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3.1 Introduction
the excavation of Lower pleistocene clay at maalbeek  
(fig. 3.1, se of tegelen) has drawn attention of geologists 
since the beginning of the 20th century. during the early part 
of the century it was thought that all clay deposits in this pit 
could be ascribed to the tegelen clay. the first introduction of 
the tegelen clay in a lithostratigraphical sense was made by 
eugene dubois (1905) followed by reid and reid (1915) who 
introduced the stage name teglian (=tiglian). several authors 
(e.g. Van der Vlerk & florschütz, 1953; Zagwijn, 1960, 1963) 
showed the complexity of the early pleistocene stratigraphy. 
nowadays, all fluvial deposits supplied by the rhine and 
meuse in the early pleistocene are assigned to the Waalre 
formation. deposition took place during the pretiglian and 
tiglian stages.
the tripartition of the tiglian into tiglian A, B and c is based 
on pollen analytical studies of clay layers within the Waalre 
formation (formerly tegelen formation; Zagwijn, 1963, 1992). 
the lower pollen zone, t-A, is pollen analytically characterised 
by high percentages of Fagus and is defined in the clay from 
the janssen-dings pit near Belfeld on German territory just 
south of maalbeek (Van der Vlerk & florschütz, 1953; Zagwijn, 
1963). the pollen and plant macrofossils found in this clay, 
lithostratigraphically assigned as Belfeld clay, indicate a 
warm temperate climate. the tiglian B, the following cooler 
phase, has been hitherto only pollen analytically described 
in the fluvial sequences of the roer Valley Graben (Zagwijn, 
1963). the pollen zone t-c is mainly characterised by a warm 
temperate climate with several climatic changes (pollen 
diagram tegelen, russel-tiglia-egypte pit; Zagwijn, 1963).

the larger part of the Lower pleistocene clay in the 
neighbourhood of tegelen is characterised by pollen 
assemblages of pollen zone t-c. Lithostratigraphically, these 
clays are assigned to the tegelen clay (Zagwijn, 1963). As 
already mentioned, deposits belonging to the pollen zone t-A 
have been reported until now from a site south of maalbeek, 
known in the literature as the janssen-dings pit (Van der Vlerk 
& florschütz, 1953; Zagwijn, 1960, 1963; Boenigk, 1970). the 
clay from this pit has been termed lithostratigraphically the 
Belfeld clay (Zagwijn, 1963). it is stratigraphically below the 
tegelen clay.
the maalbeek site is well-known because of finds of molars of 
Tapirus arvernensis and Anancus arvernensis (Kortenbout van 
der sluys, 1960; Zagwijn, 1963). pollen analytical studies of 
clay layers in the pit were carried out by Zagwijn (1963) and 
Urban (1978). nota (1956) and Boenigk (1970) published heavy-
mineral diagrams from sections exposed in the maalbeek pit. 
All authors conclude that the clays are of early pleistocene 
age. however, there is confusion about the precise position 
in the stratigraphy (Boenigk, 1970; Zagwijn, 1974; Van 
Kolfschoten & Van der meulen, 1986).
the mammal remains from maalbeek have been significant  
for a long time in the debate on the stratigraphic position of 
the deposits. they all suggest an early pleistocene age older 
than the tiglian fauna from russel-tiglia (schreuder, 1950a, 
1950b; Kortenbout van der sluys, 1960; Van Kolfschoten &  
Van der meulen, 1986). however, this suggestion is 
inconsistent with the pollen analytical evidence from a clay 
layer in the maalbeek pit, as published by Zagwijn (1963). 
Based on pollen studies of several deposits of tiglian age and 
assuming that the clay bed exposed at maalbeek belongs 
to the tegelen clay member, Zagwijn (1963) concluded that 
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3 The Lower Pleistocene fluvial (clay) deposits in the Maalbeek pit near 
Tegelen, The Netherlands

W. e. Westerhoff, p. cleveringa, t. meijer, th. Van Kolfschoten & W.h. Zagwijn

published as: Westerhoff, W.e., cleveringa, p., meijer, t., Kolfschoten, t. van & W.h. Zagwijn, 1998. the lower pleistocene 
fluvial (clay) deposits in the maalbeek pit near tegelen, the netherlands. mededelingen nederlands instituut voor toegepaste 
Geowetenschappen tno 60: 35-70.

compared to the original paper published in 1998 the here presented version is adapted to the lithostratigraphical terminology  
as applied in this study.

Abstract
Detailed studies of recently exposed Lower Pleistocene clay deposits and their fossil content (pollen, plant macrofossils, molluscs and 
mammals) in the Maalbeek pit near Tegelen are presented. Two main sedimentary units are distinguished within the exposed clays.  
The lower one is interpreted as a flood-basin clay initially formed in a large stagnant waterbody with peat growth. The second clay unit 
is deposited in an abandoned channel which was incised into the lower situated flood-basin clay and consists of a typical laminated clay.
Based on the high amount of pollen from fagus the lower part of the flood-basin clay is assigned to pollen zone T-A. The overlying part 
of the flood-basin clay is characterised by a pollen assemblage dominated by Ericaceae and Artemisia indicating a less dense vegetation 
cover and/or cooler climatological circumstances. It represents the pollen zone T-B. The uppermost part of the flood-basin clay and  
the overlying laminated channel fill
are characterised by pollen assemblages that represent the early part of the pollen zone T-C. The molluscan, mammalian and 
palaeobotanical data all point to these conclusions.
The earlier ascribed Eburonian age for the clay dominated by Ericaceae and Artemisia in the Maalbeek pit can now be rejected.  
This adjustment of the Early Pleistocene stratigraphy in the Maalbeek pit corresponds better with the generally-accepted mammalian 
stratigraphy in Europe.
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each single block shows considerable differences in tectonic 
movement with respect to the adjacent ones. periods of 
relative high tectonic activity are correlated with phases of 
major uplift of the rhenish massif during the Late tertiary  
and middle pleistocene (Zagwijn, 1989; van den Berg, 1994).
fluvial sedimentation in the Lower rhine embayment starts 
at the mio-pliocene transition. At that time predecessors of 
the rhine and meuse drained the palaeozoic rhenish massif 
and transported the material weathered during the tertiary 
that covered the palaeozoic rocks into the embayment. 
subsequently, fluvial and deltaic sequences were built up in 
the south-eastern part of the netherlands. these pliocene 
fluvial deposits are lithostratigraphically assigned to the 
Kieseloolite formation. Based on pollen analytical studies 
of clay seams with intercalated brown coal within the 
Kieseloolite formation three stages could be recognised. the 
oldest of these stages, the susterian, is at present assigned 
to the miocene. the other two stages, the Brunssumian and 
reuverian, to the pliocene (Zagwijn, 1960). the latter dates 
from the end of the pliocene and is usually represented 
lithologically by the reuver Bed, a characteristic blue clay 
with 2 or more brown coal layers at the top of the Kieseloolite 
formation. this reuver Bed is excavated in several pits south 
of the maalbeek site and is present in the subsoil of the pits 
near maalbeek and tegelen.
during the early part of the pleistocene the rivers rhine and 
meuse built up thick sequences of sediment in the southern 
part of the netherlands and eventually far west into the 
north sea. Lithostratigraphically these deposits are ascribed  

to the Waalre formation (tegelen formation cf. Zagwijn &  
Van staalduinen, 1975). in the tegelen-maalbeek area it 
consists of gravels and sand partly deposited already during 
the pretiglian. from borehole data it is known that these 
coarse-grained sediments locally contain clay layers. the 
upper part of the Waalre formation in the area mainly consists 
of clay deposits which the thickness of varies between 1 and 
10 m. in the roer Valley Graben the sand and gravel deposits 
of the Waalre formation interdigitate with several clay layers.

the maalbeek pit is situated on the well-pronounced terrace 
escarpment which runs along the dutch-German border  
from the meinweg area near roermond to the north of Venlo 
(fig. 3.2). the escarpment has been formed by the river meuse 
eroding fluvial deposits of the river rhine, belonging to the 
sterksel formation of early cromerian age. probably, forced 
by tectonic movements, the meuse started to shift eastward 
from a position in the eastern part of the roer Valley Graben 
to its present course. this process began in the second half of 
the cromerian when the rhine and meuse followed separate 
courses. the eastward shift of the meuse ended with the 
development of the escarpment along the dutch-German 
border during the early part of the saalian. At the low side  
of the escarpment, surface terrace deposits were formed by 
the meuse and are of Late Weichselian age.

the tectonic complexity of the area is illustrated in the cross-
section in figure. 3.2. in the southern part the relatively high 
lying marine miocene deposits are overlain by a thin cover 

the clay in the maalbeek pit reflected part of the cool or cold 
eburonian stage, which immediately post-dates the tiglian.
since the time the studies were carried out in the fifties the 
maalbeek pit has been enlarged and has shifted in a northerly 
direction. in the second half of the eighties excavation 
activities increased and from time to time 8 to 9 m thick 
sequences of clay were exposed.
new pollen analytical research, combined with the analyses 
of plant macrofossils, mammal remains and molluscs, have 
resulted in adjustments of the early pleistocene stratigraphy 
in the tegelen area.

3.2 Geological setting of the area around Maalbeek
the area of tegelen-maalbeek-reuver is situated in the 
western part of the Lower rhine embayment, a tectonically-
subsiding area which is bounded in the south-east by the 
palaeozoic rocks of the rhenish massif (fig. 3.1). the study 
area is located on the so-called peelhorst or peel Blocks 
(Zagwijn & doppert, 1978; Klostermann, 1983), an area 
strongly dissected by se-nW-running fault lines. it is bounded 
by two major faults, to the west by the peel Boundary fault 
and to the east by the Viersen fault. the tectonic history of 
the area is complex (Klostermann, 1983; van den Berg, 1994). 
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of pliocene fluvial deposits on the block bounded by the 
reuver- and sevenum faults. this block tilts to the north-east 
and on its lowest part, adjacent to the sevenum fault, sand 
and clay is found dating from the early part of the tiglian: 
the Belfeld Gravel and clay (cf. Zagwijn, 1963). the next 
block is bounded by the sevenum- and tegelen faults but is 
also dissected by a recently discovered fault which runs in 
the sub-surface of the maalbeek site. obviously, the pliocene 
and tiglian sediments are thicker and the miocene deposits 
are situated at deeper levels. this pattern is repeated on the 
blocks north of the tegelen fault resulting in an increasing 
thickness of the deposits of the Kieseloolite formation and 
the Waalre formation. the top of the Kieseloolite formation 
consists of clay with intercalated brown coal and seems to 
have a considerable lateral extension. the top of the Waalre 
formation is also characterised by clay layers but these seem 
to consist of a mixture of channel fills and laterally extending 
flood-basin clays. the maximum thickness of the Waalre 
formation near maalbeek and tegelen amounts to about  
20 to 35 m.

3.3 Situation and description of the exposures in  
the Maalbeek pit
the authors have visited the maalbeek pit regularly since the 
late eighties. one reason was because of renewed digging 
activities and the northward extension of the pit and another 
was to improve knowledge of the sediment characteristics 
and sedimentary processes of the Lower pleistocene fluvial 
deposits.

the general stratigraphy of the deposits exposed in  
the maalbeek pit is very similar to that of nearby pits  
(fig. 3.3). Below a 15 to 20 m thick sequence of gravel-bearing 
sands of the sterksel formation, remnants of the stramproy 
formation are locally preserved. the latter show a heavy 
mineral association which is dominated by stable minerals 
(nota, 1956). the sediments of these two formations are 
unconformably underlain by deposits of the Waalre formation 
which in its exposed part mainly consists of clay. As is shown 
by the borehole data from the bottom of the pit downwards, 
the clay overlies sand and gravel deposits which also belong 
to the Waalre formation. the gravels are underlain by 
brown coal and clay which here form the upper part of the 
Kieseloolite formation and are lithostratigraphically assigned 
to the reuver Bed.
the topographical situation of the maalbeek pit and the 
locations of sites investigated earlier within the pit are 
indicated in figure 3.3. the site where the tapirus remains were 
found around 1930 is located just south of the present pit. it 
is situated in a dry valley that runs from the terrace through 
the escarpment to the Late Weichselian flood-basin of the 
meuse. the second site of interest is indicated as excavation 
face A which was studied by Zagwijn (1963) and where a molar 
of Anancus arvernensis was found near the base of the then 
exposed clay. face A is situated immediately adjacent to the 
borehole from which nota (1956) published a heavy mineral 
diagram. excavation face B was well exposed during the 
years 1989-1992. excavation face c is situated at a rectangular 
position to face B and was surveyed in 1993-1995. from that 
time on, clay digging gradually shifted southwards from face c 
and eastward from the line that is indicated as face d.

the sections c1 and c2 of face c (figs. 3.4, 3.5; see fig. 3.3 
for location), respectively surveyed in 1993 and 1995 were 
sampled in detail for pollen analyses (figs. 3.6 and 3.7).
section c1 (fig. 3.4) is of particular interest for this study 
because it shows a brown coal-bearing layer and levels with 
initial soil development. for the sake of this study only the 
clays of the Waalre formation are described. Also the overlying 
gravel-bearing deposits of the sterksel formation are excluded 
from the description. the lithological description and the 
sedimentological interpretation of section c1 is given below:

the other section from face c, which is of interest for this 
study, is called section c2 and is situated about 70 m east 
of c1. it was described and sampled in 1994. the most 
remarkable feature in this section is formed by a strongly 
bedded clay with at its base a sandy layer that overlies a 
massive clay in the easternmost part of the section (fig. 3.5). 
the description of the lithology is given below:

Based on the field sedimentological interpretation of the clay 
deposits from face c a subdivision into two main sedimentary 
units is made, namely:
• MLBK 1; this unit was best exposed in section c1 between 

90-485 cm. it is interpreted as a flood-basin deposit formed 
along or between the main river courses. in general it is a 
massive stiff clay lacking laminations. Locally it contains 
some irregular influxes of fine sand or silt in thin (mm) 
laminae or as tiny lenses of sand. of note is the brown 
coal seam in the lower part and the horizons characterised 
by crumbly to prismatic structures which are thought to 
originate from initial soil-formation. the soil horizons are 
dark or brown coloured due to a slightly higher content 
of organic matter and contain many tiny rootlets. A 
relatively higher content of sand influxes is seen above 
the soil horizons. it is assumed that during the initial soil 
formation prolonged periods of locally lower groundwater 
table prevailed.  
the brown coal seam in the lowermost part of the flood-
basin clay is probably formed by peat growth in a local 
pond of the river plain, obviously during a period with 
relatively high groundwater table. directly below the 
brown coal the clay is massive and lacks sand influxes, 
and grades gradually into a clay with layered siderite 
concentrations. for the sake of this paper the unit will be 
subdivided into two subunits: subunit mLBK 1a comprising 
the part below the brown coal in section c1 (below 485 
cm), and subunit mLBK 1b, the part above the brown coal 
layer (between 90-485 cm in section c1). the latter can be 
correlated with the lower part of section c2 (140-410 cm).

• MLBK 2; the uppermost part of the two sections. it is 
interpreted as the infilling of an abandoned meander and is 
well exposed in the northern part of face c (fig. 3.5) as well 
as in face B. 
As described in the upper part of section c2 the unit mLBK 
2 consists of a strongly bedded clay. the clay laminae have 
an average thickness of 10 cm in the lower part of the 
sequence but increase to thicknesses of 30 to 40 cm in the 
upper part of the sequence. the clay laminae are always 
separated by thin sandy laminae ranging in thickness 
from a few mm to a few cm. the thicker sandy laminae are 
characterised by climbing ripple structures. this indicates 
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Figure 3.3. Detailed map of the Maalbeek site and schematic section showing the local stratigraphy.
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Profile description and sedimentological interpretation of the Maalbeek section C1 (survey in 1993)

Depth below top  
of exposed clay

0-90 cm

90-160 cm

160-205 cm

205-308 cm

308-350 cm

350-370 cm

370-485 cm

485-560 cm

560-720 cm

720-760 cm

Lithology

Clay; blue-grey, top slightly humic, laminated with fine sandy laminae (mm to 
cm). The lamination repeats at regular distances of 10 to 20 cm. At the base 
characterised by a line with rounded siderite nodules of several cm in diameter.

Clay; blue-grey, silty, sometimes with thin sandy laminae and irregular dispersed 
‘sandlinsen’. Siderite concentration in faint irregular levels.

Clay, dark-grey to brown, slightly silty and a characteristic crumbling structure.

Clay; blue-grey, in the upper part many sandy laminae and remnants of rootlets. 
The lower part is massive dark-blue with faint zones of siderite concentrations

Clay; blue-grey, silty and strongly laminated with fine sandy laminae.

Clay; brown-grey, massive, with rootlets and a crumbly structure

Clay; blue-grey, massive, siderite concentrations in a banded pattern.  
At the basal part siderite nodules of several cm in diameter

Clay; dark-brown, very humic to peaty alternated with up to 10 cm thick brown 
coal layers. With partly decayed plant macrofossils and rootlets.  
The part between 485-520 has a crumbly to prismatic structure.

Clay; dark-blue, massive, top part is humic, some disperse plant remains.

Clay; blue-grey, with irregular concentration of siderite in a banded pattern.

Sedimentary 
unit

MLBK 2

Interpretation

lateral extension of a channel 
filled-in with clay

Flood-basin deposit

in which two horizons of initial 
soil forming are developed

and a lower horizon with 
brown coal development

that a heavily sand-saturated water flow regularly entered 
the abandoned channel. the upper part of the clay laminae 
itself shows white-greyish colours due to enrichment 
of the siderite content in the clay. the basal part of the 
unit consists of a sand layer with a maximum observed 
thickness of about 50 cm. the sand layer is thought to 
reflect the lateral extension of a channel lag deposit which 
is not exposed because only the clays are excavated. the 
upper 50 cm of section c1 forms the lateral extension of 
the unit. here the lower boundary of the channel fill is 
characterised by rounded or subangular nodules of siderite. 
Along the channel rim reworked soil material is observed 
in sandy to clayey sediments. Unfortunately this part of 

the channel sequence could not be studied because this 
material has not been excavated.

As is shown in figure 3.5, on top of the laminated channel fill 
of mLBK 2 a 2 to 3 m thick deposit of alternating 10 to 40 cm 
thick clay and sand layers occurs. Based on the composition of 
the sand, this deposit also forms part of the Waalre formation. 
in the easternmost part of face c, this alternating clay-sand 
deposit is eroded by a small channel containing sand rich 
in quartz and showing large-scale cross laminations. this 
small channel-fill is thought to represent a remnant of the 
stramproy formation. the Waalre, as well as the stramproy 
formation, are unconformably overlain by the gravel-bearing 
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Figure 3.4. Schematic overview of excavation face C1, exposed in 1993.

Profile description and sedimentological interpretation of the Maalbeek section C2 (survey in 1994).

Depth below top  
of clay

0-120 cm

120-140 cm

140-310 cm

310-360 cm

360-410 cm

Lithology

Clay; blue-grey, in laminae of 10 to 30 cm thickness. Clay laminae 
increase in thickness towards the top. In between the laminae fine sand 
layers occur, ranging in thickness between a few mm and a few cm. 
The upper part of the clay laminae is grey-white in colour due to higher 
concentrations of siderite.

Sand; medium fine grained, grey, rich in muscovite, contains shell remains.

Clay, blue-grey, massive, at the top slightly humic

Clay; blue-grey, massive, characterised by shell remains, a.o. Unioidae.

Clay; blue-grey, massive, locally ‘sandlinsen’.

Sedimentary 
unit

MLBK 2

MLBK 1

Interpretation

abandoned channel filled-in 
with laminated clay

Flood-basin clay

Sand

Molluscs

Waalre Formation
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Figure 3.5. Schematic overview of excavation face C2, exposed in 1994.
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deposits of the sterksel formation, which base forms an 
erosional contact consisting of coarse gravel and boulders. 
the same erosional contact is also seen at the top of the clay 
described in section c1 (fig. 3.4).

small mammal remains, as well as molluscs, were collected 
from the laminated channel fill (mLBK 2) as exposed in face 
B during 1989, in particular from the sandy beds in between 
the material. A second series of mollusc samples were taken 
in 1994 in the sediments of unit mLBK 1, in particular in the 
exposed part of section c2. macroscopic plant remains were 
sampled from the peaty and brown coal seam in the lower 
part of unit mLBK 1. however, because the brown coal is not 
suitable for industrial purposes it was dumped in a refuse tip 
from which a fair amount of fossil fruits and seeds could  
be collected.

3.4 Pollen analytical investigations

3.4.1 Introduction
the recent pollen studies began in 1991 with the analyses 
of samples from the exploration borehole (58e269, fig. 3.3). 
this borehole showed two main clay layers with intercalated 
brown coal seams. the lower one is situated at a depth of 
about 12 m below the bottom of the pit and is characterised 
by a reuverian pollen assemblage. the upper clay layer 
forms part of the clays which are excavated and showed a 
remarkably high percentage of Fagus in the upper clayey 
brown coal (mLBK 1). hitherto in the maalbeek-tegelen area 
a clay with high percentages of Fagus pollen was known 

only from the janssen-dings pit near Belfeld (Van der Vlerk 
& florschütz, 1953). Because of this promising result it was 
decided to take undisturbed cores in order to study the  
precise position of the Fagus level in the sedimentary 
sequence. during analyses of these cores the digging of  
the clay in the maalbeek pit was extended and in face c the 
upper clayey brown coal became exposed in 1993 (fig. 3.4). 
this provided the opportunity to study the clay sequence 
with the intercalated brown coal in more detail. the section 
described (c1) comprised about 7.20 m of clay which was 
sampled for pollen analyses every 10 cm.
in 1994 a further extension of the pit in an eastern direction 
enabled the description and sampling of a second profile in 
the exposed clays of face c (section c2, fig. 3.3 and 3.5). here 
two pollen diagrams are presented, one from section c1 and 
one from section c2.
the preparation of the pollen samples is carried out according 
the standard procedure of the Geological Survey of the 
Netherlands which basically follows the procedure of faegri 
and iversen. counting is based on a total tree pollen sum of 
200 grains.

3.4.2 Description of the pollen diagrams

3.4.2.1 Maalbeek C1 pollen diagram (face C, section C1, 
sampled 1993, Fig. 3.6)
the pollen diagram can be subdivided into three pollen zones:
•	 Pollen zone 3 (0-200 cm) 

tree pollen dominates with 50-60% while herbs are 
dominated by cyperaceae and Gramineae. the values of 
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ericaceae vary around 10%. Within this zone three further 
subdivisions are made:
- subzone 3A (0-90 cm) 

total of tree pollen is varying around 60%. Amongst 
them low percentages (1-5%) of Quercus, Ulmus, Corylus, 
Tsuga and Picea. Alnus contributes 5 to 10%. Fraxinus 
is continuously present in values of 1-2% while Salix 
is continuous in values up to 5 %. cyperaceae and 
Gramineae dominate among the herbs. Artemisia is 
continuously present between 2-4% and ericaceae 
increases to maxima of 20%.

- subzone 3B (90-150 cm) 
contains 1-5% tree pollen of Quercus, Corylus and 
Ulmus. Pinus shows percentages up to 30%. ericaceae 
are present in low frequencies (10%) while Sphagnum is 
nearly absent.

- subzone 3C (150-200 cm) 
tree pollen except for Salix show very low values. Salix 
has a well-pronounced peak at 2.00 m (10%). At the same 
level also pollen of several aquatics like Nymphaea and 
typhaceae and algae like Pediastrum and Botrycoccus 
are present. A slight increase of reworked pollen is 
noticeable.

• Pollen zone 2 (200-490 cm) 
herbs dominate the pollen diagram, in particular by 
ericaceae (up to 40%) and a continuous curve of about  
5% for Artemisia. Pinus is the most important tree with  
20-25%. Alnus and Betula fluctuate around 5%. Picea, 
Corylus, and Tsuga are very low (1-2%). Quercus is almost 
absent. Within this zone two subzones are discerned:
- subzone 2A (200-390 cm) 

ericaceae and Sphagnum are present in high percentages 
of respectively 40 and 20%. in the lower part of this 
subzone Artemisia reaches values of about 5%. Apart 
from Pinus, tree pollen percentages are low.

- subzone 2B (390-470 cm) 
the most characteristic feature of this subzone is 
the presence of reworked pollen like Classopollis, 
Cerebropollenites, Gleichenia-type, etc. the peaks of 
Quercus and Corylus are also interpreted as reworked 
pollen. the presence of algae like Botryoccus and 
Pediastrum (25% and 15% respectively) is striking. 
Artemisia, ericaceae and Sphagnum are present in  
low frequencies.

• Pollen zone 1 (470-600 cm) 
the general characteristic is the presence of a continuous 
curve of Fagus and high values for Alnus and Picea.  
this pollen zone is subdivided into 2 subzones:
- subzone 1A (470-555 cm) 

the main characteristics are high values of Alnus 
and Picea and low percentages for Fagus. A further 
subdivision is based on changes in the values for  
Alnus, Picea, and cyperaceae.

- subzone 1B (555-600 cm) 
the high percentages (up to 40%) of Fagus are striking. 
Also the presence of aquatics such as Nuphar, Nymphaea, 
Potamogeton, and typhaceae are remarkable. in addition 
the remains of the freshwater plants Ceratophyllum and 
Nymphaea may be noticed.

3.4.2.2 Maalbeek C2 pollen diagram (face C, section C2, 
58E272, Fig. 3.7)
Because of the sandy lithology between 94-130 cm no pollen 
could be isolated from this part of the section. Although there 
is a slight increase of Pinus in the upper part of the diagram 
there is no reason to make any subdivisions in pollen zones. 
Both pollen of trees as well as of herbs show regular values. 
Pinus (20-40%) and Betula (15-20%) are the dominant species 
among the trees. All other trees show percentages less than 
10%: Quercus, Corylus and Alnus 2-7%; Carpinus, Ulmus, Tsuga, 
Pterocarya and Salix 1-4%. the percentages of Gramineae 
fluctuate at 20% while the other herbs show lower values. 
reworked pollen such as Classopollis are present in low values.

3.4.3 Interpretation of the pollen data
from the investigations of the cored borehole it became 
clear that at a depth of about 10 m below the bottom of 
the maalbeek pit a clay with intercalated brown coal exists 
that can be dated pollen analytically as pliocene (fig. 3.3). 
therefore it is obvious that the clays excavated at maalbeek 
post-date the pliocene.
the high percentages pollen of Fagus in the lower part of 
unit mLBK 1, (pollen zone 1A), correspond with the Fagus 
values found in the janssen-dings pit near Belfeld (Van der 
Vlerk and florschütz, 1953). A replot of their original diagram 
is given in figure 3.8. comparison of this with diagram 
obtained by the present authors from maalbeek c1 shows 
striking resemblances. in his studies Zagwijn (1960, 1963) 
assigned the clay of the janssen-dings pit to the Belfeld clay 
which forms the lower part of the formerly defined tegelen 
formation (Zagwijn & Van staalduinen, 1975). the pollen 
content and plant macrofossils of the Belfeld clay show that 
the vegetation is intermediate between the reuverian and the 
Late tiglian. the Belfeld clay with the high values of Fagus 
is chronostratigraphical placed in tiglian A, the relatively 
warm period that post-dates the colder pretiglian. equivalent 
deposits are demonstrated to exist in the roer Valley Graben 
near eindhoven (Zagwijn, 1963). pollen diagrams from both 
sites link these deposits with pollen zone t-A. hence, from  
the above presented results it can be concluded that pollen 
zone 1 in diagram c1 (fig. 3.6) can be correlated with pollen 
zone t-A. this makes it highly probable that the lower part of 
the flood-basin clay (unit mLBK 1) correlates, at least in part, 
with the Belfeld clay which is equally of tiglian A age.

pollen zone 2 in diagram c1 corresponds with that part of  
the flood-basin clay which directly overlies the brown coal and 
is dominated by ericaceae and Artemisia while tree pollen are 
low. A similar pollen assemblage from a clay layer from the 
same pit was already described by Zagwijn (1963, fig. 3.9). his 
investigation site was situated immediately south of the 1993 
exposure (face A, fig. 3.3). Zagwijn’s original field description 
of the section is very similar to the lithology described as 
part of unit mLBK 1 that is situated above the brown coal. 
however, at face A this part of the unit is directly underlain 
by sand. combining these facts the authors believe that the 
diagram presented here is derived from the same deposits as 
that published previously by Zagwijn. Based on comparison 
with pollen diagrams of other pits near tegelen, in particular 
of the russel-tiglia-egypte pit, Zagwijn assigned an eburonian 
age to the clay in the maalbeek pit. however, the present 

Figure 3.9. Pollen diagram Maalbeek, van Cleef pit (from Zagwijn, 1963).
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diagram c1 and diagram c2 as a whole with part of pollen 
zone t-c, as is originally defined by Zagwijn, seems likely.  
in particular a correlation with pollen zone t-c1 is suggested. 
from this interpretation it becomes obvious again that a 
parallelisation of pollen zonation with the boundaries of  
the sedimentary units is not a necessary prerequisite.

3.5 Macroscopic plant fossils from Tiglian A deposits 
at Maalbeek

3.5.1 Introduction
As shown above, the brown coal-bearing deposit of unit mLBK 
1 is of tiglian A age and correlates, at least in part, with its 
type-site of the Belfeld clay in the janssen-dings pit near 
Belfeld, which is equally of tiglian A age.
A relatively rich fruit and seed flora has been published from 

this latter locality by Zagwijn (1963). the material collected 
in 1951-1954 consists in greater part of aquatic and marsh 
plants, which made comparison with both the tegelen 
flora (pollen zone t-c5) and the reuver flora (dating from 
the middle part of the reuverian B) difficult, because these 
floras contain also a large component of woody plants. the 
latter floras were originally described by reid (1907, 1915). 
from a total of 56 plants determined at species level in the 
Belfeld clay, only 5 are woody, one of which is known only 
from reuver. Among the aquatic and marsh plants only two 
are known from reuver. Zagwijn (1963) considered it likely 
that the find of floras richer in land species from the Belfeld 
level would probably show an intermediate position in plant 
geographic composition between the tegelen and reuver 
flora. however, since the fifties no relevant site of this age 
containing macroscopic plant fossils was found,  

study shows that the lower part of the flood-basin clay of  
unit mLBK 1 can be placed in thepollen zone t-A.
A similar picture is recorded in the roer Valley Graben near 
eindhoven (Zagwijn, 1963) where above pollen zone t-A a 
pollen assemblage occurs that shows dominance of ericaceae 
with a continuous curve for Artemisia, which has been 
ascribed to pollen zone t-B.
As in section c1, the sedimentary sequence continues above 
pollen zone 2. this part is interpreted and belongs to pollen 
zone t-c (see below). therefore, it is concluded that the 
clay layer of unit mLBK 1, that corresponds with the local 
pollen zone 2 in diagram c1 and which forms the lateral 
equivalent of the clay bed studied by Zagwijn, located in face 
A, represents at least (partly) the tiglian B. this conclusion 
also demonstrates that the pollen zones t-A and t-B do not 

coincide with strictly-defined sedimentary or in a broader 
sense lithostratigraphical boundaries.

pollen zone 3 in diagram c1 and the pollen diagram from 
c2 are very much alike. the increasing values for tree pollen 
and the low percentages of ericaceae and Artemisia in the 
diagrams are a markedly distinct from the pollen assemblages 
from the underlying pollen zone t-B.
sediments of the flood-basin sequence (pollen zone 3B and 3c) 
from unit mLBK 1, as well as the sediments of the laminated 
channel fill from unit mLBK 2, are represented in both pollen 
diagrams. compared with the pollen record from russel-tiglia-
egypte, the very low values of warmth-loving trees in general, 
and especially those of Pterocarya and Tsuga, are noteworthy. 
this picture suggests that a correlation of pollen zone 3 in 

Table 3.1. The Tiglian A flora from the Maalbeek pit.

  Acer sp. 11 s

x	 •	 Actinidia faveolata (Reid) 11 s

  Alnus sp. 1

x	 •	 Brasenia holsatica (Weber) 1 s

x  Caldesia cylindrica (Reid) (Dorof.) 8 f

x	 •	 Carex flagellata (Reid) 9 f

  Carex sp. 1 f

  Cenococcum geophilum Fr. 1

  Ceratophyllum demersum L. 5 f

  Ceratophyllum submersum L. 27 f

  Cornus mas L. 1 f

  Corylus avellana L. 4 f

x	 •	 Decodon globosus (Reid) (Nikitin) 8 s

x	 •	 Dendrobenthamia tegeliensis (Mai) 5 f

x  Fagus decurrens (Reid) 10 f, 2 s (22 fragmf)

  Groenlandia densa (L.) Fourr. 1 f

x	 •	 Hartziella rosenskjaeri (Hartz) (Szafer) Incertae sedis 2 s

x	 •	 Liriodendron geminata (Ludwig) (Kirchh.) 1 s

x	 •	 Magnolia cor (Ludwig) 3 s

x	 •	 Menispermu crassicarpa (Reid) 1 s

  Myriophyllum spicatum L. 5 s

  Najas marina L. more than 100 s

  Nuphar luteum L. 24 s

x  Nymphaea cinerea (Wieliczk.). 2 s

x	 •	 Phellodendron elegans (Reid) 1 s

  Pinus sp. 1 s

  Potamogeton acutifolius (Link.) 2 f

  Potamogeton lapathifolium L. 2 f

  Potamogeton natans L. more than 86 f

  Potamogeton pectinatus L. 4 f

  Potamogeton sp. div. 4 f

x	 •	 Pterocarya limburgensis (Reid) 1 f

  Ranunculus sp. 10 f

  Rosa sp. 1 spine

x  Stratiotes intermedius (Hartz) (Chandler) 1 s

  Trapa natans L. (Fritsch) 2 f

x  Vitis parasilvestris (Kirchh.) 2 s

Explanation:
The following remains of fruits and seeds have been determined hitherto (in alphabetic order)
f = fruit
s = seed
x = extinct
•	=	 exotic,	not	European

x  Nymphaea cinerea (Wieliczk.) 76 s

  Polygonum amphibium L. 1 f

  Polygonum lapathifolium L. 5 f

  Polygonum persicaria L. 8 f

  Polygonum sp. div 

  Potamogeton acutifolius (Link.) 5 f

  Potamogeton coloratus (Horn.). 1 f

  Potamogeton lucens auteur 1 f

x	 •	 Potamogeton microcarpus (Dorof.) 5 f

  Potamogeton natans L. 101 f

  Potamogeton pectinatus L. 8 f

  Potamogeton pusillus L. 2 f

  Potamogeton sp. div. 2 f

x	 •	 Proserpinaca reticulata (Reid) 18 f

  Ranunculus nemorosus DC. 2 f

x	 •	 Ranunculus pseudoflammula (Dorof.) 26 f

  Ranunculus sceleratus L. 12 f

  Salvinia natans L. 25 m

  Scirpus cf. triqueter L. 9 f

  Scirpus lacustris L. 7 f

  Scirpus mucronatus L. 4 f

  Scirpus sp. 2 f

  Scirpus tabernaemontani (Gmel.) 1

  Sparganium emersum (Rehmann) 4 f

  Sparganium erectum L. 2 f

  Sphagnum sp. 2 f

  Stachys arvensis L. 1 s

  Stellaria palustris (Retz.) 1 s

x  Stratiotes intermedius (Hartz) (Chandler) 34 s

x  Vitis parasilvestris (Kirchh.) 1 s

Explanation:
The following remains of fruits and seeds have been determined  
hitherto (in alphabetic order)
f = fruit
s = seed
x = extinct
•	 =	 exotic,	not	European
oög = oögone
spor = sporangium
m = megasporangium

Table 3.2. The Belfeld flora and its relationships with other floras.

  Acer campestre L. 1 f

  Alisma plantago aquatica L 1 f

  Alnus glutinosa (Gaertn.) 1 f

  Batrachium sp. 125 f

  Batrachium sp. 2 1 f

  Brasenia holsatica (Weber) 2 s

  Carex cf lepidocarpa (Tausch) 10 f

  Carex pseudocyperus L. 11 f

  Carex rostrata (Stokes) 4 f

  Carex sp. 1 f

  Carex stolonifera (Hoppe) 

  Carpinus betulus L. 1 f

  Cenococcum geophilum Fr. 1

  Chara sp. 2 oög

  Chenopodium glaucum L. 4 s

  Chenopodium polyspermum L. 3 s

  Chenopodium sp. 2 s

  Cicuta virosa L. 3 f

  Cyperaceae sp. 1 f

  Dryopteris sp. 1 spor

  Echinodorus ranunculoides (L.) (Engelm.) 1 f

  Eleocharis acicularis R. et S. 2 f

  Eleocharis sp. div. 

  Eleocharis palustris R. et S. 1 f

  Eriophorum latifolium (Hoppe) 1 f

  Gramineae sp. 3 s

  Groenlandia densa (L.) (Fourr.) 17 f

  Hypericum perforatum L.  3 s

 x Hypericum sp. 2 (Reid, 1915) 1 s

 x Hypericum sp. 5 (Reid, 1915) 3 s

  Juncus sp. 48 s

x	 •	 Liriodendron geminata (Ludwig) (Kirchh.) 2 s

  Luronium natans (L.) (Radin.) 2 f

  Lycopus europaeus L. 1 s

  Mentha aquatica L. 2 s

x  Menyantes sp. nov. 43 s

  Myriophyllum spicatum L. 15 s

  Myriophyllum verticillatum L. 15 s

  Najas marina L. 13 s

  Najas tenuissima (A.BR.) (Magn.) 42 s

  Nuphar luteum (Smith) 40 s
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and the hypothesis could not be tested. fortunately  
the organic deposits of tiglian A age which were exposed  
in 1995 (section c1) yielded additional information.
during an excursion by members of the Working society  
for tertiary and Quaternary Geology (WtKG) in october  
1995 two members of the group, mr. A. schoneveld and  
mr. K. van hooydonk collected organic material from the 
brown coal seam of unit mLBK 1 for micro mammals and  
plant macrofossils that was dumped in a refuse tip. no  
small mammal material was recovered but they succeeded  
in collecting fossil fruits and seeds. Although they collected 
their material independently their collections mainly match, 
and therefore can be treated as one.
it was a lucky circumstance that this flora happened to 
contain a large amount of fruits and seeds of woody plants, 
besides of a number of aquatics. As ‘grosso modo’ this flora  
is of the same tiglian A age as the flora from Belfeld, but  
the new records, listed in table 3.1, provide a better idea of 
the plant geographical composition of the flora as a whole.

of special interest is the find of fruits of a species of the 
Alismataceous genus Caldesia. these are (2.38) 2.46 (2.58) mm 
long and (1.40) 1.56 (1.70) mm wide. they differ from recent 
C. parnassifolia and C. reniformis, which have rather inflated 
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Figure 3.10. Comparison of length, breadth and ratio length of seeds of 
menyanthes praeglacialis n. sp. from Belfeld with seeds of menyanthes 
carpatica, m. trifoliata var. interglacialis and m. trifoliata.

    Menyanthes

   M. praeglacialis M. carpatica modern Menyanthes trifoliata

1 Length of seed (l) 2.21 ± 0.08 mm 1.78 mm 2.59 mm

2 Breath of seed (b) 1.78 ± 0.14 mm 1.47 mm 2.17 mm

3 Ratio l/b 120 119 119

4 Height of epidermiscells (he) 42.80 ± 4.8 mm 24.35 mm 56.47 mm

5 Breadth of epidermiscells (be) 15.67 ± 4.25 mm 11.39 mm  18.13 mm

6 Ratio he/be 2.87 ± 0.83 225 317

7 Thickness of testa below epidermis 166.5 ± 22.9 mm 165.27 mm  268.37 mm

8 Diameter testacells 18.19 ± 7.6 mm 16.87 mm  23.95 mm

9 Number of celllayers in testa 10.32 ± 1.29 1222 1379

Table 3.3. Mean-Values of 9 characteristics in seeds of menyanthes praeglacialis from the Belfeld flora compared with m. carpatica 
(Poland) and modern m. trifoliata (data from Jentys-Szaferowa and Truchanowicz, 1953).

Photoplate 3. I
Fruits and seeds from the Tiglian A beds at Maalbeek and Belfeld. True dimensions 
in mm are mentioned alongside each specimen. 

1-6 caldesia cylindrica (Reid) (Dorof.) fruits Pit Maalbeek
7-9 nymphaea cinerea (Wieliczk.) seeds Pit Janssen-  
   Dings Belfeld   
   1953
10-11 fagus decurrens (Reid) cupules Pit Maalbeek
12 menyanthes praeglacialis nov. spec. seed Pit Janssen-  
   Dings Belfeld   
   1953/1954
13-14 ranunculus pseudoflammula (Dorof.) achenes Pit Janssen-  
   Dings Belfeld 1952
15-16 prosapinaca reticulata (Reid) fruit and Pit Janssen-Dings  
  cross Belfeld 1952/1953 
  section
17 sparganium noduliferum (Reid) endocarp Pit Janssen-Dings  
   Belfeld 1953
18-19 carex flagellata (Reid) nuts Pit Maalbeek
20-21 Liriodendron geminate (Ludw.)  seeds Pit Janssen-Dings  
 (Kirchh.)  Belfeld 1954
22-23 najas tenuissima (A.Br.) Magn. seeds Pit Janssen-Dings  
   Belfeld 1953

Photoplate 3. I
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fruits, by their cylindrical shape and the characteristically 
recurved style. fossils of this type are widespread in pliocene 
deposits, ranging from japan through siberia and russia to 
Western europe. they were described for the first time from 
the pliocene (or according to recent views Upper miocene) 
of pont-de-Gail under the name of Myriophyllum cylindricum 
(reid, 1923).

Later they were described under the name of Caldesia tertiaria 
dorofeev from various sites (e.g. miki, 1961), until dorofeev 
(1963) discovered the identity with the fossil described by  
reid (l.c.) from pont-de-Gail. Caldesia cylindrica can be regarded 
as an ancestor of the two closely-related recent species  
C. parnassifolia from central and southern europe and  
C. reniformis from japan.

one species not mentioned in the list is Sabia europaea 
czeczott and skirgiello, a species not yet known in central 
europe in beds younger than miocene (martinetto, 1994). 
therefore some doubt exists whether the specimen found  
is possibly reworked from older beds. for the time being it  
has not been included in the floral list.

the most interesting finds are the relatively frequent 
discoveries of Fagus decurrens, a species rather common in the 
reuver flora, but completely absent in that of tegelen. this is 
in accordance with the palynological data which indicate that 
Fagus still occurred during the tiglian A, but is absent in the 
region after this period.
other plants known from reuver, but unknown from tegelen 
are Carex flagellata and Liriodendron geminata. Liriodendron 
has also been found in the Belfeld flora of janssen dings pit 
together with Nymphaea cinerea.
exotic, i.e. species of non-european affinity, known from 
reuver as well as from tegelen are: Actinidia faveolata,  
Brasenia holsatica, Decodon globosus, Dendrobenthamia 
tegeliensis, Magnolia cor, Menisperum crassicarpa and 
Phellodendron elegans.
Among 29 species identified to species level no less than  
11 are of eastern-Asian or north-American affinity, which 
is over 36% of the total. however, as aquatic species are 
relatively rare, it seems advisable to discuss the plant 
geographical relationship of this flora in the context of  
the Belfeld flora as a whole.

3.5.2 The Belfeld flora and its relationship with other 
floras
table 3.2 summarises in alphabetical order the composition of 
the fruit and seed flora in the Belfeld clay in the janssen dings 
pit, which is of the same geological age as that discussed in 
the preceding paragraph. this is an updated version of the list 
published by Zagwijn (1963).

for palaeogeographical comparison 56 species of higher plants 
have been used. Among these aquatic and marshy species 
dominate. only 6 species can be considered as non-european, 
although 3 others are extinct, but of european affinity.
the following 14 species are also found in the tiglian A in  
the maalbeek pit:
Alnus cf. glutinosa, Brasenia holsatica, Groenlandia densa, 
Liriodendron geminata, Myriophyllum spicatum, Najas marina, 

Nuphar luteum, Nymphaea cinerea, Potamogeton acutifolius,  
P. natans, Polygonum lapathifolium, Stratiotes intermedius and 
Vitis parasilvestris.

A few remarks should be made on the material found. the 
lenticular seeds of Menyanthes sp. found have an intermediate 
position between the recent and late Quaternary Menyanthes 
trifoliata and the pliocene Menyanthes trifoliata from poland 
(jentys-szaferowa & truchnonowicz, 1953). the latter is 
smaller in size, in section the epidermis has lower and 
smaller epidermal cells and the testa is thinner with smaller 
cells and less cell layers than in the recent M. trifoliata. As 
can be deduced from figure 10, the species from Belfeld are 
intermediate in size between M. carpatica and M. trifoliata 
and its epidermis is of similar type as in Menyanthes trifoliata, 
whereas the testa resembles that of Menyanthes carpatica. 
table 3.3 summarises the mean values of 9 characters 
compared with data of the two species. in figure. 3.11 
the values of the characters, as measured in various fossil 
assemblages, have been expressed as an index of those of 
Menyanthes carpatica, the values of which have been taken  
as a standard.

Biometric measurements of several characteristics of seeds 
of Stratiotes from Belfeld have been compared with data from 
seeds from tegelen (figs. 3.12, 3.13). All distributions are 
unimodal, which means that in these floras one species was 
present at a time. this is consistent with chandler’s view 
(1923) who emphasised that during most of its evolution 
Stratiotes was monospecific. the Belfeld species is longer and 
straighter, carrying more tubercula and spines and having a 
heavier collar and keel than the specimens from tegelen  
(fig. 3.13).
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Figure 3.12. Comparison of 6 characteristic of stratiotes seeds from Belfeld (pit Janssen-Dings) and Tegelen (Russel-Tiglia-Egypte pit).
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1 in the upper part of the clays from face B (1989), which  
is the laminated channel fill (Unit mLBK 2; molluscan 
sample 2). exactly the same place was sampled for 
micromammals.

2 in the upper part of face c (1989), 2 samples from the same 
layer as the previous one (Unit mLBK 2; molluscan samples 
3A and 3B).

3 in the lower part of face c, section c2 (1994), which is 
the flood-basin clay of unit mLBK 1 (molluscan sample 1, 
indicated in figure 5).

no samples are available from section c1 (face c). however, 
many Unionidae (Anodonta sp.) were observed in the lower 
part of unit mLBK 1 at this place, particularly in the clay below 
the brown coal layer.
the results of the molluscan analyses are presented in table 
3.4 (samples 1-3b). the maalbeek sections yielded several not 
described taxa. two freshwater species, Valvata salebrosa and 
Sphaerium subtile were introduced several years ago (meijer, 
1990b). several land snail taxa are mentioned here in open 
nomenclature (Aegopinella sp. nov. and ?Cepaea sp. nov.)  
these species will be introduced in a separate publication.

3.6.2 The flood-basin clay (unit MLBK 1)
molluscs have been found in two places of the flood-basin 
clay, which is otherwise almost devoid of carbonate fossils. 
in the lower part of the unit, below the brown coal layer in 
section c1, which is assigned to pollen zone t-A (see above), 
large paired valves of Anodonta cygnea occur. this section was 
not sampled in detail. Anodonta cygnea prefers stagnant fresh 
water and is a temperate species.

in unit mLBK 1, exposed in section c2 (fig. 3.5), a small 
amount of molluscs was recovered in deposits assigned to 
pollen zone t-c1. the shells are badly preserved as a result of 
corrosion and this slightly hampered the identification of the 
species (sample 1). most probably, the bad preservation is the 
result of post-depositional leaching, caused by soil formation 
higher in the sequence (see section c1).
the sample yielded a fresh water assemblage of low diversity 
with only prosobranchs and bivalves occurring: fresh water 
pulmonates are remarkably absent. Additionally, only a few 
terrestrial species living in marshy environments are present. 
the species composition points to a quiet, sparsely vegetated 
fluvio-lacustrine environment, which is apparent from figure 
3.15. the absence of fresh water pulmonates and the very rare 
occurrence of land species could be the result of paucity of 
the aquatic vegetation combined with a relatively large water 
depth (several metres), as well as of a large distance from 
the margins of the stagnant waterbody. the low number of 
terrestrial species could however also be the result of a stable 
watertable during the deposition of the clay. A fluctuating 
waterlevel should cause flooding of the marginal swamps and 
also possibly slightly higher ground, which results in an influx 
of land shells into the fresh water assemblage (Keen, 1990).

two stratigraphically-significant species are present: Viviparus 
glacialis and Aegopinella sp. nov. both which are characteristic 
of a tiglian age. the assemblage points to continental-
temperate conditions. this is the earliest well-dated molluscan 
assemblage of tiglian age in the netherlands. Until now,  

well-dated molluscan assemblages were known from tiglian 
c2/3 or later (meijer, 1990a). Apart from the low species 
number, there seems no significant difference between the 
assemblage found here and those occurring in younger parts 
of the tiglian. significantly, no species surviving from the 
reuverian were found.

3.6.3 The laminated channel fill, unit MLBK 2  
(section C2 and face B)
scattered through the unit, which almost entirely consists  
of laminated clay alternating with thin sandy laminae, single 
shells of Viviparus glacialis are present at a very low frequency. 
only at the top, were shells found occasionally, more 
commonly in the intervening sandy laminae also from other 
species. this (topmost) level was sampled at two different 
places (fig. 3.3). sample 2 was taken near the central part of 
the gully fill in section B. from the same place a vertebrate 
sample was examined (see below). Although occurring rather 
frequently, the shells were not concentrated and were present 
as single shells dispersed in the sandy clay matrix. sample 3A 
(section c2) is a lateral-equivalent of sample 2 and was taken 
at more or less the same depth, but from a part of the gully 
where the beds are thinning. At this place, many shells were 
concentrated in a thin sandy band, together with plant debris, 
wood remains and other fossils. Later, an additional sample 
was taken (sample 3B) in the same layer, only one metre aside 
from sample 3A. Because of the small distance between the 
two and the comparable sedimentology, the assemblages are 
further taken together as sample 3.
samples 2 and 3 show similar fresh water assemblages in 
which the shells are extremely well preserved and occasionally 
still possess their periostracum. the assemblages are rather 
diverse and show a well-balanced species composition. 
Although the shells in sample 3 are concentrated, 
transportation cannot have been very large, which may 
explain the good preservation of the shells. the assemblages 
of both sites are assumed to be (par)autochthonous and more 
or less contemporaneous.
 
ecological diagrams are presented in figure 3.15. the 
palaeoecological subdivisions are according to meijer (1985). 
the fresh water species indicate a quiet, well-vegetated fluvio-
lacustrine environment. in the molluscan samples many seeds 
were recovered, among which Stratiotes sp. is very common. 
this is in good agreement with the preference of several of the 
fresh water species occurring. for instance, in the recent fresh 
water fauna of the netherlands the pulmonate snail Myxas 
glutinosa is tightly associated with Stratiotes.
A large share (about 50%) of the terrestrial species prefer 
shaded moist habitats in which a stable microclimate prevails. 
rarely, some species of rather sunny dry habitats are also 
present. in general, the land assemblage may have lived in 
patchy river valley woods, with occasional dry, open spaces. 
considering the very high percentage of forest species, one 
could very well assume an almost closed woodland. the 
species of dry, open sunny places could then have lived on 
(slightly) elevated sandy banks, in and bordering the river bed.

from a climatic point of view, both fresh water and land 
assemblages show a very clear continental imprint. the 
modern distribution of the following species or their 

the Belfeld species is considered to belong to Stratiotes 
intermedius that of tegelen to an ancient form of S. aloides.  
the two species represent a line of evolution in the sense  
of chandler (l.c.).

A fair amount of lanceolate seeds of a Najas (Caulinia) species 
have been attributed to Najas tenuissima, on the basis of their 
shape, dimensions and the characteristic pattern of elongated 
epidermis cells (Beckman, 1950) as opposed to Najas flexilis, 
which has shorter cells. in contrast to the fossil species Najas 
lanceolata (reid, 1915; dorofeev, 1966) with elongated cells 
forming pits or depressions in the testa surface, the species 
found at Belfeld has a smooth surface and the cells are not 
pit-like. Wieliczkiewicz (1982) has described no less than 5 
different species similar to that described here, and ranging  
in age from pliocene to modern.
the differences between these are small and it is extremely 
difficult to separate them without further material for 
comparison. therefore, the material from Belfeld is regarded 
as belonging to the recent Najas tenuissima s.l.
A species of Nymphaea, hitherto unknown from fossil 
assemblages in this region, has been found. its seeds are 
smaller than those of Nymphaea alba. these are (1.5) 1.81 (2.5) 
mm long and in flattened condition (1.1) 1.41 (2.0) mm broad. 
the seed surface shows more or less rectangular, somewhat 
transversely elongated cells in regular rows. no papillae are 
found on the separating cell walls. A similar fossil species 
has been described from the middle pleistocene of Byelomis 
under the name of Nymphaea cinerea (Wieliczkiewicz, 1982). 
for the time being the present authors consider the similarity 
sufficient to place the finds from Belfeld in this species.

As the two floras from maalbeek and janssen-dings (Belfeld) 
are of the same geological age, the following species from the 
first locality and not found at the second, should be added to 
the list of the Belfeld flora cited above (table 2).
- x • Actinidia faveolata
- x Caldesia cylindrica
- x • Carex flagellata
- Ceratophyllum demersum
- Ceratophyllum submersum
- Cornus mas
- Corylus avellana
- x • Decodon globosus
- Dendrobenthamia tegeliensis
- Fagus decurrens
- x • Hartziella rosenskjaeri
- x • Magnolia cor
- x • Menispermum crassicarpa
- x • Phellodendron elegans
- Pinus sp.
- x • Pterocarya limburgensis
- Rosa sp.
- Trapa natans.

this makes a total of 72 species identified to a level required 
for a plant geographical analyses. Among these, 15 are species 
of non-european affinity (exotics), and of eastern-Asian and 
north-American kinship. this means that the group covers 
21% of the total. this percentage should be compared with 
15% of exotic species (either extinct or living) in the tegelen 

flora, about 50% in that of the reuver flora, and about 60%  
in the Brunssum flora of early pliocene age (Zagwijn, 1959).
this means that the composition of the Belfeld flora is 
intermediate between that of reuver and that of tegelen, 
although it is definitely closer in composition to the tegelen 
flora. A number of species have been found in the Belfeld  
flora that are unknown from tegelen, although they have  
 been found in the reuver Bed near reuver and swalmen.  
the first to be mentioned among these is Fagus decurrens, this 
find being in accord with the palynological finds. in addition 
Carex flagellata, Liriodendron geminata, Prosperpinaca reticulata 
and Sparganium noduliferum are reuverian species lacking at 
tegelen, but present at Belfeld.
Another characteristic phenomenon of the Belfeld flora is 
the relatively high number of aquatics and marsh plants 
which can be identified with recent european species. such 
plants are rare in the reuverian. some examples of this kind 
are species of Potamogeton, Scirpus, Eleocharis, Carex, some 
Alismataceae and others. of particular interest is the find of 
the modern species Nuphar luteum in contrast to the extinct 
reuverian species N. canaliculatum. in the authors’ opinion 
during or after the pretiglian cold stage, part of the preceding 
aquatic flora became extinct, the niches being taken by an 
immigrating modern flora from the north.

finally, a short comparison should be made with a fossil fruit 
and seed flora which can be considered of similar age to 
the Belfeld flora on the basis of mammal and palynological 
evidence. this is that of rippersroda (thüringen, Germany). 
the palynological data indicate a probable tiglian A age 
for sediments here (mai & Walther, 1988) and the mammal 
evidence indicates that this deposit should belong to mammal 
zone mn 16 or early mn 17 according to mai (1994). the finds 
of mastodont (Anancus arvernensis) should be mentioned in 
this connection. the flora was described by mai et al. (1963) 
and a revised floral list is given in mai and Walther (1988).  
the flora contains 83 species of higher plants of which at 
least 37 are in common with the Belfeld flora, this is 45% of 
the total. the number of species of non-european affinity is 
15, this is 18% of the total. similarly to what is found in the 
Belfeld flora, a fair amount of aquatic and marshy species of 
modern affinity are present. some reuverian species unknown 
from the late tiglian are present at rippersroda, part of which 
has been recorded also from Belfeld, i.e. Carex flagellata, Caldesia 
cylindrica, Fagus, Hartziella rosenskiaeri, Proserpinaca sp.
Like the Belfeld flora, that of rippersroda is intermediate 
between that of reuver and of tegelen, but much closer to 
the tegelen type. this means that the major floral change, 
including the introduction of a score of modern species, was 
after the reuverian also in central europe.

3.6 Malacological research from the Maalbeek pit

3.6.1 Introduction
thus far the malacology of the tiglian deposits in the 
maalbeek pit had never been studied (meijer, 1998). however, 
the authors’ interest for the pit in recent years has resulted 
in the discovery of molluscan faunas of the exposed tiglian 
clay. the results form part of the present study. molluscs were 
observed at four sites in the pit, three of which were sampled, 
namely:
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Pisidium clessini Neumayr, 1875 105 14 13 8  x x B

Pisidium moitessierianum Paladilhe, 1866 36 4 9 5  x x B

Pisidium supinum Schmidt, 1850 - - - -  x x B

 

Not assigned fresh water species 

Viviparus clairi Schlickum & Puisségur, 1977 - - - 1  - - B

Valvata salebrosa Meijer, 1990 - 2 10 2  - - V

Bithynia indet. (opercula) 1 - - -  - - -

Lymnaea sp. - - - 2  - - V

Gyraulus indet. - - 4 -  - - V

Sphaerium rosmalense Meijer, 1989 - 1 - -  - - B

Sphaerium subtile Meijer, 1990 - 61 47 15  - - B

 

Land species 

W – Woodland 

Cochlostoma salomoni (Geyer, 1914) - - - -  - x A

Vertigo alpestris Alder, 1838 - - - -  - x C

Ena montana (Draparnaud, 1801) - - 4 4  - x C

Discus perspectivus (Megerle von Mühlfeld, 1816) - 1 2 1  - x C

Discus ruderatus (Férussac, 1821) - 8 6 4  - x C

Milacidae sp. - - - -  - x I

Vitrea crystallina (Müller, 1774) 2 15 35 15  - x I

Eucobresia diaphana (Draparnaud, 1805) - - - -  - x C

Vitrinobrachium breve (Férussac, 1821) - 2 3 -  - x I

Aegopinella nitidula (Draparnaud, 1805) - 5 - 1  - x A

Aegopinella sp. nov. 2 25 74 31  x x -

Lyrodiscus jourdani (Michaud, 1862) - - - -  - x A

Limacidae sp. (large species) - - - -  - x I

Clausilia rugosa antiquitatis Nordsieck, 1990 - 3 3 1  - x C

Clausilia pumila C. Pfeiffer, 1828 - 3 12 5  - x C

Macrogastra densestriata (Rossmässler, 1836) - - - 1  - - C

Macrogastra ventricosa (Draparnaud, 1801) - - - -  - x C

Perforatella belgrandi (Bourguignat, 1869) - 67 51 30  x x C

Perforatella dibothrion (M. v. Kimakowicz, 1884) - - - -  - x C

Monachoides sp. nov. - 6 7 6  - x C

Trichia striolata (Pfeiffer, 1828) - - - -  - x I

Soosia sp. nov. - 4 4 5  - x C

Arianta arbustorum (Linnaeus, 1758) - 6 15 6  x x I

Helicigona sp. nov. - 3 5 4  - x -

Chilostoma sp. - - - -  - x C

Isognomostoma isognomostoma (Schröter, 1784) - - 1 6  - - C

 

O – Open ground 

Granaria frumentum (Draparnaud, 1801) - - - 2  - - C

Abida secale (Draparnaud, 1801) ? - - - -  - x A

Pupilla muscorum (Linnaeus, 1758) - 18 54 20  - x I

Pupilla sterri (Voith, 1838) - - - -  - x C

Vallonia costata (Müller, 1774) - 8 6 1  - x I

Vallonia pulchella (Müller, 1774) - 10 28 12  - x I

 

M – Mesophile 

Cochlicopa lubrica (Müller, 1774) 1 9 25 6  - x I

Trichia hispida (Linné, 1758) - 25 50 13  - x I

 

H – Hygrophile 

Carychium minimum Müller, 1774 - 8 21 14  - x I

Carychium tridentatum (Risso, 1826) - - - 4  - x I

Carychium indet. 1 - - -  - - I

Succinea elegans (Risso, 1826) - - - 1  - - I

Succinea elegans schumacheri (Andreae, 1884) - 15 4 8  - - C

Succinea elegans/putris 1 13 41 8  - x I

 Maalbeek  Russel-Tiglia-Egypte 

 1 2 3A 3B  4 5 6

Fresh water species 

A1 – Marches 

Stagnicola palustris (Müller, 1774) s.l. - 16 22 5  x x V

Planorbis planorbis (Linné, 1758) - 6 15 3  - x V

 

A2 – Banks and periodic water 

Valvata pulchella Studer, 1820 - 4 7 1  - - V

Galba truncatula (Müller, 1774) - 4 20 -  - - V

Aplexa hypnorum (Linné, 1758) - - 1 -  - x V

Anisus leucostomus (Millet, 1813) - 9 30 5  - - V

Pisidium obtusale Pfeiffer, 1821 - 11 3 2  - - B

 

B1 – Stagnant, poorly vegetated water 

Gyraulus laevis (Alder, 1838) - 2 7 3  - - V

 

B2 – Stagnant, well vegetated water 

Viviparus contectus (Millet, 1813) - - - -  x - B

Bithynia troschelii Paasch, 1842 (shells) - 12 43 7  x x V

Bithynia troschelii Paasch, 1842 (opercula) - 16 - 6  x x V

Marstoniopsis scholtzi (Schmidt, 1856) - - 4 1  - - V

Myxas glutinosa (Müller, 1774) - 2 7 3  - - V

Lymnaea stagnalis (Linné, 1758) - 1 12 1  - - V

Radix auricularia (Linné, 1758) - 4 2 1  - - V

Radix ovata (Draparnaud, 1805) - - 10 -  x x V

Acroloxus lacustris (Linné, 1758) - - 1 -  - x V

Ferrissia wautieri (Mirolli, 1960) - - - 2  - - V

Planorbarius corneus (Linné, 1758) - 5 10 10  x x V

Planorbis carinatus Müller, 1774 - 4 10 5  - - V

Anisus vorticulus (Troschel, 1834) - - 1 -  - - V

Gyraulus crista (Linné, 1758) - 3 7 3  - - V

Pisidium milium Held, 1836 - - 1 -  - - B

 

C – Stagnant and moving water (Lacustrine) 

Valvata piscinalis (Müller, 1774) 88 91 50 26  x x B

Bithynia tentaculata (Linné, 1758) (shells) - - - -  x x B

Bithynia tentaculata (Linné, 1758) (opercula) - - - -  x x B

Bathyomphalus contortus (Linné, 1758) - 1 1 1  - - V

Unio tumidus Philipsson, 1788 - - - -  x - B

Unio pictorum (Linné, 1758) - - - -  x - B

Unio indet. 2 1 - -  - - B

Anodonta cygnea (Linné, 1758) - - - -  x - B

Anodonta indet. - - 1 -  - - B

Sphaerium corneum (Linné, 1758) - 6 14 10  x x B

Sphaerium lacustre (Müller, 1774) - 2 2 -  - - B

Pisidium henslowanum (Sheppard, 1823) 19 14 23 13  x x B

Pisidium subtruncatum Malm, 1855 19 45 67 39  x x B

 

D – Moving water (fluvial) 

Viviparus diluvianus (Kunth, 1865) ? - - - -  x - B

Viviparus glacialis (Wood, 1872) 77 50 75 20  x - B

Viviparus viviparus (Linné, 1758) - 11 37 15  x x B

Valvata goldfussiana Wüst, 1901 - 71 355 134  x - B

Lithoglyphus jahni Urbanski, 1975 - 44 105 48  x - B

Tournouerina belnensis (Delafond & Depéret, 1893) - 27 34 17  x - V

Parafossarulus priscillae (Girotti, 1972) (shells) - 7 20 15  x x B

Parafossarulus priscillae (Girotti, 1972) (opercula) 2 13 25 10  x x B

Pisidium amnicum (Müller, 1774) 43 20 35 6  x x B

Table 3.4. Molluscan species present in Belfeld and Tegelen (continues at the two next pages).
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modern representatives strongly suggests this conclusion. 
these species all show an east european to Asiatic modern 
distribution: Valvata salebrosa, Valvata goldfussiana, 
Lithoglyphus jahni, Tournouerina belnensis, Bithynia troscheli, 
Parafossarulus priscillae, (fresh water), and: Discus perspectivus, 
Macrogastra densestriata, Monachoides sp. nov., Perforatella 
belgrandi, Isognomostoma isognomostoma and Soosia sp. nov., 
(land).

the age of the assemblages is tiglian, as many of the species 
are restricted to this stage. Among these are: Viviparus 
glacialis, Monachoides sp. nov., Helicigona sp. nov. and Soosia 
sp. nov. other species may also occur slightly younger, which 
is indicated by their foreign distribution: Viviparus clairi, 
Tournouerina belnensis, Aegopinella sp. nov., Clausilia rugosa 
antiquitatis, Perforatella belgrandi, and Cepaea sp. nov. As yet,  
a more refined assignment still does not seem possible.

3.6.4 Comparison with the Russel-Tiglian-Egypte pit 
near Tegelen
the only more or less comparable molluscan locality to the 
maalbeek pit, is the russel-tiglian-egypte pit near tegelen. 
molluscan analyses from here were published by meijer (1976). 
Although the research on the huge collection from this site is 
still continuing. taxonomical changes since the publication 
of this review are given in table 3.5. Additions to the russel-
tiglian-egypte fauna are the following species: Aplexa 
hypnorum, Unio pictorum, Carychium minimum, Carychium 
tridentatum, Zonitoides sp., Milacidae, Clausilia pumila, Clausilia 
rugosa antiquitatis, Macrogastra ventricosa, Chilostoma sp., 
Cepaea sp. 1 nov. and Cepaea sp. 2 nov.

the sampling techniques used in the russel-tiglian-egypte pit 
differ considerably from those at the maalbeek pit. Because 
the preservation of the molluscs, which are nevertheless often 
present as complete shells, was bad (squeezed in the clay and 

leached in the sandy deposits), each specimen had to be freed 
separately with help of preparation needles and brushes, and 
subsequently hardened with plastic. however, this technique 
prevented a good estimate of the real species composition of 
the assemblage. therefore, only presence or absence of the 
species is indicated in table 3.4. the difference in sampling 
technique may also cause difficulties in comparing the russel-
tiglian-egypte fauna with those from maalbeek. the type 
of sampling technique used in the russel-tiglian-egypte pit 
favours gastropod shells which are relatively large and have  
a certain volume: flat gastropod shells are difficult to obtain.
to test this, two subdivisions of all shells were made: one 
according to size class (applied to all species), and the other 
according to their shape (only gastropods). Both subdivisions 
are more or less arbitrary and as simple as possible. size 
classes are: large (e.g. Viviparus, Lymnaea, Radix auricularia, 
Planorbarius, Anodonta, Unio, Arianta, Cepaea), medium  
(e.g. Lithoglyphus, Parafossarulus, Radix peregra, Physa, 
Planorbis, Sphaerium, Pisidium amnicum, Succinea, Aegopinella, 
Trichia), and small (e.g. Tournouerina, Acroloxus, Anisus, small 
Pisidium, Carychium, Vertigo, Vallonia, Discus, Vitrea, Milacidae), 
and shape classes are: tall (definitely higher than wide), 
globular (the height equals more or less the width),  
flat (definitely wider than high), and a rest group among 
which are ancyloids and limacidoids. from each group the 
species were counted and then the share of each group  
was determined. the results are presented in figure 3.14  
(spectrum nr. 7). data from several other localities are also 
shown for comparison.
Although the number of assemblages is rather low, some 
conclusions may probably be drawn. compared to the means 
of all the counted assemblages (fig. 3.14) the clay unit 
assemblage from the russel-tiglian-egypte pit is clearly out 
of range. the number of small species is twice as low as the 
mean, and flat species even c. 3.5 times lower. therefore, these 
distributions are considered as an artefact of the sampling 

Succinea oblonga elongata (Sandberger, 1875) - - 40 8  - - C

Succinea oblonga oblonga Draparnaud, 1801 - - - -  - x I

Succinea putris (Linné, 1758) - 14 2 8  - - I

 

Not assigned land species 

Vertigo indet. - - 1 -  - - -

Zonitoides sp. - - - -  - x -

Limacidae sp. (small species) - 1 10 2  - x -

Clausilia indet. - 5 8 4  x x -

Cepaea indet. - 2 - -  - x -

Cepaea sp. nov. - - - -  - x -

?Cepaea sp. nov. - 4 4 4  - x -

Helicidae sp. - - - -  - x -

Helicidae indet. 2 - - -  - - -
 
Explanation:
Column 1-3B; results of the Maalbeek pit
1 unit MLBK 1
2-33B unit MLBK 2
1-3B figures are counted frequencies

Column 4-5; results of the Russel-Tiglia-Egypte pit
4 unit MLBK 1
5 unit MLBK 2

Column 6; Ecological subdivision (Meijer, 1985)
Fresh water species substrate preference
B = Bottom, V = Vegetation
Land species climate
A = Atlantic species; C = Continental species; I = Indifferent

0 20 40 60 80 100%

A1

W

A2

0

B1

M

B2

H

C D

1

2

3A/B

Diagrams of specimens Freshwater species - substrate preference

Vegetation Bottom

1

2

3A/B

A  Ecological diagrams of specimens Freshwater species
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C  Ecological diagrams of specimens Land and freshwater species

Figure 3.14. Ecological diagrams of the molluscan assemblages (numbers refer to table 4).

Cochlostoma (Obscurella) sp. Cochlostoma salomoni (Geyer, 1914)

Neumayria crassitesta (Brömme, 1885) Parafossarulus priscillae (Girotti, 1972)

Bithynia leachi troscheli (Paasch, 1842) Bithynia troschelii (Paasch, 1842)

Lithoglyphus naticoides (Pfeiffer, 1828) Lithoglyphus jahni (Urbanski, 1975)

Tanousia stenostoma (Nordmann, 1901) Tournouerina belnensis (Delafond & Depéret, 1893)

Lymnaea palustris (Müller, 1774) Stagnicola palustris (Müller, 1774) s.l.

Lymnaea peregra (Müller, 1774) Radix peregra (Müller, 1774) s.l.

Cochlicopa sp. Cochlicopa lubrica (Müller, 1774)

Vertigo cf. alpestris (Alder, 1838 Vertigo alpestris (Alder, 1838)

Pupilla cf. sterri (Voith, 1838) Pupilla sterri (Voith, 1838)

? Aegopinella sp. Aegopinella sp. nov.

Retinella (Riedeliella) sp. Lyrodiscus jourdani (Michaud, 1862)

Clausiliidae Clausilia rugosa antiquitatis (Nordsieck, 1990)

id. Clausilia pumila (C. Pfeiffer, 1828)

id. Clausilia indet.

id. Marogastra ventricosa (Draparnaud, 1901)

Perforatella sp. Perforatella belgrandi (Bourguignat, 1869)

Steklovia cf. koehnei (Schlickum & Strauch, 1972) Monachoides sp. nov.

Trichia cf. striolata (Pfeiffer, 1828) Trichia striolata (Pfeiffer, 1828)

Anodonta cf. cygnea (Linné, 1758) Anodonta cygnea (Linné, 1758)

Table 3.5. Taxanomical changes after the 1976 review of the moluscs known from the Russel-Tiglia-Egypte pit (Tegelen).
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the former pit (fig. 3.3). the lithostratigraphical provenance  
of the tapir fossils is rather well-known. Kortenbout van  
der sluijs (1960) asserts that the teeth were found in the top  
of a blue clay layer 1.50 m thick situated between sandy clay 
at the base and a brown clay layer on top.
the upper molar of the mastodont Anancus arvernensis was 
found in situ in 1960 in the Van cleef pit, about 300 m due 
north of the locality where the tapir remains were discovered 
near the base of the clay in a humic clay bed (Kortenbout 
van der sluijs, 1960; Zagwijn, 1963; fig. 2.3). According to 
Kortenbout van der sluijs (1960), the mastodont molar and 
the tapir remains are from the same lithostratigraphical unit, 
just as the other species recorded from the Van cleef pit: 
Mimomys sp., Dicerorhinus etruscus, Eucladoceros tegulensis, 
Cervus rhenanus and Leptobos cf. elatus. Kortenbout van der 
sluijs (1960) states that the occurrence of Anancus arvernensis 
and Tapirus arvernensis, which have never been found in the 
tegelen pits, might point to a slightly different geological 
age: ‘ ... the Maalbeek clay is probably somewhat older than the 
Tegelen clay and may belong to the lower part of the Tiglian or 
even to the Pretiglian’ (Kortenbout van der sluys, 1960; p. 14). 
the pollen spectrum obtained from a piece of clay adhering to 
the mastodont molar and the supposed geological setting of 
the area indicated however an early eburonian age (Zagwijn, 
1963). this age did not correspond with the established 
ideas about the stratigraphical range of both Anancus 
arvernensis and Tapirus arvernensis and the discrepancy lead 
to discussions about the contemporanity and relevance of 
the ‘tegelen’ fauna (Van Kolfschoten & Van der meulen, 1986; 
Azzaroli et al., 1988).

the new exposures in 1993 and 1994, additional palynological 
research and a reappraisal of the primary data have resulted 
in alternative ideas about the stratigraphical age of the fauna 
from maalbeek. the clay with the mastodont molar is here 
referred to pollen zone t-B. the tapir remains might be slightly 
older and can probably be assigned to pollen zone t-A. the 
new results indicate that the mammal fauna mentioned above 
is not younger but older than the fauna from the tegelen 
pits. this model fits much better with the biostratigraphical 
evidence known from localities in france and italy for 
example. the presence of Tapirus arvernensis and Anancus 
arvernensis indicates that the fauna should be correlated with 
the early Villafranchian triversa faunal unit, whereas the 
larger mammals from tegelen allow the tegelen fauna to be 
correlated with the olivola faunal unit of the lower part of the 
Upper Villafranchian (cf. Azzaroli, 1970).

3.7.2 Recent discoveries
the search for mammal fossils in the maalbeek sections 
during the past few years has resulted in the discovery of 
fossiliferous levels in the laminated channel filling exposed 
in the north-eastern part of the pit (face B). two small 
assemblages have been collected; one from the top of the  
clay horizon, the other from a level a few metres below the 
top of the clay. the lower assemblage, collected in 1990 by  
L.W. hordijk, represents:
• Desmana thermalis
• cf. Clethrionomys sp.
• Mimomys sp. (a large form)
• Mimomys reidi

• Mimomys tigliensis
• cf. Cervus rhenanus.

Desmana thermalis is represented by a lower p
2
 (length (L) x 

width (W) (in mm): 1.76 x 1.40) and a lower p
4
 (L x W: 2.34 

x 1.45). A fragment of a lower m
1
 with small dimensions, 

undifferentiated enamel and rounded salient angles shows 
similarities with the lower m

1
 of Clethrionomys. the genus 

Mimomys is represented by three different species. one 
with large dimensions (Mimomys sp.) (the upper molar 
fragments compare in size with the upper molars of Mimomys 
pliocaenicus) and two medium-sized voles Mimomys reidi (m1 
(L x W: 2.68 x 1.36) and m3 (L x W: 1.66 x 0.98)) and Mimomys 
tigliensis (m2 (L x W: 1.97 x 0,93), m

1
 (L: 2.40; A: 0.89; W: 0.91; 

B: 0.44; c: 0.16) and 2 m
2
 (L x W: 1.87 x 1.15; 1.87 x 1.18)). 

the dimensions of the molar referred to Mimomys reidi and 
M. tigliensis are within the range of the dimensions of the 
remains from russel-tiglia-egypte described by tesakov 
(1998). the first phalanx of a small deer is similar in size and 
morphology with the first phalanx of Cervus rhenanus known 
from the tegelen fauna (spaan, 1992).
the upper assemblage contains Desmana thermalis, Mimomys 
pliocaenicus and Mimomys reidi. Desmana thermalis is well 
represented by at least 7 identifiable remains among which 
a fragment of an upper jaw with p4 and m1 and a lower 
jaw with m

1
-m

3
. the lower molars show a better developed 

entostylid and a better developed anterior cingulum compared 
to the Desmana remains from russel-tiglia-egypte, described 
and figured by rümke (1985). the dimensions of the (prae)
molars from maalbeek are within the range of variation of 
the russel-tiglia-egypte specimen. the Mimomys pliocaenicus 
molars from maalbeek compare to those from the tegelen 
fauna. the height of the dentine tracts indicates that the age 
of the assemblage might be slightly older than the smaller 
mammal assemblages from russel-tiglia-egypte pit dated to 
tiglian c5 as noticed by A.s. tesakov (personnel communiqué: 
1996).

3.8 General conclusions and discussion
sedimentologically two main sedimentary environments can 
be distinguished in the clays of the maalbeek pit. in the oldest 
clays, peat layers and soils are developed. these clays are 
interpreted as flood-basin deposits. these deposits are partly 
unconformably overlain by strongly laminated clays which 
are interpreted as the infill of a younger incised channel in the 
flood-basin deposits.

3.8.1 The floodbasin
initially, the flood-basin environment was characterised by 
ponds or small lakes surrounded by a patchy vegetation of 
Alnus, Fagus, Picea, Pterocarya and Ulmus. the presence of 
shells of Anodonta cygnea points to stagnant, open fresh 
water a few metres deep. the upwards increase of organic 
matter and the presence of pollen of aquatics in the peat 
layers indicate a change in the decomposition rate which 
suggests a decrease of the water depth. these factors favoured 
occupation by Alnus. Almost at the same point in the section, 
a renewed influx of clastic clay-rich sediment is noticed. 
however, the crumbly to prismatic structure of this clay 
indicates that sedimentation after a short period ceased and 
that a subsequent lowering of the watertable promoted initial 

technique. Although the number of small species  
of the sand unit of russel-tiglian-egypte is slightly lower than 
the mean, the distribution is strikingly similar to that of the 
maalbeek-2/3 assemblages. the same is the case for the shape 
classes. obviously, the collection technique did not affect the 
distribution of the russel-tiglian-egypte sand unit as clearly 

as that of the clay unit in that locality, at least at the species 
level. the conclusion is that the assemblages from the  
russel-tiglian-egypte sand unit and from maalbeek-2/3 may 
very well be compared.

At first glance, the assemblages from russel-tiglian-egypte 
and maalbeek-2/3 are very much alike (table 3.4). however, 
both assemblages show species not occurring in the other.  
not all of these species are equally important. some 
occurrences may be purely coincidental, and the presence  
of others may be the result of preservation circumstances  
(e.g. Unionidae). moreover, the fact that the russel-tiglian-
egypte assemblage is the result of many years of collecting, 
whereas that from maalbeek has only three samples, may 
result in the presence of more rare species in the first 
locality. nevertheless, there are some obvious differences. 
significant fresh water species possibly include: Viviparus 
clairi, Valvata salebrosa and Sphaerium subtile. in the tiglian of 
the netherlands these are almost restricted to maalbeek, the 
last species even being rather common. this is remarkable, 
because tiglian fresh water assemblages are rather well 
known from many localities in the netherlands. probably 
this means that for some (stratigraphical, ecological, or 
climatological) reason this assemblage is rather unique.
the very common species Bithynia tentaculata is present in the 
russel-tiglian-egypte fauna but missing at maalbeek. Among 
the land species Granaria frumentum, Macrogastra densestriata 
and Isognomostoma isognomostoma occur only in maalbeek, 
whereas Cochlostoma salomoni, Abida secale ?, Lyrodiscus 
jourdani, Zonitoides sp. and Trichia striolata are only present 
in the russel-tiglian-egypte fauna. it is not clear whether 
all these species are of stratigraphical significance, however 
the differences may be climatically-controlled. most of the 
maalbeek species are ‘continental’ species, whereas the russel-
tiglian-egypte species are ‘Atlantic’. A climatic analyses of the 
land snails (table 3.6) shows that, at least at the species level, 
the russel-tiglian-egypte sand unit assemblage is much more 
Atlantic in character than the maalbeek-2/3 assemblages.

3.7 The mammalian remains from Tegelen – Maalbeek

3.7.1 The mammalian record
As stated above, the discovery of the remains of a tapir and a 
mastodont in maalbeek have drawn the attention of workers 
for a long time. the upper and lower (pre)molars of the tapir 
Tapirus arvernensis, described and figured by Kortenbout van 
der sluijs (1960), were found in 1930 in the southern part of 
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Figure 3.15. Shell shape and size classes in different localities. Number of spectra 
refers to research site:
1. Maalbeek 2/3B,
2. Russel-Tiglia-Egypte sand unit,
3. Russel-Tiglia-Egypte clay unit,
4. Zuurland62-63 metres,
5. Bavel-1,
6. Mean of 10 Dutch recent assemblages,
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Table 3.6. East-West preference of land species.

  A B C D

 Nr % Nr % Nr % Nr %

Maalbeek-2/3b 13 41 2 6 13 41 4 12

‘Egypte’ sand 12 32 7 19 13 35 5 14

Explanation:
A – Indifferent
B – Atlantic
C – Continental
D – Not assigned (indeterminable and several extinct taxa). Subdivision according to Meijer (1985).
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they are also of tiglian B age, although a tiglian A age cannot 
be excluded. the recognition that these remains are tiglian 
rather than eburonian, as previously thought, is significant 
since the latter conflicted with the general pattern of the 
stratigraphical range of Anancus arvernensis (Van Kolfschoten 
& Van der meulen, 1986; Azzaroli et al., 1988). the model 
presented here corresponds more closely with existing ideas 
and biostratigraphical evidence from elsewhere in eurasia.

3.8.2 The channel
the laminated clays (mLBK 2) infill a channel incised into  
the flood-basin clay. this indicates that a (small?) hiatus 
exists between the two units. the channel fill begins with 
a sand layer. this is overlain by a rhythmically layered 
sequence of alternating clay beds with thin fine sandy 
laminae. in the deepest part of the channel, the laminated clay 
sequence reaches thicknesses of 7 to 9 m. the sedimentary 
characteristics point to relatively high sedimentation rates. 
the pollen diagram (c2, fig. 3.7) shows nearly straight lined 
curves. in general, this feature also points to relatively high 
sedimentation rates. particularly striking in this sequence are 
the absence of Fagus and the low percentages of Pterocarya. 
therefore the laminated clays are assigned to pollen zone t-c.

the freshwater molluscs indicate a quiet, well vegetated 
fluvio-lacustrine environment, whilst the land snail species 
indicate the existence of patchy river valley woods. indeed, 
the high percentage of forest species present strongly suggests 
an almost closed woodland. several species indicate open, dry 
and sunny spaces which could have existed in nearby river 
dunes or elevated sand banks in the river. the presence of the 
land snail shells in the fresh water assemblages may reflect 
the proximity of a nearby lake margin, and/or regular flooding 
of the marginal swamps and slightly higher ground. 

the fresh water assemblages of the laminated channel fill 
are more diverse than those of the flood-basin clay. Both may 
represent large fluvio-lacustrine habitats. however, the flood-
basin assemblage indicates a less-vegetated environment.

in comparison to the assemblages from the russel-tiglia-
egypte pit near tegelen, the continentality of the molluscs 
from the laminated channel fill in maalbeek is striking. this 
fact, together with presence and absence of various molluscan 
species, leads to the conclusion that, although both localities 
are of pollen zone t-c age, they certainly represent different 
phases of this event. the higher oceanicity of the russel-tiglia-
egypte assemblage is also shown by the higher frequencies of 
Pterocarya pollen in the sediments at this latter site.
the remains of smaller mammals, which were sampled near 
the top of the laminated channel fill at maalbeek, resemble 
assemblages from the smaller mammal faunas described from 
the russel-tiglia-egypte pit. however, the number and amount 
of the species found at maalbeek are lower than at russel-tiglia-
egypte. this and minor differences in the characteristics of 
the remains from maalbeek suggest a slightly older age than 
the assemblages found in the tegelen pits. this seems to be in 
accordance with the molluscan and palynological evidence.

despite the discontinuity of the fossil record that might be 
expected in a tectonically complex area and the effects of 

climate change on river behaviour, it is considered that  
the results of these investigations in the maalbeek area record 
the migration of plants, molluscs and mammals during the 
tiglian. these all react to local and regional environmental 
changes, as well as to (supra) regional climatic changes.
the plant macrofossils, the small and large mammal remains 
and the mollusc assemblages all seem to fit within the general 
trends observed in eurasia. it is striking that the maalbeek 
record of this part of the tiglian points to a continental 
climatic imprint, whilst a later part of the tiglian, as 
represented in russel-tiglia-egypte, seems to have experienced 
more oceanic conditions.

As regards the stratigraphy, it is clear that important parts 
of the tiglian substages were preserved at the maalbeek 
site. however, it also became clear that neither at maalbeek 
nor at the neighbouring sites is a continuous record of 
Lower pleistocene sediment available. moreover, the 
detailed palaeoecological information demonstrates that 
the biostratigraphical boundaries, i.e. the pollen zones t-A, 
t-B, and t-c, do not coincide with the sedimentary units at 
maalbeek. this may also be the case in other localities with 
similar deposits of this age.
forthcoming research will be focused on this issue.

soil-forming processes. the overlying clay shows a slight 
increase in sand influxes and furthermore, at the same level, 
there is a relatively high frequency of reworked pollen and a 
remarkable blooming of algae. these observations confirm 
renewed sedimentation in the floodplain. the pollen content 
is dominated by ericaceae and Artemisia, which indicates that 
these two taxa form an important part of the vegetation on 
the floodplain or adjacent surroundings. Both taxa prefer a 
dry, dynamic and often leached habitat.
similar phenomena are recorded in the upper soil. in this case 
the subsequent occurrence of Salix (pollen zone 3c) indicates a 
local rise of the groundwater table.

the presence of a dense and massive flood-basin clay indicates 
a relatively slow sedimentation rate. the repeated influxes  
of fine sand indicate flood events during the clay deposition. 
the three intercalated soil horizons and the presence of peat 
layers suggest interruptions in sedimentation and fluctuations 
of the waterlevel.
the molluscs in these sediments indicate a sparsely 
vegetated fluvio-lacustrine environment, which supports the 

interpretation from the pollen. Although the low diversity 
of the molluscs may have stratigraphical significance, 
an ecological explanation seems more likely. the species 
composition together with the low diversity might suggest 
sedimentation remote from the lake margin.the almost 
complete absence of land snails could also result from a stable 
waterlevel. the preservation of the shells in the flood-basin 
clay suggests that they where affected by leaching during the 
periods of soil formation.
stratigraphically, the molluscan assemblage suggests a tiglian 
age for the sediments. According to the palynological evidence 
deposition of the flood-basin clay took place during pollen 
zones t-A, t-B and t-c1. the molluscs appear to be present in 
subzone c1.

the maalbeek pit is well-known for its finds of teeth of Tapirus 
arvernensis and Anancus arvernensis. from these investigations 
and the re-interpretation of previous palynological evidence 
it is now concluded that the Anancus remains can be placed 
within pollen zone t-B. the remains of the tapir are thought to 
be derived from the same lithological unit which suggests that 
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