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Abstract 

The lithostratigraphic units in the Upper-Pleistocene Lys valley may be subdivided into two distinct 
populations, each with its own characteristic heavy mineral assemblage. The Eemian and Early Weichselian 
sediments, which belong to the Formations of Oostwinkel/Templeuve, Dendermonde and Oostakker, are 
characterized by a very high opaque grains and ubiquists content and by rather low proportions of epidote, 
garnet and hornblende. These sediments originate mainly from the erosion of the Eocene deposits in the 
studied area. 

The overlying deposits, which make up the Formations of Oeselgem/Wevelgem, Eke, Gottem, St.-Baafs­
Vijve and the youngest alluvial sediments, show a duplication in the number of garnets, epidotes and 
amphiboles and hence a considerable reduction in the amount of ubiquists. This heavy mineral association 
was influenced by an eolian supply from the north, in this case from the bottom of the then aerially exposed 
North Sea. 

Introduction 

In 1954 Gullentops introduced the analysis of heavy 
mineral distributions as an important technique in 
the study of the Quaternary stratigraphy of 
Belgium. Research since has been mainly focused 
on the loess belt of Central Belgium (Gullentops 
1954, Juvigne 1978, 1985, Mees & Meijs 1984), on 
the eolian sediments in the Campine (De Ploey 
1961) and on the recognition of ash layers derived 
from volcanic eruptions in the Eifel (e.g. Juvigne 
1977' 1983' 1984). 

Peeters (1943) and Tavernier (1947) carried out 
pioneering work in Flanders, following the work of 
Edelman (1933) on the Quaternary of the Nether­
lands. More recently, a preliminary analysis by 
Lootens (1977) revealed an evolution in the heavy 

mineral content of the different lithostratigraphic 
units in the Lys valley. The present paper consider­
ably elaborates and refines the latter study, aiming 
to describe in more detail the mineralogic composi­
tion of the Quaternary sediments in that region and 
to evaluate in what manner this criterion can be 
used for stratigraphic purposes. 

Regional setting, sampling and counting procedures 

The Quaternary deposits in the embayment of the 
Flemish Valley south of Deinze in places attain a 
thickness of 25 m (De Moor & Lootens 1975). The 
identified local lithostratigraphic units have been 
correlated within the ~ediment group of the 
Flemish Valley as represented in Fig. 1. The bulk of 
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Fig. 1. Integration of the local lithostratigraphic units within the sediment group of the Flemisch Valley. Based on Tavernier & De Moor 
1974, De Moor & Heyse 1974, De Moor 1974, Tavernier & De Moor 1969, De Moor & Lootens 1975 and Lootens 1976. 

the samples from the four most recent formations 
are from excavations, while the underlying units 
have mainly been sampled through drilling. The 
correlation between samples from different sites is 
based on lithostratigraphic criteria. Figure 2 marks 
the positions of the different sampling points, 
showing them to be situated more or less in the 
central part of the Lys valley to avoid the direct 
mineralogical influence of the underlying Tertiary 
sediments. 

Heavy minerals were separated from the over-all 
sandfraction (50-500 /Lm) by the gravimetric 
method in bromoform. The minerals were mount­
ed on glass slides and counted by the on-line 
method until a sum of 100 opaque and non-opaque 
minerals was attained. Thereupon only the trans­
parent grains were recorded, again until 100 miner­
als were determined. Epidote, zoi:site and clino­
zoi:site are grouped in one and the same epidote 
class (Edelman & Doeglas 1938), including also 
saussurite with its numerous variations (Edelman, 
1933); epidote, however, is the dominant mineral 

within this group. Alterite includes the unidentifia­
ble chemically altered minerals. 

Heavy mineral associations of the various 
Iithostratigraphic units 

On Fig. 3 the number of samples analysed from 
each lithostratigraphic unit is given in brackets and 
the mean percentages of the different mineralogi­
cal families are plotted graphically. 

Epidote, garnet and zircon are abundant 
(;::::,:10%); rutile, staurolite and tourmaline are com­
mon (5-10% ); while grains like anatase, an­
dalusite, brookite, hornblende, kyanite and 
sphene occur only occasionally (1-5% ). Rare min­
erals ( <l % ) are actinolite, aegyrine , anthophylite , 
apatite, augite, chloritoid, diopside, glaucophane, 
brown hornblende, hypersthene, pigeonite and sil­
limanite. 

On the basis of the mean frequencies of the 
different heavy mineral groups, the lithostrati-
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Fig. 2. Regional setting and positions of the sampling points. 

graphic units are divided into two clusters. 
The lower complex (the Formations of Oost­

winkel/Templeuve, Dendermonde and Oostak­
ker) is characterized by very many opaque grains 
(59-71%); an excess, 53-58%, of ubiquists (tour­
maline, zircon, rutile, anatase, brookite and 
sphene), where zircon dominates tourmaline; a pa­
rametamorphic group, mostly staurolite, of 
10-12% ; garnets in a range of 12-15%; an epidote­
group varying between 10 and 12%; few amphi­
boles ( 4-5%) and alterites (3-5% ); and a negligible 
number of pyroxenes (1 % ). In spite of the con­
trasting granulometric composition of the three 
formations the difference between numbers of 
minerals of highly different shape (e.g. zircon and 
tourmaline) is small. 

The upper complex (the Formations of Oesel­
gem/Wevelgem, Eke, Gottem, St.-Baafs-Vijve 
and the recent alluvial deposits) differs substan­
tially in heavy mineral composition from the under­
lying deposits. The number of opaques and ubiqu­
ists is halved and varies between 30 and 39% and 
between 21 and 29%, respectively. The percentage 
of garnet and epidote increases sharply, varying 
respectively between 22 and 26% - except for the 

Gottem Formation - and between 20 and 30%. 
Also the number of amphiboles (8-13%) and al­
terites ( 4-9%) has been doubled. Only the param­
etamorphic group (8-9%) and the very rare pyrox­
ene-group (1 % ) do not differ from the older units 
and are consequently not stratigraphically diagnos­
tic. 

The binomial structure of these Quaternary sedi­
ments can also be illustrated by the ratios of per­
centages of certain minerals or groups of minerals 
(Fig. 4). Although the values of the three miner­
alogical indices are quite different for the upper 
and the lower complex, it seems prematurely to use 
them as a differentiating factor between the two 
groups of sediments. Application of the chi-square 
test for the complete set of samples shows - at the 
95% significance level - the existence of a hetero­
geneous population, which consists, however, of 
two homogeneous subpopulations. 

Concerning the qualitative differences between 
the two lithostratigraphic complexes the presence 
must be noted of strikingly large and fresh speci­
mens of zircon, kyanite, sphene, staurolite and 
tourmaline in the lower complex. In the upper 
complex, and mainly in the Oeselgem and Eke 
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Fig. 3. Heavy-mineral diagram with indication of the number of samples analysed. 

Formations, large specimens of green hornblende 
and large pink garnet are conspicuous. Apart from 
that every sample has both rounded and angular 
grains, proving that several generations of heavy 
minerals have been mixed. An attempt to dis­
tinguish different mineral types by their colour, 
shape or roundness gave results that are too uncer­
tain for a quantitative approach. The very rare 
volcanic minerals (e.g. augite, enstatite), which are 
present in all the lithostratigraphic units, do not 
permit identification of distinct volcanic ash layers 
and hence correlation with dated eruptions 
(Juvigne 1977). 

Provenance of the heavy minerals - discussion 

As the Formations of Oostwinkel/Templeuve, 
Dendermonde and Oostakker consist mainly of 
fluviatile deposits, it is logic to compare their heavy 
mineral content with the composition of the eroded 
Tertiary sediments in the interfluves. The heavy 

mineral content of the Flanders Member (Ypres 
Formation), the most common deposit in the stud­
ied regio, is characterized by an abundance of ubiq­
uists (mostly zircon) beside the presence of param­
etamorphic minerals, garnet and epidote; the 
amount of amphiboles and pyroxenes is negligible 
(Geets & De Breuck 1982) (Fig. 5). In view of the 
local paleomorphology, the preponderance of 
fluvial erosional and depositional processes - both 
in a quiet and in an agitated aquatic environment -
during the first half of the Weichselian, and taking 
into account the similarity of their heavy mineral 
assemblage, the three oldest lithostratographic 
units seem to derive largely from the Tertiary sedi­
ments. The freshness of the most commonly occur­
ring minerals favours this provenance. The absence 
of a high percentage of easily weatherable minerals 
may be a reflection of the age of the deposits but 
may also indicate a local origin of the sediments, 
whereby pedochemical weathering in the Eemian 
and possible older Quaternary soils caused a rela­
tive enrichment in ubiquists. Neither transport and 
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sedimentation, nor the nature and shape of the 
grains seem to have been selective. Nevertheless, 
the way in which these sediments have been 
sampled - e.i. by boring - hampers recognition of 
minor sedimentary structures which point to vari­
ous hydraulic conditions that cause variations in 
heavy mineral content according to their difference 
in shape and/or density. 

The substantially different mineral composition 
of the upper complex indicates another provenance 
of these deposits. Therefore, a comparison was 
made with the heavy mineral content of previously 
investigated sediment-petrological provinces of the 
Holocene and Pleistocene deposits in Belgium and 
the Netherlands (Fig. 5) . The composition of the 
upper complex is similar to the assemblage of the 
A-province of Edelman (1933) but contains fewer 
amphiboles. The agreement is better with the 
H-group of Baak (1936) - including nevertheless 
more saussurite, not separately counted in the 
present study- or with the A-group of Baak. In the 
latter case, however, the percentage of amphiboles 
is higher than in the samples actually studied. 
Nevertheless, the upper complex contains signifi­
cantly more ubiquists than the original A- and 
H-provinces. For Tavernier (1947) the Quaternary 
sediments in the Lys valley belong to the above­
mentioned H-group. This association, which oc-
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curs in the Southern North Sea, is a mixture of 
sediments with a northern (Fenno-Scandinavian) 
glacial origin and of fluvial sediments from the 
Rhine; it dates from the Riss glaciation. 

Comparisons between our results and the con­
clusions of Crommelin (1964) are difficult , con­
sidering his use of a fractionated analysis (150-
210µ,m) . He concl~ded that the Young Pleistocene 
coversands in the Netherlands are of mainly local 
origin. Vandenberghe & Krook (1981), using the 
50-420µ,m sand fraction, described a heavy-min­
eral association for the Eemian and Weichselian 
deposits at Alphen (southern Netherlands) that 
consists for 50 to 60% of epidote, hornblende , 
garnet and alterite. This value approximates the 
composition of our upper complex. In their opin­
ion, this part of the heavy-mineral suite was trans­
ported by NW-winds and originates from sands 
supplied by the Rhine . Mixing took place with local 
stable minerals. 

This means that, beginning with the Formation 
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of Oeselgem, the Pleistocene and Holocene depos­
its in the Lys valley reflect the influence of an eolian 
supply from the north. These sediments may origi­
nate from the bottom of the then dry North Sea, 
where deposits are found which belong to the A­
and H-associations of Baak. This provenance is in 
agreement with the sediment-genetic interpreta­
tion previously advanced (De Moor & Lootens 
1975). The allochthonous sands were mixed with 
the underlying Quaternary deposits and con­
taminated by Tertiary outcrops, that were locally 
eroded even during the Pleni-Weichselian (De 
Moor 1974). 

It is premature to advance an explanation for the 
minor variations within the upper complex because 
of the influence of local circumstances. Small varia­
tions may also be caused by correlating samples 
which have been subjected to selective pedochemi­
cal weathering (Bateman & Catt 1985). 

Conclusion 

This study of the heavy-mineral content of the 
lithostratigraphic units in the Upper Pleistocene 
Lys valley reveals the presence of two sedimentary 
complexes each with a distinct heavy-mineral as­
sociation. De Ploey (1961) found a similar structure 
and differentiation based on heavy minerals for the 
eolian sands in the Campine. 

The mineralogic suite of the Eemian deposits 
and the Early Weichselian sediments belonging to 
the Dendermonde and Oostakker Formations is 
similar to the heavy mineral content of the Eocene 
deposits. During the first, rather humid part of the 
Weichselian, erosion was dominant in the sur­
rounding interfluves. In consequence, the fluvial 
deposits reflect their provenance from the Tertiary 
deposits. During the second half of the Pleni­
Weichselian, a dryer climate resulted in an alloch­
thonous, eolian supply from the north. The heavy 
minerals of those sediments, that were mixed with 
pre-existing local deposits and were later re­
worked, indicate partly an origin from the bottom 
of the North Sea. The presence of the Tertiary 
substratum at shallow depths in the interfluves 
causes a permanent mixture and results in a less 

homogeneous compos1t10n of the heavy mineral 
suite within the upper complex. 

The mineralogic index of Juvigne (Fig. 4), which 
he, Juvigne (1978, 1985), used to distinguish 
Weichselian loesses (values from 0.56 to 4.1) from 
pre-Weichselian ones (values lower than 0.6) is not 
suitable here. Juvigne's technique of separation 
and his granulometric fraction are very different 
from the ones I used. Because of the possible influ­
ence of the Tertiary substratum the mineralogical 
index should be handled with caution . Neverthe­
less, the presence of an Eemian deposit containing 
Corbicula fluminalis and Cardium edule (De Moor 
& Lootens 1975) at the base of the Quaternary 
sequence proves a Weichselian or post Weichselian 
age for all the overlying lithostratigraphic units. 

References 

Baak, J .A. 1936 Regional petrology of the southern North Sea­
H. Veenman, Wageningen: 127 pp 

Bateman, R.M. & J .A . Catt 1985 Modification of heavy mineral 
assemblages in English coversands by acid pedochemical 
weathering - Catena 12 : 1-21 

Crommelin, R.D. 1964 A contribution to the sedimentary pe­
trology and provenance of Young Pleistocene cover sand in 
the Netherlands - Geo!. Mijnbouw 43 : 389-402 

De Moor, G. 1974 De afzetting van Dendermonde en haar 
betekenis voor de Jong-Kwartaire evolutie van de Vlaamse 
Vallei - Natuurwet. Tijdschr. 56: 45- 75 

De Moor, G . & I. Heyse 1974 Litostratigrafie van de kwartaire 
afzettingen in de overgangszone tussen de Kustvlakte en de 
Vlaamse Vallei in Noordwest-Belgie - Natuurwet. Tijdschr. 
56 : 85- 109 

De Moor, G . & M. Lootens 1975 Afzettingen met Corbicula 
fluminalis in het Leiedal tussen Deinze en St.-Baafs-Vijve -
Natuurwet. Tijdschr. 57 : 165- 184 

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

Edelman, C.H. 1933 Petrologische provincies in het 
Nederlandsche Quartair - D.B. Centen's Uitgevers Maat­
schappij, Amsterdam: 104 pp 

Edelman, C.H. & D .J. Doeglas 1938 Het regionale beginsel in 
de sedimentpetrologie - Natuurwet. Tijdschr. 20 : 37-50 

Geets, S. & W. De Breuck 1982 De zware-mineraleninhoud van 
Belgische mesozoische en cenozoische afzettingen. D . 
Onder-Eoceen - Natuurwet. Tijdschr. 64 : 3-25 

Gullentops, F. 1954 Contribution a la chronologie du 
Pleistocene et des formes du relief en Belgique - Mem. Inst. 
Geo!. Univ. Louvain 18 : 123- 252 

Juvigne, E. 1977 Zone de dispersion et age des poussieres vol-



caniques du tuf de Rocourt - Ann. Soc. Geo!. Belg. 100 : 
13-22 

Juvigne, E. 1978 Les mineraux denses transparents des loess de 
Belgique - Z. Geomorph. 22: 68-88 

Juvigne, E . 1983 Two different volcanic ash-falls of Allerod age 
in high Belgium - Geo!. Mijnbouw 62 : 545-549 

Juvigne, E. 1984 La tephrostratigraphie du pleistocene 
superieur en Belgique. In: D. Cahen & P. Haessaerts (eds): 
Peuples chasseurs de la Belgique prehistorique dans leur 
cadre nature! : 53-57 

Juvigne, E. 1985 The use of heavy mineral suites for loess 
stratigraphy - Geo!. Mijnbouw 64 : 333-336 

Lootens, M. 1976 Bijdrage tot de kennis van de geomorfologie 
in het Mandel-Leiegebied - Doctoraatsproefschrift Rijks­
universiteit Gent: 143 pp 

Lootens, M. 1977 Zware mineralensamenstelling van de kwar­
taire afzettingen in het Leiedal (Zone Deinze - St.-Baafs­
Vijve) - Natuurwet. Tijdschr. 59: 39-50 

Mees, R .P.R. & E.P.M. Meijs 1984 Note on the presence of 
Pre-Weichselian loess deposits along the Albert canal near 
Kessel! and Vroenhoven (Belgian Limbourg) - Geo!. Mijn-

145 

bouw 63 : 7-11 
Mirsky, A. 1961 Mechanical analysis and heavy minerals, Mor­

risson and Cloverly Formations, Southern Big Horn moun­
tains Wyoming - J . Sed. Petr. 31 : 571-585 

Parfenoff, A., D . Pomerol & J. Tourenq 1970 Les mineraux en 
grains - Masson, Paris: 578 pp 

Peeters, L. 1943 Les dunes continentales de la Belgique - Bull. 
Soc. Beige Geo!. 52 : 51-61 

Tavernier, R. 1947 Apen;u sur la petrologie des terrains post­
paleozolques de la Belgique. In: La geologie des Terrains 
recents dans l'Ouest de !'Europe - Hayez, Bruxelles : 69-91 

Tavernier, R. & G. De Moor 1969 Paleomorfologisch kader en 
kwartaire afzettingen in Binnen-Vlaanderen. Belqua Excur­
sie van juni 1969. Geo!. Inst. Rijksuniversiteit, Gent: 8 pp 

Tavernier, R. & G. De Moor 1974 L'evolution du Bassin de 
l'Escaut. In : P. Macar (ed.): L'evolution quaternaire des 
bassins fluviaux de la Mer du Nord meridionale : 159 231 

Vandenberghe, J. & L. Krook 1981 Stratigraphy and genesis of 
Pleistocene deposits at Alphen (Southern Netherlands) -
Geo!. Mijnbouw 60 : 417-426 


