL AND CLIM ATOLOGICA!. SIG N IFI­
CANCE OF THE PERI GLACIAL P H E N O M E N A ........................................................ 31

1.3.1. F r o st  W e d g e s ...................................................................................................................  32

1.3.2. I n t e r p r e t a t io n  o f  t h e  F r o st  W e d g e  L e v e l s .......................................................  33

1.3.2.1. Small Frost Wedge Row .........................................................................................  33

1.3.2.2. Large Frost Wedge Row .........................................................................................  34

1.3.2.3. Fine Frost Wedge R o w .........................................................................................  35

1.3.2.4. Sporadical Frost Wedges.........................................................................................  35

1.3.3. C r y o t u r b a t ic  I n v o l u t io n s  a n d  So l if l u c t io n  D e p o s i t s ..................................  35

1.3.4. I n t e r p r e t a t io n  o f  t h e  C r y o t u r b a t io n  — S o l if l u c t io n  L e v e l s .................  36

1.3.4.1. Cryoturbated Soil H orizon ....................................................................................  36

1.3.4.2. Cryoturbation Level o f  the Coversand 1 or Coverloam 1 .........................  36

1.3.4.3. Solifluction Structures o f  the Loams and Coarse S a n d s ............................ 37

1.3.4.4. Solifluction Structures o f  the (Peaty) Loam F orm ations .......................... 37

1.3.5. D esert  P a v e m e n t s ............................................................................................................... 37

1.3.5.1. Pebble Bands, Prêles, Stone Lines, Desert Pavements or Pediment Deposits. 37

1.3.5.2. Areal Extent o f  the Desert Pavements................................................................  38

1.3.5.3. Characteristics o f  the Desert Pavem ents ............................................................  38

1.3.6. I n t e r p r e t a t io n  o f  t h e  D esert  P a v e m e n t  L e v e l s ..............................................  39

1.3.6.1. Desert Pavement 3 ............................................................................................ 39



Page

1.3.6.2. Desert Pavement 1 ..................................................................................................  39

1.3.6.3. Desert Pavement 2 ..............................................................................................  39

1.4. P A L A E O S O IL S ...................................................................................................................................... 39

1.4.1. Stratigraphical  Sig n if ic a n c e ........................................................................................  39

1.4.2. I nterpretation  of the P alaeosoil H o r iz o n s .........................................................  40

1.4.2.1. Rocourt Soil ......................................................................................................  40

1.4.2.2. Antwerp S o i l ...............................................................................................................  40

1.4.2.3. Warneton S o i l ......................................................................................................  41

1.4.2.4. Poperinge, Hoboken and Kesselt-Zelzate S o i l s ..............................................  42

1.4.2.5. Stabroek So il........................................................................................................... 43

1.5. C H R O N O L O G Y  O F T H E  L IT H O -ST R A T IG R A PH IC A L  U N IT S  — S U M M A R Y  43

1.5.1. T he Eemian P e r io d ................................................................................................................ 43

1.5.2. T he W eichselian P eriod ..........................................................................................  45

1.5.2.1. Period o f  the «S A N D S  A N D  G RAVELS» D eposition ................. 45

1.5.2.2. Period o f  the «L O A M S  A N D  C O A R SE  SA N D S» Deposition . . .  46

1.5.2.3. Period o f  the «P E A T Y  L O A M  F O R M A TIO N S» Deposition . . . .  47

1.5.2.4. Periods o f  the «C O VERLO AM S, CO VERS A N  DS» and «C R O SS  
BEDDED SA N D S» D e p o s it io n .......................................................................  48

1.5.2.5. Period o f  the «LATE C O V E R SA N D » D e p o s it io n .................................... 50

1.5.3. D is c u s s io n ................................................................................................................................  51

1.5.4. Bi-C yclic Sedimentation System of the W e ic h s e l ............................................  52

B IB L IO G R A P H Y ........................................................................................................................................................  55

C H A PT E R  2: T he Vegetational H istory of the Late P leistocene (R . Vanhoorne) . . .  59

2.1. IN T R O D U C T IO N .................................................................................................................................  59

2.2. D E S C R IP T IO N  O F  T H E  P A L Y N O L O G IC A L  D IA G R A M S  A N D  M A C R O SC O PIC  
B O TA N IC A L  S T U D Y ....................................................................................................................  59

/



Page

2.2.1. T h e  T r a n s it io n a l  A r e a .................................................................................................  59

2.2.1.1. The Sandloam B e l t .............................................................................................. 59
P o p e r in g e ............................................................................................................... 59
R u m b e k e ...............................................................................................................  61

2.2.2. T h e  C o v e r s a n d  A r e a  .................................................................................................  62

2.2.2.1. The Flemish V a lle y .............................................................................................. 62
Z e l z a t e ...................................................................................................................  62
G h e n t .......................................................................................................................  62

2.2.2.2. The Scheldt V a l le y .............................................................................................. 67
Antwerp ............................................................................................................... 67

B IB L IO G R A PH Y .................................................................................................................................................  76

CHAPTER 3: G e n e r a l  C o n c l u s io n s  (R. P a e pe  a n d  R. V a n h o o r n e ) ........................................... 77



ACKNOWLEDGMENTS

The authors of the present work desire to 
express their heartfelt thanks to all who contri­
buted to the achievement of this work:

to Ing. A. D e lm er , Director of the Geological 
Survey of Belgium, for his encouraging help, both 
by giving permission to carry out this investi­
gation and by affording Mr. R. Sc h e p e n s  of the 
Sedimentological Laboratory to assist at the field 
work, a collaboration which has been highly 
appreciated because of its enthusiasm and endea­
vour;

to Ing. M. G u l in c k , senior geologist of the 
Geological Survey of Belgium, who kindly sub­
mitted profile drawings and boring results, which 
have contributed so much to the knowledge of 
the regional extension of the Late Pleistocene in 
Northern Belgium;

to Professor Dr. J. F i n k  of the «Hochschule 
für Bodenkultur» (Vienna), who introduced us to 
the type localities of Lower Austria which are 
of great importance for the study of profiles in 
the Belgian Loess area;

to Dr. J.A. V o g e l  of the «Natuurkundig 
Laboratorium» of the State University of Gronin­
gen, who kindly performed the radiocarbon 
datings giving insight in the duration of the 
sedimentation phases of the Last Glaciation;

to Miss S. J elg er sm a  and Dr. W.H. Z a g w u n  
of the Geological Survey of the Netherlands, for 
the stimulating talks we had with both of them 
in their laboratory and on excursions in Belgium, 
facilitating correlation between the Belgian and 
Dutch C o versand areas;

to Professor Dr. G. M a a r l e v e l d  (University 
of Amsterdam) for his helpfull remarks in the 
field;

to Professor Dr. F. G u l l e n t o p s  of the Uni­
versity of Louvain, for the fruitfull discussions we 
had with him at the occasion of field excursions 
or in his laboratory;

to Professor Ing. Dr. J. A m e r ijc k x , and Ing. 
O. V a n  W a m b ek e  of the Soil Survey of Belgium, 
Ghent, for their aid with regard to the investi­
gation of palaeosoil horizons.

to Professor Dr. R. T a v e r n ie r , State University 
of Ghent, whose interest in our work was deeply 
felt at the occasion of many an open discussion 
about our view points;

to Mr. V a n  C a m p  of the Palaeobotanical 
Laboratory of the Royal Belgian Institute of 
Natural Sciences in Brussels for his help in the 
laboratory work.



THE STRATIGRAPHY AND PALAEOBOTANY 
OF THE LATE PLEISTOCENE IN BELGIUM

b y  R. P a e pe  (*) a n d  R. V a n h o o r n e  (**)

SA M E N V A TTIN G . —  De stratigrafie van de Boven-Pleistocene afzettingen in België sluit rechtstreeks aan bij deze 
van het Noord-Europese ruim. D eze bewering is gesteund op het voorkomen in het noordwesten van België van fluvio-marine 
Eem afzettingen met Tapes senescens {die de meest zuidelijk gekende uitbreiding vormen van de «  Senescens Sande ») en de 
rechtstreekse laterale correlatie van de interglaciale Rocourt bodem m et deze marine form aties. Elders werden aan afzettingen, 
aangeduid ais « Veen en grind », eveneens een Eem ouderdom toegekend op grond van palynologische bevindingen.

De afzettingen behorende to t de Laatste Glaciatie periode o f  Weichsel worden in de volgende litho-stratigrafische eenheden 
onderverdeeld : zand en grind, leem  en grof zand, (venige) leem afzettingen gezamenlijk het Pleniglaciaal A (koud-vochtige 
sedimentatie omstandigheden) opbouwend; kris-kras gelaagde zanden, dekzand en dekleem 1 o f 2, gezamenlijk het Plenigla­
ciaal B  (koud-droge sedimentatie omstandigheden) opbouwend; laat dekzand 1 o f 2 behorend to t het Laat-Glaciaal.

M erkwaardige periglaciale horizonten vormen : keienvloer 1 met kleine vorstscheuren aan de bovengrens van de leem 
en grof zand afzetting; keienvloer 2 met fijne vorstscheuren aan de bovengrens van de (venige) leem afzettingen en keienvloer 3 
met grote vorstscheuren aan de bovengrens van de dekzand o f  dekleem 1 afzettingen.

M erkwaardige bodem-vegetatie horizonten treden op : op het einde van het Eem, de Rocourt bodem ; tijdens de afzetting  
van het leem en grof zand, de Warneton bodem en op het einde van het Pleniglaciaal A, het cryoturbaat bodem  horizont (Kesselt- 
Zelzate - Paudorf horizont); verder een Stabroek bodem bij de aanvang van het Laat-Glaciaal.

Hieruit vloeit voort dat de Weichselperiode door een bi-cyclische sedimentatie wordt gekenm erkt : eensdeels de fase  van 
het Pleniglaciaal A , gekenm erkt door koud-vochtige milieu omstandigheden m et dominerend solifluctie processen en anderdeels 
de fa se  van het Pleniglaciaal B  —  Laat-Glaciaal, gekenm erkt door koud-droge milieu omstandigheden met overheersend eolische 
sedimentatie. Beide cycli worden verder gekenm erkt door het optreden van een extreem  koude (deflatie) fase  respectievelijk de 
keienvloer 1 met kleine vorstscheuren en de keienvloer 3 met grote vorstscheuren.

RÉSUM É. —  La stratigraphie des dépots appartenant au Pleistocène supérieur de Belgique se base —  tout comme c'est 
souvent le cas dans le nord de l'Europe —  sur la présence dans le nord-ouest de la Belgique de form ations fluviomarines d'âge  
eemien. Ces dernières sont caractérisées par la présence de Tapes senescens var. eemiensis («  Senescens Sande »). Leur 
passage latéral au sol de Rocourt a été observé. Ailleurs, les dépôts appelés « Tourbe et gravier » sont indiqués comme 
eemiens à la suite de leurs caractéristiques floristiques.

Dans les dépôts appartenant à la dernière Glaciation ou Weichsel, les unités litho-stratigraphiques suivantes ont été distin­
guées : sable et gravier, lim on et sable grossier, formations limono-tourbeuses form ant le Pléniglaciaire A (conditions de 
sédimentation froid-humide); sables entrecroisés, sable ou lim on de couverture 1 ou 2, form ant le Pléniglaciaire B  (conditions 
de sédimentation froid-sec) et finalement sable de couverture récent 1 ou 2 datant du Tardiglaciaire.

Il existe plusieurs horizons périglaciaires importants : cailloutis 1 à petites fentes de gel se situant à la lim ite supérieure 
du dépôt limon et sable grossier; cailloutis 2 à fines fentes de gel à la lim ite supérieure des formations lim ono-tourbeuses et 
cailloutis 3 à grandes fentes de gel à la lim ite supérieure des sables ou lim ons de couverture 1.

Il existe aussi des horizons pédologiques, caractéristiques : le  sol de Rocourt datant de la fin de l'Eemien; le sol de 
W am eton datant de la période de sédimentation du limon et sable grossier; / ’horizon pédologique cryoturbé (Kesselt - Z elza te  - 
Paudorf), datant de la fin du Pléniglaciaire A; le sol de Stabroek datant du début du Tardiglaciaire.

Nous sommes arrivés à la conclusion que la période du Weichsel est caractérisée par une sédimentation bicyclique : 
d'une part le Pléniglaciaire A caractérisé par des conditions de milieu froid-humide avec dominance de processus de solifluction 
et d'autre p a rt l'ensemble Pléniglaciaire B-Tardiglaciaire caractérisé par des conditions de milieu froid-sec avec dominance 
de sédimentation èolienne. Les deux cycles sont en outre divisés par une période d'extrêm e fro id  (déflation) résultant respective­
ment dans l'établissement du cailloutis 1 à petites fentes de gel et du cailloutis 3 à grandes fentes de gel.

(*) G eological Survey o f  Belgium, Brussels.
(**) State University Centre, Antwerp and Royal Belgian Institute o f Natural Sciences, Brussels.



ABSTR A C T. —  The L ate Pleistocene stratigraphy in Belgium is based on the presence in the Northwestern part o f  the 
country o f  fluvio-marine, Eemian deposits characterized by the presence o f  Tapes senescens, known in Northern Europe as 
« Senescens Sande ». Lateral transition between these deposits and the Rocourt soil was observed. Elsewhere, deposits 
referred to as « Peat and Gravels » showed also to be Eemian in age on basis o f  their floristical characteristics.

The deposits o f  the Last Glaciation or Weichsel can be subdivided in the following litho-stratigraphical units: sands and 
gravels, loam s and coarse sands, peaty loam formations building up jo in tly  the Pleniglacial A (cold-humid sedimentation condi­
tions); cross bedded sands, coversand or coverloam 1 or 2 building up jo in tly  the Pleniglacial B  (cold-dry sedimentation conditions) 
and finally  late coversand 1 or 2 representing the Late Glacial.

There exist several important periglacial horizons: desert pavement 1 with small frost wedge row a t the upper lim it o f  
the loam s and coarse sands; desert pavement 2 with fine frost wedge row at the upper limit o f  the peaty loam  formations 
and desert pavement 3 with large frost wedge row at the upper limit o f  the coversand or coverloam 1 deposits.

Also important pedo-vegetational horizons occur: at the end o f  the Eem, the Rocourt soil; during deposition o f  the loams 
and coarse sands, the Warneton soil; at the end o f  the Pleniglacial A, the cryoturbated soil horizon (Kesselt - Z elzate  - Paudorf 
horizon) and the Stabroek soil at the beginning o f  the Late Glacial.

Finally we come to the conclusion that the Weichselian period is characterized by a  bi-cyclic sedimentation: on the one 
side the Pleniglacial A dominated by cold-humid environmental conditions with preference fo r solifluction sedimentation processes 
and on the other hand the join t Pleniglacial B-Late Glacial dominated by cold-dry environmental conditions with preference for  
eolian sedimentation activity. Both cycles are furthermore divided into two parts by a period o f  extrem e cold  (deflation) causing 
respectively the establishment o f  desert pavement 1 with small frost wedge row and desert pavement 3 with large frost wedge row.



GENERAL STATEMENTS

The increasing knowledge of field-data about 
the Late-Pleistocene stratigraphy in widely sepa­
rated areas from Central and Northwestern 
Europe, supports strongly, as previously advo­
cated especially by J. B ü d e l , J. F i n k  and T. v a n  
d e r  H a m m e n , the tendency for leaving the path 
of So e r g e l ’s tripartional and chronological sub­
division of the Last Glaciation into a Würm I, 
Würm II and Würm III phase. J. F i n k  (1961) 
and J. B ü d el  (1950) have clearly described the 
misconceptions about this division and how they 
found their way into literature. Both pleaded 
in favour of a stratigraphical system based on 
field evidence, especially when concerned with 
periglacial deposits. Rather than applying 
theorethical concepts, rock sequences are to be 
derived from field geological data. To illustrate 
the confusion resulting from the application of 
purely time-stratigraphical units, J. F i n k  (1965) 
drew the attention to the fact that a given moment 
seven different definitions of the Würm I appeared 
to exist at a meeting of the INQUA Loess Sub- 
Commission.

In Belgium too, the question whether a tri­
partition or a bipartition should be attributed to 
the up to now so-called Würm periglacial deposits, 
lasted for several years. The problem hinges 
mainly on the boundary between the Eem and 
Würm periods and to some extent between the 
Würm subdivisions themselves. These contro­
versies of course, did not depend only on the 
mode of approach but was closely connected with 
the area of investigation that was dealt with. 
The descriptions by R. T a v e r n ie r  (1954) yielded 
from the loess area, permit perfect identification 
in the field. Later, however, this system is 
found to be unadequate while making an attempt 
to include and to interpret observations yielded 
from the coversand and sandloam regions 
(R. T a v e r n ie r  and J. D e H e i n z e l in ; 1957). It 
is obvious that the descriptions from the latter 
authors compile rock formations which had 
undergone different environmental processes. 
The more over, their descriptions lack reference 
levels which are indispensable for systematic 
field investigation.

F. G u l l e n t o p s  (1954) based his bipartitional 
classification of the Würm on observations 
mainly obtained from the loam region. His 
subdivision is established on well defined palaeo- 
pedological grounds and thanks to his profile 
drawings the morpho-stratigraphical horizons are 
undubiously reproduced.

R. P a e pe  (1963-1965), working in the South­
western part of the Flanders in Belgium and 
in Northern France recognized for his tripartitio- 
nal interpretation of the last glaciation, the 
constancy of palaeosoils, cryoturbation levels, 
frost wedge rows and desert pavements in the 
litho-stratigraphical sequence. At that time, 
he did not always make a sharp distinction 
between the levels representing major and minor 
climatical events. Later, stress was laid on the 
world-wide climatical-stratigraphical importance 
of some of the periglacial phenomena (R. P a e pe , 
1966).

It is our conviction now that very seldom a 
normal (complete) profile of the Late Pleistocene 
sequence is found in the field. Parts may be 
lacking and also the sedimentation pattern can 
greatly differ. But, we do believe that when the 
morpho-stratigraphical resemblance between two 
profiles is obvious, one should not hesitate to 
conclude as to its analogous climatical-geological 
evolution. We will see that within the Belgian 
investigation area neighbouring profiles may 
differ considerably whereas other profiles may 
show an astonishing resemblance with sites far 
away. Profiles yielded from the coversand region 
tally completely with sections in the heart of the 
Netherlands and profiles from the loess area with 
the type localities of Austria (R. P a e pe , 1966). 
We agree although fully with the statement put 
forward in a combined paper by v a n  d e r  H a m m e n , 
M a a r l e v e l d , V o g e l  and Z a g w ij n  (1967), that 
intermingling of data of widely separated areas, 
should be avoided.

This is also true with regard to the used nomen­
clature while often we find connotations such as 
Eemian, derived from the Northern European 
area mixted with terms such as Würm and Riss,
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typical of the Alpine region. Such confusion 
can be avoided in the future by basing the choice 
of a classification system on stratigraphical field 
evidence.

For this purpose, it is noteworthy that in 
Belgium we deal with the opportunity that the 
coversand area of Northwestern Europe and the 
loess area of Central Europe meet with each other; 
this permits not only investigation of the entire 
lithological sequences of the periglacial area but 
also correlation of these various sedimentation 
systems which ultimately leads to the conclusion 
that for Belgium the Northwestern European 
classification system is more suitable. Accord­

ingly, it is more likely to connotate in Belgium 
the Last Glacial deposits with Weichsel rather 
than with Würm.

In previous studies, palaeobotanical investi­
gations were seldom systematically linked to 
litho-stratigraphical studies. It is obvious that 
problems concerning the base of the Weichsel and 
the minor climatic fluctuations within the last 
glacial period can only be disentangled with the 
help of palaeobotanical investigations.

Also C14 datings, if thoroughly controlled by 
the field facts, are of great importance, especially 
for correlations with other regions.

ZELZATE

P0PERIN6E

.RACOUR
PLOEGSTEEI /cKTUBIZE)

G R A N D

D U C H É  DE

>  L U X E M B O U R G

R. PAEPE, GEOLOGICAL SURVEY OF BELGIUM 1B67
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Fig. 1 -— M ap o f  the  sedim enta tion  areas in B elgium : based on the M ap o f the Soil G roups o f  Belgium (R . T avern ier and  
R. M aréchal. 1959) on the one hand  and  on section profiles (R . Paepe) on the  o th er side. The localities indicated w ith a  black 
d o t yielded C14-datings w hereas those underlined  by a s traigh t line were chosen as a  type locality . R ecording o f  som e profiles 
is still under progress the nam e o f  w hich profiles is then  p u t betw een brackets.



CHAPTER 1

THE ROCK SEQUENCES 
OF THE LATE PLEISTOCENE (R. PAEPE)

1.1. INTRODUCTION.

In Belgium, the Late Pleistocene is represented 
by periglacial deposits mainly and no direct 
correlation can be made neither with glacial 
deposits (moraines, tills) nor with well dated 
river terraces.

There is, however, a limited area in the N orth­
western (coversand) part of the country where 
fluvio-marine, Eemian deposits occur under a 
relatively thick (20 m) cover of continental, Last 
Glacial deposits. This is up to now, the only 
place in Belgium where the Late Pleistocene 
deposits as a whole can stratigraphically be 
assured and can also be linked to one of the 
existing type areas e.g. the N orthern European 
area.

In order to correlate sections yielded from 
other sedimentation basins in Belgium, we had 
to establish reference levels within the bulk of 
the periglacial deposits. Such levels reflect then 
the major climatic fluctuations causing differences 
as to the mode of sedimentation, erosion, soil 
development and vegetation growth. The present 
study is therefore based on morpho-lithogical- 
climatological field data on the one side, and on 
palaeobotanical-climatological investigations on the 
other hand. In the present chapter, stress will 
be laid on the litho-stratigraphical units or rock 
sequences.

As one may expect, according to the area which 
is dealt with, the outlook of the reference levels 
may differ considerably. This can be due to 
regional variations o f  the prevailing climatic condi­
tions (e.g. humidity versus drought) but also to a 
locally bounded topographical position (valley 
fillings versus plateau deposits).

W ith respect to these criteria, three main areas 
of investigation are set forth, which are thought

to form sedimentological-climatological units: the 
loess area, the transitional area and the coversand 
area (fig. 1) with the exemption of the Campine 
region. One may easily find back here the 
traditional regional subdivision of Western Bel­
gium referred to as loam belt, sandloam belt and 
sand belt. The latter connotation however 
differs from ours in that it tacitly is restricted 
to indicate deposits occupying preferably a plateau 
position. To the au thor’s knowledge, valley 
fillings of large thalweg systems, although differ­
ing thoroughly from the adjacent plateau deposits, 
reflect also the climatical conditions of the area 
to which they belong and often show a more 
elaborate stratigraphical sequence. Therefore 
they are studied separately from the plateau sites 
which are then grouped under the traditional 
regional connotations.

It goes without saying that, on making com­
parisons between sections of different areas, one 
may meet with difficulties caused solely by the 
local palaeo-geomorphological aspect of the depo­
sits. Up to now, too little detail study has been 
done on this subject. It is, however, of great 
necessity to fully understand e.g. the quick lateral 
changes in the texture of the sediment. As will 
be shown later, lateral transition between pure 
eolian loess loam and pure cross bedded fluviatile 
sands may occur over less than 1 m distance. 
This emphasizes immediately the importance of 
studying long sections instead of narrow arbitrarely 
choosen profiles. In the latter cases, particular 
aspects of the sedimentation pattern may be 
erroneously accounted for the general stratigraphy.

In fact, e.g. stronger or less fluviatile activity 
ranks generally as a parameter for lower or 
greater continentality of the climate. As a 
result the presence of such deposits may be 
representative of the climatical phase which is 
dealt with and thus also of the position of the 
stratigraphical boundaries. If  now fluviatile
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deposits happen to occur simultaneously with pure 
eolian deposits, than one should be carefull with 
respect to its interpretation. It then may be 
stated that due to local conditions fluviatile 
activity in places lasted longer even if the 
overwhole climatical conditions were favourising 
eolian sedimentation. T. v a n  d e r  H a m m en  
(1957) made this statement for the whole of 
Western and Central Europe. Later in this 
volume, we will see that this is also true over 
relatively short distances, e.g. between the loess 
area on the one side and both the transitional 
and coversand areas on the other hand.

1.2. DESCRIPTION OF THE LITHO-STRATI- 
GRAPHICAL UNITS IN  THE VARIOUS 
SEDIM ENTATION BASINS.

Whereas for all the pre-quaternary geological 
formations litho-stratigraphical units are well 
defined, this is still lacking in Belgium for the 
pleistocene deposits, even for their uppermost 
member, the Late Pleistocene. It is true that 
in the past, number of characteristics of the 
periglacial deposits have been compiled under 
lithological denominations but all were more or 
less biased by their time-stratigraphical signifi­
cance. A short review of the origin of the 
nomenclature which is still en vogue to-day, 
follows hereafter.

A. R u t o t  (1897) and J. C o r n e t  (1923, 1927), 
worked out a litho-stratigraphical division of the 
Late Pleistocene using the terminology introduced 
by M. L a d r iè r e  (1890) in Northern France. 
From these authors, R. T a v e r n ie r  (1946) took 
over the expression «ergeron» and primary 
applied it solely to the loam deposits of the loess 
belt. Later (1954), he included in this term 
deposits from the sandy regions in Western 
Belgium, which he considered as being of the 
same age although greatly differing in texture. 
Still later (R. T a v e r n ie r  and J. D e H e in z e l in , 
1957), this term was definitely replaced by purely 
time-stratigraphical expressions such as «Limon 
récent 1» (already introduced by J. C o r n e t , 1927) 
assembling deposits of different areas which 
obviously not only varied in texture but also in 
sedimentation pattern.

F. G u l l e n t o p s  (1954) applied and redefined 
some of A. R u t o t ’s lithological units of the 
Late Pleistocene, such as «Brabantian» and 
«Hesbayan», with respect to the loam deposits 
in the loess area. But this system is also found 
unsatisfactory when making an attem pt to group 
the complex of rock sequences of the transitional 
and coversand areas. Yet, A. R u t o t  (1897) was 
aware of this problem and introduced names as 
«Flandrian» to indicate the deposits in the 
western sandy regions which he thought to be of 
the same age as the «Brabantian», but presum­
ably of fluvio-marine origin.

Quaternary, particularly Late Pleistocene depo­
sits, are a too delicate system as to the regional 
diversity of grain size and sedimentation pattern, 
that grouping under one name of beds which 
reflect numerous fluctuations of climate and 
differences of relief is an unefficient procedure for 
field-geological investigation. Therefore, we 
looked for and defined for each member of the 
rock sequence the diagnostic horizon, the latter 
being characterized both by its similarity and its 
widespread occurrence despite the region which 
is dealt with. The entire member is then called 
after this diagnostic horizon whatever its sedi­
mentation pattern may look like in other parts 
o f the section.

Hereafter, in order to permit easier reading of 
our descriptions, the terminology of the by us 
introduced litho-stratigraphical units, is listed in 
their stratigraphical succession from the top 
downwards:

1) Late co Versands and Stabroek soil;

2) a) Coversand 2 or coverloam 2;

b) Desert pavement 3 and large frost wedge 
row;

c) Coversand 1 or coverloam 1;

d) Cross-bedded sands;

3) Cryoturbated soil horizon (Kesselt - Zelzate soil) 
with desert pavement 2 and a fine frost wedge 
row on top;

4) Peaty loam formations, Loam formations or 
Sandformations occasionally with the Poperinge 
soil and the Hoboken soil;

5) Desert pavement 1 and small frost wedge row;
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6) Loams and coarse sands with or without the 
Warneton soil;

7) Sands and gravels with or without Antwerp soil;

8) Peat and Gravels an d /o r Rocourt soil.

1.2.1. T h e  L oess A r e a .

The loess area tallies mainly with the loam belt 
of Belgium where eolian sedimentation was the 
dominant process of the Last Glacial period. 
As a result the uppermost coverloams are pure 
loam in texture while underneath sediments of 
eolian origin occur too but than intermingled 
with im portant solifluction beds and locally with 
gully fillings. Several profile descriptions were 
yielded from the loam belt by different authors 
(G . M a n il , 1948-1952; F . G u l l e n t o p s , 1954 and 
R. P a e pe , 1965).

Two types of profiles are usually found: one 
with a thin loam cover (< 1.00 m) and one with 
a thick pure loam  cover (up to about 10 m).

Within this area, the Haine Plain provides 
profiles from the valley type of loess accumulation.

1.2.1.1. The Loam Belt.

Tongrinne.

This locality is of the first type with thin loess 
cover (fig. 2) (photo 1). R. P a e pe  (1966) compared 
its stratigraphy to the ones described by G. M a n il  
(1949, 1952) in the Gembloux area and the ones 
described by F. G u l l e n t o p s  (1954) at Kesselt, 
Rocourt and Ans.

Generally, the following vockj units can be 
noticed. At the top of a Saale loess deposit (10), 
a truncated reddish textural-B-horizon (9) is 
found. To this horizon the name « Rocourt soil» 
was given b y  F. G u l l e n t o p s  (1954).

Above the Rocourt soil lies a grayish soli­
fluction layer (8), the top of which is darker and 
contains a high percentage of organic material. 
The latter is the A horizon of a steppe soil (*)

(*) B. B a s t in , from the Catholic University o f Louvain, 
has undertaken the palynological study o f the entire loess 
sequence o f this profile. Results will be published later.

which formed after the initial solifluction period 
of the beginning of the Weichsel glaciation. 
Crotovines are found at this level but also in 
the reddish soil below; this pleads for the autoch­
tonous character of the steppe soil. Earlier, 
R. P a e pe  (1963) has called this humic soil horizon 
the « Warneton soil» after the type locality Warne- 
ton (transitional area; see p. 17).

R. P a e pe  (1966) showed also the morpho- 
stratigraphical resemblance of the stratigraphical 
sequence: red soil/humic soil with the Stillfried 
A complex of Austria. The Rocourt soil tallies 
then with the lowerlying textural-B-horizon (Gött- 
weig) and the humic horizon ( Warneton soil) 
with the upperlying humic horizon of the Still- 
fried A complex.

On top of the Warneton soil a row of small 
frost wedges (7) is found together with a dis­
continuous pebble band {desert pavement I).

Immediately above, lies a series of loam form a­
tions: first comes a thin eolian loess bed (6) 
overlain by a series of fine stratified loam layers, 
each of which reveal a slight solifluction character 
(5); actually within these loams, the numerous 
little frost wedges and occasionally also the 
somewhat larger frost wedges at its base are 
all inclined in the same direction while also 
small cryoturbatic disturbances occur. Sometimes 
a rolled phyllade may be found in it. The 
quickly alternating loam layers are finally overlain 
by ano ther' eolian loess (4). The solifluction 
loam layers form a diagnostic stratigraphical 
horizon which,- as we shall see hereafter, happen 
to occur commonly in the sections of other areas. 
They are therefore referred to as loam formations.

Follows a cryoturbated soil horizon (CRYOT)
(3) occupying the stratigraphical position of 
F. G u l l e n t o p s ’ Kesselt soil. M orpho-strati- 
graphically it can be correlated with the Paudorf 
palaeosoil of Austria (R. P a e p e , 1966). As in 
the latter locality soil development (brown soil 
type) is rather weak at this level, a statement 
which may be also derived from the observations 
recorded by G . M a n il  (1949, 1952, 1955).

On top of the Kesselt soil horizon, large frost 
wedges (2) are found. Judging from the surimpo­
sition of two such large frost wedges, at least two 
phases must have occurred (photo 3).
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A homogeneous eolian coverloam (coverloam 2)
(1) follows next. The base of this loam may 
show traces of solifluction although the junction 
line with the underlying deposits is rather sharp 
and flat.

Racour.

The profile of the sandpit at Racour is of the 
type with thick eolian loam cover (fig. 3). 
Fluviatile sands and gravels (10) occur in a 
shallow depression eroded on top of the Landen- 
ian and Tongrian sands (Tertiary) (11). This 
deposit wedges laterally out into a thin gravelly 
solifluction layer.

Immediately above follows a row of thin frost 
wedges (9) with a discontinuous (solifluctated) 
pebble band on top of it. The latter materializes 
a sharp subhorizontal discordance line with the 
overlying brown coloured loams and coarse sands
(8). These series are strongly disturbed by 
solifluction and at the top a second row of small 
frost wedges locally with larger ones occurs (7). It 
might well be that one deals here with the same 
small frost wedge row observed at Tongrinne 
above the Warneton soil, but the latter is lacking 
here. Actually, from this level the sedimentation 
pattern changes considerably and is built up by 
yellowish coarse fluviatile sand (6) gradually go­
ing over into eolian yellowish sandloam (5). The 
latter is highly cryoturbated, contains numerous 
little frost wedges, and finally is limited by another 
frost wedge row (4) with pebble band (desert 
pavement 3). The whole sequence recalls the 
loam formations of Tongrinne, but here they 
occupy completely the space between the small 
and large frost wedge rows. Pure eolian loess 
beds immediately above or below are lacking.

Next follows a 3 m thick homogeneous mass 
of eolian yellowish loam (2), the base of which 
being usually somewhat darker (3). While no 
periglacial structures are observed in this homo­
geneous mass, it is not possible to distinguish 
wether one deals with coverloam 1 ox 2 and 
therefore these loams have been indicated as 
coverloam.

Volkegem.

This is another profile of the thick loess cover 
type (fig. 4). It occupies a particular border

position at the western edge of the loam belt 
dominating the Scheldt valley.

The lowermost deposits are loams and coarse 
sands (6) overlying Paniselian sands (8), from 
which they are separated by a thin (locally 
twofold) gravel layer (7) (Paniselian sandstones). 
These beds are composed of light yellowish 
brown leaflike layered loam mixed with fine 
brown sandy layers and breccia-like lenses of 
tiny flat clay pebbles; fluviatile structures and 
cryoturbation as well as frost wedge structures 
are common. They do not extend continuously, 
while these deposits are occupying depressions 
eroded in the Paniselian sand against which they 
are laterally wedging out.

They are overlain by another, in places also 
twofold, thin pebble band (5) (mainly Paniselian 
sandstone fragments) along which small frost 
wedges (filled with yellowish brown loam) may 
develop. Where this pebble band (desert pave­
ment 1) happens to rest directly on the Paniselian 
sand, irregular threads filled with yellowish brown 
loam from above are observed.

Next follows a solifluction deposit similar to 
the loam formations of Tongrinne and Racour, 
composed mainly of alternating fine yellowish 
brown loam and sandy layers. Numerous little 
frost wedges occur in it and sporadically small 
sandstones fragments may be observed.

At the top of the loam formations a row of 
fine frost wedges underlain by a cryoturbation 
zone, 30 cm in thickness (3), is present. The 
latter is furthermore characterized by solifluctated 
yellowish red sand threads and lumps of gray 
loam at its bottom. As the underlying deposits, 
this horizon is still unleached and morphologi­
cally it reminds the cryoturbated soil horizon of 
Tongrinne. The yellowish red colouring of the 
sand and the gray colouring of the loam may 
be caused by a gleyification process.

The sharp regular uppermost limit of the fine  
frost wedge row is sporadically accentuated by 
the presence of a pebble band (desert pavement 2).

Above follows a mass of homogeneous yellow­
ish coverloam (2) of 5 m in thickness, the lower 
part of which is slightly browner (2’) while the 
upper part is dark brown and entirely decalcified 
(terre à briques (1)).



R. PAEPE. -  THE ROCK SEQUENCES OF THE LATE PLEISTOCENE 17

1.2.1.2. The Haine Valley.

Although surrounded by the loam area, the 
Haine valley produces a stratigraphical composi­
tion which shows great affinity with the transi­
tional area, especially with profiles yielded also 
from valley systems (the Lys plain; see p. 17).

Maisières.

The excavation for the sluice works of a new 
section of the «Canai du Centre» offered in the 
summer of 1966 for only a few weeks, a long 
and deepgoing profile. Unfortunately enough, 
at the time, we visited the site, only a few meters 
of the section were still exposed (fig. 5) so that 
its interpretation here must be looked at with 
due reserve. For the sake of completeness it is 
recorded here, since it offers good insight in the 
lithological sequence of the valley deposits of 
the loess area and shows remarkable resemblances 
with the valley deposits of other area’s.

On the Cretaceous (16) lies a yellowish brown 
loam (15) which is thought to be Saale in age. 
Indeed, at its top occurs a dark brown soil 
horizon, slightly gleyified and containing many 
plant remains. On basis of its stratigraphical 
position, it may be accounted for the counterpart 
of the humic soil a t Tongrinne ( Warneton soil) (14). 
At this level, also frost wedges may occur.

The Warneton soil is overlain by a homogeneous 
dark gray loam (13). The upper boundary of 
this loam coincides with another, discontinuous 
frost wedge row (12). Solifluction beds were 
not observed but its stratigraphie position is 
favouring correlation with the so-called loam 
formations.

Next follow coarse cross bedded sands (10) with 
pure gravelly layers, composed of rolled pieces of 
Cretaceous chalk and phtanites at the bottom  (11). 
In our profile, they are the diagnostic horizon, 
especially when compared with sections of other 
valley deposits (Zelzate, see p. 25).

The whole seems truncated by a continuous 
stone line with little frost wedges (9) whereupon 
follows a series of sub-horizontally fine layered 
loams (8 through 5) alternating with isolated 
lenses of sands, revealing the coverloam 1 facies 
of the transitional area.

The latter assumption is supported by the 
presence of bound cryoturbation in its upper part, 
a feature, well known from the top of both 
coverloam 1 and coversand 1, as we shall see later.

Gray sandy loams (2) overly the cryoturbated 
horizon and are characterized by the presence of 
numerous calcareous concretions. They are 
referred to as coverloam 2 deposits.

1.2.2. T h e  T r a n s it io n a l  A r e a .

The transitional area coincides for its greater 
part with the sandloam region of Belgium. Here 
the coverloam 2 of the loess area is eighter strongly 
intermingled with sandy layers or yet may be 
entirely sandy in texture (coversand 2). The 
coverloam 1 may be a pure loam or composed of 
quickly alternating sand and loam layers (cover­
sand 1), locally showing a lateral fluvial or even 
fluviatile facies (cross bedded sands).

The underlying deposits show an outspoken 
fluvial or /and solifluction sedimentation wherein 
pure eolian deposits are relatively scarcely 
present. These deposits attain a greater thickness 
than the overlying coverloam series and also 
than their counterparts in the loess area.

The difference between the loess area and the 
transitional is thus double: change in texture of 
the cover deposits and a decrease of the degree 
of the eolian sedimentation pattern. Fluvial- 
solifluction processes and eolian sedimentation, 
however, seem to be in a delicate adjustment in 
this area.

Our profile descriptions are yielded from two 
different landscape units: the Lys alluvial plain 
and the adjacent sandloam belt surrounding 
Flemish Hills.

1.2.2.1. The Lys Alluvial plain.

The Late Pleistocene deposits of the Lys alluvial 
plain, extending between the Flemish Hills and 
the Artesian Plateau are characterized by: the 
common flat horizontal bedding with sharp 
junction lines, the high content of reworked 
fluvial Ypresian clay in the coverloam 1 and the 
limited thickness of the coversand 2 (W arneton, 
Ploegsteert).
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N orth of the Flemish Hills, the coverloam 1 
has made room for coarser textured and more 
eolian sediments building up the coversand 1 
while coversand 2 remains limited in thickness. 
(Wevelgem, Harelbeke).

Previously described profiles (R. P a e pe , 1963, 
1965) will be reviewed and new sections presented.

4

Warneton.

The so-called normal profile is found in the 
right part of the east side section (fig. 6, photo 2).

On top of the Saale loess (19), the Eemian 
interglacial deposits are composed of peat filling 
undeep ravinations gullies (see R . P a e pe , 1965) 
and of a strongly weathered palaeosoil (18) out­
side these ravinations. Along the slope down to 
the bottom of the ravination, the palaeosoil is 
a strongly gleyified, hydromorphic soil becoming 
rapidly a typical reddish Rocourt soil when 
climbing up along the upper limit of the Saale 
loess. The upper part of the reddish soil remains 
however gleyified (17) (photo 4).

The Rocourt soil is overlain by a humic horizon
(15) which has earlier been called Warneton soil 
by R. P a epe  (1963, 1965, 1966). Between the 
two soils, a brown gray sandy loam (16) with 
cryoturbatic involutions and solifluction structures 
may occur. If lacking, disturbances are found 
along the junction fine of the two palaeosoils 
and then also the Rocourt soil is deeply affected 
by solifluction.

Next comes a yellowish brown sandy loam (14) 
with a dense row of fine frost wedges (13) at its 
top.

Follows a white yellowish loam (12) bearing 
along its upper limit also a fine small frost wedge 
row (11) but differing from the underlying loam 
by its more outspoken fluvial character. Stress 
must be laid on the aspect of the plane horizontal 
view of the small frost wedge row horizon. It 
reveals a regular rectangular pattern, the main 
branches of which coincide with the major wedges 
and the finks of second, third and more order, 
with the finer fissures (photo’s 5, 6 and 7).

The whole sequence is cut by a pebble band (10) 
which locally rests immediately on the Warneton 
soil and recalls then undubiously the position of 
desert pavement 1 of Tongrinne.

The above described series now grow laterally 
out into a pure fluviatile system filling up ravina­
tion (fig. 6 left part and fig. 7). This is mainly 
due to the increasing thickness of the yellowish 
fluviatile loam (12) whereunder the yellowish 
loam (14) and the Warneton soil (15) are wedging 
out. At the same time the uppermost small 
frost wedge row (11) becomes very strongly 
developed whereas the lowermost goes over into 
a system of cryoturbatic involutions. Above 
and below the latter, new humic horizons appear 
and are considered as recurrences of the Warneton 
soil.

Finally, the entire formation makes laterally 
room for strongly fluviatile loams and coarse 
sands (fig. 7 and also R. P a e pe , 1963, 1965), 
characterized by at least two bands of coarse 
sands below which lenses of clay pebble breccia 
may occur.

The stratigraphical sequence is continued by a 
series of peaty loam formations (8) characterized 
by numerous little frost wedges, all inclined in 
a same (solifluction) direction. The base of this 
complex is often humic and is referred to as 
Poperinge soil (9) (see p. 20). These series 
reveal great similarity with the loam formations 
of Tongrinne but again, here they attain a much 
greater thickness and are not enclosed between 
pure eolian deposits.

The top of these series is marked by another 
pebble band (desert pavement 2) overlying a fine 
frost wedge row (7 ) ; seen from a perpendicular 
angle of view, one can only observe a sandy cryo­
turbation zone. Underneath, remnants of a 
(textural) B horizon may occur (R. P a e pe , 1965) 
occupying then the stratigraphie position of the 
cryoturbated soil horizon of Tongrinne.

Hence, from a litho-stratigraphical point of 
view, it is noteworthy that contrary to the T on­
grinne section pure eolian deposits have made 
entirely room  here for solifluction-fluvial deposits 
between the cryoturbated soil horizon and desert 
pavement 1.
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Higher in the section the sedimentation pattern 
changes completely. A thin layer of fluviatile 
cross bedded sands (6) is overlain by a yellowish 
brown loam (5) composed of quickly alternating 
eolian loam layers with fine fluvial clay layers. 
The latter are derived from the Ypresian clay 
outcropping in the adjacent Flemish Hills. This 
facies is typical for the coverloam 1 series in the Lys 
plain.

In the upper zone of this deposit, undulations
(4) are very common extending underneath a 
large frost wedge row (3) wherein prominent cryo­
turbations sacks do also occur. Both frost 
wedges and sacks are filled with sand derived 
from the overlying thin layer of coversand 2 (2) 
at the base of which eolised pebbles (probably 
desert pavement 3) are often found.

Finally, late glacial o r/an d  holocene alluvial 
clay deposits (1) close the stratigraphical sequence.

Ploegsteert.

The profile recorded by R. P a e pe  in 1961 is 
used here and reviewed (R. P a e pe  1963, 1965) 
(fig. 31).

The difference with W arneton lies in the fact 
that the desert pavement 1 is lacking in this section. 
Here a thin loess loam bearing a humic layer 
( Warneton soil) on top of it, lies on the Eemian 
interglacial hydromorphic soil. Next follows a 
sandy layer immediately overlain by another 
humic layer (Poperinge soil), occurring at the 
base of the peaty loam formations. Further 
upwards the same stratigraphy is found as 
at Warneton.

Wevelgem.

This sandpit has temporarily been opened by 
So g e t r a , S .A ., during the E3-highway works 
between Courtrai and the French border (fig. 8). 
It yields a section in the Late Pleistocene deposits 
of the Lys valley north of the Flemish Hills. 
The whole profile is about 150 m long and 7 to 8 m 
deep. The stratigraphical sequence is rather 
constant over its entire length and therefore it 
was sufficient to reproduce only a «narrow» 
profile of it.

Geoelectric soundings (R. P a e pe , 1967) located 
the base of the pleistocene at an absolute depth 
of — 4.00 m so that the outcropping 7 metres 
represent a minor part only. Nevertheless, the 
major stratigraphie sequences of the Weichsel 
are comprised within this part and this is an 
im portant observation.

The loams and coarse sands (18) form a blue 
greenish sandy loam with more pale sandy and 
darker loamy thick lenses mixted within the mass. 
These series show a rather constant facies which 
may extend considerably downwards since the 
whole behaves as a homogeneous mass on the 
geoelectric curve down to the Ypresian clay. 
Its upper limit is determined by the small frost 
wedge row.

Hereupon follow the peaty loam formations 
composed of an alternation of fine sandy and 
sandy loam beds (17-12). There is however, 
possibility to trace a systematic recurrence of 
four similar sequences: peaty solifluction loams 
gradually becoming more fluviatile, overlain by a 
white sand layer or veneer and a row of fine 
frost wedges with fine pebble band consisting 
mainly of Paniselian sandstone fragments. Spo­
radically, little frost wedges and also sandstone 
debris may occur within the mass of a bed. Two 
well developed humic bands occur at respectively 
13.25 m (16) and 14.55 m (base of 12) and may 
represent successively the Poperinge and the 
Hoboken soils.

Finally another strong humic horizon closes 
the sequence at the top and reminds undubiously 
the cryoturbated soil horizon (11) both by its 
morphological aspect as well as by its strati­
graphie position. It is disturbed by a dense 
fine frost wedge row overlain by a thin veneer of 
white, fine eolian sand {desert pavement 21). This 
series of peaty loam formations is with regard to 
the sedimentation pattern, more closely related 
with the ones observed at Poperinge, Rumbeke 
and Ghent (see later) than with those observed 
at W arneton and Ploegsteert.

Also the coversand 1 pattern, extending further 
upwards almost until the surface, differs entirely, 
with respect to both texture and pattern. Striking 
resemblance of this sequence of fluvial structured 
alternating sands and loams—especially by the
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presence of irregularly stratified bands of clayey 
loam (3) with (actual?) rootlets—overlain by 
large frost wedges, appears then to exist with the 
coversand 1 series observed at Ghent (Sifferdock) 
in the Flemish Valley (see p. 26). Also the 
gray loam layer (6) disturbed by cryoturbatic 
undulations recalls a phenomenon which is 
found back in another coversand 1 exposure 
of the Flemish Valley at Zelzate.

The large frost wedge row starts to develop 
within the overlying loamy yellowish sands, part 
of which is to be considered as coversand 2.

Harelbeke.

Another section in the Lys plain north of the 
Flemish Hills was opened at Harelbeke during 
the installation of a conduct between the Gaver- 
beek and the river Lys (fig. 9). But for some 
minor differences the profile shows much resem­
blance with the one observed at Wevelgem so 
that it may be concluded as to the general presence 
of the same sediment series in this part of the Lys 
valley at least for its upper part.

Above a greenish brown loamy fine sand (14) 
which might be part of the loams and coarse sands, 
occur the peaty loam formations. They show a 
most typical facies very similar to the one observed 
at Ghent in the Sifferdock. Here four well 
separated series (13, 12, 11, 10) of alternating 
brown loam and pale sand layers are present 
with each time a row of fine frost wedges overlain 
by a veneer of fine white eolian sand at the top 
of it.

They are followed by a thick bed of cross bedded 
sands composed of gray brown fine sand (9, 7) 
and of grayish white coarse shell-bearing sands (8) 
occasionally with little frost wedges.

Hereupon lies a homogeneous sand bed (6) 
with, however, numerous diffuse ripplemarks 
zones followed by a brown disturbed sandloam 
layer (5) overlain in turn by a yellowish oxydized 
fine sand (4) layer. The whole is referred to as 
coversand 1.

Along the upper limit of the latter series, occurs 
the large frost wedge row which pearces rather 
deeply (1 m) into the underlying deposits. This 
row is overlain first by a continuous greenish

gray clay (3) with irregular stratification (recall­
ing the clay filled gullies above the frost wedge 
of Zelzate), and second by a brown medium fine 
sand with loamy lenses (2). Both deposits 
build up the coversand 2 or at least part of it. 
For it is not sure whether gray clayey sand with 
oxydation mottles are to be classified with the 
coversand 2 or yet, with the Late Coversand series.

1.2.2.2. The Sandloam Belt.

The here reported profiles are yielded from the 
sandloam belt north of the southwestern extension 
of the Flemish Hills in Belgium. Loams and 
coarse sands and peaty loam formations fill up 
broad depressions between the buried Tertiary 
humps while coversand 1 and subsequently the 
younger overlying deposits extend far over the 
hill plateaus and may completely cover them.

With the exception of Zonnebeke, new recently 
recorded profiles of the already published ones 
are here presented.

Poperinge.

The lowermost pleistocene deposit overlying 
the Ypresian clay (12) is a blue-gray Saale loam 
(11). Its upper limit traces the valley form 
wherein the sediments of the Last Glacial were 
deposited. To the south of the left part of the 
profile (fig. 10) the Rocourt soil appears on the 
uprising Saale loam; downslope it goes over in a 
gleyified, hydromorphic soil and finally disappears 
where ravinating overlying deposits attain their 
maximum depth.

As the hydromorphic interglacial soil appears, 
a humic horizon (War ne ton soil) (10) starts to 
develop just above it. It is formed in a soli­
fluction, sometimes a fluvial deposit and becomes 
extremely peaty in the lower parts of the valley. 
There also, a thin gravel layer separates it from 
the underlying Saale loam (fig. 11). The 
moreover, it can disappear and fall apart into 
rolled peat lumps mixed within a gravelly sandy 
deposit. On the slightly higher situated valley 
borders this peaty horizon is disturbed by cryo­
turbation and also frost wedges may be present 
a t its base.
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Next follows a series of loams and coarse sands
(9). Usually there are two heavily cryoturbated 
(gravelly) sand bands separated by a loam bed 
also showing strong cryoturbatic disturbances. 
The latter become the dominating feature to the 
south of the profile (fig. 11) where they also 
wedge out against the Warneton soil. They 
remind the large cryoturbatic involutions men­
tioned at Warneton, especially since underneath 
the clay pebble breccia lenses with Fe/M n 
concretions are also found.

Finally, these series end up with a faintly 
developed small frost wedge row (sometimes 
only a cryoturbation layer) while desert pavement 1 
is lacking here.

Thereupon follows a peaty horizon (8) more 
prominently developed than its humic counterpart 
found above desert pavement 1 at Warneton. 
It remains constant untill it wedges out to the 
south against the peaty facies of the Warneton 
soil. The C-14 dating of this horizon is 45.600 ±  
1500 y.B.P. (GrN. 4856). We will call this 
level the Poperinge soil (photo 8).

The peaty loam formations (7) covering the 
former peaty horizon differ from the ones observed 
at W arneton and Tongrinne, in that they are 
commonly more darker (more humic) and further 
composed of irregular layers with fine ripple- 
mark structures as well as layers affected by small 
cryoturbatic and solifluction irregularities. 
Whereas the underlying loams and coarse sands, 
were connected with quick running water, these 
deposits seem rather derived from a superficial 
water sedimentation.

The cryoturbated soil horizon usually found in 
the very upper part of the last mentioned series 
is here represented only by a small discontinuous 
cryoturbated horizon or a frost wedge zone. 
Real peat layers caught in fluviatile layers may, 
however, occur locally and then be correlated 
with the Kesselt soil formation of other places.

Again, these series wedge out to the south 
(fig. 10) and may even partly be eroded by the 
overlying cross bedded sands (6). With this 
respect it is im portant to notice that at this 
stratigraphical level, the topography has become 
almost flat.

In the cross bedded sands three subdivisions 
can be made. There is a lower part, which as 
long as it rests on the peaty loam formations, shows 
the cross bedded structure (6). This is surpris­
ingly so when its extension is restricted to the 
valley boundaries of the underlying deposits. 
Once outside these buried valley limits, when 
overlying the Warneton soil, they go very rapidly 
over (in less than 0.50 m distance) into a solid 
mass of blue gray eolian loam and further away, 
into a mottled yellowish gray sandy loam. In 
the extreme southside of the profile (fig. 10) 
the latter mentioned facies covers directly the 
Rocourt soil. At this very place we observe 
the first opening of a large deepgoing frost wedge 
starting at the top of the loam  layer. The loam 
layer is therefore referred to as coverloam 1.

It must be noticed that the valley form outlined 
against these lowermost cross bedded sands is 
already by far more shallow than the one filled 
with the underlying Late Pleistocene deposits.

A second cross bedded sand layer (5) can be 
distinguished going over to the south and to the 
north in a gray loam or a yellowish brown sand­
loam. The top of this loam coincides with a 
stone line which at one place is interrupted by a 
frost wedge (left part of profile) (fig. 10). Also 
the large frost wedge seem having been reopened 
at this level.

Next follows a pebble band immediately over- 
lain by fine layered sand (4) laterally also going 
over into a cross bedded sand deposit which 
attains a considerably thickness towards the 
middle of the profile. There, it fills a flat ravina- 
tion eroding part of both two other underlying 
cross bedded sand deposits. Frost wedges and 
cryoturbatic features occur at different levels in 
this very uppermost part of the cross bedded sands 
giving proof of the increasing severeness of the 
cold climatic conditions. Towards the north 
end of the profile, the third cross bedded sand bed 
goes laterally over into quickly alternating yellow­
ish brown sand and loam characterized by the 
occurrence of a great number of pipestems and 
of F e/M n concretions (fig. 11). This facies 
recalls the typical coversand 1 structure observed 
elsewhere in the area.

In the very middle of the profile, where the valley 
form is developed at its best, it is difficult to



22 R. PAEPE. -  THE ROCK SEQUENCES OF THE LATE PLEISTOCENE

distinguish the three cited horizons of cross bed­
ded sands because of their intermingled character. 
But still one may observe in the upper part, more 
loamy lenses than in the lower part which is 
outspoken gravelly. Also it can be stated that 
the lowermost cross bedded sands broaden out 
more widely, than the upper ones. It looks as 
if the fluviatile nature of the deposit got more 
and more restricted as cold conditions increased.

The series is bordered by a large frost wedge 
row bearing a pebble band (desert pavement 3) 
on top of it. This pebble band goes locally 
over into small ravination gullies (R. P a e pe , 1963).

Immediately above desert pavement 3 lies a 
gray brown sandloam (3) formation which off 
the underlying cross bedded sands may hold some 
clayey lenses (cfr. Harelbeke) and become a 
mottled yellowish loam (coverloam 2) on the 
highest part of the profile.

Usually, there exists a fine frost wedge row on 
top of the coverloam 2 thus separating it from 
a fine layered overlying yellowish sand (2). On 
the latter lies another fine frost wedge row upon 
which a sandloam (1) top cover is laid down.

From this profile it can be deducted that there 
is a gradual change in the erosion-sedimentation 
pattern and palaeogeomorphological aspect of 
the deposits throughout the Weichsel Glacial. 
The loams and coarse sands give still proof of 
im portant fluviatile activity (gully erosion) which 
becomes strongly reduced during deposition of 
the peaty loam formations (more sheet erosion). 
Also sedimentation of the lowermost series was 
mainly confined to the gully system while it 
becomes more like a sheetwise deposition during 
the following depositional phase. Eolian sedi­
mentation is dominant as of coverloam 1 although 
for local climatical reasons fluviatile activity may 
have gone on simultaneously. No real gullying 
has taken place and the cross bedded sands are 
considered as a lateral simultaneous meltwater 
deposit of the pure eolian loess with which they 
are interfingering.

Rumbeke.

The lowermost pleistocene beds rest on Ypre­
sian clay (Eocene) (15) the contact of which is a

regular junction line characterized by a discon­
tinuous medium fine gravel layer (fig. 12). These 
beds are composed of gray blueish sandy and 
clayey loam showing fluvial stratification and 
bearing occasionally humic lenses. In places 
these series become at the bottom outspoken 
fluviatile in nature and gravel lenses may then 
be intercalated. Also, a little beneath the middle 
of the deposit a fine frost wedge horizon was 
observed. It recalls the aspect of the Saale 
deposits observed at W arneton and more especially 
at Poperinge (14).

A continuous peaty horizon {Rumbeke 1), 
undoubtedly developed in a solifluction deposit, 
with a thickness of 0.50 to 1 m overlies the Saale 
beds (13). It is overlain by a compact blue clay 
which laterally may develop into an entirely 
sandy facies (12).

Between 12 and 24 m of the section another 
distinct peaty horizon is developed on top of the 
blue clay. To the east it is eroded whereas 
towards the west it is undoubled in an upper (11) 
and a lower member (10). As of then a distinct, 
thin peat band showing mini-cryoturbatic dis­
turbances coincide with the upper limit of each 
member and between the two members green 
silty sands are intercalated.

R. V a n h o o r n e  (p. 61 this volume) shows the 
presence of an Eemian flora within the lower 
peaty member {Rumbeke 2) and attributes to the 
upper member an early Weichselian age {Warneton 
soil). Thus we deal here with the particular situa­
tion of a cold peat, overlying a warm peat deposit. 
Were it not of the intercalation of the green silty 
sand (11), distinction in the field of two different 
deposits would be entirely impossible. Actually 
the autochtonous character of the Rumbeke 2 
layer is not sure.

The sequence composed of the Rumbeke 1 
peat, the blue clay and the Rumbeke 2 peat are 
hitherto jointly considered Eemian in age and 
are referred to as peat and loams (a variation of 
the peat and gravels).

The loams and coarse sands (10, 11) develop 
laterally from the upper peat member and green 
silty sands. At the very west end of the section 
they are divided into two parts by a cryoturba­
tion horizon below which sometimes a peaty
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thread in a solifluction deposit is observed. 
Hereunder, gray fluviatile loams separated by 
two sandy layers occur. Above the cryotur­
bation horizon alternating loams and sands 
carrying some peaty bands are present. The 
lithology reflects exactly the one observed in the 
loams and coarse sands of Poperinge.

East of the peaty beds the loams and coarse 
sands appear as a gully deposit ravinating the 
peat. At their base, clay pebble breccia lenses 
(cf. W arneton and Poperinge) are observed, 
just underneath the sandy bands, assuring the 
stratigraphical position of this formation. Due 
to a ravination of the overlying deposits, the loams 
and coarse sands series thins considerably out in 
the middle of the section where they also lie 
immediately on the lowermost peaty deposit. 
Further to the east, they climb up again on top 
of the reappearing blue clay.

Back to the very west side of the section, 
which is in fact the normal profile, above the 
just described series, follow the peaty loam 
formations (9) and (8). At the bottom, the 
Poperinge soil is present as a weakly developed 
peaty horizon. Above it at least four series of 
solifluction and fluviatile, fine stratified layers 
follow each time with a peaty horizon at the 
bottom and fine frost wedges at the top (9). 
Sometimes a very fine pebble band occurs along 
the upper junction line. The very upper part 
of the peaty loam formations is composed of a 
pale grayish fine layered silty loam (8).

Below the latter mentioned layer, the peaty loam 
formations go laterally (towards the east side of 
the section) over into a pale green silty sandy 
loam with very fine stratification. The peaty 
levels disappear gradually and at about 20 m 
there is even a sudden change in the sedimentation 
pattern. As of then, a cryoturbated solifluction 
deposit with humic paralelly inclined tongues 
at the top, appears.

The uppermost pale grayish member (8) of the 
peaty loam formations, also goes laterally over 
into a complex of lowerlying fluviatile green 
gray loam (86) and upperlying pale brown loam 
(8a). Both ravinate the underlying lowermost part 
of the peaty loam formations and then a thin 
gravel bed is found at the junction line. Soli­
fluction horizons occur within the bulk of these

beds as is shown by the paralelly inclined tongues 
of reddish loam at the contact between the green 
gray and brown beds.

Finally in the outmost eastern part of the 
section, bound cryoturbations were found in the 
very upper part of the pale brown beds as well 
as clay pebbles and peaty lumps.

It must be noticed here that without the normal 
profile at the very west end it would have been 
almost impossible to recognize the peaty loam 
formations in this section. The structure of the 
peaty loam formations at this very place reveals 
and resembles entirely to the one observed for 
the same series at Poperinge.

The cryoturbated soil horizon occurs as a double 
humic layer (7) overlying the peaty loam form a­
tions. The bottom humic layer shows cryotur­
batic disturbances in the eastern part of the section 
and at the same time it becomes more (fluviatile) 
sandy and even gravelly. The top humic layer 
carries also cryoturbations which locally are 
replaced by a fine frost wedge row with a pebble 
band (desert pavement 2) on top of it.

Immediately above this desert pavement, lies 
the coverloam I which in the lower part is a gray 
subhorizontally stratified loam (6) and in the 
upper part a yellowish brown mottled loam with 
reddish pipestems and regular bound undulations
(5) (cf. respectively Poperinge and Warneton).

A row of large frost wedges (4) occasionally 
accompanied by frost pockets and overlain by a 
pebble band (desert pavement 3) lines out the 
junction with the overlying, mottled coversand 2 
beds (3).

The sequence ends with a fine stratified yellow­
ish brown late coversand (2) separated from the 
underlying coversand 2 by a fine frost wedge row 
with a pebble band on top of it.

In the late coversands the post-glacial soil (gray 
brown podzolic) (1) has developed.

Zonnebeke.

As th is  s e c tio n  h a s  b een  p u b lish e d  e a r l ie r  
(R. P a e pe  1965), i t  fig u res  o n ly  o n  th e  g e n e ra l 
sch em e  (fig. 31) a n d  its  s t r a t ig ra p h ic a l  in te rp re -
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tation is reviewed here in accordance with the 
present lithological units.

The uppermost large frost wedge row separates 
coversand 2 from coverloam 1, the latter being 
characterized by the yellowish brown loam facies 
with undulations, already observed at Poperinge 
and Warneton.

The sandy body below coverloam 1 broadens 
out laterally into a series of loam and sand 
layers with numerous, little frost wedges (peaty 
loam formations). Towards the bottom, a cross 
bedded structure appears and to the very base 
two gravelly layers separated by a brown humic 
loam (Poperinge soil?) occurs. These series are 
both under- and overlain by a frost wedge row 
with pebble band, the lower one of which is 
considered as the small frost wedge row with 
desert pavement I. Actually, underneath follows 
a thick grayish loam bed with sandy lenses in the 
upper part, showing great resemblance with the 
loams and coarse sands series.

Notice, also, that the present morphology 
recalls the litho-stratigraphical succession of the 
section at Maisières in the Haine Valley.

1.2.2.3. The Scheldt Plain.

It is known from several borings in the Scheldt 
valley, south of Ghent, that the Pleistocene 
deposits reach a great depth and are rather 
similar in composition to the ones occurring in 
the Flemish valley north of Ghent. Fortunately, 
recent observations could be made in natural 
sinkholes occurring on both sides of the present 
course of the river.

Esquelmes (West-bank).

The diagnostic horizon (fig. 13) occurs at 
2.60 m below the surface and is composed of 
a thin pebble band (desert pavement 3) underlain 
by the large frost wedge row which coincides 
with the top of the underlying coversand 1. The 
latter following below shows the typical bandering 
of alternating loamy and sandy layers (9) becoming 
gradually towards the bottom a homogeneous 
sandy loam (10). (Cf. Poperinge, Rumbeke, 
Zonnebeke.)

Above desert pavement 3 follows a fine veneer 
of sand (8) the top of which is cryoturbated. 
Next follows a yellowish fine homogeneous 
(eolian) sand (7) building up coversand 2.

The next series (late coversand /)  are composed 
of brown loams with fine sand layers (6) showing 
in the upper part traces of solifluction overlain 
by a fine diffuse frost wedge row (5). M any 
plant remains are observed in the loamy layer 
occurring at the upper limit of the unleached 
lower part. Since little if any vegetation is known 
to exist in the coversand 2 they are attributed to 
the Bölling oscillation.

A brown loamy sand (4) (late coversand 2) 
follows next, the top of which is overshadowed 
by the presence of the post-glacial (gray brown 
podzolic) soil (1,2,3). Whether holocene depo­
sits are present or not is difficult to elucidate.

Hérinnes (East bank).

A profile similar to the one described just above, 
is found on the east bank of the river (fig. 14). 
Here also the diagnostic horizon is the large 

frost wedge row overlain by desert pavement 3 
and next by a cryoturbated horizon (10). The 
whole occurs at about the same depth below the 
surface (1.00 m) as their counterparts at Esquelmes.

Towards the bottom a yellowish loamy sand (11) 
(coversand 1), rather homogeneous in texture, is 
found, while above the diagnostic level, sand and 
loam layers building up coversand 2 (8 and 9), 
are present.

The sequence is continued by the late coversand 1 
series composed of a brown clayey loam (7) 
wherein many plant remains occur and above it, 
a solifluctated loamy sand (6).

The overlying late coversand 2 series are, as 
at Esquelmes composed of several layers of fine 
sands (5, 2) interfering with, clayey lenses (4) 
bearing in the upper part the post-glacial gray 
brown podzolic soil (1,2,3).

Between the two late coversand deposits no 
frost wedges have been reported and the distinc­
tion between the two series was based on their 
litho-morphological resemblance with the section 
of Esquelmes.
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1.2.3. T h e  C o v e r s a n d  A r e a .

The coversand area extends in the north of 
Belgium north of a line, running in a west-east 
direction from the coastal plain via Ghent and 
Mechelen to Diest and Hasselt. East of Ghent, 
the southern boundary is formed by the rivers 
Scheldt, Rupel, Dijle and Demer. In this area, 
the facies of coversand 2 remains the same as in 
the transitional area but the facies of coversand 1 
is now characterized by its outspoken sandy 
nature. No real loam beds occur in it but for 
a few sporadical thin loamy lenses.

Below, the peaty loam formations and loams 
and coarse sands show a similar sedimentation 
pattern as in the transitional area; further down, 
however, another Weichselian deposit is usually 
well developed: the so-called sands and gravels.

Recently, tunnelworks at Zelzate and Antwerp 
and dock excavations at Ghent, permitted obser­
vations down to the tertiary substratum. The 
profiles yielded from this area bear great im por­
tance because of their striking resemblance with 
the Late Pleistocene deposits of the Netherlands.

1.2.3.1. The Flemish Valley.

Zelzate.

At the top of the Barton clay (section 3) (fig. 17) 
lies a coarse gravel (22) of almost 3 m in thickness 
within which the guide fossil of the marine 
Eemian deposits Tapes senescens was found in 
situ together with Corbicula fluminalis. Earlier 
the present author drew attention to the wide­
spread occurrence of these gravels in N orth­
western Belgium and their correlation with the 
«Senescens Sande» of Northern Germany 
(R. P a e p e , 1966). This gravel yielded also 
vertebrate elements as well as detritus peat in 
little ravinations at the top of it (R. V a n -  
h o o r n e , p. 62) and therefore they are referred 
to as peat and gravels. A horizontally stratified 
series of fine sands and clays (21) overlying the 
gravel follows up to — 8 m where they are limited 
by a sharp subhorizontal fine of discordance. 
At the same level about 100 m to the west (sec­
tion 2) (fig. 16) (photo 11) a reddish clay horizon 
(19) also truncated by the same discordance line

and overlying a greenish gray loamy sand is 
present. It is considered, because of its position 
with regard to the Eemian gravels and its degree of 
soil development, as the counterpart of the Rocourt 
soil in this area. We thus deal here with the 
corner stone of our stratigraphy, assuring definitely 
the Eemian age of the Rocourt soil. Furthermore 
the deposits between the gravel beds and the 
— 8 m level are locally incised by large shallow 
ravinations (20) which according to their position 
and morphology are considered as belonging to 
the Weichsel glacial period. W. H. Z a g w ij n  
(1961), from investigations at Moershoofd and 
Terneuzen reported also Weichselian and Eemian 
deposits within short distance at equal heights.

The next series are the loams and coarse sands. 
In section 5 (fig. 18) this facies (16 -f  17 +  18) 
compares easily with Poperinge while in sections 
4 and 2 the sandy layers have disappeared and 
then recall Zonnebeke and Maisières. In the 
sections 4 and 2 they form two loam deposits 
each time with a humic shellbearing horizon at 
the top of it.

From  now on we follow the succession on 
sections 1 and 2 (fig. 15 and 16) (photo’s 9 and
11). On the highest humic horizon follows a 
solifluction deposit (15) composed of quickly 
alternating sands and loams showing an asto­
nishing resemblance with the solifluction layers of 
Tongrinne. As at the latter locality an eolian 
loam deposit, shellbearing at its base (14), is 
overlying the solifluction layers but in its very 
upper part a peaty horizon has developed with 
bound cryoturbatic disturbances. Next follows 
another cryoturbated peaty horizon (12) which 
was dated 28.200 ±  270 y.B.P. (GrN-4783) a 
dating which compares easily with the one obtained 
from the Paudorf interstadial in Austria (J. F i n k , 
1959, 1962). Since it is the first time that an 
absolute date is obtained in Belgium for this 
im portant interstadial we introduced the name 
Zelzate soil for it. Now the question arises 
whether or not the Zelzate soil is the equivalent 
of the Kesselt soil?

According to its morphology and its end stra­
tigraphical position above the solifluction loams 
and loess deposits, the Zelzate soil tallies perfectly 
with the cryoturbated soil horizon observed at 
Tongrinne, whereas the underlying loams and



26 R. PAEPE. -  THE ROCK SEQUENCES OF THE LATE PLEISTOCENE

loesses build up the loam formations or better, 
because of their peaty character, the peaty loam 
formations. The cryoturbated peat horizon 
immediately below the Zelzate soil points then 
for a stratigraphical position similar to the 
Hoboken soil (see p. 30 this volume).

It then is a matter of course to correlate the 
humic horizon, immediately underlying the soli­
fluction deposit, with the Poperinge soil. At 
Moershoofd, W. H. Z agw ijn  mentioned at the 
same height a humic horizon dated 44.500 y.B.P. 
and at 1 m beneath it, another humic horizon 
dated 46.500 y.B.P. We think, however, that the 
lowermost humic horizon (17), because of its 
position within the loams and coarse sands, is 
much older: Warneton soil horizon.

On the cryoturbated soil horizon follows first 
a fine sand layer with peaty threads (11), than more 
than 1 m of cross bedded sands (10). The high 
content of reworked tertiary shells (i.e. Cardita 
planicosta), sandstone and flint fragments let no 
doubt about their fluviatile origin whereas the 
large frost wedges which occasionally occur, show 
that the climate was colder than during deposition 
of the sediments below the Zelzate-Kesselt horizon.

Fine eolian yellowish and green coversands
(10) overlie the cross bedded sands and are bordered 
at the top by a sandloam layer (10) limited at the 
top by a large frost wedge row and a pebble band 
(desert pavement 3) (9). It can easily be seen 
that this pebble band forms a discordance surface 
cutting in places clayey depressions at the top of 
the sands. This desert pavement 3 and the lower 
lying cryoturbatic sandloam layer are known to 
lie upon each other in the coversand series of 
the Netherlands (*). The complete series of 
bed 10 build up coversand I.

Next follow fine grayish sands (8) usually 
with fine stratification, slightly loamy and in the 
upper part cryoturbated, somewhat peaty or 
humic at their base; they build up coversand 2 
previously, generally considered as earliest Dryas.

Several peaty bands (6) follow on coversand 2 
and were dated 12.300 ±  100 y.B.P. (GrN-4782)

(*) This was kindly reported by W .H. Z a g w ijn  on 
excursion at Zelzate.

an age which tallies perfectly with datings of the 
Bolling oscillation in the Netherlands and Den­
mark and also with previous datings yielded at 
Stabroek, by F. D e C o n i n c k , P. G r e g u ss  and 
R. V a n h o o r n e  (1966) (Stabroek soil). Above 
lies a homogeneous white fine sand formation (5) 
which is undoubtedly eolian (late coversand 1). 
It is overlain by a more yellowish fine sand (3) 
separated from the previous one by a line of 
discordance and a zone with rootlets (4) and 
bearing the post-glacial podzol (2) in its upper part. 
It is possible that the zone with rootlets witnesses 
the presence of the Allerod oscillation. Then 
the uppermost, eolian sands (3 ) are to be account­
ed for the late coversand 2.

Ghent (Sifferdock).

A very similar stratigraphy is found back in the 
profile of the Sifferdock works in the Ghent 
harbour. An idealised section was earlier 
published by G. D em o o r  (1963). Our section 
is localised nearby the junction with the Ghent- 
Terneuzen canal (fig. 19).

The Late Pleistocene sequence starts again 
with the peat and gravels, the detailed description 
of which follows hereafter. At the very bottom 
a solid clayey peat block (24 ), Eemian in age 
(R. V a n h o o r n e , p. 65), is found resting irre­
gularly on pale greyish sand. In earlier sections 
this was also found on Paniselian sand (R. V a n ­

h o o r n e , p. 65). It is ravinated by overlying 
gravels (23) and fine sands (22). In the latter, 
thin, peaty layers occur in places and sporadically 
also shells. A great amount of clay pebbles are 
intermingled with the sand. Another coarse 
sedimentation, cutting the underlying deposits 
along a sharp discordance line follows and is 
built up by several coarse gravelly layers contain­
ing a great abundance of shells (whereunder the 
guide fossils of the Eem period: T. senescens var. 
eemiensis and C . fluminalis), vertebra fragments, 
rolled peatlumps, sandstones, quartzites and 
flints (21). As we mentioned earlier, these
gravels with the guide fossils are a widespread 
feature in this part of the country and therefore 
we think that they occur in an autochtonous 
position. They are overlain by a fine sand
series (20) occasionally with shell bearing lenses, 
separated by another line of discordance from the
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overlying deposits. According to the floristical 
and faunistical elements of these beds, they are 
considered entirely as of Eemian age.

Peaty loam formations occur here in their most 
diagnostical aspect easily to compare with the 
normal profiles of Rumbeke, Harelbeke and Pope- 
ringe. They are composed of four distinguish­
able horizons (19 and 18), each starting with 
fluviatile featherlike structures and terminating 
with a row of little frost wedges overlain by a 
coarse sand layer at the top. The base of this 
formation erodes in large, shallow valleys (100 m 
and more) the top of the Eemian explaining the 
absence of the loams and coarse sands series. 
The structure of the peaty loam formation reminds 
again a calm superficial water sedimentation, 
periodically interrupted by a short emersion during 
which a thin eolian cover (sand layer =  local 
desert pavement) was deposited. Fluctuations 
of cold humid and cold dry conditions seem to 
have occurred commonly during this period.

Very fine layered, greenish (17) and yellowish
(16) sands deposited in large shallow valleys 
erode the peaty loam formations from which they 
are separated by a sharp discordance line. Cross 
bedded (snow melt water) sands (15) are overlying 
the fine sands and contain a high number of flint 
debris, tertiary reworked shells and clay pebbles. 
Sporadically large frost wedges and large loam 
lenses may occur, revealing the cold conditions 
during which this sedimentation took place.

A solifluction horizon (14) separates the cross 
bedded sands from a series of alternating sands 
and loams (13 and upwards); the latter are 
without any doubt of eolian origin although 
fluviatile structures dominate generally the pattern. 
Beneath a horizon with dropping structures (7) 
number of shell layers are present while above this 
horizon, the deposit is leached and contains 
numerous little frost wedges. Finally, needle­
like deepgoing frost wedges appear at the top of 
the deposit while also, the cross bedded structure 
is reappearing again. A thin clay layer (3) 
(cf. Harelbeke) follows and is overlain by fine 
homogeneous sands wherein the post-glacial soil 
is developed. It is impossible to give an inter­
pretation, whatsoever, to these uppermost sedi­
ments at present. It might be that they are to 
be classified within the late coversands series.

1.2.3.2. The Sand Belt.

Sint-Niklaas.

Thanks to the carefully drafted profile by 
Ing. M. G u l in c k , made at the brickyard exca­
vations of S.V.K. (Sint-Niklaas) in 1957 (fig. 20), 
the complete sequence of the quaternary deposits 
down to the top of the Boom clay is recorded.

The loams and coarse sands series start with a 
thin, coarse gravel layer (13) ravinating the Rupel- 
ian clay (14) and containing shark teeth, vertebrate 
reworked bones, shells, flint and quartz pebbles 
in great abundance. Next follow capricious sand 
lenses and bands (12), overlying almost imme­
diately the gravel and are in turn overlain by a 
rather thick mass of sandy loam (11) within which 
clay pebble breccia (br) were noticed.

The series of peaty loam formations (10 to 6) 
are regularly developed in the right part of the 
section and extend very probably up to about 
2 m, thus comprising M. G u l in c k ’s description 
of alternating loams and capricious sand lenses 
recalling a ripple-mark structure. Oxydation 
horizons occur at the bottom  of the sand lenses 
(cf. Rumbeke).

This deposit is followed by a gray coverloam 1 
with very fine stratification (4) and mottled at 
the base (5). From the top of this deposit, a 
large frost wedge (3) extends as far down as the 
Rupelian clay.

Above the large frost wedge (row) appears a 
yellowish mottled loose sand (2) (coversand 2) 
carrying the post-glacial soil at its top.

Mechelen (Schonenberg).

The present section (fig. 21) was temporarily 
exposed in a trench excavated for a sewage system 
at the locality Schonenberg (Mechelen.) Mr. 
S. G eets (Ghent State University) was so kind 
to inform us about the works and to lead a 
field trip to the site.

The sequence begins with loams and coarse 
sands at the bottom. The lowermost deposit 
is a complex of alternating sand and loam (11) 
followed upwards by a series of three gray sand
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layers separated by two intercalated dark gray 
very fine stratified, loams beds (10). At the 
bottom of each sand layer, fine frost wedges and 
cryoturbation pockets occur. The whole is trunc­
ated along a sharp discordant junction line, 
coinciding with a smalt frost wedge row overlain 
by a discontinuous pebble band (desert pavement 
1) (?).

The (peaty) loam formations are overlying the 
latter pebble band horizon and four levels can be 
distinguished. The lowermost is a brown loamy 
sand (8) with fluviatile ripple mark structure 
wherein numerous little, paralelly inclined frost 
wedges occur at different levels. This horizon 
is partly eroded by outspoken fluviatile fine sands 
(7) which is in turn truncated by a sharp junction 
line along which little frost wedges and cryotur­
bation pockets appear. Above follow again two 
brown loamy sand beds (6 and 5) similar to the 
lowermost, both bearing also little frost wedges 
and cryoturbation pockets at their respective 
upper limits. On the very upper one a pebble 
band may occur (4).

The coversand 1 series is composed of quickly 
alternating sandy and loamy layers with numerous 
dispersed little frost wedges (3) and limited at the 
top by a ¡arge frost wedge row (2’) composed of 
large frost wedges (1 m deep and 30 cm wide) 
and also large cryoturbation pockets (0.60 m 
deep and 50 cm wide).

This level is overlain by coversand 2 (2) almost 
completely overshadowed by the textural-B- 
horizon of the post-glacial soil (1).

Hingene.

In this section (fig. 22) the deposits excell by 
their fluviatile character. The lowermost observ­
able deposits are sands and gravels (8) overlain 
by a cold peat layer (R. V a n h o o r n e , kindly 
reported) inserted in a complex of loams and 
coarse sands (7). It is not clear wether the cold 
peat points to a Zelzate or Warneton soil age. 
On account of its litho-stratigraphical position it 
is more likely to consider a W arneton age for it. 
Above follows a series of cross bedded fine loamy 
sands with numerous peaty lenses (6). The latter 
recall a fluviatile facies of the peaty loam form a­

tions. A similar facies of the peaty loam form a­
tions was earlier recorded at Quesnoy (R. P a e p e , 

1965) and at Kesselt (F. G u l l e n t o p s , 1954). 
They are limited at the top by a sharp junction 
line under which locally a faintly developed 
cryoturbated soil horizon was observed along the 
south side of the sandpit (not reproduced here).

Immediately above follows the cross bedded 
sands series (5) characterized by the absence of 
peaty formations and the occurrence of fine 
deepgoing frost wedges.

The coversand (composed of alternating sands 
and loamy sands) (4) overlying the sands are 
considered as coversand 2; for the junction line 
between the two formations may be affected by 
cryoturbatic involutions and frost wedges which 
should then occupy the position of the large frost 
wedge row.

Next follows a series of quickly alternating sand 
and loams (3), separated by a cryoturbation zone 
from overlying fine layered sands (2). Both 
deposits do not reflect the typical coversand 
facies and are hitherto referred to respectively 
as late coversand 1 and 2.

The whole sequence is covered by holocene 
peat. Notice that the entire coversand sequence 
is rather thin, a feature recorded also from other 
places in this area (e.a. Hoboken).

1.2.3.3. The Scheldt Valley.

The tunnel excavations for the E3-super high­
way section between Antwerp and Ghent, yielded 
long and deep profiles reaching the top of the 
tertiary substratum. Earlier F . H a l e t  (1923) 
published the sections of the existing tunnels. 
The deposits are for the greater part entirely 
fluviatile and cryoturbatic phenomenas are often 
lacking completely (left bank). Their thick­
nesses are furthermore very reduced making 
correlations difficult.

Antwerp (West bank).

The Boom clay (14) in the immediate vicinity 
of the river Scheldt is deeply and stepwise eroded
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by the overlying Pleistocene deposits (section 1 
and 2) (fig. 23 and 24). This thalweg is filled with 
grayish green calcareous fine cross bedded sands
(11), with peaty threads and somewhat gravelly 
at its base (12); its upper part is mixed with 
loamy lenses, entirely leached and shows further­
more a different colouring (10) (section 3) (fig. 25): 
gray brown due to an enrichment in both iron 
and humus. The lower limit of this colouring 
is diffuse and does not tally with the boundaries 
between the cross bedded structures so that a 
pedological process is assumed for its origin. 
Actually, peat detritus of Eemian age (R. V a n -  

h o o r n e , p. 67) filling up small gullies (fig. 26; 
bed 9), occur commonly in the upper zone of 
these series and belong most probably, chronolo­
gically speaking, to the vegetation that caused 
leaching and consequently the establishment of the 
gray brown horizon. Although the peat was 
definitely transported, its constant appearance in 
the aforementioned position permits the state­
ment that this transport occurred rather comptem- 
poraneously of the period which afforded its 
development. Therefore, both peat and soil are 
attributed to the Eemian period and together with 
the underlying deposits referred to as peat and 
gravels.

A series of sands and gravels (8a, 8b and 8c) 
rests discordantly on the Eem deposits (section 3). 
The lowermost layer (8c) is a coarse leached 
grayish sand and even white at its base. It 
shows the characteristics of an A2-horizon, which 
in places has also affected the top of the under­
lying Eem deposits. In the latter cases, the 
irregular but sharp lower limit occurs at about 
10 cm to 15 cm below the geological fine of 
discordance between fine sands and overlying 
gravels.

Towards the top, an increase in humus may 
be noticed while also number of large fragments 
of unweathered Boom clay occur frequently but 
they form no obstacle whatsoever for considering 
this horizon as an A2 (J. A m e r y c k x )  (* ).

The corresponding B-horizon is characterized 
by a heavy red colouring giving proof of a high 
iron content and also of humus (*). This B¡r- 
horizon occurs at a rather constant level and

(*) K indly reported .

may penetrate either in the very top zone of 
the underlying gray brown (Eemian) horizon, 
or may form a duricrust in the lower part of the 
leached sands, resting immediately on the fine 
Eemian sands or still, may occur as isolated 
patches within the bulk of the leached A2-horizon. 
When occurring in the coarse sands the reddish 
colouring may show apophyses following the 
sedimentation structure.

From  the above it may be stated that the gray 
brown horizon stands without any relation to 
the A a-B j r soil continuum, a fact that is also 
supported by the presence, although seldom, of 
fine featherlike frost wedges developing down­
wards from the junction line between the gravelly 
sands and the fine Eemian sands. At one place, 
a frost wedge started at the upper limit of a peaty 
gully just underneath the gravelly sands while in 
two other cases, they could only be followed from 
the base of the A2-horizon developed in the fine 
sands (section 3). Probably soil homogenization 
overshadows their presence in the A2-horizon up 
to the contact with the coarse sands.

In order to distinguish the A2-B¡r soil continuum 
from the gray brown horizon, we have preconised 
the connotation Antwerp soil for it (photo 10).

The succession of the sand and gravels continues 
upwards with a very coarse, gravelly sand (8b) 
containing numerous threads of Fe/M n, many 
rolled fragments of Boom clay, locally also 
lumps of reworked amorphous peat, and bone 
fragments. This bed ravinates the underlying 
coarse sand and is separated from the overlying 
yellowish fine gravelly sand (8a) by a subhori­
zontal, sharp discordance line (section 3).

Whereas the beds 8b and 8c happen to wedge 
out against the uprising Boom clay substratum 
(section 1 and 2), the yellowish sands (8a) may 
locally show a strong increase in thickness, 
attaining simultaneously a cross bedded structure. 
Finally they also thin out landinwards, outside 
the thalweg where they then come to rest directly 
on the uprising Boom clay substratum, too. In 
the latter position the gravel is composed of 
coarse sand, with sporadic flint fragments and 
many congelifractated fragments of septaria 
derived from the underlying Boom clay. Also 
shells (.Pisidium, etc.), stems of Chara (R. V a n -
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HOORNE, p. 74) and fossil bones occur in great 
abundance while at one place, two lithic imple­
ments were found, one of which is certainly a 
Levalloisian side-scraper or point. Thanks to 
the presence of this tool showing a high degree 
of technique development, it was possible to 
classify the deposits within which they were 
found as of Weichsel in age. O f course we have 
no pretention, whatsoever, as to correlate this 
unique implement to a definite prehistoric phase.

From a geomorphological point of view, stress 
must be laid on the fact that the two steps along the 
thalweg slope on top of the Boom clay coincide 
with the upper limit of the fine gray sands under­
neath the gray brown horizon and the next one 
with the lower base of the zone with peaty gullies. 
So the steps were developed almost simultaneously 
with the sedimentation of the Eemian deposits 
(fig. 27).

Also the sand and gravels, even where they 
show cross bedded structures, seem not to belong 
to a river system capable to erode the underlying 
deposits strongly, contrary to the underlying 
deposits during which shaping of the thalweg 
proceeded.

Loams and coarse sands, composed of a basal 
gray peaty loam (7) with subsequently a sandy 
and a loamy layer (6) above it occur as a relatively 
thin deposit when resting on the thin gravel 
overlying the Boom clay (fig. 25). Towards the 
river Scheldt these series go over in a series of 
sandy and loamy layers locally with cross bedded 
structure while the basal peaty layer is wedging 
out (sections 1 and 2) (fig. 23 and 24).

Finally a dark peat horizon (5) (fig. 23 and 24) 
follows, also laterally tonguing out in three or 
four layers towards the Scheldt between the afore­
mentioned series of alternating sand and loam 
beds. R. V a n h o o r n e  revealed an early Weich- 
selian age for these deposits (this volume, p. 72) 
while stratigraphically they correspond with the 
Warnelon soil level.

The blue gray somewhat clayey sand (4) which 
usually follows above the peat, undergoes also 
im portant changes in texture towards the Scheldt. 
There, the upper part remains only sandy while 
the lower part becomes gradually a system of 
alternating sand and loam beds. Sometimes a

pebble layer (3) is found on top of these deposits, 
overlying a thin veneer of peaty lenses or in 
places, a gley horizon. Although cryoturbatic 
disturbances are found nowhere at this level, 
the latter horizon tallies stratigraphically with 
the cryoturbated soil horizon. For the whole is 
covered by homogeneous blue gray compact 
sands (2) when wet, but yellowish and loose 
when dry. In the latter position they can easily 
be assimilated with a coversand formation.

A post-glacial podzolic soil occurs in the 
upper part of the cover sands buried under a 
constant layer of holocene peat (1).

Hoboken (East bank).

The profile of the almost 1 km long train 
tunnel pit (fig. 28, east bank) permits observations 
dealing with the transition between the pleistocene 
Stratigraphie sequences nearby the Scheldt (similar 
to the ones described above on the west bank) 
and the ones occurring further landinwards.

The Boom clay (14) is found at about the same 
topographic level as on the west bank. Its 
surface, however, is slightly doming towards the 
Scheldt but lowers smoothly to the east. In 
the doming area, the clay is also affected by 
« diapir » structures (P. L a g a , 1965), pearcing 
through a 3 m thick miocene fine sand deposit (13) 
into the base of the pleistocene base gravel 
beds (12).

In order to understand the succession and 
lateral variations of the pleistocene deposits, we 
first comment a detail section recorded at the 
entrance of the train tunnel pit (fig. 29).

The sands and gravels, eroding the miocene 
sands, are composed of basal medium fine cross 
bedded sands (12) containing a lot of vertebrate 
bones evolving upwards into a rich (reworked) 
shellbearing, also cross bedded, gravel deposit.

Hereupon, along a tonguing junction line, lies 
a greenish, fine sand with outspoken ripplemark 
structure (11), sometimes devided into two parts 
by a fine gravelly layer. To the west, these 
sands become gray brown in colour and finally 
a reddish horizon (10) is developed at its top.
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The latter is overlain by gullies with detritus peat 
(9) so that the picture of the Eemian peat and 
gravels deposits with infiltration of the Antwerp 
soil in its top zone is found back here.

A fine pebble band (desert pavement 1) under­
lain by a sporadically occurring small frost wedge 
row, truncates the sand and gravels almost hori­
zontally. In places this pebble band develops 
laterally into a real fine fluviatile gravel bed (8), 
intermingled then with reworked shells from the 
underlying Tertiary and becomes the constant 
facies towards the west end of the section. As 
the horizontal junction line formed by desert 
pavement 1 continues uninterruptedly above the 
thicker gravel beds one is justified to conclude 
that the pebble band originated from the erosion 
of previously deposited fluviatile gravels.

The next overlying deposits are the peaty loam 
formations (4) composed at their base of alternat­
ing pale sands and dark humic loam layers 
terminating with a first cryoturbated soil horizon 
overlain by a row of frost wedges. Sometimes 
only lenses of it, which underwent fluviatile 
transport, are found. The level, called Hoboken 
soil was dated 32,490 ±  440 y.B.P. (Gr. N-4781); 
the sample was taken in another section: section 7, 
bed 4 (fig. 28 and 30; photo 12).

Above it, the peaty loam formations continue 
with a fine green sand, probably partly eolian 
in origin, underlying another series of alternat­
ing pale sands and loams. At the base of the 
latter frost wedges may occur too. Next follows 
another green fine (eolian) sand becoming 
coarser and locally more clayey to the top and 
also containing many fine plant remains and 
gley mottles. It is affected by cryoturbatic 
structures and overlain by a row of sporadically 
appearing frost wedge.

The latter horizon is the cryoturbated soil 
horizon as it is overlain by a yellowish eolian 
coversand 2 from which it is separated by a 
continuous well developed pebble band (desert 
pavement 3) (3). The post-glacial podzol soil 
is developed in these sands, so that according to 
what was stated above, they cannot be anything 
else but coversand 2.

At the very west end, the whole is ravinated 
by holocene deposits.

The just described sequence is the normal one, 
especially when considering the typical facies of 
the peaty loam formations. If  we now follow 
this type sequence towards the Scheldt (fig. 28), 
we then see the following evolution.

The sands and gravels follow first the doming 
of the underlying Boom clay and drop conse­
cutively rapidly towards the Scheldt waterfront. 
Nevertheless, they remain still 3 m higher than the 
top of the Eemian deposits on the west bank. 
The reddish soil has disappeared and only the 
brownish facies of the fine sand and the shell- 
bearing gravels are conservated.

The peaty loam formations (4) undergo also 
im portant lateral changes, in that the cryotur­
bation and frost wedge horizon disappear com­
pletely as well as the peat bearing loam layers 
themselves. Finally the entire formation has 
made room for the same blue gray sand carrying 
a gleyified horizon with plant remains at its top. 
Here also, desert pavement 3 (3) is found on top 
of these sands and overlain by the coversand 2 (2) 
deposits with the post-glacial soil, the whole 
covered by holocene peat.

Towards the east, more landinwards, the normal 
sequence differs from the one at the train tunnel 
entrance only in that the cryoturbation features 
become more strongly developed and more 
abundant (fig. 30; photo 12).

1.3. THE CHRONO-STRATIGRAPH ICAL 
AND CLIM ATOLOGICAL SIG N IFI­
CANCE OF THE PERIGLACIAL 
PHENOM ENA AND TH EIR GEOM OR- 
PHOLOGICAL IM PLICATIONS.

Frost wedges, cryoturbatic involutions, solifluc- 
tion deposits and stone lines (desert pavements) 
are common features of the periglacial deposits. 
Their seemingly irregular occurrence has made it, 
up to very recently, difficult to attribute a real 
stratigraphical meaning to them. In the past 
ten years, however, thanks to observations in 
Central Europe (G. S e l z e r  1936, E. S c h ö n h a l s  

1951, J. F r e c h e n  and E. R o s a u e r  1959, H. R o h -  

d e n b u r g  1966) and in Western Europe (K. B r u n -
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NACKER 19 5 7 , T. VAN DER HAMMEN, G. M aA R LE- 

v e l d ,  W.K. Z a g w i j n  and J.C. V o g e l  1967, 
R. P a e p e  1963) the chronological significance of 
frost wedge levels as stratigraphical bench marks, 
especially of the Weichsel has been generally 
accepted. Also the increasing knowledge on 
the genesis of frost wedges yielded from areas 
with present-day frost activity (Alaska, Siberia 
and Antarctica), has helped a lot on understanding 
their appearance, absence, morphology, size and 
frequency with respect to the climatological and 
sedimentological conditions which controlled their 
formation. This is particularly true for those 
periglacial phenomena occurring on a row along 
the junction line of major lithological units. 
Contrary to solely occurring features, due to 
local climatic conditions and prevailing tempora­
rily only during the sedimentation of a particular 
bed, the in-a-row established phenomena are 
the result of ubiquitous changes of the palaeo- 
climatic conditions, characterizing and causing 
the major breaks of the lithological sequences. 
As of then, they deserve a chrono-stratigraphical 
and climatological position within a stratigraphical 
sequence.

1.3.1. F r o s t  W e d g e s .

Eversince the pioneer work of E. L e f f i n g w e l l  

(1915) on the origin of ground ice wedges, frost 
wedges are no longer believed to be the result of 
ice wedge formation only; they can also be pro­
duced by periodic contraction due solely to 
dessication and repeated filling with sand or loam 
in the perennially frozen ground. Such wedges 
are then called «sand wedges» and the related 
polygons «tessalations» (T.L. P é w é ,  1959). Similar 
connotations are found in earlier European 
literature such as: «Lösskeile» (J. B ü d e l ,  1959), 
«Lehmkeile» (G. S e l z e r ,  1936), «fentes à  rem­
plissage» (P. M a c a r  and W. V a n  L e c w i j c k ,  1958) 
to indicate frost-like structures filled with clastic 
material. It now looks as if the origin of both 
types of wedges are similar: cracks produced by 
the great change in temperature from summer to 
winter; repeated cracking and filling with ice or 
sand, occasionally loam («Lehmkeil»), result in 
wedge-shaped fillings (T. L. P é w é ,  1959, P . A. 
S h u m s k y ,  al. 1955; J. B ü d e l ,  1959).

Although the presence of fossil frost wedges 
provides evidence of cold-dry palaeoclimatic 
conditions (J. D y l i k ,  1966) it is none the less also 
bounded to a certain degree of humidity of the soil 
causing accelerated contraction and delatation 
of the ground. This may explain why in extreme 
dry, continental conditions, frost wedges happen 
to occur rather scarcely (T.L. P é w é ,  1965). 
S h u m s k i j  et al. (1955) hold the same view for 
coarse textured sediments, stating that frost 
wedges are formed there only at very low tempe­
rature. Humid and fine grained deposits are 
most favourable for frost wedge development. 
A flat, periodically submerged terrace is the best 
topographical position.

The perenne tjäle, which is the conditio sine qua 
non for frost wedge formation can also be a 
limiting factor for their downwards extension. 
Again S h u m s k i j  et al. (1955) points out that the 
penetration depth of synchronous frost wedges 
is the same and limited by the upper limit of the 
permafrost (pergelisol table) (K. B r y a n ,  1946, 
1951). This depth limit is 20-30 cm in the 
northern tundra and 2-3 m in the more northernly 
regions of Siberia.

If  such forms are then buried under a frost 
protecting cover, the growth of the frost wedges 
stops even when a new frost wedge cycle develops 
later above it.

But it may occur that severe climatic conditions 
prevail and that growth of initial frost wedges 
goes on over a long lapse of geological time. 
This happens when the frost wedge, remains 
open nothwithstanding the menace for slump 
with the rise of temperature during the following 
summer or any warmer phase. Frost wedge 
deepening occurs then far beneath the perge­
lisol table ( S h u m s k i j  et al. 1955, T.L. P é w é ,  

1959) while also a widening of the frost wedge 
is observed (T.L. P é w é ,  1959). The rate of
increase of width at the top is estimated at 
0,5-1 m for about one thousand years ( B l a c k  

and B e r g ,  1963).

J. B ü d e l  (1959) and J. C z e r w i n s k i  (1964) hold 
that such frost wedges, may undergo changes 
into pocketlike or pearlike forms as a result of 
lateral pressure becoming stronger in the bottom  
part of the wedge than in the neighbouring 
substratum.
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A ccording to  the above, J. Büdel (1959) 
pointed ou t th a t clim atic fluctuations, occurring 
a t the transition  o f cold to  w arm  periods or 
vice versa i.e. a t the end or a t the beginning of 
an  interglacial or interstadial, are favourable 
conditions for frost wedge growth.

It may happen that frost wedges develop in 
earlier formed, underlying frost wedges which 
are actually weak spots for repeated cracking 
(P.A. S h u m s k i j  et al, 1955). This results in 
a kind of « eone in eone » superposition of 
frost wedges.

In the aforementioned, it was tacitly under­
stood that the frost wedges were formed after 
deposition of the sediment. The latter type 
of frost wedges are called epigenetic (H. G a l l -  

w i t s ,  1949). If, however, frost wedges develop 
and elongate simultaneously with the increase in 
accumulation of the sediment cover, than they 
are called syngenetic. Syngenetic frost wedges 
may be very deeply developed and still remain 
narrow. Also, due to their simultaneous growth 
with the sediment thickness, the subparallel 
wedgelike filling layers start along the wedge- 
limit instead of at the upper top hmit (P.A. S h u m ­

s k i j ,  1955). This distinction is im portant when 
dealing with the « eone in eone » superposition 
of epigenetic frost wedges.

Contrary to what happens under epigenetic 
development, permafrost is shifting upwards as 
a result of progressive accumulation, and conse­
quently, also the fissure development. This is 
at the expense of the growth in width (J . D y l i k ,  

1966).

The most striking aspect in the by us observed 
syngenetic frost wedge is its featherlike structure. 
We found however featherlike, apparently synge­
netic frost wedges cutting several beds of cross 
bedded deposits (cf. Hingene). It is very unlikely 
that such structures developed simultaneously 
with the sedimentation of the deposits.

J .  D y l i k  (1966) pointed out that the topo­
graphic (environmental) situation of a given 
polygon is an indication facilitating a distinction 
between epigenetic and syngenetic structures. 
This author states that syngenetic development 
could easily proceed on sea shores, in river valleys, 
lake basins and denudation valleys or on alluvial

fans. In all other places, the polygons (with 
the exception of tessalations) may have undergone 
epigenetic development.

According to this, the occurrence of one or 
another frost wedge does not give proof of the 
prevailing general climatic conditions whatsoever. 
Hence, both types may be found at any level of 
the stratigraphy, a statement which is in complete 
accordance with our observations.

Polygons occur as rectangular patterns in 
homogeneous material e.g. river-flood terraces. 
B.N. D o s t o v a l o v  (1952, 1960) (in J. D y l i k ,  1966) 
ascribes development of such polygons as due 
to repeated recurrence of the first order cycle 
(the largest polygons) by cracking of frozen 
ground into minor, lower order cycles. J. D y l i k  

(1966) states furthermore that the milder the 
climate, the larger the polygons.

The frequency of frost wedges, exposed along 
a wall of exposure, permits calculation of the 
dimension of the corresponding polygonal net. 
J.S. G o z d z i k  (1964) estimates that on multiply­
ing the average distance between the frost wedges 
by a factor 1,1 the dimension of a polygonal net 
is obtained.

Small polygons (1,5 —  3,0 m) have been 
reported as dessication phenomena (A. J a h n ,  

1950) although larger seem to exist too, i.e. in 
New Mexico (100 m and more) (*).

1.3.2. I n t e r p r e t a t i o n  o f  t h e  F r o s t  W e d g e  

L e v e ls .

From  the aforementioned profile description 
it follows that three, main levels of frost wedges 
are commonly recognized within the Weichselian, 
periglacial deposits of Belgium.

1.3.2.1. Small Frost Wedge Row.

The lowermost or small frost wedge row lies 
either above the Warneton soil or on top of the 
loams and coarse sands and is in turn overlain 
by desert pavement 1 o r/an d  the Poperinge soil 
if present.

(*) This was k indly rep o rted  to  us by Prof. D r. 
R .V. R u h e  (I.S .U . Am es, Iow a).
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Its occurrence seems preferably bounded to 
widespread flat, horizontal topographies build up 
by fluviatile deposits (Warneton, Racour, Mai- 
sières, Zonnebeke) of large river valley systems 
or to fluvial-solifluction deposits (Tongrinne, 
Volkegem) on plateau’s. Poor development is 
observed in fillings restricted to shallow valleys 
with concave slopes (Poperinge, Rumbeke, Meche­
len) where sedimentation took place seemingly in 
a more disorderly manner if compared with the 
afore mentioned sites. They are, however, 
completely lacking in river deposits giving proof 
of a permanent high water table (Antwerp). 
As a result, it may be stated then, that its size and 
frequency is depending on strictly environmental 
conditions.

For this is even true within the limits of one 
profile section. At Warneton, they are generally 
tali (1 m in depth) and thin (max. 5 cm), revealing 
a syngenetic development on deposits, whereas on 
thinner, more loess fluviatile like deposits their 
form reveals an epigenetic origin and a decrease in 
depth (20 — 30 cm) and an increase in width 
(15 cm) can be noticed. Within each reach of 
development, depth limit was the same conjectur­
ing that also permafrost was a locally bounded 
phenomenon.

Wet conditions also have undoubtedly favour- 
ised the establishment of the small frost wedge 
row. Besides Warneton, comparison of Ton­
grinne with Racour (both situated in the loam belt) 
leads to the conclusion that drought only influ­
enced the size of the frost wedges positively 
(Tongrinne) whilst humidity its frequency 
(Racour).

It is also noteworthy that, although generally, 
only one row of small frost wedges is present, 
it may also be found (Warneton and Racour, in 
the worst drainage conditions!) at the end of a 
series of superposed discontinuous frost wedge 
levels. This implies that climatically the small 
frost wedges row is a result of a gradual evolution 
of frost wedge development of which probably 
the relatively most severe and last impression, 
has been preserved. In the meanwhile, it 
can also be deducted that there was no con­
tinuity as to persistance of i.e. low temperature 
from one level to another for then frost wedge 
growth would have been possible beneath the

limit of the permafrost. This statement is also 
in agreement with the fact that at Warneton, 
the horizontal development of the small frost 
wedge row was found to build up a rectangular 
pattern.

It is our conviction now that the climatical 
oscillation responsable for the small frost wedge 
row s.s. was a relatively mild and short one the 
effect of which was only recorded when appro­
priate topographical-lithological conditions were 
present. It was, however, more severe and of 
more widespread character than all the previous 
attempts in this direction.

1.3.2.2. Large Frost Wedge Row.

The uppermost or large frost wedge row occurs 
at the base of the coverloam 2 or coversand 2, 
commonly overlain by desert pavement 3 and is 
often overlying a zone of cryoturbatic undulations 
at the top of coverloam 1. It may also rest 
directly on the cryoturbated soil horizon.

Contrary to the former frost wedge zone, this 
one does not fail to exist very often and further­
more appears commonly as a row of deep and 
wide wedges, V-shaped and alternating with 
pocketlike or pearlike forms, established along a 
sharp subhorizontal junction line. Usually the 
wedges are filled with material from the overlying 
coversands if epigenetic (Tongrinne, Rumbeke, 
Poperinge, Zonnebeke); sometimes only synge­
netic wedges (Esquelmes, Zelzate) are present.

Whatever the kind of wedge which is dealt 
with, they usually appear at a high frequency 
(1 per m) and with rather constant penetration 
depth in broad river valleys (W arneton, Ploeg- 
steert, Zelzate, Ghent, Esquelmes, Mechelen), or 
on slopes (Rumbeke, Racour). On extreme 
plateau position (Tongrinne, Poperinge), however, 
their occurrence may be very scarce, but at the 
same time, they attain a greater depth and width 
(respectively 3 — 5 m and 1 m and more). Once 
again, it follows that, given certain climatic 
conditions, places with high moisture saturation 
of the soil are favourising a high frequency of 
frost wedge (polygon) development even though 
they are a limiting factor for penetration depth 
(constant) and thus also for frost wedge growth.
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This may yield a false image of the prevailing 
climatical conditions. For, the large, deepgoing 
frost wedges and pocketlike forms are witnessing 
of the existence of number of cycles of activity 
on one and the same frost wedge, remaining open 
over a long period of time. This is the major 
existing difference between the small and large 
frost wedge row.

As a consequence, we think that during forma­
tion of the large frost wedge row, the climate 
was much more severe, with other words colder 
and dryer than during the period of the small 
frost wedge formations, and probably also of 
longer duration.

Another conclusion follows directly from the 
above: the large frost wedge row represents an 
important hiatus in the sedimentation cycle of 
the coversands. Actually, as has been observed 
at Poperinge, the coversands intercalated between 
two openings of superimposed large frost wedges 
laterally develop into an important series of 
cross bedded sands and coversands.

1.3.2.3. Fine Frost Wedge Row.

In between the above described frost wedge 
levels exists locally another more weakly developed 
one composed of fine frost wedges (Wevelgem, 
Warneton). Usually, it forms part of a cryo­
turbation level just below the cross bedded sands, 
coversand 1 or coverloam I series and may be 
very restricted in extension.

We come back to this point in next section.

1.3.2.4. Sporadical Frost Wedges.

Sporadically, frost wedges may appear abun­
dantly inside the series of the peaty loam forma­
tions, the cross bedded sands and the cover loams 
or coversands. They may or may not be aligned 
in a  row a n d  therefore are of a minor stratigra­
phical importance. They are, however, a mor- 
pho-stratigraphic characteristic of the deposit to 
which they belong.

In the peaty loam formations they usually are 
syngenetic and very small in size. It looks as 
if the time considered with their development

was short and they could not survive the decay 
of the climatic conditions which induced their 
existence.

Syngenetic frost wedges were observed in a 
orderly arrangement at the contact between 
Weichselian and Eemian deposits at Hoboken 
and Antwerp (West Bank). Their frequency, is 
extremely low and in many places only some 
frost wedgelike disturbances (i.e. Warneton, Pope­
ringe, Tongrinne) were found.

1.3.3. C r y o t u r b a t i c  I n v o l u t i o n s  a n d  S o l i f l u c -  

t i o n  D e p o s i t s .

Another striking feature of the periglacial area, 
if not the most important, is the presence of 
cryoturbatic involutions. They occur in the 
same « active layer » (S.W. M u l l e r ,  1945) 
just above the perenne tjäle (although they may 
also be produced above solid bedrock) within 
which frost wedges are produced. A micro- 
cryoturbation level marks in places the pergelisol- 
table and is then composed of dropping structures 
(« druipstaarten », « Lehmtropfen »), (V . S t e u s -  

l o f f ,  1952). It is however worth saying that 
J .  C z e r w i n s k i  and A. J a h n  (1965) noticed 
formation of droppings in the processes of sedi­
mentation due to load cast whereas other drop­
pings solely originated under influence of the 
frost impetus.

The softening of the active layer is the major 
characteristic of the cryoturbation process and 
sets in motion the forces which result in congeli- 
turbation (K. B r y a n ,  1946). Hence the congeli- 
turbate is composed of disturbed material (warp, 
trail, head, « Brödelerde », « Erdfliessen ») 
including also solifluction (K. B r y a n ,  1946). 
J. B ü d e l  (1959) called attention to the existing 
relationship between solifluction and cryotur­
bation and based their distinction on the presence 
or absence of gravitational forces depending on 
the degree of slope (respectively more or less 
than 2°). By doing this he re-established the 
original meaning of solifluction as defined by 
A n d e r s s o n  (1906) and later by H ö g b o m  (1914). 
Furthermore, C. T r o l l  (1944, 1957) and subse­
quently J. B ü d e l  (1959) set forth that various 
types of frost-climates induce various types of 
cryoturbation and solifluction.
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J. B ü d e l  (1959) h a s  c le a r-c u t id eas  o n  th ese  
m a tte rs . B esides th e  a lre a d y  m a d e  d is tin c tio n  
b e tw e e n  c ry o tu rb a t io n  a n d  so lif lu c tio n , he  in t ro ­
d u c e d  a  su b d iv is io n  in  th e  ty p e  o f  so liflu c tio n .

The general type of solifluction is the one
occurring, even in present-day periglacial areas 
(Spitsberg), on slopes exceeding 4 °-6 0 with a 
variable maximum of 17 °-27 °. He contributes 
this kind of so-called normal solifluction to a 
periodically, continuous flow dating of the snow- 
melt period at the beginning of the Summer. 
Such periodic solifluction sheets, even when fos­
silised, occur as fresh looking surface deposits. 
Due to the mulching of the material, no frost 
phenomena are preserved in it.

In periglacial Central Europe, on slopes with
less than 4 °-6 0 inclination, another type of 
solifluction can be observed. Contrary to the 
above mentioned one, it is called episodic soli­
fluction for it does occur only episodically. It 
is bounded to an abnormal high degree of water 
saturation in the active layer, which conditions 
were only available during the shortened melt 
water period of the Last Glacial (J. B ü d e l , 1959). 
All frost structures are preserved in such episodic 
solifluction deposits. Hence they are, as is 
clearly stated by J. B ü d e l , the transitional form 
from cryoturbation layers towards periodic soli­
fluction deposits on steeper slopes. Therefore 
they rank amongst the important denudation 
processes of the cold Pleistocene epoch.

Furthermore, thickness and depth of the 
episodic solifluction is dependant on the degree 
of slope exposure and lithology which variables 
also influence the depth of thawing.

1.3.4. I n t e r p r e t a t io n  o f  t h e  C r y o t u r b a t io  n - 
SOLIFLUCTION LEVELS.

1.3.4.1. Cryoturbated Soil Horizon.

In between the above mentioned frost wedge 
levels, two distinct cryoturbation horizons gene­
rally occur: one of them coincides with the top 
of the peaty loam formations, another one is 
developed within the bulk or at the top of the 
coverloam I or coversand 1.

From a stratigraphical point of view, the so- 
called cryoturbated soil horizon (Zelzate-Kesselt

horizon) on top of the peaty loam formations is 
the most im portant one. Its strongest develop­
ment occurs when overlying a solifluction layer 
(e.g. Zelzate, Tongrinne), while on fluvial deposits 
it rather makes room for frost wedge development 
(e.g. Wevelgem, Harelbeke, Poperinge, Warne- 
ton, Hoboken, Mechelen).

Sometimes, a second, similar cryoturbation 
layer is found below the first mentioned (Hoboken, 
Rumbeke) affecting then the Hoboken soil. This 
horizon never attains the degree of development 
and constancy of the cryoturbated soil horizon 
even when its development is stronger than other 
sporadically appearing cryoturbatic structures in 
the lower part of the peaty loam formations.

So it can be stated that the uppermost cryo­
turbation level is by and large the strongest and 
most widespread feature of a common process 
of the peaty loam formations. In other words, 
environmental conditions were most favourable 
at this level for its appearance. They are prob­
ably due to a longer period of a standstill between 
two cycles of sedimentation inducing a deeper 
thaw and freeze effect and thus also a greater 
thickness of the active layer.

It goes without saying that such important 
general changes in the environmental conditions 
are the result of climatical changes of world 
wide emphasis.

1.3.4.2. Cryoturbation Level o f  the Coversand 1 
or Coverloam 1.

The next im portant cryoturbatic level is the one 
occurring in the middle of the coversand 1 deposits 
(Zelzate). W.H. Z a g w i jn ,  on a field excursion 
kindly drew our attention to its widespread 
presence in the so-called older coversand 1 of 
the Netherlands (see also T. v a n  d e r  H am m en  
et al., 1967). But in the latter country it under­
lies immediately the large frost wedge row with 
desert pavement 3 (called there Beuningen Gravel 
Bed). A similar situation is found in the south­
western part of the Flanders, where cryoturbatic 
undulations are usually occurring directly under­
neath the large frost wedge row (W arneton, 
Rumbeke etc.) in the coversand 1 or coverloam 1 
deposits.
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So it can be stated that two generations of 
frost activity follow quickly one on the other 
and that usually there happens to exist a litho- 
stratigraphical hiatus between them.

Such sequence of two generations was also 
reported by M. P e c s i  (1964) from profile sections 
along the Danube and his profile drawings 
entirely tally with our observations.

Hence the cryoturbatic level of the coverloam 1 
or coversand 1 ranks fully as an independent 
Stratigraphie level. According to this, one is 
justified to classify the loam deposits with undu­
lations in the upper part as coverloam 1 even 
when the large frost wedge row is lacking above 
them.

This cryoturbation horizon and the one affect­
ing the cryoturbated soil horizon are furthermore 
accompanied by sedimentation structures similar 
to the ones that were accounted for by J. B ü d e l ,  

as episodic solifluction.

1.3.4.3. Solifluction Structures o f  the Loams and 
Coarse Sands.

Episodic solifluction is the dominating charac­
teristic of the loams and coarse sands but here too 
bound cryoturbations, as we have seen, may still 
affect the solifluction mass, especially its upper 
part.

1.3.4.4. Solifluction Structures o f  the (Peaty) 
Loam Formations.

A special type of solifluction is yielded from the 
regularly stratified loam formations of Tongrinne 
and of Zelzate (bed 15) and also from the peaty 
loam formations of other sites. They deserve 
special attention for their specific pattern makes 
it easy to recognize them in the field as a diagnostic 
horizon.

There are first the loam formations which, as 
described above, are composed of thin regularly 
disposed quickly alternating layers of finer and 
coarser textures with numerous, paralelly inclined 
fine frost wedges and microfestoonlike irregular­
ities along the upper boundary of the loamy layers. 
Such structure pattern portrays a succession of 
fine solifluction layers deposited rather rapidly

in a short lapse of time, very similar to a varve 
sedimentation. For the regularity of the super­
posed thin strata together with the presence and 
smallness of the frost wedges, implying (subaerial) 
frost activity of short duration, lead to the 
conclusion that the solifluction processes occurred 
periodically and were limited in depth too.

In the peaty loam formations, fluvial deposits 
interfere with the (humic) solifluction layers 
(Ghent, Poperinge, Rumbeke, Warneton, Hobo­
ken, Harelbeke) and may even become the domi­
nant characteristic of the deposit. But even 
then, the quick succession of fine layers remains 
a most striking feature thus giving proof of a 
widespread, constant sedimentation phenomenon.

From the afore, it can be stated that between 
the periods of the small frost wedge row and the 
cryoturbated soil horizon formation, periodic 
solifluction and its according sheet erosion was 
the overwhole process. They cannot but have 
been controlled by world wide prevailing climatic 
conditions characterized by quick (periodical, 
seasonal) oscillations of relatively cold-wet and 
cold-dry conditions.

It must be noticed here that the solifluction 
deposits as mapped by R. M a r é c h a l  (1955) are 
generally confined to superficial deposits, occasion- 
nally overlain by a thin loam or sand layer. 
Later, the same author (1956) extends the occur­
rence of solifluction deposits also to the lower 
lying loess deposits and bases his statement on 
personal observations as well as those yielded by 
F. G u l l e n t o p s  (1952, 1954), P. D e  B e t h u n e  

(1951) and G . S c h e y s  (1955).

Although it is generally accepted that the loamy 
solifluction deposits were closely related to the 
loess deposits, no further major climatical strati­
graphical significance was earlier assigned to them.

1.3.5. D e s e r t  P a v e m e n t s .

1.3.5.1. Pebble Bands, Prêles, Stone Lines, Desert 
Pavements or Pediment Deposits.

From our descriptions it follows that three 
levels of pebble bands or stone fines fiappen to 
occur in the Pleniglacial deposits. Earlier
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R. T a v e r n i e r  (1945) mentioned the existence of 
two such horizons at Aalter (coversand area) 
while R. M a r é c h a l  (1956) has stated that such 
levels may occur both in the upperlying cover 
deposits and in the underlying solifluction loams.

As they are usually composed of a thin row 
of eolised pebbles they were believed to be 
« deflation zones » (C. E d e l m a n  and R. T a v e r ­

n i e r ,  1940; R. T a v e r n i e r  and A. H a c q u a e r t ,  

1940) dating from the Pleniglacial periods.

R .V . R u h e  (1954, 1956, 1958) called attention 
to the existing resemblance between « pebble 
bands » found in Pleistocene deposits of the 
mid-continent of North America, the « stone 
lines » of Central Africa (Congo) and the so- 
called « desert pavements ». According to 
this author, « stone lines build up surfaces of 
large areal extend which are believed to be due 
most often to erosion by running water and the 
subsequent mantling of a lag or transported 
gravel by finer textured sediments ». The 
thus evolved erosion surface is a pediment.

R. T avernier (1948) suggested earlier the 
term « pediment deposits » for the pebble bands 
observed in the loess deposits of Belgium, although 
in later publications (1954, 1957) he uses the 
term « prêles ».

1.3.5.2. Areal Extent o f  the Desert Pavements.

The large areal extent of the stone lines has 
been mapped in different parts of the transitional 
area (R. Paepe, 1959; R. Paepe and A. Louis, 
1961). It was clearly shown that the nearer 
the top of the tertiary humps, the coarser the 
elements of the stone line. Furthermore, two 
stone lines can generally be followed as a thin 
veneer of gravelly sand over more than 5 km 
distance terminating in lensshaped accumulations, 
when debouching into a water course or /and 
when wedging out against a tertiary hump. From 
their large extension and high content of tertiary 
reworked elements, it was concluded as to their 
high mobility in the nature of transport.

1.3.5.3. Characteristics o f  the Desert Pavements.

The hereunder cited stone lines show the 
following common characteristics:

— they are composed of a fine eolised 
gravel, mixed with an eolian, fine sandy matrix 
although occasionnally fluviatile structures are 
also present;

— they truncate along a flat, subhorizontally 
displayed discordance line the underlying deposits ;

— they are usually underlain by a frost wedge 
row or/and  a cryoturbatic horizon.

From the afore mentioned, one may conclude 
to the following important statement in that the 
climatical changes involved with the installment 
of the stone lines, were less sudden than is con­
jectured by the sharp boundery which they are 
portraying. Actually their appearance goes 
along with a gradual fluctuation of the climate 
from cold-wet to cold-dry conditions. For the 
presence of fluviatile structures within stone line 
deposits has sufficiently been stressed, so that in 
agreement with observations yielded from other 
areas, we do believe that running water played 
an im portant role in the erosion and shaping of 
the pediment surface and its subsequent mantling 
with a pedi-sediment.

The question than rises why under the existing 
cold conditions solifluction had disappeared in 
favour of a pediplanation. A continuous, 
extreme high position of the permafrost may be 
assumed as a result of which fargoing, frost 
controlled désintégration of rocks and periodical, 
subsequent fluvial (meltwater) transport was 
limited to a thin veneer of the very upper part 
of the landsurface. The moreover constancy of 
undeep permafrost depth adds to the fixation 
of newly accumulated lag so that here also erosion 
affects only a thin veneer of the upper part of 
the deposit. Both processes finally result in 
a smooth plain. It may next be noticed that 
drought under polar desert conditions is at least 
partly due to the fixation and mineralisation of 
the water instead of the complete lack of it nearby 
the landsurface as is the case in subtropical 
deserts. After the building up of the smooth 
plain eolian activity becomes a dominant process 
as a result of increased severe cold-dry climatic 
conditions. Polishing of the pedi-sediment peb­
bles and im portant deflation is then the dominant 
process so that stone lines also imply, besides a 
climatic gradual fluctuation, an im portant stra­
tigraphical hiatus.
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Along with the decay of the climate, frost 
wedges formed after the establishment of the 
smooth surface. Indeed they are found along 
a continuous horizontal row and before or at the 
beginning of the eolian phase since eolised 
pebbles are found within the frost wedge body.

1 .3 .6 . I n t e r p r e t a t io n  o f  t h e  D e s e r t  P a v e m e n t  

L e v e l s .

1 .3 .6 .1 . Desert Pavement 3.

The uppermost stone-line level (desert pave­
ment 3) is usually found above the large frost 
wedge row overlain by either coverloam 2 or 
coversand 2. Its fluvial origin is set forth by 
the observation at Poperinge, showing a pebble 
band laterally going over into thick, gravelly 
cross bedded sands. This phenomenon was also 
reported from the Netherlands and was referred 
to as Beuningen Gravel Bed (T. v a n  d e r  H a m m e n  

et al., 1967).

Its constancy of appearance on widely varying 
deposits of different areas leads to the conclusion 
that its formation was controlled by world-wide 
prevailing climatical conditions of such intensity 
that they overwhelmed local conditions and were 
certainly not bounded to them. From the afore 
it may also be assumed that such conditions 
remained stable over a long lapse of time imply­
ing the persistence of a climatic high.

1 .3 .6 .2 . Desert Pavement I.

The next important stone line (desert pavement I) 
overlying the small frost wedge row and /o r 
intercalated between the underlying loams and 
coarse sands and overlying peaty loam formations, 
does not show the same constancy as the former 
one.

Its distribution is restricted to places with 
favourable disposition for pedimentation e.g. 
fluvial terraces (W arneton, Hoboken, Racour). 
Also here lateral transition into more gravelly 
fluviatile deposits has been observed (Racour, 
Hoboken). It can therefore be stated that cold- 
dry conditions had not such an overwhole cha­
racter as the ones existing during the development 
of desert pavement 3. Furthermore, this horizon

can be completely absorbed in an overlying 
solifluction-fluvial deposit.

1 .3 .6 .3 . Desert Pavement 2.

Finally desert pavement 2 occurs either occa­
sionally on top of the cryoturbated soil horizon 
or of the peaty loam formations (Warneton, 
Rumbeke, Hoboken). It is extremely difficult 
to distinguish when overlain by cross bedded 
sand deposits. Conditions for pedimentation 
are believed to have been less favourable than for 
both the other ones and even more strongly 
controlled by local environmental predisposi­
tions than for desert pavement 1. Therefore 
the climatic oscillation which stands at the 
origin of it is believed to have been of relatively 
short duration.

1.4. PALAEOSOILS.

1 .4 .1 . St r a t ig r a p h ic a l  S ig n if ic a n c e .

Since the palaeosoil is a soil that formed on 
a landscape of the past (R.V. R u h e , 1 9 6 5 ), it 
is a useful stratigraphie tool for recognition and 
determination of palaeoclimatic units. As the 
recent soils, the palaeosoils show great variations 
because of different relief, parent material and 
climate (J. F i n k , 19 6 5 ). If one finds palaeosoils 
that are analogues of the recent land-surface 
soils they may be similarly interpreted (J. F i n k , 
1965 , R.V. R u h e , 1965). But palaeosoils which 
are analogues of modern land-surface soils do 
not always occur in the same area. This, already, 
is an indication that the regional extent of palaeo­
climatic conditions do not fully tally with those 
of to-day. Therefore, as for the lithologie 
composition and the periglacial features, a facies 
differentiation of the paleosoils is most desirable 
(J. F i n k , 1962).

The more over, one may deal with palaeosoils 
of which no analogues are found to-day (J. F i n k ,
1956). Also, as clearly stated by R.V. R u h e  
(1 9 6 5 ) , in the past palaeosoils have been confused 
with weathering profiles. The latter is a geo­
logical feature which, if not stripped off by 
erosion, may carry a palaeosoil in the uppermost 
zone.
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Moreover, it is our conviction, that the study 
of palaeosoils is not possible without taking into 
account the litho-stratigraphical and geomorpho- 
logical context. On the latter basis, it is possible 
to localize and recognize a new type of palaeo­
soil which otherwise would have been difficult 
to interpret.

Another, favourable aspect of the palaeosoils 
is the fact that they often permit absolute dating 
especially when humic or peaty. Relative dating 
is afforded by the study of the pollen accumulated 
in such horizons and also im portant conclusions 
on the environmental conditions are yielded (see 
R. V a n h o o r n e ). Distinction of different groups 
of soil horizons with major palaeoclimatie implica­
tions is based on these criteria.

1.4.2. I n t e r p r e t a t io n  o f  t h e  P alaeo soil  
H o r iz o n s .

1.4.2.1. Rocourt Soil.

F . G u l l e n t o p s  (1954, 1957) introduced this 
term for an intensively, reddish coloured, trun­
cated palaeosoil characterized by a strong deve­
lopment of an argillic horizon (textural-B-horizon, 
B2t) with common irregularly displayed threads 
of red clay, exposed in the brick yard of Rocourt 
(Liège).

This facies of the Rocourt soil occurs frequently 
and with a great constancy at the top of the so- 
called older loess deposits in the loess area. No 
analogues of it were found among the present 
land-surface soils of Belgium and an interglacial, 
Eemian age was attributed to it on basis of its 
high degree of chemical weathering. This inter­
pretation is also found correct at the marvellous 
section of Tongrinne, where R. P a epe  (1966) 
showed clearly that no major stratigraphical hiatus 
occurs between true the truncated reddish soil 
horizon and the overlying deposits. Indeed, 
it may be assumed that little erosion ever affected 
the top of Meuse-Scheldt divide upon which 
the Tongrinne site is located. This assumption 
is supported in the field by the fact that the 
only evidence of erosion of the (truncated) 
Rocourt soil is the undeep ravinating, slightly 
gullying, contact of overlying solifluction deposits.

Outside the loess area, this soil shows similar 
pedo-geological relationships with the overlying 
deposits. In the transitional area (Warneton, 
Poperinge, Ploegsteert), however, the reddish 
facies is overshadowed by a great abundance 
of Fe/M n concretions and gley mottles. It 
then recalls the pseudogley buildings, also dating 
from the last interglacial, in Austria (J . F i n k , 
1961) and Yougoslavia (Gj. J a n e k o v ic , 1964).

In slightly higher topographic positions of the 
same profiles, the soil gains the typical aspect 
of the Rocourt soil again, while when going over 
into depressions (even when shallow) a highly 
gleyified, hydromorphic, blue greenish compact 
clay horizon appears.

The most important feature, however, is yielded 
from the coversand area where the reddish clayey 
horizon appears only sporadically e.a. at Zelzate. 
Here the stratigraphical Eemian position of the 
Rocourt soil could be assured. For, as we 
already saw, it occurs as a lateral facies of the 
Eemian gravel deposits with Tapes senescens. 
Also, the overlying litho-stratigraphical sequences 
are so similar to those of the loess area and the 
transitional area that it is beyond any doubt that 
the interglacial soil of Zelzate is not the Rocourt 
soil of other places.

The gray brown horizon of a podzollike soil, 
observed in the Scheldt valley is very likely the 
counterpart of the Rocourt soil developed on a 
fluviatile gravelly facies. For it is underlying peaty 
deposits of the same period which, as the soil 
horizon, are truncated by one and the same line 
of discordance. Such a gray brown horizon 
was also observed at Bury in a similar stratigraphie 
position (R. P a e pe , unpublished).

1.4.2.2. Antwerp Soil.

The so-called Antwerp soil which developed 
partly in the gray brown horizon and partly 
in the overlying gravels shows a striking A2-B2ir 
continuum. Assumingly this soil dates from 
the very beginning of the Weichsel for frost wedges 
are found just beneath it and commonly it starts 
to develop from above the Eemian peat gullies 
with which it does not show any relationship 
whatsoever.
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Up to now, this is the most acceptable assump­
tion, while no palynological data neither to deny 
nor to affirm, were obtained from the deposits 
carrying the Antwerp soil. It could be, however, 
that here we also deal with a Late Eemian soil 
formation, separated from the bulk of the Eem 
period by a cold oscillation. Indeed the peat 
corresponding with the Warneton soil horizon is 
found stratigraphically quite high above the 
Antwerp soil. This also is the reason why the 
present author introduced a new name for this 
pedological formation.

The morphology of the Antwerp soil reveals 
a podzollike horizon known from the tropics. 
The lack of clay in the spodic horizon does not 
allow one to correlate it with a red-yellow pod- 
zolic formation (O. V a n  W a m b e k e  and J. A me- 

r ijc k x ) (* ) . F . G u l l e n t o p s  (*) attributed the 
Bir-horizon solely to the effect of groundwater 
and then excluded a pedological weathering. 
We admit that groundwater has played a role 
but without excluding a process of podzolisation.

1.4.2.3. Warneton Soil.

R. P aepe  (1963, 1965, 1966) introduced this 
name for the complex of humic horizons occurring 
above the Eemian hydromorphic soil at Warneton. 
Later (1966) it was also found as a single horizon 
on the typical reddish facies of the Rocourt soil 
at another place of the same section. Its striking 
resemblance with the humic horizon of Tongrinne, 
permitted pedo-geological correlation between the 
transitional area and the loess area.

As has been stated by R. P a e pe  (1966), this 
soil is due to an independent soil process and is 
not, as was set forth by G. M a n i l  (1947, 1952,
1957), the A horizon of the underlying textural- 
B-horizon of the Rocourt soil. For then one 
would expect a prominent A2-horizon from which 
up to now no traces have ever been found in 
a outcrop.

It has also already been stated that the Rocourt 
soil is truncated by the overlying solifluction 
deposits (W arneton, Tongrinne, Poperinge, Zel­
zate) within which the Warneton soil is developed, 
and that the upperpart of the Rocourt soil shows 
creep structures leaning downslope.

(*) Kindly reported at the occasion o f a field-excursion.

Moreover, it is not unusual to find the Warneton 
soil laterally shifted against the Rocourt soil 
instead of overlying the latter one (Poperinge, 
Warneton). Also, pebbles may be found along 
the boundary between the two horizons.

Finally the building of the Warneton soil 
started after solifluction came to a standstill. 
For that matter, the autochtonous character of 
the Warneton soil is supported by the presence of 
undisturbed crotovines, pearcing even into the 
Rocourt soil and thus giving another argument 
in favour of the separation of the two soils. 
So the junction line between the two palaeosoils 
always coincides with the line of geological dis­
cordance between the solifluction and the under­
lying deposits.

F. G u l l e n t o p s  (1954) earlier considered the 
humic horizon above the Rocourt soil (Rocourt) 
as an independent soil process. This author 
however, attributed a Late Eemian age to it. 
It must be admitted that in the last mentioned 
locality the Warneton soil shows a weaker deve­
lopment and a high degree of transport.

As far as the nature of the soil is concerned, 
we deal here with a typical AC profile of a steppe 
soil (chernosem). The presence of a C horizon 
immediately underneath the A horizon, assumes 
that no intense pedological weathering has taken 
place, which as stated by J. F i n k  (1964) is due to 
the lack of warmth in winter and humidity in 
summer. In the C horizon F e/M n concretions 
occur in great abundance, even if lacking in the 
Rocourt soil (Tongrinne). This phenomenon, 
also reported by J. F i n k  (1965) in Austria, was 
there considered as an im portant bench mark 
for the base of the Weichsel.

Pedo-geological correlation of the Rocourt- 
Warneton soil complex of Tongrinne with the 
locus typicus Stillfried in Austria was based on 
its morpho-stratigraphical resemblance (R. P a e p e , 
1966). The Warneton soil coincides fully with 
the upper part of the humic horizon of the Still- 
fried complex. To the latter an Amersfoort 
(or even Brorup) interstadial age has been attri­
buted by B. F r e n z e l  (1965). Pollen investi­
gation of the Warneton soil at Poperinge and 
Antwerp yielded similar results (R. V a n h o o r n e , 
p. 59) thus affirming their stratigraphical identity.
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1.4.2.4. Poperinge, Hoboken and Kesselt-Zelzate 
Soils.

As this group of soils happens to be displayed 
within the bulk of the peaty loam formations 
they all must be related to each other in some way.

Like the Warneton soil, they are usually of 
the AC type of profile development although 
brown colouring of the humic horizon and alter­
nation with brown soils is common (R . P a e p e , 

1963, 1965). Generally, however, they are less 
prominent and affected by cryoturbation activity.

The lowermost member of this group, the 
Poperinge soil occurs outside the loess area only. 
In the transitional area it appears as a brown 
humic horizon (Warneton, Poperinge and Rum­
beke) or as a peat deposit (Poperinge) which 
was dated 45.600 y.B.P. In earlier sections, 
brown soils have been reported from this level 
and assigned to as Würm I /I I  interstadial in age 
(R. P a e p e , 1963, 1965). In the coversand area, 
the Poperinge soil exists faintly although its 
presence may be conjectured by the occurrence of 
peaty layers in the fine layered structure of the 
peaty loam formations (Ghent), or of a humic 
horizon in the top part of the loams and coarse 
sands (Zelzate).

The next following two soils will be commented 
together because of their close relationship. We 
will start with the most im portant one of both.

The Kesselt soil was introduced by F. G u l l e n - 

t o p s  (1954) to indicate a weathering zone at the 
contact between the Hesbayan and Brabantian 
loess deposits.

Because of its widespread constant morpholo­
gical aspect, we prefer to refer to it as a cryo­
turbated soil horizon. For the same reason, 
this soil horizon ranks as a stable stratigraphie 
horizon in the Late Pleistocene sequence.

In the loess area, the cryoturbated soil is of the 
brown soil type and may occasionally be 
mottled with gley. (Tongrinne, Kesselt). In 
the transitional area brown soils (Ploegsteert, 
Zonnebeke) as well as brown humic horizons 
(Poperinge) or still, a drab mottled horizon 
(Rumbeke) are found and lateral transition 
between the two soil facies is common (R. P a e p e ,

1963, 1965). In the coversand area this horizon 
occurs as a peat formation (Hoboken, Zelzate) of 
varying thickness or as a gley mottled, thin, 
diffuse horizon (cfr. « Gleyfleckenzone », J. F i n k , 

1964) (Antwerp, Hoboken). The latter facies 
is seemingly confined to deposits subdued to a 
high watertable (Scheldt valley).

The Hoboken soil, if present, shows close 
resemblances with the Kesselt soil which it is also 
closely underlying and even adapting its structure 
to some extent. This is true for the thin, gley 
mottled horizon at Rumbeke, the strongly cryo­
turbated horizon at Zelzate and the discontinuous 
peaty layer at Hoboken. It looks as if it were 
a thin horizon of the Kesselt soil although less 
prominent. It may suddenly disappear even 
when the overlying Kesselt soil continues to exist 
(Zelzate, Rumbeke).

Where the cryoturbated soil horizon occurs 
solely the question rises to which of the two 
levels it should be accounted for. Thanks to 
the rather constant appearance of the Kesselt soil 
in its uppermost position at the top of the 
peaty loam formations or their counterpart, 
its assimilation with a single cryoturbated soil 
horizon is evident. This confirms again the 
correlation of the Zelzate soil (28,200 y.B.P.) 
with the Kesselt soil; it is a matter of course then 
to assimilate the underlying cryoturbated horizon 
amidst the peaty loam formations with the Hoboken 
soil (32,490 y.B.P.).

In connection with this, it can be stated, that 
similar to the Dutch palaeosoil stratigraphy, in 
Belgium two soils horizons seem to occur within 
the reach of the Paudorf interstadial dated 
28.120 y.B.P. and 27.990 y.B.P. (J. F i n k , 1961) 
at Stillfried (Stillfried B). In the Netherlands 
the Denekamp interstadial, which is also the 
uppermost palaeosoil of the « loam beds and 
peat » (*) was fixed at between 32.000 and 
29.000 y.B.P. while the Hengelo interstadial 
lasted from approximately 39.000 to 37.000 y.B.P. 
(T. v a n  d e r  H a m m e n  et al., 1967). It may thus 
be that the radiocarbon date of the Hoboken soil 
is too young.

(*) Independently from our denomination «peaty  loam  
form ations» the connotation «loam  beds and peat» was 
introduced by the Dutch investigators, at alm ost the same 
time, for the same kind o f deposits in the Netherlands.
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From the foregoing, it can be concluded that 
throughout the period of building up of the 
peaty loam formations similar palaeoclimatic 
conditions with regard to soil development, 
prevailed periodically. The appearance of brown 
soils and brown humic horizons pleads in favour 
of a higher degree of humidity, causing more 
intensive mineral weathering than at the time of 
the steppe soil ( Warneton soil) building. Also 
temperature was generally higher than in the 
previous period (cryoturbation).

The geographical distribution of the soil types, 
and according to this, the distinction of three 
facies provinces, permit the following statements: 
the loam area was subject to more dry conditions 
than the transitional area and probably the 
coversand area was the wettest of all. Contrary 
to the time of the Warneton soil formation, 
regional differentiation of the palaeo-climate was 
more prominent during formation of the Kesselt- 
Zelzate soil. One is justified to attribute this 
to the mild character of the climate.

Finally, stress must be laid upon the most 
particular position of the Kesselt-Zelzate soil. It 
appears at the end of a continuous sedimentation 
within which a recurrence system of soils happened 
to develop. We believe that the Kesselt-Zelzate 
soil does not represent a sudden break in the 
palaeoclimatic conditions. One must rather look 
at it as if ultimately, the palaeoclimate became 
stable over a long period of time whereas before, 
fluctuations favouring plant growth and soil 
development were relatively short. With respect 
to this, one can easily understand the absence in 
some areas of the lower members of this vertical 
sequence of soils eventhough th t  Kesselt-Zelzate 
soil has developed.

1.4.2.5. Stabroek Soil.

P. G r e g u s s , F. De C o n i n c k  and R. V a n - 
H o o r n e  (1966) were the first to identify peaty 
horizons overlying coversand deposits at Stabroek 
as belonging to the Bolling oscillations. Their 
radiocarbon dates (GrN-3049: 12.330 ±  120 y.B.P. 

' GrN-3052, 12.340 ±  120 y. B.P. and GrN-2458, 
12.460 ±  140 y.B.P.) tally perfectly with the 
one obtained at Zelzate for the peaty bands 
overlying coversand 2: 12.300 y.B.P. Therefore, 
we propose to call this level the Stabroek soil.

1.5. CHRONOLOGY OF THE LITHO-STRA­
TIGRAPHICAL UNITS — SUM M ARY.

This summarising paragraph aims the chrono­
logical arrangement of the litho-stratigraphical 
units (table 1). Time being an abstract notion, 
the time-stratigraphical classification will be based 
on the effects due to periodical changes of the 
environment. This necessitates a review of the 
various climatological-geomorphological condi­
tions which controlled the environmental proces­
ses and which, conversely, must be interpreted 
after the sedimentation pattern of the various 
litho-stratigraphical units.

R. T a v e r n ie r , 1954, attributed to the Late 
Pleistocene in Belgium both Eemian and Würmian 
periods. With the present knowledge, we think 
Belgium fits more in the Northern European 
classification system and therefore the term 
Weichsel is more likely to be used than Würm 
with respect to the Last Glaciation.

1.5.1. T h e  E em ia n  P e r io d .

From the studies made in the various sedimen­
tation areas, it follows that the Eemian deposits 
may show quite a different outlook from one 
place to another.

In the loess area, the Eem is represented solely 
by the Rocourt soil which shows a common 
repartition on top of the Saale loess. If the latter 
is lacking, no traces of Eemian deposits are 
found. It is in this area too that morpho- 
stratigraphical resemblance was established with 
the Göttweig soil of the Stillfried complex in 
Austria (see R. P a e pe , 1966).

In the transitional area, this last interglacial may 
sporadically be represented under the facies of 
the Rocourt soil beneath a relatively thin loess 
cover or as peat and gravels, eventually peat and 
loams (Rumbeke), at the bottom  of deep, buried 
thalwegs.

In the coversand area, soil relicts as we saw 
are of minor importance for that period. Peat 
and gravels, lying directly on the tertiary substra­
tum, are by and large the most common feature 
and excel both in lateral and vertical extension
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TIM E STRATIGRAPHICAL UN IT S

T R A N S I T I O N A L  A R E A C O V E R S A N D  A R E A

( H o  l o c  e n e  )

L A T E
HUMIC LAVER,  F IN E FROST WEOGES.

A L L E R O D

G L A C I A L
B O L L I N G PEAT ANO LOAM ( S T AB RO EK  SO IL) 12.300

P L E N I -

G L A C I A L

C R O S S

B E D D E D  S A N D S

COVERLOAM 1

P A U D O R F  

I N T E R S T A D I A L 28 200
(BROWN SO IL) (BROWN HUMIC SOIL  AND PE AT) (GLEV MOTTLED ZONE AND PEAT)

C O V E R S A N D

P L E N I -

y '  S A N D  
F O R M A T I O N S

LOAM F O R M A T I O N S

G L A C I A L
C O V E R S A N D

STEPPE SOIL

I---------------------  L O A M S

STEPPE s o i l !  A N D  COA RS E  

,  I S A N D S

L O A M S  A N D
A M E R S F O O R T

I N T E R S T A D I A L S
C O A R S E  S A N D S

S A N D  A N D  G RA VE L S
ANTWERP SOIL » PODZOLS A N D S  A N D  G R A V E L S

E E M
I N T E R ­
G L A C I A L

R O C O U R T  S O I L R O C O U R T R O C O U R T P E A T  A N DFL U V IA T IL E  CLAV,

LOA M S,  SANOSS O I L G R A V E L S

R.PAEPE, GEOLOGICAL SURVEY OF BE LGlUM 1966

T able I — Sym bols used to  indicate periglacial features are inspired after a  recent D utch  pap er by T. van der H am m en et al. 
Zones represented by hachures indicate a  hiatus.

their counterparts of other area’s. The moreover, 
they are easily to recognize not only by the presence 
of guide fossils such as Corbicula fluminalis and 
especially Tapes senescens, but also because of 
their fluviatile character and the form of the 
thalweg which they fill up. The latter valley 
forms are always much deeper and more V-shaped 
contrary to the ones observed in the Weichselian 
deposits. This facies of the Eemian deposits 
is the most southern extension of the « Senescens 
Sande » (R. P a e p e ,  19 6 6 ) thanks to which we 
are able to assure the stratigraphical position of 
the Rocourt soil and by extension, to integrate

the Belgian Late Pleistocene within the Northern 
European classification system.

Notwithstanding the fact that the climate as a 
whole was generally warmer and more humid, 
(soil, guide fossils and also vegetation) during 
this period, the environmental conditions, induc­
ing the geomorphological processes differed 
greatly from one area to another.

Concentrated, fluviatile erosion and subsequent 
fluviatile sedimentation, widely spread in the 
coversand area (Flemish Valley, Scheldt valley), 
was however restricted to local gullies in the
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transitional area and was still less im portant in 
the loess area. In the latter area, soil develop­
ment therefore was strongest and shows also a 
great constancy as to extension.

Presumably a number of valleys within which 
the Eem deposits were laid down never existed 
before the Eemian period. For otherwise the 
stepwise incision, with concordant colmatation 
as was observed at Antwerp (West Bank) and 
earlier also at Poperinge (R. P a e pe , 1963, 1965), 
cannot be explained. Seemingly two cycles of 
erosion and subsequent sedimentation succeeded 
for the valley form (Antwerp) as well as the nature 
of the sediment (Ghent) conjecture these two 
phases of formation. On the other hand, in 
the transitional area the underlying Saale deposits 
are found always to be fluviatile in nature too 
so that the fluviatile system dating from the Eem 
period was probably influenced by the already 
preexisting relief.

1.5.2. T h e  W e ic h s e l ia n  P e r io d .

1.5.2.1. Period o f  the « S A N D S  A N D  G R A V E LS» 
Deposition.

From the coversand area, more especially from 
both the Scheldt valley (Antwerp, Hoboken) and 
the Flemish Valley (Zelzate), it has become clear 
now that the lowermost Weichselian bed is a 
fluviatile deposit build up by what we called 
sands and gravels. Actually they erode partly 
the peat and gravels of Eemian age from which 
they are separated by a line o f discordance with 
sporadically frost wedges (Antwerp).

Another point, which adds to the assumption 
of a new period for these deposits, is the flat and 
shallow valley form outlined by these series, 
contrasting sharply with the thalwegs of the Eem 
period. Moreover as we already saw, the sands 
and gravels may extend laterally (outside the 
valley) as a thin gravel layer immediately over- 
lying the tertiary substratum (Antwerp) which is 
an indication that lateral supply of sediment load 
had become im portant at that time.

This is a geomorphological-sedimentological 
feature never observed in the sedimentation 
pattern of the Eem deposits. It is a most impor­

tant one for if it were not of this, the sands and 
gravels would often be difficult to distinguish 
from the peat and gravels in the field.

It seems thus that the erosion/sedimentation 
processes became entirely different at that time 
and were controlled by the mode of evacuation of 
the superficial water from the environment. 
Instead of water concentration into gullies, a wide­
spread surface phenomenon inducing im portant 
sheet-like erosion was active which we are inclined 
to connect with episodic solifluction processes. 
Lateral supply caused a rapid increase of river 
load and a weakened capacity to erode, resulting 
in the shaping of a flat valley bottom.

It is also noteworthy that the thin gravel layer 
contains palaeolithic implements characterized by 
a high degree of technique of development 
(Levalloisian point) so that again a Weichselian 
age must be assumed.

The very beginning of this sedimentation coin­
cides with the development of the Antwerp soil, 
for the A2-horizon affects the lower part of the 
gravels only. The increase of humic elements 
in the upper part of the Aa-horizon may be the 
remnants of the original Ax-horizon, stripped off 
by subsequent erosion. Consequently we assume 
that during the sedimentation of the sands and 
gravels long periods of emersion occurred admit­
ting soil formation followed by new erosion.

From the afore, one is justified to assume that 
environmental conditions became periglacial at 
that time and the climatic oscillation involved 
with this change, although still considerably wet 
and relatively warm (soil formation) may be 
looked at as a first symptom of decay after the 
Eem period. But as we shall see later, the 
lithological affinity of these deposits with the 
peat and gravels is still greater than with the 
overlying Weichselian deposits, implying that the 
after-effect of the Eem climate must still have 
been felt strongly.

It must be stressed that outside the mentioned 
valley areas the presence of the sands and gravels 
has been observed only sporadically up to now 
(Racour). They may even be lacking in parts 
of the coversand area denominated as the sand 
belt (Sint-Niklaas) and they fail to exist almost 
entirely in the transitional area.



46 R. PAEPE. -  THE ROCK SEQUENCES OF THE LATE PLEISTOCENE

1.5.2.2. Period o f  the «L O A M S A N D  C O ARSE  
S A N D S » Deposition.

The sands and gravels in the afore mentioned 
localities are overlain by loams and coarse sands 
which form in all other observed places the base 
of the Weichselian deposits. So we assume that 
generally a litho-stratigraphical hiatus exists 
between the Eem and Weichsel periods in 
the Belgian Late Pleistocene sequence.

Two diagnostic facies of this sedimentation 
were yielded from the transitional area. The 
most commonly propagated one, after which 
these series were called, is the facies found to 
fill up small ravination gullies, consisting of 
alternating coarse sand and sandy loam layers, 
occasionally intermingled with peaty horizons 
(recurrences of the Warneton soil). Another 
striking aspect of these series is their mixted 
fluviatile and above all solifluction structure within 
which bound cryoturbations and frost wedges 
are still preserved. A similar facies is found 
back in the coversand area (Zelzate, Sint-Niklaas) 
but here fluviatile activity was apparently stronger 
if not the most important one (Antwerp). Indeed 
at the latter locality, the loams and coarse sands 
may occupy the particular position of a back 
swamp going laterally over into a pure river 
deposit (Antwerp, left bank). Whatever the 
local differences may be, the common charac­
teristic of these fluviatile deposits conjectures 
sedimentation by a heavy loaded (braided) water­
course with low velocity supplied by lateral 
solifluction flows. Finally they also may be 
lacking completely when eroded by the overlying 
deposits.

The other facies lies on the uprising Saale 
loess or Rocourt soil above or underneath one 
unique layer of the Warneton soil.

The texture of the deposit is then outspoken 
loamy and solifluction is by and large the domi­
nating pattern. Lateral transition with the 
above mentioned facies is a common feature in 
the transitional area (W arneton, Poperinge, Rum­
beke).

This facies is, as far as we know, the solely 
propagated one in the loess area but there usually 
overlain by the Warneton soil (Tongrinne).

From what preceeded it may be stressed that 
as a whole episodic solifluction controlled widely 
the sedimentation processes of the period and 
even more strongly than during the deposition 
of the sands and gravels but here too regional 
differentiation can still be observed.

Also erosion was a product of solifluction for 
it could be stated in both the transitional (Warne- 
ton, Rumbeke) and loess areas (Tongrinne) that 
the solifluction structures in the top layers of the 
Saale loam and /or Rocourt soil stand in close 
relationship with structures of the overlying soli­
fluction deposits. Therefore gullying and ravi­
nation along the line of contact between the Eem 
and Weichsel deposits are simultaneous with the 
solifluction processes that affected the loams and 
coarse sands.

It may then be concluded that both sedimen­
tation and erosion are a result of (episodic) 
solifluction processes which in turn are known 
to be due to periglacial climatic conditions. There­
fore, independently from the fact whether they 
are underlain by the sands and gravels or not, the 
appearance of the loams and coarse sands in the 
field proves that one deals already with Weichsel 
Glacial deposits. As of then, it may also be 
stated that solifluction in the basal deposits of 
the Weichsel should no longer be considered as 
a casually occurring phenomenon but as a wide­
spread geomorphological process dominating and 
characterizing the beginning of the Weichsel 
sequence.

Whereas the sands and gravels witnessed of a 
transitional climatic oscillation, showing still some 
affinity with the conditions prevailing during the 
Eem, we are inclined to classify the loams and 
coarse sands fully within the pleniglacial phase 
of the Weichsel. Otherwise the high frequency 
of different kinds of periglacial phenomena at 
several levels in these deposits cannot be explained 
and yet they give proof of a more severe climate 
than the former one.

But even if the climate as a whole were more 
rigid, it is still fluctuating as follows from the 
alternation of the periglacial features. Then 
periods of thaw were sufficiently im portant to 
explain episodic solifluction on the dry plateau’s 
(loess area and parts of the transitional area)
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and a combined solifluidal-fluviatile activity in 
the more humid regions (coversand area and 
gullies of the transitional area).

This unstable character of the climate is 
furthermore deduced from the fact that soil 
development could take place at several moments 
of this sedimentation phase. Indeed the (steppic) 
Warneton soil complex is an indication of periodi­
cally prevailing dry climatic conditions, which 
lead to the assumption of the existence (besides 
the distinction of minor fluctuations within the 
humid solifluction periods), of major oscillations 
between dry and wet. We leave beyond question 
whether these fluctuations must be interpreted 
as an alternation of stadial and interstadial phases.

It is the first time that we observe in the strati­
graphical sequence the coming of extreme dry 
periods which ultimately result in the development 
of desert pavement 1 with small frost wedge row.

But as stated earlier, the local appearance of 
this stone fine as well as the limited size of the 
small frost wedge row lead further to the assump­
tion that one deals here only with a relatively 
minor cold-dry fluctuation of short duration.

1.5.2.3. Period o f  the «P E A TY  LO A M  FOR­
M A TIO N S» Deposition.

Actually, after the formation of desert pavement 
1 the climate turned over to humid conditions, 
again, resulting in the sedimentation of the peaty 
loam formations. If peaty horizons are lacking, 
they are referred to as loam formations and still, 
if the texture reveals to be sandy, they are called 
sand formations.

These series usually overly the loams and coarse 
sands but may also be found either directly on the 
peat and gravels (Ghent) or on underlying pre- 
Weichsel or even Tertiary deposits (Poperinge, 
Rumbeke, Yolkegem).

As stated earlier, the diagnostic feature of these 
series is the quick alternation of regularly disposed 
loam and sandy loam layers, recalling the m orpho­
logy of a varve system affected by periodic 
solifluction. However, they cannot have been 
originally an underwater deposit, for they do 
occur also, as mentioned previously, under the 
same aspect in a plateau position (Tongrinne)

and furthermore they show too many micro- 
cryoturbation disturbances as well as solifluction 
structures.

Yet, we think that prior to the solifluction 
activity, these deposits were niveo-fluvial in 
origin; their texture let no doubt about an initial 
eolian transport, whereafter they were taken up 
again by superficial melt water and redeposited 
periodically as fine sheets. After sedimentation 
of each sheet renewed freezing may have opened 
little frost wedges, an activity which, as we stated 
earlier, was also limited in time and intensity to 
the cycle of one sheet. Ultimately, subsequent 
thaw and freeze disturbed the newly deposited 
layer and gave to it its definite solifluction m or­
phology. Hereupon a new sheet was laid down 
which underwent the same cycle as the previous 
one.

Such periodic solifluction was the only process 
in the loess area (Tongrinne) but in both the 
transitional and coversand areas, fluviatile activity 
played an im portant role too and is accompanied 
by development of peaty layers (peaty loam 
formations).

In this connection, the profiles provided by 
the Siflerdock section at Ghent, and by the 
excavations at Wevelgem and Harelbeke must 
be reminded. There, as has been mentioned 
above, the succession of solifluction, strong 
peaty loam layers overlain by fluviatile less peaty 
loam layers in turn covered by a thin veneer of 
eolised sands overlying a fine frost wedge row, 
is repeated at least four times. This sequence 
remembers to the fact that in other places thick 
pure eolian loess (Tongrinne) or eolian sand 
(Hoboken) beds were found interfering with the 
solifluction deposits, building up jointly the 
(peaty) loam formations, while still in other 
places thin pebble bands were found separating 
the solifluction deposits (Rumbeke, Wevelgem).

It is a matter of course then to conclude that 
besides the periodical sedimentation of the soli­
fluction deposits another sequence of major 
climatic changes (at least four) is found within 
the deposition of the peaty loam formations: 
periodic solifluction followed by fluvial and 
ultimately by an eolian sedimentation after a 
period of frost activity and local desert pavement 
development.
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As of then each sedimentation cycle looks as 
if it were a microform of the previous loams and 
coarse sands sedimentation. The peaty loam 
formations are then considered as a recurrence 
system of the loams and coarse sands, charac­
terized by an acceleration of the sedimentation 
processes.

From a climatic point of view, this sedimen­
tation excels by its frequent changes from cold- 
wet to cold-dry conditions, a variation which is 
felt in the coversand and to some extent also in 
the transitional area more strongly than in the 
loess area. The instability of the climate points, 
in our opinion, to the mild character of the 
climate as a whole, an assumption which is 
supported by the presence not only of peat but 
also of im portant soil horizons.

Indeed maybe four, certainly three periods are 
distinguished (Poperinge: 45.600 y.B.P.; Hoboken: 
32.490 y.B.P.; Zelzate-Kesselt: 28.200 y.B.P.) and 
they do tally pretty well with radiocarbon dates 
of other countries, especially the Netherlands 
and Austria.

The most constant and latest of these soils, 
the Kesselt-Zelzate soil (cryoturbated soil horizon) 
with its faremost prominent development is then 
another climatical bench mark. For it looks as 
if the mild conditions finally attained a point 
of such stability and dominance that soil forma­
tion lead to the development of different soil 
types (brown soil, gley horizon, peat) with 
regional repartition. But nevertheless, as this 
horizon is affected by large cryoturbations and 
covered with a fine frost wedge row and desert 
pavement 2, it may be looked at as the final phase 
of the four mentioned cycles only differing from 
the others quantitively.

If  one agrees now to attribute to this long stable, 
mild climatic phase an interstadial character 
then one may see that it was prepared during a 
long period of climatic struggle. Both from its 
stratigraphical position and its absolute age, it 
is obvious that this level corresponds with the 
Paudorf interstadial.

Overlooking the climatic changes eversince the 
onset of the loams and coarse sands deposition it 
seems that the period of decay of the climate, 
reaching its maximum at the time of the small

frost wedge /desert pavement 1 formation, was less 
exposed to quick alternations than the period 
following hereafter and leading to the Paudorf 
interstadial. Besides this frequency differentia­
tion no other characteristics separate both litho- 
stratigraphic phases so that they jointly represent 
the first cold period of the Weichsel with a small 
cold-dry climatic high. We shall therefore 
indicate this period up to the desert pavement 2 
— fine frost wedge level with the connotation 
Pleniglacial A.

Geomorphologically speaking, the period of 
the peaty loam formations contributed in a greater 
extent to the flattening of the relief than the 
period of the loams and coarse sands. For the 
dominance of the subhorizontal deposition of the 
solifluction layers and levelling by the pebble 
band formation, resulted in a smooth relief a t the 
threshold of the K esselt-Z e l z a t e  interstadial, 
locally reinforced by the development of desert 
pavement 2. Sedimentation was by far more 
im portant than erosion so that colmatation of 
the depressions reached a point where differences 
in height between the « tertiary » humps and 
the colmatated depressions were reduced to a 
few metres only.

1.5.2.4. Periods o f  the « C O VERLO AM S, CO­
V E R SA N D S and C R O SS BEDDED  
S A N D S  » Deposition.

In sharp contrast with the previous series stand 
the lithological units mentioned under this head­
ing. They are a result of differences in both 
texture and mode of sedimentation, while also 
regional differentiation is observed. The whole 
is classified as Pleniglacial B.

The transitional area solely comprises the 
various lithologie units of the period and lateral 
interfingering of these units was found especially 
at Poperinge.

There, the lithological units revealed to be 
closely related with their topographical-morpho­
logical position. Indeed, in the undeep lower 
(valley) parts, fluviatile cross bedded sands domi­
nate, going abruptly over, while rising up along 
the plateau edge, into pure eolian loess (cover­
loam 1) and then further to the very plateau top
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into a fine mixed layered deposit of sand and 
loam (coversand 1). In the major river systems 
(Scheldt valley: Erquelinnes, Hérinnes; Lys valley 
N orth of the Flemish Hills: Wevelgem, Harel­
beke), sedimentation behaved entirely as in the 
Flemish valley N orth of Ghent.

The whole is overlain by another more continu­
ous series of mixed layered sands and loams 
(coversand 2) separated from the underlying series 
by the large frost wedge row and by desert 
pavement 3. The latter may laterally also 
develop as a cross bedded sand deposit when 
overlying the already mentioned lowerpart of the 
cross bedded sands.

From  the above, we conclude to the important 
statement that the cross bedded sands are con­
temporaneous of the coverloam and coversand 
deposits; with other words, purely fluviatile 
conditions and eolian sedimentation exist simul­
taneously and stand in close relationship with 
each other at that time.

In the coversand area cross bedded sands are 
commonly found as a thick (3-4 m) continuous 
deposit in the large thalwegs (Flemish Valley) 
overlain by coversand 1. The latter is composed 
of two beds of fine eolian sands (Zelzate) but often 
fluvial structures are striking. Two phases can 
be distinguished separated by a cryoturbation 
zone developed in a more loamy textured material 
(Zelzate). Hereupon coversand 2 extends as a 
thin, homogeneous eolian sand deposit, overlying 
the large frost wedge row and desert pavement 3. 
Earlier, the latter sands were referred to as 
Earliest Dryas, but we shall come back to this 
point later.

Elsewhere in the coversand area, only a thin 
pure eolian sand cover is present (Sint-Niklaas, 
Antwerp, Hoboken) overlying a large frost wedge 
row so that they are classified as coversand 2.

In the loess area, the farmost dominating 
deposit is a thick eolian coverloam. The main 
part of it probably tallies with a lower part of 
coverloam 1 for at their top, they carry cryotur­
batic undulations (Volkegem, Geraardsbergen) 
which were earlier correlated with the cryotur­
bation zone of coversand 1 at Zelzate. In other 
places (Tongrinne), only coverloam 2 is present, 
overlying the large frost wedge row, but then less 
thick and with fluvial, structures in the lower part.

It can now be stated that coverloam or cover­
sand deposits if thin, are very probably to be 
considered as belonging to that part of the 
Pleniglacial B following on the large frost wedge 
row — desert pavement 3. This may be helpful 
when interpreting borings.

A special facies of coverloam 1 is found at 
Warneton and dated thanks to the presence of 
the cryoturbatic undulations immediately overlain 
by the large frost wedge row at its top. It is a 
mixed layering of reworked heavy Tertiary clay 
and loam, sheetwise deposited by water.

The former review leads to the conclusion that 
sedimentation shows its greatest, regional varia­
tion during the Pleniglacial B. Nevertheless, 
it was possible to derive some general conclusions: 
sedimentation was strongest and characterized by 
a great variety of both texture and mode of 
sedimentation during the first phase of the cover 
deposits; it was purely eolian in the loess area 
and strongly influenced by fluvial and fluviatile 
activity in the coversand area. In between, the 
transitional area reveals to be an environment 
where both processes and texture stand in a 
delicate adjustment to each other.

During the second phase, fine coversand depo­
sition dominates in both transitional and cover­
sand areas whereas loess was the only deposit in 
the loam area.

Another point is that it leaves no doubt that in 
relatively humid areas, fluvial activity contributes, 
to a greater extent, to the thickness of the deposits 
than eolian activity, except for wind protected 
troughs as the Flemish Valley. In dry areas, 
as the loam belt, eolian activity is the most 
im portant aggradation factor.

Nevertheless, the overwhole importance of 
eolian activity at that time plead in favour of 
extreme cold-dry climatic conditions. Therefore 
stream development was unsignificant and the 
cross bedded sands are to be considered as snow 
melt water deposits. This is also supported by 
the fact that in the loess area, where, according 
to the nature of the sediment (loess), extreme 
cold-dry conditions prevailed, no cross bedded 
sands were found. Also under such conditions 
the sea level must have been low so that one 
would expect deep erosion rather than undeep 
accumulation at this level.
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The establishment of desert pavement 3 preludes 
the arrival of the maximum cold which finds its 
utmost expression in the large frost wedges. 
Their development lasted for a long period of 
time during which sedimentation was over­
whelmed by deflation. Deposition of coverloam 2 
and coversand 2 must be considered as the onset 
of milder climatic conditions, but complete lack 
of fluviatile structures implies still dryer and 
colder conditions than during sedimentation of 
the first phase of cover deposits. At Zelzate,
this coversand 2 shows fluviatile and cryotur- 
batically structured, loamy layers in its upper part 
preluding a new climatic oscillation.

The deposition of the cover deposits continued 
the smoothening of the relief and inherited to a 
large extent the relief dating from the end of the 
Pleniglacial A.

1.5.2.5. Period o f  the «LATE C O V E R SA N D » 
Deposition.

From  the Flemish Valley good insight was 
yielded in the sandy deposits overlying the 
coversands and called late coversand.

At Zelzate, these series start with three or four 
peaty bands (Stabroek soil, 12.300 y.B.P.) forming 
a continuous boundery between the coversand 
and the late coversand deposits. It is the first 
time since the Kesselt-Zelzate interstadial that 
real peat beds were met again pointing to a 
considerable improvement of the climate known 
generally under the name of Bolling oscillation. 
The late coversand 1 which follows upon this 
Bolling horizon still reveals fluviatile structures 
especially at its base while higher up the sedimen­
tation becomes purely eolian. It is not sure 
whether or not the humic horizon at the base 
of the eolian sands must be considered as the 
Allerod oscillation, but the diffuse frost wedges 
at this level may be an important bench mark.

In the transitional area the late coversands 
form a thin cover (max. 1 m) and separation from 
the Pleniglacial B must often be conjectured from 
differences in both texture and structure between 
the coversand 2 and late coversand 1. Here too, 
the latter facies is again characterized by fluviatile 
structures and the texture is slightly more loamy 
than coversand 2. In some cases, fine frost

wedges are found along the line of contact 
(Rumbeke, Poperinge) occasionally with a fine 
desert pavement above it.

Also late coversand 2 recalls the facies of 
Zelzate revealing a purely eolian origin and is 
often separated from late coversand 1 by another 
row of fine frost wedges. No traces of Late 
Glacial deposits were found in the loess area, 
up to now.

But for the peaty beds, the Late Glacial sedimen­
tation resembles closely to the one dating from 
the Pleniglacial B, especially to coversand 2.

It may thus be presumed that during the eolian 
sedimentation the climate was still cold and dry 
and to some extent similar to the one prevailing 
during the Pleniglacial B, but of shorter duration. 
From this it follows that climatic fluctuation 
between mild and cold-dry occurred more fre­
quently and therefore it is reasonable to classify 
the whole series as Late (Weichsel) Glacial to 
begin with the Bolling. There is no reason, 
whatsoever, for accounting coversand 2 (former 
Earliest Dryas) to the Late Glacial, the large frost 
wedge row— desert pavement 3 boundary being 
the bench mark of the maximum cold and not 
of a thorough change towards milder climatic 
conditions.

As of then, another aspect may be set forth: 
an increasing number of sedimentation cycles 
followed the climatic high of the Pleniglacial B. 
This recalls the acceleration of the sedimentation 
already observed in the peaty loam formation 
following on the first, cold-dry high of the Pleni­
glacial A. So it may be concluded as to the 
similarity in the rythm of sedimentation between 
the cold-wet Pleniglacial A and the cold-dry 
Pleniglacial B. Furthermore, whereas the peaty 
loam formations were considered as a recurrence 
system of the loams and coarse sands, coversand 2 
and the late coversands combined are now inter­
preted as a recurrence system of the coversand 1 
deposit both as a result of a climatic evolution 
towards milder conditions.

But for the Flemish Valley (Zelzate) and the 
Scheldt plain sites, the entire sequence of Late 
Glacial deposits forms a thin cover usually not 
exceeding 1 m thickness and is thus of little if 
any effect in the geomorphological shaping of
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the landscape as a whole and seems to be negli­
gible in the loess area. At that time, deflation 
was probably a still more im portant process than 
sedimentation which took place only in prefe­
rential areas: i.e. the thalweg of the Flemish Valley, 
which was not only protected against strong winds 
but still had a higher watertable than in other 
areas favourising dune building ( R .  T a v e r n i e r ,  

1954; F. G u l l e n t o p s ,  1954). On the contrary 
drought in the open loess area may have encou­
raged eolian activity so much that probably here 
very little if any sedimentation occurred.

1.5.3. D i s c u s s io n .

We assembled the classification set forth in 
the previous chapters and an attempt was made 
for correlation with the classification of other 
Belgian authors (table 2). In the following

discussion we shall also refer to recent classifi­
cation systems of other European countries.

The boundary between the Eemian and Weich­
selian periods had to be lowered because of the 
intercalation of the sands and gravels between the 
loams and coarse sands— Warneton soil and the 
peat and gravels.

Up to now, the Warneton soil even whitout 
being indicated with our connotation, was 
considered either as the very base of the Würm I 
(facies humifère; R . T a v e r n i e r  and J. D e  H e in -  

z e l i n ,  1957) or as the colder upper part of the 
Eemian (F. G u l l e n t o p s ,  1954). It is clear now 
that the Warneton soil complex ( R .  P a e p e ,  1963, 
1966) is the counterpart, undoubtedly of the 
Amersfoort, maybe also of the Brorup inter­
stadial in the Netherlands (W.H. Z a g w i j n ,  1961), 
the upper, humic part of the Stillfried A in 
Austria (J. F i n k ,  1962) and the « Bilshäuser 
Boden Komplex » in Germany (H. R o h d e n b u r g  

and B. M e y e r ,  1966). As this soil complex 
paves in most places the base of the Last Glacial, 
a stratigraphical hiatus reveals to be generally 
present between the Eemian and the Weichselian 
periods in Belgium. Furthermore this soil of 
steppic nature is enveloped in the loams and 
coarse sands which from a sedimentation point

of view must be considered as Pleniglacial and 
therefore we are inclined to reject the expression 
Early Weichselian for these deposits.

Moreover the sands and gravels occupy a litho- 
stratigraphic position in the Pleniglacial A similar 
to the cross bedded sands of the Pleniglacial B 
and their adherence to the Pleniglacial A does, in
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some way, complete the sedimentation cycle of 
this first cold-wet phase of the Weichselian.

The loams and coarse sands then presumably 
tally with the whole of the Würm I deposits of 
R . T a v e r n i e r  and J. D e  H e i n z e l i n ,  and partly 
with the lower part of F. G u l l e n t o p s ’ Hesbayan. 
In the Netherlands, these deposits are referred 
to, recently, as loamy coversand, niveo-fluviatile 
and coarse coversand, the lower part of which 
holds the Amersfoort and Brorup interstadials 
and therefore mentioned separatedly as Early 
Weichselian (W.H. Z a g w u n ,  1961; Th. v a n  d e r  

H a m m e n  et al., 1967).

The peaty loam formations which build up the 
upper part of the Pleniglacial A, tally entirely 
with the Würm II of R. T a v e r n i e r  and J. D e  

H e i n z e l i n  and constitute the upper part of 
F. G u l l e n t o p s ’ Hesbayan.

R. T a v e r n i e r  and J. D e  H e i n z e l i n  separated 
the Würm I and Würm II by one single soil 
horizon called « sol de Clypot », although they 
never elucidated the position of this horizon in a 
specific paper. Very probably one deals here 
with one of the soil horizons occurring in the 
bulk of the peaty loam formations. It might be 
that it concerns the Poperinge soil if it is sure 
that the Clypot soil occupies a basal position. 
Instead of using a soil horizon, since there are 
so many, it seems more fruitfull to look for the 
small frost wedge— desert pavement 1 boundary 
at this level.

But, as we have seen, there is no reason, sedi- 
mentologically speaking, for introducing a new 
glacial (Würm II) phase, whatsoever.

The diagnostic importance of the peaty loam 
formations is supported by their widespread 
occurrence in Europe; they are called « Loamy 
beds and peat » in the Netherlands (T. van der 
H a m m e n  et al., 1967) and « solifluction » deposits 
(J. F i n k ,  1965; H. R o h d e n b u r g ,  1966) in 
Germany and Austria. The latter facies shows 
then a striking resemblance with our loam fo r­
mations of the loess area.

Also the same soil horizons were assumingly 
recognized: the Poperinge soil (45.600 y.B.P.) may 
then be correlated with the « Niedervellmarer 
Boden Komplex » of Germany and with some of

the peaty horizons found at Moershoofd (the 
Netherlands) by W.H. Z a g w i j n  (1961) and dated 
46.400 y.B.P.

The Hoboken soil is correlated with the Hengelo 
horizon (the Netherlands) and the « Kirchberger 
Boden » (Germany).

Finally our Kesselt- Zelzate horizon infers per­
fectly with the internationally known Paudorf 
soil, and more especially with the Denekamp 
horizon (the Netherlands) and the « Lohner 
Boden Komplex » (Germany). It is the major 
break of the Würm Glacial as stated earlier by 
J. F i n k  for the Lower-Austrian loess sequences, 
since it occurs at the stratigraphical boundary 
between the Pleniglacial A and B phases.

The first phase of the Pleniglacial B comprises 
the Würm III of R. T a v e r n i e r  and J. D e  H e i n ­

z e l i n  and the Brabantian of F. G u l l e n t o p s .

In both the latter classifications the upwards 
extension of the Pleniglacial B is limited by what 
we have called the large frost wedge row — desert 
pavement 3. We have seen that it is reasonable 
to classify also the eolian sandy cover up to the 
Bolling oscillation within the Pleniglacial to which 
in accordance with the Dutch terminology, the 
connotation, coversand 2 or coverloam 2 was given.

The latter then presumably is to be correlated 
with R. T a v e r n i e r  and J. D e  H e i n z e l i n ’s 

« Alluvions et colluvions » since these authors 
put the combined « Dryas inférieur et moyen » 
above a lehm horizon. This lehm, however, 
might be the pedological counterpart of the 
Bolling, but then this does not suit in their 
classification system.

The later phases of the Late Glacial are usually 
recognized and called successively late coversand 1 
and late coversand 2. In our opinion, the first 
one tallies with the higher mentioned « Dryas 
inférieur et moyen » whilst the second one is 
the equivalent of the « Dryas supérieur » of 
R. T a v e r n i e r  and J. D e  H e i n z e l i n .

1 .5 .4 . B i- C y c l ic  S e d im e n t a t io n  S y s t e m  o f  t h e  

W e ic h s e l

We can now trace the climatical-sedimentolo- 
gical evolution of the Weichsel in the periglacial 
area. The Pleniglacial A is subdivided into
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four major phases which we have called: the 
sands and gravels, the loams and coarse sands, 
the desert pavement 1 /small frost wedge row and 
the peaty loam formations. These phases have 
the common characteristic of being controlled 
by overwhole cold-wet environmental conditions. 
This climatic period can however be subdivided 
into two parts by a cold-dry oscillation (small frost 
wedge row). During the first part of the Pleni­
glacial A the sedimentation evolved gradually 
from fluviatile (sands and gravels) towards epi­
sodic solifluction (loams and coarse sands) then 
eolian before severe cold (desert pavement 1 / 
small frost wedge row)-, the second phase, charac­
terized by finer textured sediments, is then a 
recurrence system of the first sedimentation cycle 
revealing also an acceleration in the sedimentation 
rythm and dominated by periodic solifluction 
(peaty loam formations).

The Pleniglacial B and Late Glacial jointly 
produce six major phases called by us: the cross 
bedded sands, the coverloam 1 or coversand 1 
the desert pavement 3 /large frost wedge row, the 
coverloam 2 or coversand 2, the late coversand 1 
and the late coversand 2. These phases were 
generally controlled by cold-dry conditions with 
a severe maximum situated at the large frost 
wedge level. As for the Pleniglacial A, at the 
beginning of the first part of the Pleniglacial B, 
the sedimentation was fluviatile (cross bedded 
sands) whereafter a gradual change to eolian 
activity (coversand 1 and coverloam 1) followed 
and a maximum cold at the time of the large frost 
wedge formation. Hereafter fine eolian sedi­
mentation dominated (coversand 2; coverloam 2 
and the late coversands) during which the phases 
followed each other at an increased rythm. This 
recalls the accelerated sedimentation process 
characterizing the formation of the peaty loam 
formation of the Pleniglacial A, after the first 
severe cold.

From the afore we conclude that during the 
Weichsel Glaciation the periglacial sedimentation 
is characterized by two complete and independant 
cycles: on the one side the Pleniglacial A and on 
the other hand the Pleniglacial B /Late Glacial. 
Both cycles show a striking resemblance as to 
their succession of the sedimentation phases, 
although they are widely differing by the texture 
of the sediment and the mode of sedimentation,

due to the prevailing climatic conditions within 
each period.

The cryoturbated soil horizon being the equi­
valent of the Paudorf interstadial and separating 
the two cycles, ranks then as a very im portant 
bench mark in the field.

Based on this bi-cyclic sedimentation, the bipar- 
titional subdivision of the Weichsel is a most 
adequate one for field-stratigraphical investigation 
in the periglacial area. I t is also a point of 
departure for the study of the geomorphological 
phases that occurred during this period.

*
*  *

It is clear now that, besides im portant aggra­
dation, intensive erosion was active in all the 
valley systems of Belgium during the Eem period 
and that it contributed highly to the fixation of 
the now existing hydrographic network. With 
respect to this, the problem of the age of the 
Scheldt at Antwerp found a satisfying solution 
during our investigation. It lies beyond any 
doubt now that the origin of this branch of the 
Scheldt also goes back as early as the Eem period. 
This is an im portant statement for instead of 
putting forward the hypothesis of a Boreal 
incision (R. T a v e r n ie r , 1946) the question must 
be inverted: why did the Scheldt at Antwerp 
remained open for drainage towards the sea 
after its colmatation since the Eem? This 
problem then deals directly with the sedimentation 
phases during the Weichsel.

We often mentioned earlier the regional varia­
tions as to the mode of sedimentation throughout 
the Eem and Weichsel periods according to 
prevailing palaeoclimatical conditions. But, it 
seems also that these environmental processes 
differed greatly even within a particular sedimen­
tation belt. So we noticed first the difference 
in composition and thickness between the entire 
sequences of Weichselian deposits in the Lys 
valley immediately north and south of the 
Flemish Hills (transitional area) and second 
between the Weichselian deposits of the Flemish 
Valley and the Scheldt at Antwerp (coversand 
area). From this it follows that each sedimen­
tation belt was bound to local conditions and 
this to a much greater extent than has previously
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been thought. Therefore we think that a great 
deal of the Weichselian deposits were derived 
from the immediate vicinity, a statement which 
is supported by the nature of the enclosed Tertiary 
elements.

The most im portant sedimentation dates from 
the Pleniglacial A phase and more especially 
from the period of the peaty loam formations. 
Indeed, we could see at many places that whereas 
valley forms are still more or less well pronounced 
at the end of the loams and coarse sands period 
(and which the development of desert pavement 1 
was not capable to smoothen completely), at the 
level of the cryoturbated soil horizons, distinction 
between valley and plateau limits are difficult. 
This is due both to the considerable reduction 
in height between the valley bottom and the 
plateau tops and to the broad lateral extension 
of the peaty loam formations, running over the 
plateau top in many places.

It is obvious that at that time the previous 
existing water-courses must have lost almost 
completely their pattern especially since we also 
know that real fluviatile activity was reduced 
and dominated by solifluction.

Hereafter, during the Pleniglacial B, the drainage 
network was even more reduced and local melt 
water flows amidst an eolian sedimentation are

the only evidence of fluviatile activity which 
subsisted. The latter was not capable to erode 
deeply so that the relief remained mainly as it 
occurred at the end of the Paudorf interstadial. 
Moreover, its flattening was continued at the time 
desert pavement 3 developed and all fluviatile 
activity had stopped.

After the Weichsel period and maybe already 
at the end of it, the drainage system was faced 
with a flat relief and had the choice to redetermine 
its course. We could observe that not always 
the deepest (Eemian) erosion troughs were taken 
over again: in the Lys valley, around Courtrai, 
deep gullies (30 m and more) are situated west 
of the present course which flows on a less deep- 
going Late Pleistocene sequence; also in the 
Flemish Valley, the Late Pleistocene attains a 
greater depth and is much thicker than the 
Scheldt valley at Antwerp. In all these places, 
we now know that this is greatly due to the thick­
ness of the peaty loam formations so that we have 
good reason to believe that if for some or another 
reason these deposits developed more faintly, the 
post-Weichsel relief in such places, at least within 
flat regions, presented a depressionlike topo­
graphy. Consequently, the latter has been 
chosen by the streams, whereafter renewed 
incision at these places may haven taken place 
during the Holocene.
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CHAPTER 2

THE VEGETATIONAL HISTORY 
OF THE LATE PLEISTOCENE (R. VANHOORNE)

2.1. INTRODUCTION.

Digging works executed for the construction 
of a tunnel under the river Scheldt at Antwerp 
and under the canal Ghent-Terneuzen at Zelzate 
as well as for the building of a quai-wall of the 
« Schepen Siffer » dock in the harbour of Ghent 
gave the opportunity to study deep sections in 
the Late Pleistocene deposits of Lower-Belgium, 
where generally there are no accessible pits 
consequently to the permanent high water level. 
Also clay pits gave us the possibility to examine 
im portant profiles. In these sections, several 
peat and peaty layers were discovered, the com­
bined macroscopic and microscopic botanical 
study of which have been carried out. All 
the determinable macroscopic plant remains as 
leaves, seeds, fruits, oospores and megaspores, 
extracted from the plant-bearing sediments by 
washing, were counted and recorded in lists. 
Woods were also determined. The samples 
used for pollen analysis were treated chemically 
as follows:

— cold treatment with 70 % H F;

— boiling with 10 % NaOH after adding a 
pinch of Natriumperborate;

— acetolysis;

— mounting in glycerine gelatine jelly.

The percentages, represented on the pollen 
diagrams, are calculated on the base of a pollen 
sum, including the pollen of all the trees and the 
anemophilous herbs: Gramineae, Cyperaceae, Eri­
cales and Artemisia.

Some samples were very poor in pollen. In 
order to give to each other the possibility to 
judge the statistical value, the accurate numbers 
of the counted pollen are added to the diagrams.

The investigations have been carried out in 
the palaeobotanical department of the Royal 
Belgian Institute of Natural Sciences and in the 
botanical laboratory of the State University 
Centre of Antwerp.

For description of the litho-stratigraphic units 
we refer to profile descriptions and drawings of 
R. P a e pe  (see chapter 1).

2.2. DESCRIPTION OF THE PALYNOLOGI- 
CAL DIAGRAM S AND THE M ACRO­
SCOPIC BOTANICAL STUDY.

2.2.1. T h e  T r a n s it io n a l  A r e a .

2.2.1.1. The Sandloam Belt.

Poperinge.

The microscopic botanical investigation of a 
peat layer at the base of the loams and coarse 
sands in the brickyard Schabalie at Poperinge 
allow us to draw a pollen diagram, which is 
represented in fig. 32. The dominant trees are 
Betula and Pinus, whilst Corylus, Picea and Alnus 
occur in very small quantities. The anemophi­
lous herbs reach values situated between 37 % 
and 73 %. The percentages of the Ericales are 
very low. Amongst the more interesting recorded 
plants, the pollen of which is not included in the 
basic pollen sum, are Ephedra and Linum. Both 
are characteristic steppe elements. As these 
pollen grains are inbedded in real peat, reworking 
may be considered as excluded.

The general stratigraphy together with the 
pollen analytical features gave the possibility to 
date the peat layer as a deposit from the beginning 
of the Weichsel. The absence of great amounts 
of Ericales, the presence of which is considered by
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P O P E R I N G E ,  B R I C K Y A R D  S C H A B A L I E ,  W E S T - S I D E

B. A N E M O P H I I O U SA. M A IN  D IA G R A M
H E R B S

GramineaePinus

Betula Cyperaceae

A lnus

C orylus

Picea

10%  20V. 30 V. 40V. 50V. 60 V. 70V. «0%  90*/. 100%  10%  20V. 30%  * 0 %  5 0 %

R . V a n h o o r n e

Fig. 32 —  Pollendiagram  o f  a peat layer, con tem poraneous w ith the W arneton  soil, a t Poperinge.

W.H. Z a g w i j n  (1961) as a characteristic feature 
of the first Weichsel stadial, exclude this period.
Also the second Weichselian stadial is unlikely 
because Salix is not represented here. From 
the two remaining interstadials the Amersfoort- 
one is the most likely because we did not find 
high frequencies of Picea, which is striking in 
the Dutch diagrams for the Brorup interstadial.
We conclude that the examined peat layer was 
formed in the Amersfoort interstadial, within 
which a forest steppe with Betula and Pinus 
covered the landscape. As the steppe elements 
are found in the middle of the diagram, which 
shows also an increase of the herbs, it might be 
that there was a fluctuation within this period 
from forest to steppe forest.

The macroscopic botanical study (Tab. 3) of 
the peat reveals the presence of marsh plants as 
Comarum palustre and Carex, which unfortunately 
cannot give any idea about the prevailing climate. T able 3: Vertical distribution o f  the quantities o f  macro-

, c  .. . , , . . .  scopic plant remains in a  pea t layer contempo-The upper part of the peat seems to be deposited . ,  ,
, .  . raneous with the Warneton sou a t Poperinge

in dryer conditions than the base. {brickyard Schabalie). Sample o f  upper layer
taken between 6  and 7 m and these o f  the two 
lower layers between 12 and 14 m o f  right part 
o f  R. PAEPE's profile section.
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Rumbeke.

Three thin peaty layers, found in 1966 in the 
brickyard Demoulin at Rumbeke at the absolute 
depth of successively: 15 ,56-15 ,61 , 15 ,87-15,90 
and 16 ,12-16 ,20  m (see description of the section, 
R. P a e pe , fig. 11, p. 22), were examined pollen- 
analytically. The pollendiagram (fig. 33) shows 
a striking difference between the lower and the

two upper layers. The lower one is characterized 
by relatively high percentages of thermophilous 
trees as Tilia and Carpinus, while the amounts 
of anemophilous herbs are very low. The 
pollen association Carpinus-Picea, occurring fre­
quently in Belgian deposits from the Last Inter­
glacial (R. V a n h o o r n e , 1957, 1963), points to 
an Eemian age of the lower peat layer at Rumbeke 
( Rumbeke 2, see R. P a e p e , this volume). The 
presence of Carpinus was confirmed by a macro­
scopic study of a peat bog, found in 1956 in the 
same clay-pit. Here follows the description of 
the section of the N-side of the clay-pit, where 
the peat was sampled in 1956.

0,00-1,80 m : Loamy sand with a recent soil on 
the top.

1,80-2,00 m : Cryoturbatic zone with sand, gra­
vels and coarse grains of quartz.

2,00-5,50 m : Gray loam, showing a distinct stra­
tification, caused by a repeated 
intercalation of thin, more sandy 
laminations.

5,50-6,40 m : Gray loam, including disturbed 
lenses of peat.

6,40-7,00 m : Clayey peat with a pebble band 
at the base.

7,00- : Blue Ypresian clay, showing a
disturbed pattern along its top.

Between 5,50 and 6,60 m we could identify 
only some seeds of Ranunculus sceleratus. The 
base of the peaty deposit, however, yielded a 
richer flora, the elements of which are recorded 
in the following list (Tab. 4).

RUMBEKE 1
A . M A IN  D IA G R A M

Tw m  Antmophflou» herb« Erlcait*

-Q  Alnut

-"B  Corylus

  Picta

“A   Carpinus
- Quercus

~  T0U-

B. AN EM OPHILOU S 
H E R B S

C. S IL H O U E T T E S  OF P O LLE N  NOT IN C L U D E D  IN  P O L L E N  S U M

•'M* 
• 16,S* 
. I t , "

10% 10% 10 % *0% M 'A M 'A 70% $0% 10 V. »0*/. MV. 10% 10% 40% »0% • % »% .»% •% 10% 10% *0% »% % •%  »% »% *% »% *% •%  »0% $% 10% « %  10% *% *% •%

R. V anhoornb

Fig. 33 —  Pollend iagram  o f  three superposed peat layers in the brickyard  D em oulin  a t R um beke.
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Plant names
Number o f seeds 

and fruits

Potamogeton perfoliatus L.............. 21
Heleocharis cf. palustris (L .)R . BR. 1
Carpinus Betulus L............................ 34
Corylus avellana L............................ 3
Urtica dioeca L ................................... 48
Stellaria holostea L........................... 1
Melandrium rubrum G A R C K E . . 27
Ranunculus Lingua L....................... 1
Ranunculus repens L......................... 6
Ranunculus sceleratus L .................. 1
Ajuga reptans L.................................. 2
Stachvs sylvaticus L.......................... U l

Number o f catkins

Alnus glutinosa G A E R T N .............. 1

Leaved stems

Thuidium tamariscinum  (H EDW .)
B R U C K  et SCHIM PER 1

T able 4: L ist with the quantities o f  macroscopic plant 
remains from  the Eem peat at Rumbeke (clay  
p it Demoulin).

T h is  p la n t  a s s o c ia tio n  su g g ests  a  h o rn b e a m  
fo re s t w ith  Melandrium rubrum a n d  Stellaria 
holostea as c h a ra c te r is t ic  p la n ts , th a t  g rew  o n  th e  
h ig h e r  p a r ts  o f  th e  a llu v ia l p la in , w h ich  seem s to  
be  in  a g re e m e n t w ith  th e  p ro file  (R. P a e pe , 
fig. 12).

In the two upper peaty layers, there is an increase 
of the anemophilous herbs, whilst Pinus becomes 
the dominating tree. Among the trees with 
low values, Betula is the best represented. These 
spectra point to an open, cold forest, within 
which the pine was the dominant tree. Although 
it may be considered as sure that these two upper 
layers are deposited at the beginning of the 
Weichsel pleniglacial phase (loams and coarse 
sands, see R. P a e pe), it is not easy to establish 
their exact stratigraphical place, because we do 
not dispose of a continuous diagram, showing 
the fluctuation of the different curves. The 
comparison however with the Dutch diagrams 
allow us to make some suppositions. It is 
possible that the middle peat layer developed in 
the Amersfoort interstadial and the uppermost 
one in the following stadial.

2.2.2. T h e  C o v e r s a n d  A r e a .

2.2.2.1. The Flemish Valley.

Zelzate.

At the bottom of the tunnelpit a t Zelzate, 
peat and gravels with great abundance of shells 
(Cardium edule, Tapes senescens, Corbicula flu ­
minalis, etc.) cover the Tertiary Barton-clay 
(R. P a e pe , fig. 17; p. 25). In these beds occur 
locally gullies, filled up with plant remains. The 
palaeobotanical, macroscopic study of two of 
these gullies, situated at 11,5 m and 11,60-11,80 m 
below O.P., gave the possibility to make table 5, 
which shows a heterogeneous mixture of colder 
and warmer plants, belonging to a land- or a 
brackish and fresh waterflora.

This feature let us presume that these remnants 
come from plants, growing at the same time as 
the formation of the gullies or are reworked from 
older plant-bearing layers. A certain similarity 
with the plants found in situ in the Eemian at 
Ghent suggests that some of them are reworked 
from Eemian deposits, formed previously in the 
Flemish Valley. This supposition seems to be 
supported by the presence of Brasenia schreberi, 
which is a characteristic element of the Eemian 
flora of Western-Europe. Regarding to the 
plants with a cold character as Selaginella selagi­
noides, Isoetes lacustris and Thalictrum alpinum it 
is reasonable to admit that they are reworked from 
peat beds deposited in the very beginning of the 
Last Interglacial or even in the preceding ice age.

The megaspores of Azolla filiculoides, however, 
probably originate from the former interglacial. 
Indeed, these megaspores can be yielded from 
Elster-Saale peat beds, situated in the valley of 
the Scheldt at Melle, within which occurs Azolla 
filiculoides « in situ » (R. V a n h o o r n e , 1961).

The presence of Corispermum hyssopifolium and 
Ruppia maritima can be explained by the proximity 
of the seacoast.

Ghent.

The results of the macroscopic study of plant- 
bearing layers, found in 1949 in the upper sands 
during the digging works for the construction of 
the quai-wall of the « Sifferdock » at Ghent, are 
compiled in table 6.
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The plant association in the examined levels at 
the absolute depth of +  4,00-3,90 m, +  2,60- 
2,40 m and +  2,30-2,20 m is characterized by 
the occurrence of the arctic-alpine willow Salix 
herbacea L., the alpine willow Salix retusa L. and 
two Lycopodiaceae, of which Selaginella selagi­
noides has a subarctic-subalpine distribution and 
Selaginella helvetica a subalpine one. The other 
plant remains mostly belong to a banal water and 
marsh flora without any climatic feature. Azolla 
tegeliensis F l o r s c h . must be considered as 
reworked. The abundance of well preserved 
leaves of the mentioned, cold willows suggests 
that the deposits were formed under cold and 
wet conditions. R. P a e p e  (fig. 19, p. 27) 
observed fluviatile layers in the same stratigraphie 
position in another section of the « Siffer dock » 
and therefore it may be concluded that these 
plant-bearing layers occur within the Pleniglacial 
B, more especially coversand I.

The use of another building technique in the 
construction of the last part of the quai-wall 
was the reason that the recent excavation was 
much deeper than in 1949. On some places 
the greenish Paniselian sands in situ or reworked 
were reached so that the sections gave us the 
occasion to study the whole Late Pleistocene 
sequence.

On a few places we found a peat bog, established 
on the greenish Paniselian sands at the bottom 
of the Quaternary deposits (peat and gravels, 
fig. 19). That this peat has developed in situ 
was proved by the linked soil formation under­
neath and the roots penetrating from the peat 
in the underlying sand. The results of the 
macroscopic botanical study are recorded in ta­
bles 7 and 8. The most characteristic elements 
of the peat flora are Brasenia schreberi and 
Aldrovanda vesiculosa. The first mentioned 
plant is extincted in Europe since the Last 
Interglacial, while the second one has an actual 
distribution-area limited to Southern and Eastern 
Europe. Both species are frequent in Eemian 
deposits of Western Europe. The occurrence 
of seeds of these two plants in great quantities, 
the stratigraphical position, the palynological 
results (see later) and the palaeozoological data 
lead to the conclusion that the peat was depo­
sited in the Last Interglacial.

Rumex Acetosella  L......................................  1
Rumex maritimus L......................................  11
Rumex sp. (cf. maritimus L . ) ................. 44
Polygonum lapathifolium  L. (small fruits) 125
Moehringia trinervia C la ir v ...................... 2
Chenopodium polyspermum  L....................  51
Chenopodium urbicum L..............................  11
Chenopodium  sp............................................... 4
Ranunculus sceleratus L.............................. 1
Batrachium  sp ................................................... 1
Brasenia schreberi J.F. G m el....................  125
Nymphaea alba L ........................................... 35
Ceratophyllum demersum  L........................  10
Ceratophyllum submersum  L...................... 1
Hypericum  cf. acutum  M oen ch  ............  14
Hypericum  cf. pulchrum  L.........................  57
Aldrovanda vesiculosa M o n ti ................  23
Potentilla supina L.........................................  22
Fragaria vesca L ............................................. 2
Callima vulgaris H u l l  ..............................  2
Lysimachia cf. vulgaris L............................ 2
Mentha sp .......................................................... 29
Lycopus europaeus L.....................................  125
Alisma plantago L .......................................... 499
Potamogeton trichoides Cham, et

Schlecht.......................................................  17
Potamogeton  sp. (cf. trichoides Cham.

et Schlecht.) ............................................  116
Najas marina L ............................................... 26
Najas minor L .................................................  4
Najas flexilis (W illd .)  R o stk o v iu s et

Sc h m id t .......................................................  19
Lemna cf. gibba L.........................................  1
Sparganium simplex H uds.......................... 13
Sparganium minimum  F ries ................... 1
Sparganium ramosum  H uds....................... 1
Scirpus lacustris L.........................................  78
Cladium Mariscus R. B r ............................  4
Carex paniculata L........................................  1
Carex pseudo-Cyperus L.............................. 4
Carex  div. sp...................................................  51
Nitella  sp. (o o sp o r e s ) ................................  oo *
Chara sp. (o o sp o res)  oo *
Salvinia natans(L.) A l l .  (megasporangia) 25
Leaves o f moss ............................................  Several
Oligochaeta (coccons)................................... 21
Ostracoda  (sh e lls ) .........................................  39 half shells and

two bivalve shells

T a ble 8: Numbers o f  macroscopic organic remains found 
in a sample taken at the top o f  an Eemian peat 
layer in situ at the bottom  o f  the Flemish Valley 
at Ghent {Sifferdock). Other organs than seeds 
and fruits are named.

(*) M ore than five hundred.
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T able  7: Vertical distribution and numbers o f  plant and animal remains occurring in an Eemian pea t layer, developed  in  s itu  
at the bottom  o f  the Flemish Valley a t Ghent (Sifferdock). ( x  means the presence).
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By overlooking table 7, it is striking that wood 
only has been found in the lower part of the 
peat layer, while the upper part contains a lot 
of shells of watermolluscs. This phenomenon 
suggests that the water level gradually raised 
during the growth of the peat bog.

These peat deposits are truncated at the top 
and in one place they are overlaid by gravels with 
shells, in which gullies with plant remains occur. 
We examined the material filling up two gullies 
(tab. 9), which were superposed in the immediate 
neighbourhood of the peat bog in situ, and of 
another plant-bearing bed situated at about 
thousand metres to the South (tab. 10). In

Chara sp.

Ranunculus sceleratus L. 
Batrachium  sp.
Eupatorium cannabinum L. 
Potamogeton div. sp. 
Ruppia maritima L. 
Scirpus lacustris L.
Scirpus sp.
Cladium Mariscus R. Br. 
Carex div. sp.

Hydrobia stagnalis B aster 
H ydrobia ulvae P e n n a n t  
Bithynia tentaculata L i n n .

Ostracoda 1

Oospores

Fruits and seeds

Shells o f molluscs 

Shell

T able 10: List o f  macroscopic remains occurring in plant- 
bearing beds o f  Eemian age at Ghent (Siffer- 
dock).

both we discovered a mixture of plant remains 
and shells of fresh water molluscs, most of which 
were found in the peat bog in situ, together with 
organic remnants of organisms, living in brackish 
water. This observation jo in t to the presence 
of a lot of reworked peat blocks in the gravels 
leads to the conclusion that the greater part of 
the peat, which was originally deposited at the 
bottom, was taken away by streaming water, 
entering in the Flemish Valley in consequence of 
the raising sea-level during the transgression of 
the Last Interglacial.

The pollendiagram of this peat bog in situ 
(fig. 34) shows a predominance of Pinus in the 
lower part, while in the upper part Quercetum 
mixtum  dominates. Myrica, not included in the 
pollen sum, attains high values at the top. 
According to W. Z a g w ij n  (1961), who found a

similar evolution at the base of the Eemian in 
the Netherlands, the lower part is placed in the 
zone E2 and the upper part in the zone E3. No 
subzones could be distinguished here. The very 
beginning of the interglacial, characterized b y  a 
vegetational development with Betula and Pinus, 
few herbaceous pollen and no thermophilous 
trees, is lacking here (zone El).

Stratigraphically above this peat but at a higher 
depth, thin, peaty layers alternate with thin sand 
layers (middle part of the peat and gravels; 
bed 22, fig. 19). The spectra, yielded by the 
peaty laminations, gave the pollendiagram, which 
is represented in fig. 35. It shows a dominance 
mostly of Pinus, but also of Alnus and once of 
Corylus. However, the most characteristic 
elements are Carpinus and Picea, which occur 
practically at all the levels and point to an Eemian 
age. In comparison with the Dutch diagrams 
(W. Z a g w ij n , 1961) we put this peaty complex 
in the E5 zone. The appearance of Fagus in 
the middle of the diagram was extremely sur­
prising, because the opinion prevails that this tree 
was absent in Western Europe during the whole 
Pleistocene and came back only late in the 
Holocene. The presence of pollen grains of 
the beech on several levels leaves no more doubt 
that this tree occurs in the Belgian Eem, which 
confirms the discovery of A. P a stiels  (1942) who 
found a nut, buds and woods of Fagus at Hofstade 
in the Mosean, which contained Corbicula flumi­
nalis and must be reported to the Eemian.

2.2.2.2. The Scheldt Valley.

Antwerp (Dry Dock and Tunnelpit).

Plant-bearing beds, visible in the section of the 
dry dock and the tunnelpit on the left bank of the 
Scheldt at Antwerp, belonging to the peat and 
gravels and filling up a ravination in the Boom 
clay (Rupelian) (R. P a e pe , p. 29, fig. 25, 26, 
bed 9), contain a lot of macroscopic plant remains 
as seeds, fruits, cones, woods etc., which are 
listed in tables 11, 12, 13 and 14.
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G H E N T ,  S I F F E R  D O C K

R .  V a n h o o r n e

Fig. 34 — Pollendiagram of the Eemian peat developed in situ on greenish sands at the bottom of the Flemish Valley at Ghent 
(Siffer dock). The first black silhouette represents the fluctuation of the percentages of Myrica.

G H E N T ,  S I F F E R  DOCK

A. M A IN  D IA G R A M

P inus

Betul i

A ln u s

Ulmus

Q uercus

Corylus

Ilex
■ Q uercetum  m ixtum

B. A N E M O P H I L O U S  
----------------------- HE RB S

Gramineae

Cyperaceae

A rtem isia

C . S IL H O U E T T E S

R. V anhoorne

Pollendiagram of thin, peaty layers, intercalated in sand at the bottom of the Flemish Valley at Ghent (Sifferdock),
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Oospores

Fruits and seeds

Chara div. sp. 41

Polygonum aviculare L. 1
Chenopodium urbicum L. 2
Ranunculus Lingua L. 1
Batrachium  sp. 2
Nuphar luteum Sibth. et Sm. 1
Viola sp. 1
Myriophyllum spicatum  L. 3
Menyanthes trifoliata L. 3
Potamogeton div. sp. 12
Sparganium ramosum  H uds. 1
Scirpus lacustris L. 51
Cladium Mariscas R. Br. 2
Carex div. sp. 8

Volume of washed material in litres: 3,28.

T able 12: Quantities o f  macroscopic plant remains found  
in a  gully o f  Eemian age in the dry dock at 
Antwerp (left bank o f  the Scheldt).
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T able 13: Woods found at different depths in the pea ty  
gullies o f  Eemian age at Antwerp, dry dock 
(left bank o f  the river Scheldt).

Alnus glutinosa G a e r t n ................................  6
Alnus glutinosa G a e r t n . (c a tk in s)   24
Carpinus Betulus L ........................................... 5
Corylus avellana L ...........................................  1
Urtica dioeca L .................................................. 5
Polygonum aviculare L ...................................  13
Chenopodium album  L .................................. 8
Ranunculus Lingua L....................................  3
Batrachium  sp ..................................................  9
Brasenia schreberi J .F . G m el .....................  1
Nuphar luteum S ib t h . et Sm...................... 3
Nymphaea alba L .............................................  1
Ceratophyllum demersum  L ........................  2
Ceratophyllum submersum  L......................  1
Potentilla erecta  Hampe..............................  2
Prunus avium  L .................................................. 1
Viola sp............................................................... 10
Trapa natans L ................................................... 1
Myriophyllum alterniflorum  P. D e . . . .  4
Myriophyllum spicatum  L ............................. 1
Hippuris vulgaris L ..........................................  8
Cornus sanguinea L.......................................  5
Œnanthe aquatica P o ir ................................  2

Empetrum nigrum L ..............................  18
Empetrum nigrum L. (leaves) (?).........  9
Menyanthes trifoliata L......................... 2
Mentha sp.............................................  3
Lycopus europaeus L.............................  1
Sambucus racemosa L..................................  3
Alisma plantago L.......................................... 5
Potamogeton trichoides C ham, et

Schlecht................................................... 6
Potamogeton div. sp............................. 88
Zannichellia palustris L......................... 1
Sparganium ramosum H u d s ........................  20
Sparganium simplex H u d s ...........................  3
Sparganium minimum F ries ....................  1
Scirpus lacustris L................................  75
Cladium Mariscus R. Br......................  11
Carex div. sp........................................  37
Stachys silvaticus L............................... 1
Nitella sp. (oospores).......................... 1
Chara div. sp. (oospores) ..................  91
Picea excelsa L in k  (cones)................  3

T able 14: Numbers o f  seeds and fruits extracted from an 
Eemian gully in the tunnelpit on the left bank of  
the Scheldt at Antwerp. The name o f other 
remains than seeds and fruits is mentioned after 
the plant-name.

As these organic deposits cannot be considered 
as real peat bogs grown in situ but formed by 
accumulation of remnants coming from plants 
growing in the vicinity and floated together in 
gullies, the tables cannot give an idea of the 
ecological development of the site. Neverthe­
less, they are very im portant because they provide 
evidence for the age of the deposits. I t is clear 
that a vegetation with Carpinus Betulus, Quercus, 
Fraxinus, Mespilus monogyna and Cornus san­
guinea, pointing to a temperate climate, cannot 
be situated in a glacial or interstadial period. 
Moreover Trapa natans, no more belonging to 
the actual Belgian flora, has now a more Southern 
distribution area. Seeds of Brasenia Schreberi, a 
plant extincted in Europe at the end of the last 
interglaciation, and cones of Picea excelsa, a tree 
absent in the plains of Western Europe during 
postglacial times, suggest an Eemian age.

These Eemian sands including plant-bearing 
beds are stratigraphically overlain by a peat bog 
(loams and coarse sand, Warneton soil, R. Paepe, 
p. 30, fig. 23 at 125 m), that yielded a flora, the 
elements of which are listed in table 15.

The most characteristic plant of this record is 
Selaginella selaginoides, a subarctic-subalpine ele-
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Table 15: Vertical distribution o f  the numbers o f  macroscopic plant remains in a pea t bog o f  early Weichselian age a t Antwerp, 
dry dock (left bank o f  the river Scheldt).

ment belonging to the Lycopodiaceae. Most of 
the other elements are banal waterplants without 
any climatic feature. The pollendiagram of this 
peat bog shows a dominance of Pinus (fig. 36), the 
values of Betula, Salix, Alnus, Corylus and Picea 
being low. Anemophilous herbs reach a maxi­
mum of about 40 %. Mrs. L er o i-G o u r h a n , 

who made a pollen analysis of two levels of this 
peat, got similar results. We are very grateful 
to Mrs. L er o i- G o u r h a n , who communicated us 
kindly the following data.

Absolute numbers of pollen grains.

P in u s ..............................

Lower level Middle level 

468
Salix  ............................ 4 2
A ln u s .............................. 3 —

B e tu la ............................ 10 14
C o ry lu s ......................... 12 13
A rtem isia ....................... 1 1
Gramineae .................. ......... 178 218
Cyperaceae .................. ......... 104 182
Chenopodiaceae ......... ______ — 3
Thalictrum ..................... 9 1
Saxifragaceae .............. 2 —

Legum inosae ..............
H elian them um .........
Œ notheraceae ...........
H edera .........................
Um belliferae ..............
R ubiaceae ..................
B orag in aceae ............
L a b ia ta e .....................
Chicoriaceae ..............
Anthem ideae ..............
L ilia cea e .....................
W aterp lants..............
Lycopodium ................
E quisetum ..................
Polypodium vulgare 
M onolete F e r n s . . . .  
Trilete F e r n s ............

58
1

286

6
8

2
1
1

30

6
1
8
7

The macroscopic and microscopic analysis of 
this peat bog lead to the conclusion that the 
landscape was uncompletely covered by a forest 
with a cold character and within which Pinus 
was the very dominant tree. A comparison with 
the Dutch diagrams suggests that the peat bog 
was probably formed in the Amersfoort intersta­
dial, which is considered by W.H. Z a g w ij n  

(1961) as the first, climatic amelioration in the
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A N T W E R P ,  DRY DOCK,  W E S T  B A N K

a

■£ o

165-

15 3 -

3 ,57 ■asi­

le 2 7 7 -

1 0 -

1 3 -

A. M AI N  D IAGRAM B. ANEMOPHILOUS C. S I L H O U E T T E S

Corylus

Alnus

Picea

Anemophilous

herbs

Trees

11 -

4,00

5*/.

R. V a n h o o r n e

Fig. 36 —  P ollendiagram  o f  tw o superposed peat layers, form ed in the beginning o f  the W eichselian, a t A ntw erp (dry dock, 
west bank). The first black silhouette  represents the fluctuation  o f  the percentages o f  Polygonum.
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Weichsel, following the Eemian interglaciation. 
This warmer substage was also recognized in 
Denmark and named there the Rodebaek inter­
stadial (Sv. Th. A n d e r s e n , 1961). The Amers­
foort interstadial has been dated about 64.000 
y.B.P. in the Netherlands.

A macroscopic botanical study was also made 
of the peaty shell-bearing sediments, resting 
directly on the Boom clay in the dry dock but 
outside the ravination, filled up with Eemian 
deposits. We found a banal water- and marsh 
fiora, recorded in tables 16 and 17, containing 
moreover stems of Chara, which unfortunately 
cannot give any idea about the prevailing climatic 
conditions.

Seeds and fruits

Chara div. sp. 82 Oospores

Thalictrum flavum  L. 2
Batrachium  sp. 32
Nuphar luteum  S ib t h . e t S m . 6 
Myriophyllum alterniflorum  

P. D e. 1
Hippuris vulgaris L. 20
Oenanthe cf. peucedanifolia 

P o ll .  2
Lemna sp. 2
Scirpus palustris L. 3
Carex sp. 1
Shells o f water-molluscs Several.

Volume o f washed material in litres: 5,2.

T able 16: Numbers o f  macroscopic remains found in a 
peaty , shell-bearing sediment resting on the 
Boom d a y  in the dry dock a t Antwerp {left bank).

Fruits and seedsa £

-O

-s:

3 ,5 0 -
3 ,60

3,78

3 ,6 0 -
3 ,70

4 ,1 4

3 ,7 0 -
3 ,80

3,95

3 ,8 0 -
3,90

4 ,1 0

3 ,9 0 -
4 ,0 0

2 ,85

4 ,0 0 -
4 ,1 0

3 ,3 0

4 ,1 0 -
4 ,2 0

3 ,2 0

T able 17: Vertica! distribution and numbers o f  macroscopic remains found in a peaty shell-bearing sediment resting on the 
Boom clay in the dry dock at Antwerp (left bank). ( X means the presence.)
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For the sake of completeness, the study made 
by R. V a n h o o r n e  in 1951 of the uppermost peat 
layer, is added. The pollendiagram, charac­
terized by the predominance of Quercetum mixtum  
and Alnus, indicates that the peat started to 
develop at the end of the Atlantic period of the 
Holocene, just like the coastal peat in Belgium 
(F. S t o c k m a n s  and R. V a n h o o r n e ,  195 4 ). The 
lack, however, of Fagus in the upper part suggests 
that the peat stopped here earlier than in the 
coastal plain, where the Dunkerkian Transgression

puts an end to its development in the 4th century. 
The macroscopic research revealed that the peat 
at the base has developed in a brook forest, 
while the top contained a marsh vegetation, 
belonging to a Magnocaricetum. This evolution 
indicates a rise of the water-level.

The discovery of Eemian fluviatile deposits is 
very important for the age of the course of the 
Scheldt at Antwerp, which already existed in 
the last interglacial.
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CHAPTER 3

GENERAL CONCLUSIONS 
(R. PAEPE and R. VANHOORNE)

The present study adds to the conclusion, 
already stated by R. T a v e r n i e r ,  that the Late 
Pleistocene in Belgium deals with the deposits 
of both Eem and Weichsel periods. Indeed the 
sedimentation areas of the Weichsel show a 
close relationship with those established during 
the Eem and a gradual transition of the lithological 
composition between the deposits could be 
observed.

The geographical subdivision into a loess, a 
transitional and a coversand area, can be followed 
throughout the sediment succession of the Eem 
and Weichsel combined. Indeed, the loess area 
commonly appears to be a sedimentation belt 
dominated by dry climatic conditions within 
which fluvial activity is rather scarce.

Against this stands the fluviatile activity which 
controlled the sedimentation and morphological 
shaping of the coversand area. The transitional 
area reveals to be then the place where both 
phenomena interfere in a delicate adjustment to 
each other.

The Eem period, at least for its maximum phase, 
is characterized by a slightly warmer climate than 
the present one. This is supported, palaeo- 
botanically, by the occurrence in well developed 
peat bogs of Brasenia Schreberi and Aldrovanda 
vesiculosa. Besides, it is also sure now that 
Fagus belonged to the forest vegetation, composed 
of the actual existing trees in Belgium and of 
Picea.

In addition, the deeply eroded thalwegs filled 
usually with peat and gravels point to a concen­
trated evacuation of the superficial water with a 
high capacity to erode, a phenomenon which 
occurs only under a dense forest cover, implying 
also humid and warm climatic conditions. This 
is also supported by the fact that in the N orth­
western part of the country, the peat and gravels

reveal to be a marine (transgression) deposit 
containing Tapes senescens and then similar to 
the « Senescens Sande » of Northern Germany. 
Thanks to the immediate stratigraphical relation­
ship that could be established between these 
marine Eemian facies and the Rocourt soil at 
Zelzate, the adherance of the Belgian periglacial 
area with Northern Europe is now evident.

The climatic transition from the Eem to the 
Weichsel period was not marked by an abrupt 
alteration but presumably by a gradual decay 
of the climate. So it can be explained that 
the sands and gravels show, to some extent, great 
affinity with the Eem deposits as to their litholo­
gical composition and also, that podzolic soil 
formation {Antwerp soil) was still possible. How­
ever, the announcement of the glacial period is 
reflected in the flatness of the valley forms (even­
tually underlain by thin frost wedges) but mostly 
in a widely lateral extension of a solifluction 
deposit debouching into these valleys.

Colder conditions were reached during the 
next sedimentation phase which is characterized 
by a gradual replacement of the coarse textured 
elements by finer one {loams and coarse sands) 
and furthermore by the strong influence of cryo- 
turbatic-solifluction activity. Nevertheless, the 
after-effect of the favourable Eemian climatic 
conditions is still felt here by periodical improve­
ments of the climate leading towards the develop­
ment of peat and soil horizons. These warmer 
oscillations allow the establishment of open 
subarctic forest with Betula and Pinus within 
which a periodical extension of the steppe is 
proved by the occurrence of Ephedra and Linum 
and furthermore by an increase of the herbs. 
This botanical feature is also set forth by the 
development of one or more steppe soils to which 
the connotation Warneton soil complex was given 
and which shows a striking resemblance with 
the humic upper part of the Stillfried A in Austria.
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Contrary to observations yielded from other 
countries, the difference between an Amersfoort 
and a Brorup interstadial can hardly be made, 
both lithostratigraphically and palaeobotanically. 
The lack of relatively high frequencies of Picea 
in the pollen diagrams, however, points more to a 
vegetational association found in the Amersfoort 
of the Netherlands and Denmark.

We prefer to omit the term « Early Weichse- 
lian » for these deposits which we are inclined 
to classify within the Pleniglacial because of the 
presence of numerous periglacial phenomena.

The above recorded gradual deterioration of 
the climate ends with the establishment of the 
desert pavement 1 and finally of the small frost 
wedge row.

This first severe cold oscillation, was of short 
duration whereafter a new sedimentation similar 
to the one characterizing the loams and coarse 
sands, started. In fact, the peaty loam formations
are considered as an acceleration of all the fore­
going sedimentation cycles and at least four of 
them were recorded. This evolution is believed 
to be connected with an improvement of the 
climate, resulting in the development of impor­
tant soil horizons as the Poperinge (45.600 y.B.P.) 
and the Hoboken soil (32.490 y.B.P.) and ulti­
mately with the establishment of the cryoturbated 
soil horizon or Kesselt-Zelzate soil (28.200 y.B.P.) 
which is the equivalent of the Paudorf inter­
stadial.

Whereas each of the cycles in the peaty loam 
formations ends with a faintly developed desert 
pavement (sometimes solely an eolian sand layer) 
and frost wedges, the same can be observed as a 
major phenomena at the top of the cryoturbated 
soil horizon called desert pavement 2 and fine 
frost wedge row. Both the latter form the 
upper limit of the underlying cold deposits 
denominated (Weichsel) Pleniglacial A and intro­
duce the following Pleniglacial B phase.

During the Pleniglacial B phase, the mode of 
sedimentation changes considerably, resulting in 
an important eolian activity leading to the build­
ing up of the coverloams and coversands. This 
is considered together with the occurrence of 
numerous frost wedges as due to generally colder 
and also dryer climatic conditions. Never­

theless, more humid conditions may have pre­
vailed in the coversand area and to some extent 
also in the transitional area causing the formation 
of the cross bedded sands or fluviatile structures, 
at the base or as a lateral facies of both coverloam 1 
and coversand 1. This cold-humid character is 
supported by the existence of real tundra and 
alpine plants as Salix herbacea and Salix retusa 
found locally within peaty bands of the cover­
sand 1. It may be that these peaty bands tally 
with loamy layers showing fluviatile structures, 
usually cryoturbated, observed within the bulk 
of the coversand 1 in some places.

Hereafter, a new im portant climatic change 
caused the establishment of desert pavement 3 
followed by the large frost wedge row a feature 
generally observed in the three sedimentation 
areas. In our opinion, the latter corresponds 
then to the maximum cold of the Last Glaciation 
and stratigraphically with a considerable hiatus 
in the sedimentation sequence.

It is our conviction that sedimentation of the 
eolian deposits coverloam 2 and coversand 2 is 
due to a slight decrease of the previous severe 
cold-dry conditions. This is the reason why 
we are inclined to trace the upper limit of the 
Pleniglacial B at the top of these formations.

The stratigraphy of the Late Glacial finds its 
utmost expression in the coversand area where 
it starts with the appearance of a complex of 
well developed peaty or (fluviatile) loam bands. 
This implies an improvement of the climate which 
palynologically, was found to correspond with 
the Bolling oscillation (Stabroek soil; 12.300 y. 
B.P.).

In the very northern extension of the coversand 
area, peat layers, palynologically defined as 
Allerod, occur frequently.

A subdivision of the Late Glacial was sometimes 
possible in the transitional area too, thanks to 
the presence of sporadically occurring fine frost 
wedges or even, exceptionally a thin desert 
pavement separating at least two different late 
coversand deposits.

No definite traces of it were found, up to now, 
in the loess area.

*
*  *
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Overlooking the Weichsel stratigraphy in Bel­
gium, we conclude that only two major sedimen­
tation cycles occurred corresponding with wide­
spread climatic oscillations.

The first one or Pleniglacial A, was charac­
terized by a mainly fluvial-solifluction sedimenta­
tion under cold-humid conditions, while during 
the second one, comprising the Pleniglacial B 
and the Late Glacial, a cold-dry climate prevailed 
including principally eolian activity.

Notwithstanding these differences, the two 
cycles reveal to show an analogy in the succession 
of the sedimentation phases. In this view, 
both cycles start with a rather coarse sedimenta­
tion: on the one side, sands and gravels and loams 
and coarse sands and, on the other hand, cross 
bedded sands and coverloam 1 or coversand 1. 
They represent the transition of warm, respectively 
the Eem and the Paudorf, to cold climatic 
conditions.

Next, in both cases, the coarse sedimentation 
is interrupted by a severe cold oscillation of the 
climate: desert pavement 1 and small frost wedge 
row versus desert pavement 3 and large frost 
wedge row.

Also, the sedimentation that followed on both 
cold phases, shows a remarkable resemblance: 
the peaty loam formations are considered as a 
recurrence system of the sedimentation prior to 
the cold oscillation and similarly, the quick 
succession of coversand 2, late coversand 1 and

late coversand 2, with intercalated peaty or humic 
beds, reveals the repeated sedimentation of 
coversand 1. It must be stated that in both 
cases the climate evolves gradually from severe 
cold to milder conditions leading respectively 
to the Paudorf and the Holocene.

As a result, a bipartition of the Weichsel 
Glaciation in Belgium is evident, the first part of 
which corresponds with the Pleniglacial A, while 
it is now obvious that the second part comprises 
the Pleniglacial B and Late Glacial combined.

From a geomorphological point of view, valley 
erosion was active during the Eem in all the actual 
existing drainage systems. The age of the 
Scheldt at Antwerp, a problem which lasted for 
several years, is found both on stratigraphical 
and palaebotanical grounds to date also back, at 
least from the Eem period.

Subsequent filling of the thalwegs is greatly due 
to the sedimentation during the Pleniglacial A, 
more especially to the sedimentation of the peaty 
loam formations at the end of which the landscape 
was characterized by a smooth relief. Both 
solifluction processes and local pediplanation 
played an im portant role. The Pleniglacial B 
inherited the pre-existing flat relief and reinfor­
ced its character as a result of dominantly eolian 
activity and important pediplanation (desert 
pavement 3).

The drainage system had to readjust its pattern 
upon the landsurface left by the Weichsel 
glaciation.





APPENDIX

DETAIL DESCRIPTION, BRICKYARD « POINT DU JO U R », TO NG RIN N E.

Fig. 2

Bed 1: Surface soil with Ap horizon (10 YR 4 /3) in the upper part and a textural B horizon (B2t) (10 YR 
4/4) in the lower part.

Bed 2: Yellowish brown loam (10 YR 5 /4) characterized by the alternation of fine loam and sand layers; 
numerous pores with clay coatings.

Bed 3: Cryoturbation horizon (10 YR 5/6) composed of alternating yellowish sandy and brownish loam 
strata; from the upper limit, large frost wedges may extend downwards; gleyification spots.

Bed 4: Gray brown (10 YR 4/4) homogeneous loam.

Bed 5: Gray heterogeneous loam (2.5 YR), with irregular stratification; locally very small frost wedges 
occur and also small pebbles are found within the bulk of this deposit; two oxydation zones, one 
situated in the middle and another at the base of the deposit are present; from the latter mentioned, 
medium size frost wedges extend downwards.

Bed 6: Dark yellowish brown (10 YR 4/4) homogeneous loam.

Bed 7: Yellowish gray (2.5 YR) loam, the upper part of which is rather humiferous and therefore slightly 
darker (10 YR 4/3) in colour; the lower part contains numerous F e/M n point concretions and 
vegetation remnants. A fine stratification is visible. Along the upper limit extends a pebble 
band composed of greenish phyllades and locally small frost wedges are observed too. The lower 
limit is ravinating the underlying deposits. Crotovines are commonly found at this level.

Bed 8: Reddish (7.5 YR 4/4), clayey loam, occasionally brown and then less clayey. Numerous sandy 
and lighter coloured crotovines. Threads composed of very red, heavy clay with capricious
branchlike extension.

Bed 9: Brown, clayey loam with sandy, yellowish intercalated layers (10 YR 5/4).

DETAIL DESCRIPTION SANDPIT « VELLE », RACOUR.

Fig. 3

Bed 1; Ap-horizon.

Bed 2: Light yellowish brown (10 YR 6/4) loam ; homogeneous.

Bed 3: Yellowish brown (10 Y R 5/4) loam with calcareous concretions and with solifluction structures 
a t its base.

Bed 4: Large frost wedge row with stoneline on top of it.

Bed 5: Alternating greenish gray sand and yellowish brown loam layers, becoming stratified brown 
sandloam occasionally with rocky elements at the base. Many fine frost wedges may occur in 
the bulk of the deposit.

Bed 6: Yellowish brown (10 Y R 5/5) coarse sand, slightly cross-bedded; becoming more loamy and 
cryoturbated upwards.

Bed 7: Very fine frost wedge row developing from top of the underlying deposits.
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Bed 8: Brown (10 YR 5/6) sandy loam highly disturbed by overlying penetrating frost wedge row (7); 
containing numerous disorderly spreaded stones and showing solifluction structures.

Bed 9: Constant small frost wedge row with stone line on top of it.

Bed 10: Cross bedded sands and gravels, occasionally with cryoturbated grayish sandloam beds in the 
top and base zones, underlain by a thick gravel bed while filling up shallow depressions. Locally 
worn reddish lumps of iron stained material occur.

Bed 11: Tongrian and Landenian sands separated by gravelly layers.

DETAIL DESCRIPTION OF BRICKYARD 
« DE STEENBERG », VOLKEGEM.

Fig. 4

Bed 1: Dark brown (7.5 YR 4/4) leached loam.

Bed 2: Brownish yellow homogeneous loam unleached, at the bottom  slightly browner (2’).

Bed 3: Yellowish brown (10 YR 5 /6) loam mixted with reddish yellow sand and gray, humic lumps due 
to cryoturbation; sporadically small rolled sandstone fragments and a fine frost wedge row along 
the upper limit.

Bed 4: Quickly alternating yellowish loam with fine sand layers, numerous little frost wedges and sporadical 
sandstone fragments.

Bed 5: Sandstone pebble band along which frost wedges may occur; mainly composed of Paniselian 
sandstone debris.

Bed 6: Light yellowish brown (10 YR 6-5/4) leaf structured loam with brown sandy lenses and ferru-
ginuous clay breccia; the whole is highly cryoturbated and frost wedges occur.

Bed 7: Sandstone pebble band, mainly composed of Paniselian sandstone debris.

Bed 8: Tertiary substratum (Paniselian clayey sand) with weathering zone at the top.

DETAIL DESCRIPTION OF SLUICE EXCAVATION 
(Canal du Centre), MAISIÈRES.

Fig. 5

Bed 1: Rubble.

Bed 2: Gray sandy loam with calcareous concretions.

Bed 3: Yellowish sand and gray loamy sand intermixed in a cryoturbation pattern; leached.

Bed 4: Gray brown sand and gray sandy loam, intermixed in a solifluction pattern; unleached.

Bed 5: Yellowish brown sand; glauconiferous.

Bed 6: Olive (5 Y 5 /3) homogeneous loam containing fine sandy layers.

Bed 7: Blueish clay with irregular structure.

Bed 8: Yellowish brown (10 YR 5 /4) clayey loam alternating with fine yellowish sandy layers.
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Bed 9: Gravel layer (stone line) composed of rolled chalk fragments; the lower limit coincides with a 
frost wedge row.

Bed 10: Cross bedded, yellowish sand containing gravelly lenses composed of rolled chalk fragments.

Bed 11: White gray medium coarse sand, becoming gravelly (chalk, phtanites) towards the base.

Bed 12: Sporadically occurring frost wedges.

Bed 13: Dark gray (5 Y 4/1) loam, highly calcareous.

Bed 14: Dark brown (10 YR 4/2) hydromorphous soil with rust spots and plant remains.

Bed 15: Yellowish brown (10 YR 5/4) loam.

Bed 16: Cretaceous chalk.

DETAIL DESCRIPTION BRICKYARD 
« DUM O ULIN », W ARNETON, EAST SIDE.

Fig. 6

Bed 1: Alluvial deposits with two subdivisions, consisting usually of grayish brown sandy clay.

Bed 2: Medium fine yellowish sand.

Bed 3: Large frost wedge row composed of wedges, pearlike and pocketlike structures filled with over- 
lying sand (2).

Bed 4: Yellowish brown fine stratified loam with regular undulations fainting out gradually towards 
the bottom.

Bed 5: Yellowish brown fine stratified loam, equal to (4) but subhorizontally layered.

Bed 6: Same fine loam layers as above (4) and (5), but with irregular lenses and layers of cross bedded
coarse sand and even gravel towards the bottom. The sand layers show an irregular upper limit 
composed of small apophyses pearcing into the intercalated loam layers (solifluction structure).

Bed 7: Fine frost wedge row filled with fine sand overlain by a stone line.

Bed 8: Quickly alternating sandy, loamy and clayey thin layers with solifluction structure (irregular 
upper limit characterized by small apophyses). The top of the sandy layers is often oxydized.

Bed 9: Humic horizon in the lower part of bed (8).

Bed 10: Stone line composed of small eolised flint stones in medium fine sand matrix. Sometimes
overlain by thin, fluviatile structured, loamy deposit.

Bed 11: Small frost wedge row, locally growing out into larger syngenetic frost wedges.

Bed 12: Yellowish white fluviatile loam with cryoturbatic structures; at the base, a zone with mollusks.

Bed 13: Discontinuous frost wedge row.

Bed 14: Homogeneous yellowish (2.5 Y 7/6) loam.

Bed 15: Gray brown (10 YR 5/2) humic soil horizon, slightly calcareous and occasionally with peat 
lumps in sandy loam.

Bed 16: Grayish (2.5 Y 5/2) lower part of (15) with numerous reddish brown pipestems.
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Bed 17: Blueish white gley horizon in heavy clayey loam; leached.

Bed 18: Reddish (7.5 YR 5/6 =  strong brown) soil with numerous gley mottles and reddish pipestems; 
leached; in lowerlying depressions, becomes a bluegreen hydromorphous soil; leached.

Bed 19: Blueish green clayey loam with zones of calcareous concretions, becoming a gray brown sandloam 
towards the bottom, unleached.

DETAIL DESCRIPTION BRICKYARD 
« DU M O U LIN  », W ARNETON, SOUTH SIDE.

Fig. 7

The numbers refer to the ones used for the east side section. Only laterally differing facies are
considered here.

Bed 11: Small frost wedge row (west end) characterized by a reddish colouring (oxydation); towards the 
east, while situated off the underlying reddish soil, going over into cryoturbatic (humic) tonguing 
structures.

Bed 12: Yellowish and brown fluvial, undulating loam layers (a) (east end) laterally going over into a 
depression filling the topzone of which becomes increasingly humic (b) while the lower, highly 
cryoturbated part is a fluviatile complex composed of black brownish clayey loam (c) with numerous 
F e/M n concretions, pale brownish gray, fluviatile, sandy loam (d) yellowish green clay with red 
mottles (e) breccia like clay pebble gravel (often iron stained) (ƒ) and finally at the very west end,
lensshaped sandfilled gullies (g) underlain by and intermixed with a peaty deposit (15).

Bed 13: Frost wedge row (east end), laterally going over into cryoturbatic involutions towards the west 
intermixed with sediments of (12).

Bed 14: Homogeneous yellowish (2.5 Y 7/6) loam.

Bed 15: Gray or black brown (10 YR 5 /2) humic /peaty horizon with lumps of peat (black) and numerous 
F e/M n mottles.

Bed 16: Lacking.

Bed 17: Blueish white gley horizon in heavy clayey loam, leached.

Bed 18: Reddish soil (east end) intergrading towards bluegreen hydromorpheous soil; entirely, in heavy
clayey loam ; leached.

Bed 19: Blueish or brown clayey loam, unleached.

DETAIL DESCRIPTION OF THE NORTH SIDE 
OF THE SOGETRA SANDPIT, WEVELGEM.

Fig. 8

Bed 1: Ap horizon overlying a textural B horizon composed of a clayey sand with reddish mottles.

Bed 2: Yellowish gray loamy sand with numerous irregular pale mottles or lenses composed of loose
sand; diffuse but tail frost wedges develop at this level.

Bed 3: Irregular bands of clayey gray loam alternating with sandy layers; roots (of actual vegetation?).

Bed 4: Pale olive (5 Y 6/3) loamy sand with outspoken sandy lenses; fluviatile structures at the base.

Bed 5: Idem bed 4, but slightly darker and with irregular oxydation zones.
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Bed 6: Dark gray brown loam band, with cryoturbatic irregularities, locally thicker, composed of alternat­
ing loam and sand strata with fluviatile structures.

Bed 7 : Olive (5 Y 5 /3) loamy sand with white sand lenses containing shell detritus sometimes, with cross 
bedded structure.

Bed 8: Alternating brown loam and pale sand lenses with fluvial structures and scattered little frost 
wedges.

Bed 9: Gray sandy loam bands with pale sand veneers; medium sized frost wedges at the base.

Bed 10: Olive (5 Y 5 /3) loamy sand, rather homogeneous with sporadical very pale fluviatile sand lenses; 
a rather continuous loose sand layer may be followed at the base.

Bed 11: Gray (5 Y 5 / l )  sandy loam with thin humic bands and disturbed by numerous little frost wedges.

Bed 12: Gray olive (5 Y 5/2) light sandy loam with some more loamy and humic bands in the upper 
part and sandy shell-bearing lenses in the lower part.

Bed 13: Gray olive (5 Y 5/2) light sandy loam with cross bedded structure composed of alternating 
bands of dark loam and greenish sand; at the base exists a ravination filled with gray brown light 
sandy loam truncated by a continuous white sand layer. The whole is overlain by a frost wedge 
row.

Bed 14: Light sandy loam with fine subhorizontal stratification; sporadical white sandy lenses and small 
thin frost wedges.

Bed 15: Alternating brown loam and pale sand lenses with fluviatile structure and some scattered pebbles; 
at the top, a humic loamy sand layer with white sandy lenses and parallely inclined thin frost 
wedges occur.

Bed 16: Gray brown humic loamy sand with fluviatile structures overlain by a veneer of loose sand 
containing shell detritus; at the bottom  a pebble band occurs horizontally and is composed of 
Paniselian sandstone fragments and eolised flint fragments; locally ravination gullies filled with 
green glauconiferous sand and some pebbles pearce the pebble band.

Bed 17: Gray olive (5 Y 5 /2) light sandy loam with diffuse fine stratification and some veneers of loose 
white sand.

Bed 18: Greenish gray (5 GY 5/1) sandy loam with pale sandy and dark loamy lenses.

DETAIL DESCRIPTION OF THE GAVERS, HARELBEKE.

Fig. 9

Bed 1: Gray rusty, clayey sand overlain by the Ap horizon.

Bed 2: Brown fine sand with gray loamy lenses.

Bed 3: At the bottom  of bed 3, occurs an irregular zone of greenish gray clay underlain by frost wedges. 

Bed 4: Yellowish rusty sand.

Bed 5: Brown sandy loam.

Bed 6: Yellowish brown fine sand with some fluviatile structures (ripple marks).

Bed 7: Gray brown cross bedded fine sand.

Bed 8: Grayish white coarse sand with shells and sporadical frost wedges.
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Bed 9: Gray brown homogeneous fine sand.

Bed 10: Yellowish gray brown quickly alternating sand and loam layers overlain by a frost wedge row.

Bed 11: Dark gray brown humic loam with sandy layers, overlain by a frost wedge row in turn overlain
by an oxydized sandy layer.

Bed 12: Idem bed 10.

Bed 13: Idem bed 11 but more clayey.

Bed 14: Greenish brown loamy sand overlain by a frost wedge zone.

DETAIL DESCRIPTION OF WEST SIDE WALL,
BRICKYARD « SCHABALIE », POPERINGE.

Fig. 10 and 11

Bed 1: Yellowish brown sandloam with Ap-horizon.

Bed 2: Yellowish brown sandloam with common red mottles, fine (fragipanlike) structure; overlain by 
a fine frost wedge row.

Bed 3: Gray brown sandloam laterally going over into cross bedded sands; overlain by a fine frost wedge 
row.

Bed 4: Yellowish brown thin sand and loam layer with numerous calcareous concretions and pipestems 
laterally going over into cross bedded sands with occasionally fine frost wedges and a pebble band 
at the base; the whole is overlain by rather large frost wedges.

Bed 5: Alternating fine layers of gray loam and brownish green sand with solifluidal and fluviatile, locally 
cross bedded structures.

Bed 6: Gray coarse, cross bedded sands with gravels with lateral transition to yellowish brown mottled 
loam.

Bed 7: Quickly alternating loam and sand layers, often peaty; common solifluction and cryoturbatic 
structures, especially in the upper part and then exceedingly strong; also frost wedges happen to 
occur along the upper limit.

Bed 8: Cryoturbated dark humic horizon at the base of bed 7.

Bed 9: Complex of brownish gray (peaty) loam and sand layers; with intercalations of white grayish 
gravelly sand bands and of brown gravelly layers composed of clay pebbles mixted with nume­
rous F e/M n concretions; fluviatile, solifluction, cryoturbation and frost structures are common.

Bed 10: Black, strong humic or peaty horizon, strongly cryoturbated in places and underlain by frost 
wedges occasionally also a thin gravel layer.

Bed 11: Bluegray clayey or brown loam in some places separated in two parts by a sandy layer; at the 
base occurs a continuous gravel layer overlain locally by fine frost wedges.

Bed 12: Blue compact heavy clay.
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DETAIL DESCRIPTION, BRICKYARD « DEM OULIN »,
SOUTH SIDE RUMBEKE.

Fig. 12

Bed 1: Ap-horizon.

Bed 2: Yellowish brown fine stratified fine sand underlain by a pebble band and very fine frost wedges.

Bed 3: Mottled yellowish somewhat clayey sand with many pebbles scattered in the bulk of it.

Bed 4: At the base of bed 3 a prominent (eolised) pebble band and a row of large frost wedges and 
cryoturbation pockets.

Bed 5: Yellowish brown loam with gray mottles and red ferruginous « pipestems », the whole is affected 
by bound cryoturbatic undulations fading out towards the bottom.

Bed 6: Gray fine layered loam with in places, a row of fine frost wedges and a thin pebble band at its 
base; in the latter case, discordance with underlying bed 7 well expressed.

Bed 7: Pale gray loam, somewhile containing mollusk shells; two dark gray humic bands, most often 
slightly disturbed by cryoturbation, can be distinguished; fluviatile structures are observed towards 
the east end of the section with clay and flint pebbles at the base of it.

Bed 8: a) Pale green brown fluvial loam, locally affected by bound cryoturbations and then of a more 
sandy texture; contains clay pebbles and peaty lumps; 

b) Greenish gray fluvial loam with humic lenses; reddish solifluction structures at the top and 
somewhat gravelly at the base.

Bed 9: Four series of cross bedded sands, pebble band, frost wedge row, fluvial gray loam and peaty loam, 
sometimes loamy peat at the very west end of the section. Towards the east, these deposits 
laterally go over into a uniform thick bed of fine layered pale green loam and sandloam and 
ultimately end up with a fluvial and /o r solifluction complex of sands, loams and peaty layers.

Bed 10: A series of alternating sand and loam layers, somewhat peaty or with peaty layers in between; 
locally only a prominent peat layer is present. The whole shows definite fluvial structures as well 
as cryoturbatic disturbances. The bottom  layers are often characterized by the presence of 
numerous Fe/M n concretions and clay pebbles.

Bed 11: Gray loam with yellowish coarse sandy bands underlain by either a veneer of peaty lenses or a 
well developed peat horizon.

Bed 12: Gray blue clay or silty loam locally with humic lenses.

Bed 13: A series of fluvial loamy peat layers, occasionally with pebbles; rather continuous extension.

Bed 14: Gray blue sandy and clayey loam with scattered humic lenses separated by a fine frost wedge 
row from underlying brown fine sandy loam and even fine sands with gravel lenses.

Bed 15: Blue compact, schistoid clay.

DETAIL DESCRIPTION 
OF NATURAL SINKHOLE (ESQUELMES).

Fig. 13

Bed 1: Surface soil with Ap-horizon.

Bed 2: Clayey sand mixed with greenish loose sand.
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Bed 3: Textural-B-horizon.

Bed 4: Brown loamy sand, leached.

Bed 5: Brown gray loamy sand and loam with sandy solifluction lenses, cryoturbated at the base and 
with fine diffuse frost wedges along the upper limit; leached.

Bed 6: Alternating brown calcareous loam, with plant remains, and pale fine sand; irregular stratification; 
numerous Ca-concretions.

Bed 7: Yellowish green fine sand.

Bed 8: Gray brown loam layer underlain by a fine sand layer from which it is separated by a cryoturbatic 
contact line. At the base of the sand layer a pebble band may be present.

Bed 9: Alternating yellowish loamy sand and gray brown loam with Ca-concretions; fluvial structure; 
from the upper limit, fine frost wedges extend downwards.

Bed 10: Gray brown sandy loam.

DETAIL DESCRIPTION 
OF NATURAL SINKHOLE AT HERINNES.

Fig. 14

Bed 1: Ap-horizon underneath a thin layer of overburden.

Bed 2: White (leached) sand.

Bed 3: Brown clayey sand, with common gley mottles (« marmoriert ») and numerous Fe /M n concretions 
at its base.

Bed 4: Grayish white clay band.

Bed 5: Brown fine sand, gleyified with brown clayey band at the base.

Bed 6: Gray brown loamy sand with irregular stratification.

Bed 7: Brown clayey loam with vegetation remnants underlain by a fragipanlike horizon.

Bed 8: Yellowish sand with irregular gray brown loam bands.

Bed 9: Brown clayey loam with vegetation remnants and gley.

Bed 10: Gray brown clayey loam overlain by cryoturbated thin sand layer.

Bed 11: Yellowish loamy sand with gley mottles overlain by frost wedge row in turn overlain by a pebble
band.

DETAIL DESCRIPTION 
OF TUNN ELPIT, ZELZATE.

Fig. 15, 16, 17, 18

Bed 1: M an made soil dark grayish (O.G. of section 1).

Bed 2: Dark brown humic sand with plant remains and irregular brown bandering at the base (Podzol-
B-horizon) (B. HUM  of section 1).
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Bed 3: Brownish yellow sand with fine texture, homogeneous; with rootlets and some horizontal strati­
fication at the base (B.Y. SAND of section 1).

Bed 4: Dense zone of plant remains (rootlets) in white grayish sand (W.G. SAND of section 1); dark
brown humic layer at the top overlain by fine frost wedgelike structures.

Bed 5: Whitish fine sand (W.F. SAND in section 1) with irregular stratification; alternation of pure
sandy and more loamy layers; vegetation dots and Fe/M n spots; locally at the base prominent
cross bedding of subhorizontal thin layers (2 to 3 cm in thickness) (Section 5).

Bed 6: Peaty layers with horizontally interbedded sand. Locally they occur very closely together, 
elsewhere they form separate peaty bands. The upper limit is rather irregular and apophyses 
pearce into the sands of bed 5 (L. Peat of section 1).

Bed 7: Yellow brown loamy sand (L. SAND of section 1) with many horizontally interbedded more 
loamy beds; towards the base, gray clay bands occur with oxydation zone underneath; the bands 
are discontinuous, cryoturbatic with the clay sometimes smeared out between the sandy layers. 
In the oxydation zones white patches and calcic spots are present; featherlike stratification (detail 
section 5).

Bed 8: Complex of several sand layers: gray brown sand horizontally stratified with loamy bands (G.B. 
SAND of section 1), brown humic sand rather homogenous (H.B. SAND of section 1) and gray 
sand with fine peaty bands (P. SAND of section 1).

Bed 9: Contact fine sharply materialized by a pebble pavement on top of bundles of heavy clay layers 
(with dropping structures) (section 5), or cutting through them (section 1), faintly observable fine 
frost wedges are seen below (almost 1 m in length).

Bed 10: Complex of sand: fine loamy sand (F.L. SAND section 1), whitish gray sand (W.G. SAND of 
section 1), dark brown sand (B.D. SAND of section 1), sandloam (SANDLOAM ) with clayey 
lenses and shell detritus, yellowish gray cross-bedded sand (Y.G. SAND of section 1), white 
loamy sands (W. SAND of section 1) with clay breccia (section 5), brownish yellow sand with 
darker bands (B.Y. SAND of section 1) and coarse cross-bedded sands (foreset beds) with shell 
detritus (C. SAND of section 2), brown clay bands and vegetation remnants (section 5).

Bed 11: Brown gray sandy and loamy layers with irregular undulations, the base of which pearces in 
the underlying layer; shell detritus (F. SAND of section 2).

Bed 12: Cryoturbatic layer built up by reddish brown loam with vegetation remnants; disturbed peaty 
horizon; gray loam with pale sandy layers showing very irregular involutions (C. LOAM of 
section 2).

Bed 13: Greenish gray loam with pale whitish disturbed sandy layers (cryoturbatic); shells sporadically; 
at the top, dark gray brown heavy loam somewhat humic (soil horizon) (C. LOAM of section 2).

Bed 14: Dark, greenish gray, clayey loam with many shells (D.G. LOAM).

Bed 15: White and red irregular, quickly alternating bands of sand and loam (S & L of section 2); more 
white sandy (section 5); locally large frost wedge starting from top (section 3).

Bed 16: Green gray sandy loam or clayey loam (S. LOAM of section 2); horizontally stratified; locally 
congelifracted flint gravel; on top, gray brown homogeneous loamy clay (soil horizon) with many 
shells; more peaty locally (section 5).

Bed 17: Dark gray brown clayey loam with blue heavy clay lenses; calcic concretions and landmollusks 
{Pupa muscorum, Succinea, etc.) (section 2). Elsewhere this layer becomes completely sandy with 
shells (section 4). Base and top locally somewhat cryoturbatic (section 5).

Bed 18: Brown gray, very clayey loam with thin pale sand lenses; at the base, blue reduction zone (section 2, 
B.C. LOAM).
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Bed 19: Complex of pale brown clayey loam and red brown clay (soil) (R. CLAY of section 2) resting 
on green gray loamy sand glauconiferous and with a great amount of shell detritus (L. SAND of 
section 2).

Bed 20: Ravinations filled up with coarse sand and gravel, peaty lenses, shell detritus (section 4).

Bed 21: Alternation of gray fine sand and brown gray clay layers: many reworked Tertiary shell detritus; 
in the middle zone with clay pebbles and clay breccia; sporadically flint (section 4).

Bed 22: Very coarse gravel with big blocks of fresh flint (20 cm diameter), clay pebbles and fossils 
(Corbicula fluminalis; Tapes senescens var. eemiensis, Cardium edule) (section 4); humic horizon 
on top and shallow ravinations filled with detritus peat.

DETAIL DESCRIPTION 
OF SIFFER DOCK PRO FILE (GHENT).

Fig. 19

Bed 1: Dark grayish (10 YR 4 /2) brown, leached humic loamy sand with white tubules and Fe-concretions 
(Ap-horizon).

Bed 2: Yellowish leached medium fine sand, with Fe-concretions in the upper part (Bir) and common 
reddish clayey mottles in the lower part (B2t); many F e/M n concretions.

Bed 3: White gray heavy clay.

Bed 4: Yellowish medium fine cross bedded sand ravinating underlying deposits.

Bed 5: Gray loamy sand alternating with more loamy discontinuous layers; fine deepgoing frost wedges 
develop in it, starting at the upper limit.

Bed 6: Sequence of quickly alternating pale sandy and dark gray loamy layers with outspoken fluviatile 
structure and numerous little frost wedges inclined in the same direction.

Bed 7: « Dropping structures » (« druipstaart ») composed of very plastic clay interfering with very
fine frost wedges (10 cm deep; 1 cm thick); lower limit of leached beds.

Bed 8: Brown cross bedded, loamy sand.

Bed 9: Stone line composed of little eolised flint fragments.

Bed 10: Sequence of quickly alternating pale sandy and dark gray loamy layers, some of them being
entirely oxydized; the sand layers are shell-bearing and with outspoken fluviatile structure.

Bed 11: White gray sand with shells.

Bed 12: Yellowish brown homogeneous loamy sand.

Bed 13: Semi-coarse white sand veneer.

Bed 14: Dark gray brown homogeneous sandy loam with many plant spots; irregular lower junction 
fine (solifluction).

Bed 15: Yellowish brown or reddish brown, cross bedded coarse sands, alternating locally with loamy 
lenses (40 cm in thickness); distinct ripple mark structure; in places layers with inclination in 
the same direction (beach deposits); sporadically small gullies composed of very coarse sand and 
even gravel (flint pebbles up to 2 cm diameter); occasionally with peaty layers and usually, numerous 
Tertiary reworked shells ( Numilites planulatus, Cardita planicostata, etc.); fine gray clay pebbles; 
also fine (2 to 3 cm in width), deepgoing (1 to 2 m long) frost wedges may occur, pearcing through­
out the cross bedding, and usually starting at the basis of loamy intercalations.
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Bed 16: Yellowish brown semi-fine layered sand, filling up broad shallow depressions; they may attain 
100 m in length and be only a few metres in depth; sharp, discordant lower limit.

Bed 17: Green fine, loamy sand, with featherlike cross bedded structure; the «feathers» are dark coloured 
due to a high content of humic components; shell detritus may occur locally; the lower limit is 
built up by a white gray coarse sandy layer thus establishing a sharp discordance line.

Bed 18: A series of recurrences of the following succession (from top towards bottom): pale sand quickly 
alternating with dark brown loam bands; numerous rust mottles, shell detritus and plant remains 
(bottom part); follows below, a white gray glauconiferous sand with shells {Bythinia; Pupa musco­
rum; Succinea and also reworked N. planulatus) and shell-detritus at the bottom  of which fine 
irregular frost wedges start to develop; next comes the main body composed of gray brown feather­
like cross bedded sand and (darker) loam layers the latter being often peaty at the base; the layering 
becomes more compact with depth.

Bed 19: Dark gray brown alternating sand and loam showing a typical foreset bed structure (layers 2 mm 
thick); the lower boundary is indicated by a blue gray loamy sand layer with elongated peaty 
threads.

Bed 20: Greenish gray fine sands with fine foreset bed structure, loamy lenses and shell-bearing.

Bed 21: Several layers of gravels mainly composed of rolled flint, sandstone, quartzite pebbles and 
numerous little, flat clay pebbles and also peat lumps; C. fluminalis and sporadically T. senescens, 
occur within the rich mollusk fauna of these gravels.

Bed 22: Greenish gray fine cross bedded sand with peaty threads (and then with featherlike structure) 
and gullies filled mainly with shells and a great abundance of clay pebbles; locally thick loamy 
bands may be intercalated and also tree stumps {Picea) may occur in it.

Bed 23: Coarse gravel composed of big rolled flint pebbles and large rolled, dark green, Paniselian sand­
stone fragments (20 cm).

Bed 24: Peaty clay.

Bed 25: Pale grayish green sand alternating with violet loamy clay layers, irregularly layered; micro- 
pseudo-tectonic faults usually occur; at the top of it, a peaty horizon has developed in a clayey 
matrix but different from bed 24, and is furthermore characterized by its strongly cryoturbaticlike 
disturbed nature (25’).

DETAIL DESCRIPTION 
OF S.V.K. BRICKYARD, SINT-NIKLAAS.

Fig. 20

Bed 1: Reworked ground.

Bed 2: Yellowish sand carrying a Bir-horizon at the top; rust spots at the base.

Bed 3: Large frost wedge (upper limit).

Bed 4: Gray loam with rust spots at the base.

Bed 5: Grayish sand, fine layered, with rust spots.

Bed 6: Gray loam with lensshaped sand lenses (ripple marks?).

Bed 7: Grayish sand.

Bed 8: Gray sandloam.

Bed 9: Gray homogeneous loam.
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Bed 10: Gray loam with sand layers laterally going over into cross bedded sands filling up ravinations.

Bed 11 : Gray loam with sand lenses, becoming more sandy towards the bottom  and locally with breccia­
like structure (br.).

Bed 12: Gray loam with thick sand lenses (gravelly) and rustspots.

Bed 13: Sands and gravels with numerous shark teeth, rolled shells, bones, flint and quartz pebbles.

Bed 14: Clay (of Boom).

DETAIL DESCRIPTION OF SCHONENBERG, MECHELEN.

Fig. 21

Bed 1: Ap-horizon.

Bed 2: Brown homogeneous sand within which textural B horizon has developed; in the upper zone 
Fe-concretions.

Bed 2’: Large frost wedge row with cryoturbation pockets.

Bed 3: Alternating fine layers of sand and loam with dispersed fine frost wedges.

Bed 4: Stone line underlain by a discontinuous frost wedge row.

Bed 5: Light brown sandloam with ripple marks fainting out towards the south end of the section and 
becoming outspoken sandy.

Bed 6: Idem as bed 5 and overlain by a fine sandy veneer, occasionally shallow gullies filled with coarse 
yellowish sand, the upper limit coinciding with sporadically displayed fine frost wedges and cryo­
turbatic involutions.

Bed 7: Pale grayish, medium fine sand with distinct fluviatile structures (cross bedding), the upper limit 
coinciding with sporadically displayed fine frost wedges and cryoturbatic structures.

Bed 8: Idem as bed 5 and 6, but for the presence of numerous little frost wedges and the lack of frost 
features along the upper boundary.

Bed 9: Discontinuous pebble band underlain by discontinuous row of small frost wedges.

Bed 10: Series of three fine sand layers with occasionally frost wedges at their base and separated by
two thick layers of compact leavelike structured blue gray loam.

Bed 11: Complex of irregularly alternating sand and loam layers.

DETAIL DESCRIPTION 
OF SANDPIT LACHENENBEEK, HINGENE.

Fig. 22

Bed 1: Peat often mixed with mineral components.

Bed 2: Yellowish brown sand, fine layered.

Bed 3: Quickly alternating gray peaty loamy layers and brown gray sandy layers, often highly cryoturbated, 
occasionally frost wedges.
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Bed 4: Gray sandloam with fluviatile structures and locally gullies; the lower limit may show frost wedge­
like and cryoturbation structures.

Bed 5: Cross bedded sands, with occasionally foreset structures and loamy lensshaped intercallations; 
fine deepgoing, featherlike frost wedges may occur.

Bed 6: Cross bedded loamy sands, with numerous peaty layers.

Bed 7: Gray loam and coarse sands containing peat lenses composed of fine plant twigs.

Bed 8: Fine gravel in coarse gray sand matrix.

DETAIL DESCRIPTION OF DRY-DOCK SECTIONS 
(E3-TUNNELW ORKS), ANTW ERP, WEST BANK.

Fig. 23, 24 and 26

Bed 1: Peat.

Bed 2: Blue gray coherent sand when wet, and yellowish sand when dry, locally clayey, impregnated 
with roots from overlying peat; hydromorphic soil or podzol on top; occasionally white calcic 
spots and dark humic mottles.

Bed 3: Flumic gray loam layer with plant remains or hydromorphic soil; in places overlain by pebble 
layer composed of gray sand stones, eolised flints and sporadically iron concretions; locally 
replaced by a grayish coarse sandlayer.

Bed 4: Blue grayish coarse sands.

Bed 5: Peat horizon with many mollusks thinning out towards the Scheldt where it first splits into three 
peaty layers separated by sandy layers and finally going over into a system of alternating sand and 
loam layers with locally sandstones in the top layers and clay breccia in the bottom  layers.

Bed 6: Grayish medium coarse sand.

Bed 7: White grayish loam with many rootlets and mollusks becoming very humic before disappearing 
completely in the sand and loam system of bed 5 towards the Scheldt.

Bed 8: Basal gravel with vertebrate bones, shell layers {Pisidium, etc.), flint pebbles and fresh blocks of 
septaria; also artifacts e.g. levalloisian point and flakes. Widens out into a system of coarse, 
white grayish cross bedded sands.

Bed 9: White grayish gravelly sand, irregularly stratified with lenses of Boom clay and sporadically 
reworked Tertiary shells as well as vertebrate bones; ravinations with detritus peat.

Bed 10: Brown reddish coarse sand with worn flint and calcite concretions; brown horizon remembers 
Bir-horizon of podzolic soil.

Bed 11: Gray loamy layer with plant remains locally disturbed by ravinations, the whole being truncated 
by the red brown coarse sand of bed 10.

Bed 12: Greenish sand with a gravelly layer at the base.

Bed 13: Sands of Edegem (Tertiary).

Bed 14: Clay of Boom (Tertiary).
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DETAIL DESCRIPTION OF TRA IN TU N N EL SECTIONS,
ANTW ERP, EAST BANK.

Fig. 28 and 29

Bed 1: Peat.

Bed 2: Yellowish sand with podzol in upper part.

Bed 3: Pebble band underlain by frost wedges or cryoturbatic involutions.

Bed 4: Complex of pale gray homogeneous eolian sand and zones of quickly alternating sand and loam 
layers, disturbed by solifluction and cryoturbation structures as well as frost wedges; in the top 
zone, a dark green blueish sand, somewhat clayey and with plant remains, is usually present and 
is often strongly cryoturbated; in places, a similar humic horizon, with crotovines is found at the
bottom; sometimes overlain by a continuous row of frost wedges; a radiocarbon dating was taken
at this level.

Bed 8: Pebble band in places becoming a gravel bed with shells filling up shallow gullies: a t the bottom, 
frost wedges may be found.

Bed 9: Peat gullies.

Bed 10: Yellowish red (5 YR 4/8 à 4/6) horizon.

Bed 11: Greenish brown fluvial sand, with sporadical shells laterally going over into pale green fine sands
with ripple mark structure and subhorizontal thin gravel layers.

Bed 12: Cross bedded gravel deposit with great abundance of shells and vertebra remnants.

Bed 13: Greenish fine sands of Edegem (Tertiary).

Bed 14: Boom clay.

DETAIL DESCRIPTION OF ENTRANCE OF E3-TUNNEL,
NORTH WALL, ANTW ERP, WEST BANK.

Fig. 25

Bed 1: Peat.

Bed 2: Blue gray loamy sand.

Bed 3: Gray coarse sand.

Bed 4: Alternating fine layers of sandloam and sand.

Bed 5: Dark gray sandloam with fine vegetation remnants.

Bed 6: Dark gray diffuse bedded sands with foreset structure at the base.

Bed 7: Alternating fine layers of gray sand and loam.

Bed 8a: Yellowish coarse sand with scattered iron patches.

Bed 8b: Yellowish coarse sand mixed, locally, with F e/M n bands, and rolled peat lumps.

Bed 8c: Grayish white, medium coarse sand, leached, mixted with irregular lumps of yellowish red
(5 YR 4/8) ferruginous zones which may follow the stratification or extent downwards in bed 10.
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Bed 9: Gullies filled with detritus peat.

Bed 10: Dark brown (7.5 YR 4/4) fine cross bedded sand the topzone of which may be leached or contain 
ferruginous zones extending from bed 8c. The upper boundary is irregular due to the ravinating 
character of the overlying gravels; along this contact fine frost wedges may appear.

Bed 11: Complex of fluviatile gray fine sand and loam with numerous fine peaty layers; locally a peat 
gully; the whole shows a cross bedded structure.

Bed 14: Compact blue Boom clay (Tertiary).
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MEMOIR Nr. 8
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