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Sommaine. — A Langelede, dans le nord-ouest de la Belgique, un
diagramme pollinique discontinu a été daté comme weichselien
tardiglaciaire sur la base de 1a lithostratigraphic locale et des data-
tions au C14. La composition pollinique est profondément différente
de celle d’autres diagrammes classiques en raison des faibles pour-
centages d’AP, en particulier Refule, ct des pourcentages élevés
de NAP. Le développement de Ta végétation est 1ié a Uinstabilité des
couches sableuses superficiclles dues 4 Pactivité éolienne. Le dia-
gramme présenté iei peut étre considéré comme représentatit de la
végétation dans les régions de sables de couvertures pendant le
Tarvdiglaciaire,

Introduction.

Lale-Glacial pollen diagrams from Belginm, the Netherlands, nor-
thern Germany, and Denmark are generally ralher similar in that
they show fairly high Beinla percentages during the Bolling time,
low percenlages of Betula and high percentages of herbs during the
Earlier Dryas, high percentages of Betula during the Allerod and
also of Pinus during the upper part of his time, and somewhat
lower percentages of Betnla and Pinus compared to the Allerod du-
ring the Lale Dryas time (Vaxnoonrne, 1054 ; VERBRUGGEN, 1979,
VAN per Hammen, 1951 5 CLEVERINGA et al., 1977 ; BrHri, 1966
UsINGER, 1975 ; IVERSEN, 1954).

From Langelede (eoordinates 51°11'50”N, 352°00”E) in Flanders
-in Belgium, a different composition of a Late-Glacial pollen diagram
is found and the vegetation deduced herefrom is related to the for-
mer geomorphology of «dry coversand ridges and wet depressions.
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Outline of the geomorphology.

Langelede is situated in the Flemish valley which is a Pleistocene
valley system that drained into the North Sea area (TaverNiEr and
De Moogr, 1974 ; De Moor and HEYSE, 1974).

During the Upper Pleniglacial and the Lale-Glacial of the Weich-
selian, the northward draining direction of this valley became dam-
. med by west-easl running aeolian sand ridges (Fig. 1, 1b), the so-
* ‘éalled coversand ridges, which here arc more than 90 km long
(Hevse and De Moor, 1979). The sand that composes these ridges
came from the north where a deflation area is found with a pebble
layer on top (Fig. 1, Ie) [HEYSE, 1979a].

During the Holocene the lower (northern) part of the Flemish
-alley became inundated by Dunkirk transgressions (until 4 m above
present sca level, O.P.) and clayey sediments were deposited on parts
of the deflation surface (Fig. 1, II).

The coversand ridge in which the Langelede excavalion was situa-
ted (Fig. 1, Ib) is about 3 km wide and rises a few metres above the
surrounding flat areas (Fig. 1, la and Ic). It slopes up to 4 % towards
the south, while the northern slope is very gentle (HevsEe, 1979 a, b).

There is a micromorphology of small ridges and irregularly sha-
ped, elongated depressions on the large ridge. East-wesl oriented
ridges are dominant, bul southwest-northeasl running ones are
found as well. Furthermore, small dune fiels and parabolic dunes
are sometimes later deposited upon Lhese smaller ridges (Hevsz,
1979 a).

Stratigraphy.

In the Langelede excavation six types of sedimentary units were
distinguished : older and younger coversands, dune sands, fluvio-
periglacial deposits, lake sediment, and organic deposits.

The older coversands are aeolian sediments built up of white-
grey sand layers alternating with grey loam or sandy loam layers
(compare Vax per HaMMEN el al., 1967).

The younger coversands are well sorted, yellow to white-yellow,
horizontally or subhorizontally layered medium to fine grained aeo-
lian sands (compare VAN DER HaMMEN el al., 1967). Sleeper sloping
laminae can occasionally be seen.

The dune sands are rather similar Lo the younger coversands in
colour and eomposition but they are generally loosely packed and
often have steeply sloping lammﬁﬂ.—iz (VZW)
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IFig. 1. — Outline of the geomorphology in the Flemish valley around Langelede.

1 a : fluvio-periglacial deposits ; b : coversand complex ; ¢ : deflation surface :
2 : coastal plain ; 3: elay deposits ; 4 : creeks ; 5: sand deposits (coversand
ridge) ; 6 : concavity in coversand ridge ;5 7 : convexity in coversand ridge ;
8 1 larger depression in coversand ridge 3 9 ; larger suminit in coversand ridge ;
10 : ridge complex in coversand ridge ; 11 : dunes ; 12 ¢ gravel surface (deflation
surface) ; 13 : dike ; 14 @ eanal 3 15 @ highway ; 16 : state border ; 17 : village
center ; 18 : Langelede excavation with site of profile.
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The fluvio-periglacial deposils consist of sand with a few loam la-
minae. Involutions and frost fissure casts are present, and cross-
bedding sometimes occurs.

The lake sediment is generally horizonlally laminaled sand that
may have small-scale cross-bedding. Thin layers of organic material
may be intercalated. Laterally, towards the southeast, the lake sedi-
ment becomes calcarcous and finally passes into a marl (De MOOR
and Hivsg, 1978 ; Hevse and De Moor, 1979).

‘The organic deposits consist of thin moss layers, weakly organic
loamy sand, or fairly compact, slightly sandy or loamy peat layers.

The lithological section which is shown schemalically in Fig. 2
has lMuvie-periglacial sediment at the bottom (below 2.36 m). Pebbles
may occasionally be found at the top (at 2.36 m}. This layer is ter-
med the layer of Middelburg (De MooRr and HEYSE, 1972) and litho-
stratigraphically it probably corresponds to the Beuningen Gravel
Bed in lhe Netherlands (compare VAN DER HammeN et al., 1967).
From 2.36 m 1o 1.94 m the section is composed of an undisturbed
older coversand deposit with a few weakly organic horizons. Shal-
low, very narrow (max. 9 ¢m wide), vertical fissures (frost fissure
casts ?) were occasionally scen in this deposit. From 1.94 m a se-
(uence of alternating younger coversand deposits and organic layers
is seen. Vertical rootlets are present throughout the whole profile,
and laterally in this deposit, single, small, vertical fissures were pre-
sent.

The organic layers, V1, V2, and V3 (from bottom to top, see
Fig. 2) were only a few centimetres thick. V1 and V2 were almost
horizontal, while V3 was ondulaling or involuted, the single involu-
tions being up to 20 cm deep. Laterally, into the coversand ridge, V3
passed into a humic, slightly pealy layer with pieces of charcoal.

Ii was noted that a well developed podzol was present on top of
the younger coversand deposit in other parts of the pit. This podzol
is locally overlain by dune sand.

From investigations within the whole pit and its surroundings,
and from the palynological record, it is concluded that the samp-
Jing site may have lain in the transitional arca between lhe cover-
sand ridge and the depression as sketched in Fig. 3.

Three radiccarbon dates have been made on samples from the sec-
tion. Samples of each of the peat layers from 0.98 m to 1.01 m, and
from 1.91 m to 1.94 m (V2 and V1) were collected. As these layers
are both thin, and rools from a younger level were present in the
profile (Fig. 2), the datings from these samples might be too young.
However, a sample from the moss layers at 1.80 m and 1.83 m was
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Yellow-white, well-sorted sand

Darkbrown peat {(V3)
Yellow-white, well-sorted sand
with weakly organic layers

Sandy, dark-brown peat (V2)
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layered well-sorted sand

l with slightly organic
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- —— and sand sometimes with cross-
my —- e S bedding and frost fissure casts

Fig. 2. — The lithological scquence at the Langelede loeality. The vertical rod
indieates the site of the samples for the pollen analysis and the black
rectangles indicate the sites of the samples for 14C datings. The top
of the profile is 5.5 m above sea level (0.12).

expected to give a fairly reliable date because the moss fragments
could be selected.
The three samples gave the following results :
GrN-8445 Langelede 1-11.190 = 120 B.I. (0.8 m - 1.01 m, V2)
(GrN-8286 Langelede 2-11.730 = 120 B.P. (1.80 m and 1.83 m)
GrN-8446 Langelede 3-11.490 = 110 B.P. (1.917 m - 1.94 m, V1)
These dates place Lhe sequence in the Lale-Glacial, and the proba-
bly reliable radiocarbon dale of 11.730 = 120 B.I’. from the moss

PoLLEN ET Sponres, Vol. XXII, n* 3-4. 31
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layers at 1.80 m and 1.83 m suggests that the transition from the
Earlier Dryas to the Allerod should be found at or just helow this
level. :

NW SE
COVERSAND RIDGE DEPRESSION
dune
sand
podzol  XXXXESR
X
P HRRRIREE
coversand
coversand
—— peat V3
peat V2
coversand
‘;me deposit
'—'——'_———_-'—‘_——-____ —
peat VI
coversand —
— iake deposit
\f X{ loamy sands
\_/_\/-\_,\‘ S
e Z

Fic. 3. — Schematic outline of the situation at Langelede with the coversands
on the left hand side and the lake sediments on the right hand side.
Small-scale cross-bedding, involutions, and small vertical fissure casts
are found loeally in the loamy sands in the bottom layer.

Laboratory methods.

All samples for the palynological analysis were prepared with
KOH followed by acetolysis and bromoform separation. Glycerine-
gelatine was used as an embedding medium.

The organic layers V1, V2, and V3 were analysed with 1 em in-
tervals between consecutive samples. Each of the moss layers and
slightly organic layers were analysed.
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From each sample, a sum of 300 or more arboreal pollen (A.P.)
and «dry » non-arboreal pollen (N.A.P.) were counted when possi-
ble. Water plants and spores are thus excluded from the sum. Single
pollen finds are indicated by a black dot in the diagram. Some of the
slides have furthermore been investigated for pollen types not found
during the counting. These types are indicated by an o in the dia-
gram and arc thus represented by less than 0.3 % of the sum.

Description of the pollen diagram (Fig. 4).

The pollen diagram is dominated by herbs, especially Cyperaceae
and Gramineae, while the tree pollen percentage is rather low ex-
cept for the uppermost peat layer.

In the three lower specira of the pollen diagram (2.25 m, 2.23 m,
and 2.21 m) the percentage of arboreal pollen is around or slightly
more than 10 9% while the remaining parl of the pollen is constitu-
ted by herbs, predominantly Cyperaceae and lo a lesser extend Gra-
mineae. Among the water plants Potamogeton is present in all three
layers.

In the spectra between 2.10 m and 1.94 m, Salix attains a rather
high percentage while the percenlages of Betula (excepl for the
spectrum at 2.05 m) and Pinus remain low. Walelplants are practi-
cally absent. ]

In the pealy layer from 1.94 m to 1.91 m (V1), the percentames of
Salix and Cyperaceae decrcase while those of Betnla and Gramincae
increase, Potamogeélon is fairly well represented in this layer.

The pollen composition in the following layer (1.86 m) is very
similar to the spectra at 1.91 m and 1.92 m of the underlying layer
(V1) except that Potamogeton has practically disappeared. In the
layer at 1.83 m Saliz has again become an important component
with 20 %, and moss spores have bécome abundant. The following
spectra (1.80 m, 1.77 m, 1.75 m) have a very-low percentage of trees
while the percentages of Gramineae and’Cyperaceae are hoth rather
high and moss spores aré abundant, cspeeially in the spectrum at
1.80 m. Some Potamogeton and Bofryococeus are also present.

The peat layer from 1.01 m to 0.98 m (V2) also has a very low
percentage of tree pollen while Cyperaceae is by far the most nume-
rous pollen. Mnss spores are not pre%ent and pollen of water-plants
is scarce.

In the upper peaty layer from 0.67 m Lo 0.63 m (V3) Pinus attains
a high percentage. The percentage of Befula has become higher com-
pared to the underlying layer bul it is not abundant. Among the
herbs Cyperaceae is dominant and there are only: few water-plants,
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The mosses.

The mosses from the layers at 1.80 m and 1.83 m have been inves-
tigated by B. Opcaarp (Danish Geological Survey, Copenhagen). Two
species, namely Scorpidium turgescens (T. JEns.) Loeskg and Dre-
panocladus sendtneri (SCHIMP.) WARNST. were present.

S. turgescens is predominantly found in dune-slacks and fens,
and may occasionally be submerged. It is usually found on ecalca-
reous ground (ALBERTSON, 1940 ; Nvmorm, 1974) but is reported
from less caleareous environments as well (BIRKs and DRANSFIELD,
1970). The species is found scatlered in many parts of the world
and seems to have a fairly wide climatic range (DICKSON, 1973 ;
Nynowrm, 1974 ; Smith, 1978),

D. sendineri is also predominanlly found in dune-slacks and
fens ; furthermore, it is often submerged {(NyaoLm, 1974 ; SMITH,
1978). It is found in calcareous environments (JENSEN, 1923 ;
Nyuory, 1974). As is the case with Scorpidium turgescens, Drepano-
cladus sendtneri seems to have a wide geographical and climatic
range.

Environmental and vegetational development.

In the lower part of the pollen diagram (2.25 m to 2.21 m), the dis-
tances between the organic layers ave relatively small and the sand
accumulation may consequently have heen moderate. The plant
community suggests a damp to wel environment in the locality,
which may have been situated at the edge of or in the depression at
that time, but the pollen of some plants such as e.g. Juniperus and
Artemisia must have come from drier areas such as the coversand
ridge.

The abundance of coversand together with the scarcily of pollen
of aquatic plants between 2.20 m and 1.96 m point to increased aeo-
lian aclivity and somewhat drier conditions at the sampling site.
Saliz, however, was probably fairly abundant in moist parts of the
surroundings, The continued accumulation of sand in this part of
the sequence may have limited the immigration of certain plant spe-
cies, e.g. of Betula into the area.

From 1.94 m to 1.91 m the local environment became wetter, the
sand accumulation almost stopped, and water plants appeared. Du-
ring this time Befuila came nearer to the site or may have immigra-
ted into it, and humic matter accumulated (V1).

Fic. 4. — Pollen diagram from the Langelede locality. The scale under the main
diagram is valid for all curves.
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The vegetational development was interrupted by new sand accu-
mulations (from 1.91 m) and Betula only remained for a short time.
Thereafter, Salix probahly grew fairly densely at the site or the nea-
rest vicinity for a while. It was then partly succeeded by Scorpidium
turgescens and an abundance of Drepanocladus sendtneri, which
suggests that the site was situated at the edge of, or possibly in the
lake at intervals. The spectra from 1.80 m to 1.75 m indicate an as-
sociation of plants dominated by annuals where trees can only have
made up a minor part of the vegetation cover. As this interval proba-
bly represents a part of the Allerod which was warm enough for the
growth of birch trees as well as willows (see e.g. VAN pEr HAMMEN
et al., 1967 ; UsiNGER, 1975 ; CLEVERINGA ef al., 1977), the association
of plants presumably reflects an environment dominated by sand
accumulation and erosion in which plants with a short life cycle
could become dominant,

The sand accumulation stopped once more and the sand became
fixated by a vegetation cover (1.01 m to 0.98 m, V2). The local envi-
ronment may have bheen moist to damp, but Salir did not come back,
nor did Betula.

The surroundings then underwent a phase of aeolian activity
again (0.98 m lo 0.67 m) and the coversand built up microridges
which buried parts of the depression. The surrounding area may
gradually have become inhabited by Pinus, which, being in the loca-
lity for a while (0.67 m to 0.63 m), seems to have managed to sup-
press the sand drift.

A last coversand layer again buried the vegetation in the depres-
sion and formed the final coversand topography, Dunes developed
later only on Lhe highest and driest areas.

Conclusions.

It has previously been mentioned in this paper thatl the transition
from the Earlier Dryas lo the Allerod should probably be found
around or just below the spectra al 1.80 m and 1.83 m’s depth. Fur-
thermore, a comparison to other arcas reveals thal the presence of
charcoal, together with the high Pinus percenlages in the uppermost
peat layer (V3), may represenl the upper part of the Allerod (com-
pare Van pErR Hammen, 1951). This means that the whole sequence
hetween 1.83 m and 0.63 m is of Allerod age. A comparison to other
pollen diagrams shows that the present one is different from these,
especially by the low percenlages of Betula pollen. As tree birch
was present in other, more northern parls of Europe during this ti-
me (IVERSEN, 1954 ; Usincer, 1975 ; CLEVERINGA et al., 1977), the
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reason for the low Betuln percentages at Langelede can not be attri-
buted to a cold climate or a more southern tree-line, but is attributed
to instability of the surface layers due to aeolian activity,

In the Allerod part of the section, the shifts hetween coversand
and organic material results in at least onc (belween V2 and V3),
maybe more gaps in the pollen record. This may also be the case
with the lower part of the diagram (from 2.25 m to 1.86 m). This
possibility of hiati, together with the dissimilarities between this and
other diagrams makes it impossible from the pollen composition to
tell which spectra represent the Earlier Dryas and which the Bol-
ling. A comparison between the lithostratigraphy in the present loca-
lity and that generally found in the Netherlands of Older Cover-
sand II underlying, and Younger Coversand I overlying deposits of
Bolling age (VAN pDER HaMMEN ef al., 1967) might provide some help.
It might be suggested that the older coversand deposit between
2.36 m and 1.94 m is equivalent Lo the Older Coversand II in the
Netherlands and is consequently of pre-Bolling age. The peal layer
between 1.94 m and 1.91 m might, if this interpretation is correct,
consequently represent the Bolling ; and the Earlier Dryas may ei-
ther be lacking in the pollen record or is only represented by the
spectrum at 1.86 m. The younger coversand type of deposit from
1.91 m to 1.86 m or to 1.80 m should consequently be equivalent to
the Younger Coversand I in the Netherlands.

Extensive deposits of Late-Glacial coversands are found in Bel-
gium (MARECHAL and MAARLEVELD, 1955 ; PAEPE and VANHOORNE,
1067), the Netherlands (MaritcHAaL and MAARLEVELD, 1955 ; DUCKER
and MaarrEvELD, 1957), northern Germany (DUckER and MAARLE-
vELD, 1957), and Poland (Kozarsxki, 1978). They generally build up
the typical Late-Glacial lithological sequence in these areas, and peat
development could only take place in relalively small areas where
moist conditions prevailed. The pollen diagrams known today are,
with a few exceptions (sec c.g. VANHOORNE and VERBRUGGEN, 1975),
from such wet or moist localities, The Langelede locality may to a
larger extent reflect lhe vegelation in a conversand cenvironment
than that of a permanently moist or wet depression due 1o its situa-
tion at the {ransition between a coversand ridge and a depression to-
gether with the repeated changes in the local geomorphology. The-
refore it is suggested that the Langelede pollen diagram to a larger
degree than most reflects the vegelation as it was in the coversand
areas during the Late-Glacial.

Abstract.

A discontinuous pollen diagram from a locality near Langelede in
northwestern Belgium is presented which due to lithostratigraphy and
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14(0 dates must be of Weichselian Late-Glacial age. The composition of
the pollen is different from that of other Late-Glacial diagrams due to
low percentages of tree pollen, especially Betula, and high percentages of
herbs. The vegetational development is seen in connection with the ins-
tability of the surface layers due to aeolian activity in the area. It is tenta-
tively suggested that the vegetation reflected in the present diagram may
represent the vegetation commonly found in the coversand ridges during
the Late-Glacial.

Samenvatiing.

Een discontinu pollendiagram van Langelede in noordwest Belgié
wordt op basis van de lokale lithostratigrafie en C 14 bepalingen geda-
teerd als Weichsel Laat-Glaciaal. De pollensamenstelling is verschillend
van andere klassieke laat-glaciale diagrammen omwille van lage boom-
pollenpercentages, voornamelijk Betula, en hoge kruidenpercentages. De
vegetatieontwikkeling wordt in verband gebracht met de instabiliteit
van oppervlakkige lagen als gevolg van lokale eolische aktiviteit. Het hier
voorgesteld pollendiagram wordt beschouwd als representerend het ve-
getatiebeeld in de dekzandruggen gedurende het Laat-Glaciaal.
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