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ABSTRA T 

Geys, J. F. (1978). The palaeoenvironmcnt o f the Kempen land clay deposits (Lower Quaternary, N. 
Belgium). Geol. Mijnbo uw, 57, p. 33-43. 

Grain-size ana lyses show that the Kempenland de posits (Lower Q uaternary, N. Belgium) were 
deposited in an environment or rathe r quie t wate r with a low now ene rgy and no tida l influence. 
Electron microscopical investiga tions indicate that the wate r conta ined few salts. The sedimentary 
structures are the result or an unidirectiona l current towards the no rthwest, in a rive r with a mainly 
meandering character. No evidence could be found for a marine, litto ra l o r perimarine genesis. Most 
probably the Kempenland lcposits can be placed within the Kedichcm and T egelen Formations of 
Dutch authors. 

R ESU ME 

Geys, J. F. ( 1978). The palacoenvironmcnt o f the Kc1npcnland clay deposits (Lower Q uate rnary, N. 
Belgium). Gcol. M ij nbo uw, 57, I . 33-43. 

La composition granulom6triquc montrc quc la formation de la Campinc (Quaternaire inferieur, 
Belgique septentrio na le) a 6t6 dcposee clans un mil ie u aq uatique rc lativcmcnt calme. L' influence des 
marees ne s'y manifesi·ait pe u ou pas. L'examen des grains de q uartz au microscope e lectronique 
indique que l'eau contenait peu de se ls. Les structures sedimentaires sont causees par un courant 
unid irectionel vers le nordouest clans une riviere a meandres. Des arguments pour une genese marine, 
littorale O U perimarine n'ont pas ete trouves. II est tres probable que la formation de la Campine peut 
etre placee clans !es Formation de Kedichem et de Tegelen des auteurs Neerlandais. 
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INTRODUCTION 

For more than a century clay beds have been known to be 
present in the northern Kempenland (province of Antwerp, 
N. Belgium). In the early literature many different names 
were used to designate these Lower Quaternary clays and the 
sandy layers which are often associated with them: Kempen­
land clay, Rijkevorsel clay, Merksplas clay, etc. 

palaeoenvironment, in which these deposits came into being, 
have been accurately known. It was generally accepted that 
they originated somewhere in the Lower Quaternary. PAEPE & 
VANHOORNE (1970) distinguished three separate members 
within the Kempenland deposits, dated respectively as Tig­
lian, Eburonian and Waalian. 

Up to the present neither the age nor the nature of the 
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The palaeoenvironment of the Kempenland deposits has 
always been the object of controversy among researchers. 
TAVERNIER (1954) considers this formation to be a fluvial de­
posit in a meandering river. Some other authors, such as 
HUYGHEBAERT (1961), DRICOT (1961), DE PLOEY (1961) and VAN 

OOSTEN (1967) maintain that the Kempenland deposits have 
been deposited in bracl):ish or in salt water, possibly in an 
estuary or on tidal flats. The Kedichem and Tegelen For­
mations, which can be considered as the continuation of the 
Kempenland deposits in The Netherlands are almost unani­
mously regarded as fluviatile deposits by Dutch authors, such 
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Fig. 1 
Geographical location of the sampled exposures. 

as NELSON & VAN DER HAMMEN (1953), VAN DORSSER (1956), 
ZONNEVELD (1958), VAN DER HEIDE & ZAGWIJN (1967), 
VERBRAECK & BISSCHOPS (1971 ), ZAGWIJN (1974 ), etc. 

The lack of fossils in the Kempenland deposits is an obstacle 
in the determination of the palaeoecological conditions at the 
time of the sedimentation. In a claypit near Breda (The Ne­
therlands) a molluscan fauna, consisting of terrestrial and 
fresh-water species (SPAINK, 1968), indicates a fluvial or lacu­
strine environment. On the other hand the presence of large 
numbers of Chenopodiacean pollen in the Kempenland de­
posits seems to point to a salt- or brackish-water deposit 
(DRICOT, 1961). It should be noted, however, that other inves­
tigators in palaeobotany (GREGUSS & VANHOORNE, 1961 ; 
HACQUAERT, 1963; PAEPE & VANHOORNE, 1970; ZAGWIJN in 
VERBRAECK & BISSCHOPS, 1971) do not confirm Dricot's state­
ment. 

In this paper an attempt is made to determine the palaeoen­
vironment of the Kempenland deposits on the basis of a sedi­
mentological investigation. To this end approximately 180 
samples from the Lower Quaternary sediments were taken 
from 10 different exposures. Besides the grain-size distribu­
tion attention was paid to the morphoscopy and the surface 
textures of quartz sand grains and to the sedimentary struc­
tures. 

DESCRIPTION OF THE EXPOSURES 

The location of the exposures, indicated by their archive num-

GRANULOMETRY 

Description 

The granulometry of the coarse fraction was determined by 
dry sieving. The fine fraction was analysed by a hydrophoto­
meter (cf. JORDAN et al., 1970). 

Some parameters were computed, of which the means and 
the extremes have been compiled (Table I). 

Interpretation 

The indices of Doeglas - Following a procedure proposed by 
DOEGLAS (1968), each sample of sediment is given an index, 
consisting of three or five digits. Most indices cannot be clearly 
interpreted, and some are not even mentioned among 
Doeglas' standard indices. 

The Sk-a-plot- Of the different graphical methods proposed 
by FRIEDMAN (1967), to distinguish between beach and river 
sands, the Sk-o-plot is most commonly used. On the diagram 
(Fig. 2) for samples from the Lower Pleistocene, 61 out of75 
have fluviatile characteristics. None of the points in the littoral 
zone is situated far from the dividing line. The Sk-o-plot seems 
to point towards a fluviatile origin for the Lower Quaternary 
sandy deposits. 

Skewness and the Sk-Kg-plot-According to FRIEDMAN (1961) 
two different fields can be separated in a Sk-Kg-plot. While no 
significant difference in kurtosis between the two kinds of 
sediments can be seen, the skewness seems to b~ positive in 
most of the fluvial, and negative in most of the littoral sands. 
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bers, is given in Fig. 1. All other material, backing up the -o,3 

statements in this paper, can be found in GEYS (1975). Des­
criptions in extenso of the profiles, laboratory analyses, etc. 0,3 0,4 0,5 0, 6 0,7 

fluviatile 

0,8 0,9 1,0 1,1 {~) c; 

are deposited in the archives of the laboratory for Mineralogy, 
Geology and Physical Geography of the State University of 
Antwerp (R.U.C.A., see authors' address). 

Fig. 2 
Sk-o-plot for sandy samples from the Lower Pleistocene. 
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Fig. 3 
Sk-K8-plot for sandy samples from the Lower Pleistocene. 

Negative skewness is expected to be dominant in sed iments 
deposited by the winnowing action of surf and tides, while 
sediments deposited in a mo re quiet palaeoenvironment, such 
as a lake or a slowly flowing river, show a positive sk wness in 
most cases (DUANE, 1967). 

In the Sk-Kg-plot fo r the samples from the Lower Q uate r­
nary (Fig. 3 ), the distribution of the points fits fairly well with 
the pattern of the river sands in Friedman's figure. From 
figures 2 and 3 it becomes obvio us that 67, o ut of 76 sandy 
samples are positive ly skewed. This seems to indicate that the 
investigated sediments can be considered as a 'chaff' deposit. 

acMz-plot - Plotting the Mean Mz versus the inclusive graphic 
standard deviation ai was seen to be irrelevant. 
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Fig. 5 
M-1 attern for Lower Quaternary samples. 
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QD,.- Md-plol - On the QD.-Md-plot, constructed according 
to the directives of BULLER & MCMANUS (1972 ), for the samples 
from the Lower Q uaternary, the cloud of dots is a little diffuse 
and its trend line is difficult to trace. Its position vaguely 
indicates a fluviatile and/or a lacustrine palaeoenvironment. 
No affinity with a littoral origin can be shown (Fig. 4 ). 

CM-pattern - F ig. 5 shows the CM-patte rn (PASSEGA, 1957, 
1964; R. PASSEGA & BYRAMJEE, 1969) for the _Kempenland de­
posits. The pattern shows two main segments and points to an 
environment with traction currents. Sandy samples account 
for the dots in segment RQ, while segment SR is mainly made 
up of more fine grained samples. Clayey samples are grouped 
in segment T. From this evidence it may be stated that the 
material of the Kempenland deposits was transported almost 
exclusively in uniform, graded and pelagic suspensions. Seg­
ments QP, PO afd ON ·are missing. H ence, rolling transport 
can have been of no importance. 

Cumulative curves and truncation points - Cumulative curves 
on probability paper were drawn and interpreted as proposed 
by VISHER (1965, 1969). These curves, for samples from the 
Lower Quaternary, could be classified into four types : 
-type I : consists of a saltation population alone, indicated 

by a straight line; no truncation points; 
-type II : the most complete graph, with three populations, a 

suspension a saltation and a rolling population ; two 
truncation points; 

-type III: shows two mixed populations; the curve is concave 
10 20 50 100 200 Md(µ) to the lower side, but truncation points are not 

present ; 

F ig. 4 
QDa-Md-plot for lower Q uaternary samples. 

-type IV : a saltation and a suspension population with one 
truncation point. 
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Profile 

laye rs 
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Mz max 
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mean 

a, max 

min 

mean 

Sk, max 

min 
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Kg max 

mm 

Table I 
Granulometry. 

23 PI 

d-e 

13,77 

35,94 

4,63 

39,59 

53 ,69 

29,27 

46,63 

55 ,95 

34,79 

73 P I 82 p 1 

f-g h-1 g- j (2) g-j (1) 
(3) . 

15,81 93,08 29,57 77,96 

24,89 99,60 48,15 83,09 

5,47 79,21 9,69 73 ,87 

30,49 41 ,36 13,65 

39,09 48,21 15 ,75 

21,91 34,92 10,47 

53,70 29,07 8,39 

72,62 42,10 11,35 

36 ,02 16,93 6,44 

2,84 <P 5,86 </J 3,71 </J 

= 138µ = 17µ = 76µ 

3,20 </J 7,50 </J 3,80 </J 
= ·1081-i = 5,5 µ = 7211. 

2,30 <jJ 4,55 </> 3,55 </J 

= 203p = 43p. = 85,LI 

2,94 </J 4,1 8 </J 

4,38 </J 4,60 </> 

2,28 <J> 3,67 </J 

0,58 <P 1,20 <P 

2,12 <P 1,75 <P 

0,30 <P 0,72 <P 

+ 0,19 + 0,55 

+ 0,83 + 0,68 

- 0,23 + 0,24 

1,16 

1,72 

0,67 

82 p 2 84 p 1 87 p 1 

e-g m-n o-p (1) q j-1 m-n (4) o-r (1) s-t 

96,36 15,80 84,24 4,83 4,25 65,16 76,20 7,91 

98,27 23 ,85 91,93 8,29 15,53 92,82 86,81 21 ,75 

92,69 7,14 76,98 0,80 1,38 23,74 57,07 0,25 

37,69 59,08 32,95 44,10 

47 ,04 67,94 37,85 63,67 

26,46 50,95 26,49 31 ,92 

46,51 36,09 62,80 47 ,99 

66,40 48 ,25 71,84 67,83 

36,55 26,67 50,l7 14,58 

2,70 </J 2,66 </J 3,80 </J 3,65 <P 
= 154p = 1581.1 = 72,Ll = 78µ 

2,95 <jJ 2,80 </J 7,65 </J 4, 15 </J 

= 12911 = 144,ii = 51-1 = 56p 

2,45 </> 2,50 </J 2, 15 </> 3,30 <[J 

= 183/1 = 177,Lt = 225p = 101µ 

2,72 </> 3,16 </J 3, 17 </J 

2,97 </J 3,95 <P 4,55 <P 

2,43 </> 2,55 </> 3,25 <P 

0,43 <P 1,33 <P 2,30 <P 

0,56 <P 2,12 <P 4,75 <P 

0,32 <P 0,62 <P 1,07 <P 

+ 0,09 + 0,41 0,00 

+ 0,19 + 0,81 + 0,32 

- 0,01 + 0,12 - 0,25 

1,31 

1,59 

1,15 



83 p 1 83 p 2 83 p 3 84 p 1 87 p 1 

h i j-1 e-g f g-Hl(l) i-1 u-x 

6,18 96,16 23,82 93,70 96,57 68,18 94,84 36,17 

7,45 96,45 41,88 94,87 98,48 72,62 99,20 56,71 

4 ,25 95,87 7,94 91,57 93,01 63,74 88,53 23,91 

43,16 41,90 19,37 27,27 

47,98 50,01 23,42 36,78 

39,17 38,30 15,32 20,06 

50,66 34,28 12,45 36,55 

53,97 53,76 12,84 43,82 

44,57 17,59 12,06 23,23 

2,32 <P 2,79 <P 2,56 <P 3,92 <P 3,04 <P 6,18 <P 
= 200µ = 145µ = 170µ = 66µ = 122µ = 14µ 

2,35 <P 3,10 <P 2,80 <P 3,95 <P 3,60 <P 7,25 <P 
= 196µ = 117µ = 144µ = 65µ = 82µ = 7µ 

2,30 <P 2,45 <P 2,35 <P 3,90 <P 2,40 <P 3,95 <P 
= 203µ = 183µ = 196µ = 67µ = 189µ = 65µ 

2,42 <P 2,85 <P 2,61 <P 4,61 <P 3,06 <P 

2,48 <P 3,12 <P 2,83 <P 4,70 <P 3,50 <P 

2,37 <P 2,65 <P 2,42 <P 4,53 <P 2,45 <P 

0,49 <P 0,72 <P 0,76 <P 1,48 <P 0,51 <P 

0,50 <P 0,85 <P 0,88 <P 1,62 <P 0,65 <P 

0,48 <P 0,67 <P 0,66 <P 1,35 <P 0,37 <P 

+ 0,33 + 0,18 + 0,12 + 0,70 + 0,06 

+ 0,45 + 0,41 + 0,16 + 0,70 + 0,31 

+ 0,21 + 0,11 + 0,02 + 0,69 - 0,25 

1,46 1,51 1,11 1,32 

1,68 1,76 1,26 1,51 

1,25 1,28 1,02 1,19 

:1) Graphic values ag and Skg are given instead of inclusive values a, and Sk,. 
:2) Clayey samples from layers g-j of profile 82 P 1. 
) ) Sandy samples from layers g-j of profile 82 P 1. 
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87 p 2 

j-m (1) n-r s-w x y-d' 

85,20 11,71 60,99 3,46 45,16 

98,48 31,19 84,92 4,14 77,14 

63,81 1,78 35,48 1,40 9,94 

30,85 15,23 35,61 19,08 

36,34 31,03 37,84 33,80 

15,62 5,89 34,51 9,63 

57,44 23,78 60,94 35,76 

82,49 46,18 64,31 56,26 

36,71 9,19 58,03 13,23 

3,10 <P 4,20 <P 5 ,44 <P 
= 117µ = 54µ = 21µ 

4,05 <P 7,25 <P 10,50 <P 
= 60µ = 7µ = 0,7µ 

2,10 <P 2,45 <P 2,25 <P 
= 233µ = 183µ = 210µ 

3,48 <P 

5,26 <P 

2, 15 <P 

1,20 <P 

2,72 <P 

0,37 <P 

+ 0,31 

+ 0,67 

- 0,12 

:4) These layers consist of an irregular succession of laminae medium sand and clay, in variable amounts. The clay is identical to that from layers 
j-1. T he sand has a medium grain size (mean about 2.15 <P = 225 µ ), is moderately we ll sorted (a g = 0.55 <P ) and shows a positive skewness 
(Skg = + 0.20) . 
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Fig. 6 
Scanning electron micrograph of a quartz sand grain from the Lower 
Quaternary, showing imbricate and conchoidal fracture planes. Dash 
= 10 µm . 

Some type III distributions were plotted, according to the 
method ofDouGLAS (1950). In that way, two populations could 
be discerned, separated by a truncation point : a large sus­
pension population and a saltation population of much less 
importance. 

Visher's curves of the Lower Quaternary sediments most 
frequently belong to types III and IV ( GEYS, 1975). Type III 
curves are characteristic for fine-grained, very clayey sedi­
ments, while clay with sandy lenses or predominantly sandy 
material generally give rise to type IV curves. In most cases 
only a saltation and suspension population seem to be present. 
Nevertheless, the relative share of each population can vary 
considerably, from 0,5 % to 97% saltation. The truncation 
point can vary in grain size from 1 <P (500µm) to 6 <P (l5,5µm), 
but in most cases it is situated between 3,5 <P (88 µm) and 
4,5 <P (44 µm). 

Some rare type I curves do occur. Most probably they can be 
considered as actual type IV curves, with a very inconsiderable 
suspension population, which was not analysed separately. 
Hence no data are available on the fine tails of these grain-size 
distribution graphs. 

Type II curves, indicating the presence of a rolling popula­
tion, occur almost exclusively in layers with a partial residuary 
character, which are dissected by overlying strata. Even in 
those cases, the rolling population never shares for more than 
2,5% and it rarely even exceeds 1 % in the total weight of the 
sample: it remains unimportant. 

It can be mentioned that the suspension population and the 

Fig. 7 
Scanning electron micrograph of a quartz sand grain from the Lower 
Quaternary, showing semiparallel and arc-shaped steps. Dash = 5 
µm. 

saltation population, in the sense of VISHER (1965), may be 
considered as synonymous with the uniform and the graded 
suspension respectively, in the sense of PASSEGA (1964 ). 

MORPHOLOGY OF THE QUARTZ GRAINS 

Morphoscopy 

Roundness P, sphericityip and the percentage of frosted grains 
were determined in a subjective way, observing 100 grains 
from the grain-size fraction 74-105 µm of each sample by 
means of a binocular microscope, and comparing their outli­
nes with the standard chart of KRUMBEIN & SLOSS (1951 ). 

According to MACCARTHY (1935) the difference in roundness 
between aeolian and aquatic sands is related to grain size. The 
74-105 µm fraction was selected since it shows a fair contrast 
and since it is present in all samples. The following values were 
obtained for the morphological parameters in the Lower 
Quaternary: 
% frosted grains: 40% to 82%; 
mean P = 0,118 to 0,306; 
mean 1fi = 0,644 to 0,770. 

In the same profile, the parameters hardly show a contrast, 
except on the boundary between Lower and Upper Quater­
nary. The Upper Quaternary coversands and dune sands are 
always better rounded than the Lower Quaternary sands 
which they overlay. Moreover they often contain more frosted 
grains. Similar differences in shape between aeolian and non­
aeolian sands were previously ascertained by MACCARTHY 
(1935), BEAL & SHEPARD (1956) and CAILLEUX & TRICART 
(1963 ). 

The extreme roundness and the relatively large percentage 



Fig. 8 
Scanning electron micrograph of a quartz sand grain from the Lower 
Quaternary, showing sickle-shaped collision traces. Dash = 20 µm. 

of frosted grains in layer j of profile 84 P 1 (mean P = 0,256; % 
frosted grains 66%, whereas those mean parameters are res­
pectively 0,203 and 53 % in the remaining part of the Lower 
Quaternary in that profile) indicate a dominant aeolian in­
fluence. 

Electron microscopy 

From each profile samples were selected to represent, as well 
as possible, the different sets of layers. Without any selection 
in size, some grains of each sample were examined, using a 
scanning electron microscope JEOL JSM-U3 . 

Characteristic textures are relatively rare on quartz grains 
from the Lower Quaternary in the Northern Kempenland. 
Most surface textures are fracture patterns: imbricate fracture 
blocks, conchoidal fracture planes, semi parallel and arc sha­
ped steps, very high relief (Figs. 6 and 7). Less common are 
irregular small indentations and parallel striations. All those 
textures are thought to be characteristic of glacial environ­
ments (KRINSLEY & DONAHUE, 1968). Nevertheless these tex­
tures also occur frequently on quartz grains from other kinds 
of deposits (sETLOW & KARPOVICH, 1972 ; GEYS, 1973). 

Many grains show collision traces as small, sickle-shaped 
indentations (Fig. 8), probably caused by subaquatic trans­
port. A pattern of convergent striae, similar to those described 
by souTENDAM (1967) in the Loire river sands, could be ob­
served on a few grains (Fig. 9). 

Triangular and rectangular etching figures are very rare and 
most have a worn appearance (Fig. 10). Assuming that the 
Kempenland deposits are a salt water sediment, a frequent 
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Fig. 9 
Scanning electron micrograph of a quartz sand grain from the Lower 
Quaternary, showing a pattern of convergent striae. Dash = 10 µm. 

occurrence of such etching figures could be expected. Indeed, 
earlier papers mention that etching not only occurs on grains 
from beach sands, but also on grains from other saltwater 
sediments, such as tidal-flat deposits (GEYS, 1973). 

Hence, since unworn etching figures and marine surface 
textures are missing, the Kempenland deposits may be con­
sidered to have originated in a relatively fresh environment. 
These few grains bearing such textures, though worn, are very 
probably reworked from older marine sediments. 

Fig. 10 
Scanning electron micrograph of a quartz sand grain from the Lower 
Quaternary, showing slightly worn triangular etching figures. Dash = 

10 µm. 
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Fig. 11 
Scanning electron micrograph of a quartz sand grain from the Lower 
Quaternary, showing typical 'orange peel texture'. Dash = 10 µm. 

Yet it has to be stated that, hitherto, no characteristic flu­
viatile or lacustrine surface textures have been found. No 
direct proof as such for a ffuvial or lacustrine environment is 
available. 

Investigations by the electron microscope have demon­
strated aeolian influence in a bed of Lower Quaternary age. 
The same level was noticed above for the exceptional 
roundness of its grains: layer j in profile 84 P 1. Indeed the 
quartz grains from this level show aeolian textures such as 
meandering ridges, pitted surface and so called 'orange peel 
textures ' (Fig. 11 ). 

Fig. 12 
Megaripples and large-scale fore-set cross-bedding in layers m-n of 
profile 87 P 1. 

Fig. 13 
Parallel laminae, ripple marks and trough-fill cross-bedding in layers 
o-r of profile 87 P 1. 

SEDIMENTARY STRUCTURES 

In two of the largest studied claypits, D .A.K.T. (87 P 1) and 
K.V.S. Het Blak (87 P 2), both located at Beerse, Lower 
Quaternary sandy layers were exposed. They showed very 
striking sedimentary structures. In both profiles a unit with 
macrostructures overlies a unit with microstructures. 

Layers m-n in profile 87 P 1 form a rather monotonous set of 
macro-structures. Megaripples and large-scale foreset cross­
stratifications with an alternation of coarse and fine-grained 
laminae can be seen over the full length of the exposure (Fig. 
12 ). The same structures are observed in the nearby claypits of 
De Breyne and Nova, on freshly excavated walls, oriented 

Fig. 14 
U nit with macro-structures, overlying unit with micro-structures in 
profile 87 P 2. 



Fig. 15 
Photomozaic, showing a larger gully in layers o-e' of profile 87 P 1. 
Parallel laminae, trough-fill cross-bedding and bioturbations can be 
seen. 

perpendicularly to the wall of D.A.K.T. (87 P 1). This for­
tunate coincidence provided the possibility of evaluating the 
palaeocurrent direction towards the the NW. MCGOWEN & 
GARNER (1970) described similar sedimentary structures in 
point bars of meandering rivers. In this particular case, the 
river must have been considerably large, as structures from the 
same microenvironment extend over more than 1 km2 . These 
macro-structures could also be the result of a constant succes­
sion of micro-avalanches in a braided river, as described by 
SMITH (1972). 

The microstructures in layers o-r of the same profile are 
more complicated. Trough-fill cross-bedding is the dominant 
feature in the sandy parts of these layers, while additionally, 
ripple marks with different amplitudes occur (Fig. 13 ). Some 
of the sandy throughs contain lumps of peat. The more fine­
grained parts of the same layers mainly form parallel laminae; 
they originated in quiet water. Bioturbations and load casts 
are common. The palaeocurrent was directed towards the 
NW. This whole complex of structures is rather similar to what 
has been observed in chute bars of meandering rivers, by 
MCGOWEN & GARNER (1970). 

Herringbone or other structures indicating a tidal influence 
were not observed. 

Macro-structures are found in layers s-w of profile 87 P 2. 
Here they consist of large scale trough-fill cross-bedding and 
megaripples (Fig. 14 ). According to MCGOWEN & GARNER 

(1970) such structures may be found in the scour pool of a 
meandering river. Observing the structures on two perpendi­
cular walls, the palaeocurrent could be estimated as being 
directed towards the WNW. 

Layers y-e' of profile 87 P 2 show micro-structures, similar 
to those in layers o-r of profile 87 P 1. Trough-fill cross-bed­
ding is the dominant structure. Occasionally larger gullies 
occur (Fig. 15). They are fi lled with more fine-grained mate­
rial showing parallel laminae, bioturbations and load casts 
(Fig. 16). These structures could have originated in the chutes 
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Fig. 16 
Load-casts in layer o-e' of profile 87 P 2. 

and in the chute bar of a meandering river. The palaeocurrent 
direction is W. No tidal structures such as herringbones were 
observed. 

The results of the analysis of the sedimentary structures are 
summarized in Table II. 

DISCUSSION AND CONCLUSIONS 

The sedimentological investigation indicates a fluviolacu­
strine genesis of the Kempenland deposits. The r iver by which 
these sediments were deposited, and which we will call the 
'Noorderkempen' River, followed a northwesterly direction. 
It had a mainly meandering and occasionally braiding charac­
ter. 

The granulometry shows that the influence of the tides was 
negligible. The electron microscopical investigation indicates 
that sedimentation took place in water poor in salts. 
Sedimentary structures show the presence of a unidirectional 
current towards the NW or the WNW. 

With a reasonable degree of certainty one may assume that 
the flow energy of the Noorderkempen River was low. The 
material was mainly transported as a uniform, graded and 
pelagic suspension. At certain places and at certain times 
stagnant water occurred. In these lacustrine conditions most 
of the fine-grained fractions were deposited. Rolling transport 
rarely occurred. The capricious pattern of clayplates and 
sandstrips thus developed (GEYS, 1976a) bears some similarity 
with the pattern of clayey flood plain soils and sandy channel 
soils in the Holocene river clay area of the central Ne­
therlands. 

No sedimentological evidence for a cold climate oscillation, 
such as the 'Beersian' of DRICOT (1951) could be found. The 
cryoturbation-like structures in a clay-pit near Essen ( GEYS & 
DELANNOY, 1972) must rather be interpreted as convolute 
laminations, which are not caused by cold conditions. Never-
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Profile layers Sedimentary structures Palaeocurrent 
direction 

Palaeoenvironment 

87 p 1 m-n macro Megaripples and alternation of fine and coarse-grained 
foreset-laminae 

NW Point bar of meandering 
river, or braided river 

o-r micro Trough-fill cross-stratification in coarse-grained parts; 
parallel laminae in fine-grained parts. 

NW Chute bar of meandering 
river 

87 p 2 s-w macro Megaripples, large foreset-laminae and 
large trough-fill cross-stratification 

WNW Scour pool of meandering 
river 

y-e' micro Trough-fill cross-stratification in coarse-grained parts; 
gullies with fine-grained sediment, with parallel laminae. 

w Chute and chutebar of 
meandering river 

Table II 
Sedimentary structures. 

theless, the existence of such a cold stage is probable, taking 
into account the findings of palynological investigations 
(HACQUAERT, 1963; PAEPE & VANHOORNE, 1970). We agree with 
the latter authors in correlating the top layers of the Kempen­
land deposits, which are normally polarised, with the Waalian 
Jamarillo event (VAN MONTFRANS, 1971) and identifying the 
cold stage with the Eburonian. It has to be noted however that 
the transistions from warm to cold climate and vice-versa, may 
not be linked to lithological changes as rigourously as they 
were by PAEPE & VANHOORNE (1970). 

It is clear that the lowermost part of the Kempen land depo­
sits has to be dated as Tiglian (PAEPE & VANHOORNE, 1970; VAN 
MONTFRANS, 1971 ). The WNW-direction of the Noorderkem­
pen River is in good agreement with palaeographical map nr. 3 
of ZAGWIJN (1974 ). 

DE PLOEY (1961) recognized sandy units with heavy-mineral 
associations similar to those of the Tegelen and Kedichem 
Formations. The upper unit contains many metamorphous 
minerals, ubiquists, tourmaline and garnet. The sands inter­
preted by DE PLOEY (1961) as aeolian deposits and called the 
'St. Lenaarts Formation' bear mineralogical similarity to the 
Kedichem Formation. An underlying.unit called 'Wadzanden' 
by DE PLOEY (1961) has a heavy-mineral content resembling 
that of the Tegelen Formation, with relatively high amounts of 
garnet, epidote and hornblende. The heavy-mineral content 
of the Kedichem and Tegelen Formations have been descri­
bed by VAN RUMMELEN (1972) and VAN DEN TOORN (1967). 

The Kempenland deposits have an intermediate position 
between the Tegelen Clay and the Kedichem Formation (S. 
Limburg) in the east and some fluvial deposits, which are 
placed in the Tegelen and Kedichem Formations (zAGWIJN, 
1963; VAN RUMMELEN, 1972) in the west (Zeeland). The latter 
were previously described as 'Halsteren deposits' by VAN 
vooRTHUYZEN (1957). Moreover the Lower Quaternary flu­
vio-lacustrine deposits of the northern Kempenland extend 
northwards over a considerable area into Dutch territory. In 
the province of Noord-Brabant, they are again known as the 
Kedichem and Tegelen Formations (vERBRAECK & BISSCHOPS, 

1971; BISSCHOPS, 1973 ). North of Breda these deposits are 
covered by younger sediments. The Kedichem and Tegelen 
Formations continue northwards, covered by younger Qua­
ternary strata, until they interfinger with the Harderwijk For­
mation near Gorinchem (vERBRAECK, 1970). 

All these data should fit very, well into a pattern, assuming 
that the Kempenland deposits belong to the Kedichem and 
Tegelen Formations. It can be mentioned that the Brasschaat 
Sands, sedimentologically characterized by GEYS (1976b ), can 
hardly be distinguished from a sandy facies of the Kempen­
land deposits. 

Because of their lateral continuity, their common palaeoen­
vironmental characteristics and their similar age, the Kedi­
chem and Tegelen Formations in Limburg, N oordbrabant and 
Zeeland, the Kempenland deposits and the Brasschaat sands 
can be considered as members of the same large fluvio-lacu­
strine complex. 

Let us finally point out that the evidence presented in this 
paper supports the palaeogeographical reconstructions of 
ZAGWIJN (1974) rather than those of GULLENTOPS (1974 ). 

REFERENCES 

Beal, A. & F. P. Shepard 1956 A use of roundness to determine 
depositional environments - J. Sed. Petrol. 26: 49-60. 

Bisschops, J . 1973 Toelichtingen bij de geologische kaart van Neder­
land 1 :50,000, blad Eindhoven Oost (51 0) - Rijksgeol. Dienst 
(Haarlem) 132 pp. 

Buller, A. T. & J. McManus 1972 Simple metric statistics used to 
recognize different environments - Sedimentology 18: 1-21. 

Cailleux, A. & J. Tricart 1963 Initiation a l'etude des sables et des 
galets, tome I - Centre Doc. Univ. (Paris) 369 pp. 

De Ploey, J. 1961 Morfologie en kwartair-stratigrafie van de Ant­
werpse Noorderkempen - Acta Geogr. Lovan. 1: 126 pp. 

De Ridder, N. A. 1957 Beschrijving van de verschillende sedimenten 
- Minist. Landbouw ('s-Gravenhage) : Agrohydrologische pro­
fielen van Zeeland 33-72. 

Doeglas, D. J. 1950 De interpretatie van de korrelgrootte analyses -
Verhand. Kon. Ned. Geol. Mijnb. G en., G eo!. Ser. 15 : 247-328 . 

- - 1968 Grain-size indices, classification and environment - Se-



dimentology 10: 83-100. 
Dricot, E.-M. 1961 Microstratigraphie des argiles de la Campine -

Bull. Soc. beige Geo!. Paleont. Hydro!. 70: 113-141. 
Duane, D. B. 1964 Significance of skewness in recent sediments, 

Western Pamlico Sound, North Carolina - J. Sed. Petrol. 34: 
864-874. 

Folk, R. L. & W. C. Ward 1957 Brazos River bar, a study in the 
significance of grain-size parameters -J. Sed. Petrol. 27: 3-27. 

Friedman, G. M. 1961 Distinction between dune, beach and river 
sands from their textural characteristics - J. Sed. Petrol. 31: 
514-529. 

--1967 Dynamic processes and statistical parameters compared 
for size frequency distributions of beach and river sands. J. Sed. 
Petrol. 37: 327-354. 

Geys, J. F. 1973 Submikroskopische oppervlaktetexturen op kwarts­
korrels uit het Holoceen van de Belgische kustvlakte - Na­
tuurwet. Tijdschr. 55: 121-128. 

--1975 De sedimentologie en de morfogenetische betekenis van 
de Oudpleistocene afzettingen in de Antwerpse Noorderkem­
pen -Thesis Univ. Gent, 230 pp. 

-- 1976a Het Oudkwartair in de streek rond Hoogstraten. Na­
tuurwet. Tijdschr. 58: 197-208. 

- - 1976b Een sedimentologisch onderzoek in de Zanden van 
Brasschaat - Natuurwet. Tijdschr. 58: 121-137. 

Geys, J. F. & W. Delannoy 1972 Lithologisch onderzoek van het 
Onder-Pleistoceen te Wildert-Essen (Antwerpse Noorderkem­
pen) - Natuurwet. Tijdschr. 54: 48-58. 

Greguss, P. & R. Vanhoorne 1961 Etude paleobotanique des Argiles 
de la Campine a Saint-Leonard-Bull. Inst. Roy. Sci. Nat. Belg. 
37 (33) 33 pp. 

Gullentops, F. 1974 The southern North Sea during the Quaternary ­
Soc. Geo!. Belgique (Liege): L 'evolution quaternaire des bas­
sins fluviaux de la Mer du Nord meridionale: 273 -280. 

Hacquaert, N. 1963 Pollenanalytische studie van een boring te Aren­
donk - Natuurwet. Tijdschr. 45: 127-136. 

Huyghebaert, L. 1961 Problemes souleves par I'etude microstrati­
graphique de la sabliere de Lichtaart et de sondages en Cam pine 
- Bull. Soc. beige Geo!. Paleont. Hydro!. 70 : 104-112. 

Jordan, C. F., G. E. Fryer & E. H. Hemmen 1970 Size analysis of silt 
and clay by hydrophotometer - J. Sed. Petrol. 41: 489-496. 

Krins!ey, D. & J. Donahue 1968 Environmental interpretation of sand 
grain surface textures by electron microscopy - Geo!. Soc. 
Amer. Bull. 79: 743-748. 

Krumbein, W. C. & L. L. Sloss 1951 Stratigraphy and sedimentation -
Freeman Cy (San Francisco) 660 pp. 

Mac Carthy, G. R. 1935 Eolian sand : a comparison - Amer. J. Sci., S 
5-176-30: 81 -95. 

McCowen, J. H. & L. E. Garner 1970 Physiographic features and 
stratification types of coarse grained point bars: modern and 
ancient examples - Sedimentology 14: 77-111. 

Nelson, H. W. & T. Van der Hammen 1950 Een kwartair-geo!ogisch 
onderzoek van het zuidwestelijk dee! van Noord-Brabant -
Geo!. Mijnbouw 12: 241-251 and 272-276. 

Paepe, R. & R. Vanhoorne 1970 Stratigraphical position of periglacial 

43 

phenomena in the Campine Clay of Belgium, based on pa­
laeobotanical analysis and palaeomagnetic dating - Bull. Soc. 
beige Geo!. Paleont. Hydro!. 79: 201-211. 

Passega, R. 1957 Texture as characteristic of elastic deposits - Bull. 
Amer. Ass. Petrol. Geo!. 41: 1952-1984. 

- - 1964 Grain-size representation by CM-pattern as a geological 
tool - J. Sed. Petrol. 34: 830-847. 

Passega, R. & R. Byramjee 1969 Grain-size image of elastic deposits -
Sedimentology 13: 233-252. 

Setlow, L. W. & R. P. Karpovich 1972 'Glacial' micro-textures on 
quartz and heavy mineral sand grains from the littoral environ­
ment - J . Sed. Petrol. 42: 864-875. 

Soutendam, C. J . A. 1967 Some methods to study surface textures of 
sand grains - Sedimentology 8: 281-290. 

Spaink, G. 1968 Een bijzondere continentale molluskenfauna uit het 
Oud Pleistoceen uit een kleigroeve tussen Bavel en Dorst nabij 
Breda-CorrespondentiebladNed. Malac. Ver.129: 1382-1384. 

Tavernier, R. 1954 Le Quaternaire - Vaillant-Carmanne (Liege): 
Prodrome d 'une description geologique de la Belgique: 555-589. 

Van den Toorn, J.C. 1967 Toelichtingen bij de geologische kaart van 
Nederland 1 :50,000, blad Venlo West (52 W) - Rijksgeol. 
Dienst (Haarlem), 162 pp. 

Van der Heide, S. & W. H. Zagwijn 1967 Stratigraphical nomen­
clature of the Quaternary deposits in The Netherlands - Meded. 
Geo!. Sticht., N.S. 18: 23 -29. 

Van Dorsser, H.J. 1956 Het Iandschap van westelijk Noord-Brabant 
- Flakkeesche Drukk. (Middelharnis), 133 pp. 

Van Montfrans, H. 1971 Paleomagnetic dating in the North Sea Basin 
- Earth Planet. Sci. Lett. 11: 226-235. 

Van Oosten, M. F. 1967 Bijdrage tot de kwartair-geologie van wes­
telijk Noord-Brabant - Geo!. Mijnbouw 46 : 131-146. 

Van Rummelen, F. 1972 Toelichtingen bij de geologische kaart van 
Nederland 1:50,000, blad Walcheren - Rijksgeol. Dienst 
(Haarlem), 120 pp. 

Van Voorthuysen, J. 1957 Algemeen geologisch overzicht tot een 
diepte van 400 meter - Minist. Landbouw ('s-Gravenhage): 
Agrohydrologische profielen van Zeeland: 20-32. 

Verbraeck, A. 1970 Toelichtingen bij de geologische kaart van Ne­
derland 1 :50,000, blad Gorinchem Oost (38 0) - Rijksgeol. 
Dienst (Haarlem), 140 pp. 

Verbraeck, A. & J. Bisschops 1971 Toelichtingen bij de geologische 
kaart van Nederland 1 :50,000, blad Willemstad Oost (43 0) -
Rijksgeol. Dienst (Haarlem), 112 pp. 

Visher, G. 1965 Fluvial processes as interpreted from ancient and 
recent fluvial deposits - S.E.P.M. Spec. Pub!. 12: 116-132. 

- - 1969 Grain size distribution and depositional processes - J . 
Sed. Petrol. 39: 1074-1106. 

Zagwijn, W. 1963 Pleistocene stratigraphy in The Netherlands, based 
on changes in vegetation and climate - Verhand. Kon. Ned. 
Geo!. Mijnb. Gen., Geo!. Ser. 21 (2): 173 -196. 

-- 1974 Palaeogeographic evolution of The Netherlands during 
the Quaternary - Geo!. Mijnbouw 53: 369-385 . 

Zonneveld, J. I. S. 1958 Lithostratigrafische eenheden in het Neder­
landse Pleistoceen - Meded. Geo!. Sticht. , N.S. 12: 31-64. 




