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chapter 1

INTRODUCTION

A conspicuous feature of the flat areas in the Pleistocene landscape
of the Netherlands, which makes up most of the northern, eastern,
central and southern part of the country, are the brook-valleys
which occur in various types.

These brook-valleys are described on the Geomorphological Map
1:600.000 (1974) as "stream valley, valley-like depression made by
snow meltwater, and inundation plain of streams (symbol 76), and
have maximum slopes of 1°. In the explanation to this map it is
stated that "the sub-group of valley-like landforms associated with
flat areas includes very elongated shallow depressions, exemplified
by the very wide stream valleys in the northern part of the country
(often originally formed by glacial action), and the somewhat nar-
rower type found in the rest of the country...".

According to the Generalized Soil Map 1:600.000 (1964) most brook-
valleys in the northern part of the Pleistocene landscape (the
Drente plateau) are characterised by the occurrence of mucky brook-
valley soils (symbol 46) as opposed to the valley soils in the east-
ern and southern part of the Pleistocene landscape, which are non-

: mucky (symbol 47). The Soil Map of the Netherlands 1:200.000 (1960)
provides some more detailed information. Here the soils in the val-
leys on the Drente plateau are classified as an association of peaty
brook-valley soils (symbol 133). In the valleys in the eastern and
southern part of the country these soils are classified respectively
as an association of brook-clay soils (symbol 131) and an associa-
tion of brook-valley soils (symbol 132). Thus, the valleys on the
Drente plateau are generally wide and filled with peat, whereas for
unknown reasons, this is not the case for valleys in other areas. On
the Geological Map 1:600.000 (1976) all fills of these brook-valleys
are given as brook deposits and are assigned to the Holocene Sin-

lj graven Formation, with a further differentiation between organic de-
;; posits (So) on the Drente plateau and clastic deposits (Sm) in the

rest of the country.

Despite that these brook-valleys are a salient feature of the Pleis-
tocene landscape of the Netherlands, few studies have been made on
their origin, geology and geomorphology.

De Vries (1974, 1976) suggested that the present drainage system of
the Pleistocene areas originated by backward erosion during the Ho-
locene, resulting from excess precipitation surplus over the ground-
water discharge capacity of the primary drainage system. While this
may hold true for the present drainage system, the initial incision



of these valleys is distinctly older. For example, the origin of
the Boorne valley, on the western part of the Drente plateau, is
thought to be of Saalian age (Ter Wee, 1975; Cnossen and Zandstra,
1965), and the initial incision of the brook-valleys in the south-
eastern part of the plateau is dated to the Weichselian (Ter Wee,
1979; Stiboka, 1977).

The study by Van der Hammen and Wymstra (1971) on the Dinkel Valley
in the eastern part of the Netherlands is the most extensive study
available on part of a valley system. It considers in detail the
lithostratigraphy and the biozonation of the deposits in this val-
ley. However, since the Dinkel Valley is part of the far larger
Vecht drainage system, it is probably not entirely representative
of the origin and development of the brook-valleys. Van Dorsser
(1956) described the relation between the Late Weichselian fluvial
and aeolian processes in some valleys in the southern part of the
Pleistocene landscape, viz. in the province of Noord-Brabant.

Because of the noticeable lack of data on this important geological
and geomorphological phenomenon, it was decided to investigate the
geo(morpho)logical development of one such valley in function of
the Late Quaternary climate. The climate in this period is well
known for studies by Kolstrup (1980), Maarleveld (1976), Zagwijn
(1975) and Van der Hammen (1951). However, knowledge of the climatic
impact on the dynamics of the Weichselian and Holocene landscape de-
velopment, in particular the relation between valley development
and the Weichselian permafrost conditions, is still scarce.

For the present study the Drente plateau was selected for investiga-
tion, as there the geology is well known (Ter Wee, 1966, 1979).
Moreover, the Saalian till on the plateau could be used as a marker
bed; such a bed is missing in, for instance, the Pleistocene areas
in the southern part of the country. Furthermore, the presence of
pingo remnants on the plateau (De Gans, 1976) indicated the former
occurrence of intensive permafrost-related processes.

The valleys on the plateau show two different directions of orienta-
tion. Those in the west have a northeast-southwest orientation which
may be the result of glacial action during the Saalian (Ter Wee,
1975). The eastern valleys trend southeast-northwest, which may be
related to tectonic activity (Ter Wee, 1979; Geomorphological Map
1:600.000, 1974). The Aa valley system was selected for study. It is
located on the north-eastern part of the plateau and drains towards
the Groningen coastal area. Since the Holocene marine sediments in
the Groningen area have been described in detail by Roeleveld (1974),
this opened the possibility of studying the interaction between the
marine and fluvial processes in the downstream part of this valley.

The Aa valley comprises a relatively wide, more or less dendritic
valley system, presently occupied by a small, meandering, misfit
rivulet. So far, no studies on the geology and geomorphology of the
Aa system exist. However, some information could be obtained from
the Geological Map 1:50.000 Emmen West and Emmen Oost (Ter Wee,
1979). These maps cover the extreme southern part of the Aa area. On
these sheets a peat layer with a thickness over 1 metre is indicated



in the central parts of valleys, which is assigned to the Singraven
Formation. The valley deposits below this Formation are considered
to belong to the Weichselian Twente Formation. Part of this Forma-
tion in these valleys is composed of "medium fine sand, locally
with silt and gyttja", which is rather vaguely denoted as fluvio-
periglacial deposits. These deposits are thought to have been de-
posited by a braided river system (Stiboka, 1977). On the map the
peat occupying closed topographic depressions is assigned to the

;' Griendtsveen Formation. These topographic depressions are on the
Geomorphological Map of the Netherlands 1:50.000, sheet 17 Beilen

^ and 18 Roswinkel (1978), which covers approximately the same area as
;I the former map, classified as deflation basins.

| Since few exposures occur in the Aa area, information had to be ob-
; tained mainly by hand drilling equipment with which, however, a

.j maximum depth of no more than ten metres could be reached. Due to
this restriction the investigation was focussed on the upstream
part of the valley system, where complete sequences of the valley
sediments could be studied. The locations of the bore holes were
levelled to enable the construction of cross sections. Altogether
about 1800 bore holes were made and about 50 cross sections were
constructed, 16 of which are presented in this study. The methods

. e which were used for the analysis of the sediments are described in
the study.

This study is composed of five papers. The first two have been, the
last three will be published in Geologie en Mijnbouw. In this the-
sis the papers are presented in the chronological order of events

j in the Aa valley system, as may be deduced from the table of con-
: tents. The influence of man on geological and geomorphological pro-
'. cesses in the Aa area are not considered in this thesis. This sub-

ject of the investigation will be dealt with in separate papers.

'J The main conclusions of this study are summarised below:

1. In the Aa valley fluvial sedimentation was dominant from the
Eemian until the Middle Weichselian. in the Middle Weichselian
the valley floor had become very wide and lacustrine sedimenta-
tion prevailed. During the Late Weichselian aeolian deposition
was dominant in the Aa area. As a result the drainage system
became disintegrated. From the transition from the Weichselian
to the Holocene backward erosion caused a new drainage system

<J to develop superimposed upon the older one. The deposits relat-
; ed to this younger system are predominantly composed of organic

"Si material.
2. Three main phases of fluvial erosion have been distinguished in

the Aa valley. These are respectively the result of:

Phase I: the low local base level of erosion which was at
the transition from the Saalian to the Eemian de-
termined by the low-lying top level of the fluvio-
glacial deposits in the former ice-marginal Hunze
valley;

Phase II: the low mid-Weichselian sea level stand; and
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Phase ill: a climatic change, which caused a vegetational
adaptation and altered hydrological circumstances,
in the Late Dryas.

3. The pingos in the Aa area were located in the upstream parts of
shallow, relatively wide, tributary valleys. They are inter-
preted as hydrostatic pingos. This presupposes the presence of
a continuous permafrost, which however, may have been restrict-
ed to the interfluvia of the valley system. The disintegration
of the pingos was caused by a climatic change. This event oc-
curred isochronous with the deposition of the Beuningen Gravel
Bed.

4. During the Middle Weichselian planation of the Aa area occurred
by a lowering of the interfluves due to intensive mass wasting,
together with a complete silting up of the valleys.

5. The different pollen diagrams which were derived from the Mid-
Weichselian thaw lake deposits are quite similar. Since the
radiocarbon data from these levels are thought to be too old as
the datings show a noticeable discrepancy between the ages of
the insoluble fraction and the extracts, the correlation of the
pollen diagrams with the standard Pleniglacial biozonation is
not possible as yet. Further study on the geological, palynolog-
ical and radiocarbon data of these deposits is needed.

Finally it is clear that further study is required, in order to ob-
tain a more complete understanding of the relation between climate
and valley development. Therefore, the Vakgroep Kwartairgeologie/
Laaglandgenese of the Institute of Earth Sciences, is presently
undertaking the investigation of other brook-valleys in the central,
eastern and southern parts of the Netherlands.



chapter 2

OUTLINES OP THE LATE QUATERNARY HISTORY OF THE

DRENTSCHE Aa VALLEY

INTRODUCTION

Although in The Netherlands the general outlines of the Late Quater-
nary stratigraphy and climate are known (Van der Hammen and Wymstra,
1971; Zagwijn and Van Staalduinen, 1975) the dynamics and processes
of the Weichselian and Holocene landscape development still offer
many unsolved problems. For this purpose geological and geomorpho-
logical investigations were carried out in a valley system on the
Drente plateau situated in the northern part of The Netherlands.
Here the relation between the Late Quaternary climate and the fluvi-
al, slope and aeolian processes were studied in detail, which also
holds for the relation between the Weichselian valley development
and pingo growth.

This first paper gives an outline of the geomorphology of the drain-
age basin and of the sediments in the valley system and of its sub-
stratum. As hardly any exposure is present in the Drentsche Aa area,
over 1800 handborings were performed with a maximum depth of 10 me-
tres to deteriuine the thickness, extension and lithology of the dif-
ferent layers. Heavy mineral, gravel and grain-size analyses were
applied also to discriminate and interprete the lithologic units.
Radiocarbon and pollen-analytical data provide a chronostratigraph-
ic framework for the valley sediments which will be discussed in de-
tail in future papers.

THE DRENTSCHE Aa DRAINAGE BASIN

The Drentsche Aa is a small river flowing in the eastern part of
the Drente plateau. Its length is 45 km. South of Oudemolen the
river splits into two branches: the Andersche Diep and the Amer
Diep (fig. 1). The latter is joined south of Assen by the Anreeper
Diep. The valleys rise respectively at 16, 14 and 12 m above NAP
(Dutch Ordnance Datum); these data suggest that the Anreeper Diep
is the main branch of the Drentsche Aa system. North of Groningen
the Aa river discharges into the Hunze river at approximately 0 m
NAP.

In general the width of the recent valley floor increases from
200 m near the head to 500 m near Rolde and to over 1500 m near
Groningen. The recent valley slopes are very gentle and slightly
asymmetric, the west facing slopes being h°, the east facing slopes
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domes according to Ter Wee (1972) .
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reaching V3 maximally. Prom the occurrence of abandoned valleys
(Ubels and Verbruggen, 1979) it can be deduced that during the val-
ley development the river sometimes took other courses (fig. 1).

Four parallel ridges seem to determine the NNE directed drainage of
the valley system. The valley system breaks through these ridges
near Deurze, Loon, Oudemolen, Zeegse and Glimmen (fig. 1). Here the
valley floor is narrower (200 ra) and the slopes steeper but still
asymmetric with the steepest slopes of maximally 1° facing NW. Near
Oudemolen the meandering river has eroded a small escarpment of
3-4 m.

The easternmost ridge (Hondsrug) forms the edge of the plateau. It
rises to 20 m above NAP, is maximally 3 km wide and is composed
of two subridges whose crestlines are 1 km apart (Van Heuveln,
1965). The other ridges are about 1 km wide and rise to 5 m above
the recent valley floor. The distance between the crestlines varies
between 3-4 km. These ridges are most pronounced in the central
part of the valley system.

The southern water divide coincides with the occurrence of salt
domes in the deeper subsoil. The Schoonloo salt dome has possibly
caused a radial drainage system to develop (Mulder, 1950) which
suggests sub-recent activity in the salt plugs (Van Montfrans,
1975). The ridges near Anloo, Schoonloo and Gasselte seem to be
independent from the underlying salt dome structures (fig. 1).

THE SUBSTRATUM OF THE DRENTSCHE Aa VALLEY

The oldest substratum sediments belong to the Scheemda and Urk I
Formations (table I). The former consists of Tertiary sand and
clay. The latter is composed of coarse fluvial Middle Pleistocene
sediments with a high percentage of quartz gravel in the fraction
3-5 mm. These sediments outcrop as a result of salt tectonic activ-
ities above the Schoonloo dome (Zagwijn and Van Staalduinen, 1975;
Ter Wee, 1979). The Urk I Formation possibly outcrops above the
Gasselte dome (Brouwer, 1948; Maarleveld, 1952) and the Anloo dome
also. In the Hondsrug the Urk I Formation comes out to the surface
near Annen and Glimmen possibly due to ice thrusting.

The Peelo Formation overlies the Urk I Formation (table I). In
general, this formation consists of heavy clay (potklei) and fine
sand with a high muscovite content. The clay is interpreted as an
Elsterian glacio-lacustrine and the sand partly as an aeolian peri-
glacial deposit (Zagwijn and Van Staalduinen, 1975; Ter Wee, 1979).
The Eindhoven Formation overlies the Peelo Formation west of the
line Zeyen-Schoonloo (fig. 1). As the fine sands of the Eindhoven
Formation are hard to discriminate from those of the Peelo Forma-
tion they are in this paper bracketed with the latter for reasons
of convenience. During the deposition of the Peelo and Eindhoven
Formations some outcrops of the Urk I'Formation still formed high
relief features and as a result redeposition of this coarse sand
and gravel occurred in both Formations (Zandstra, 1975).

y
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The Drente Formation overlies all the former deposits. It consists
of glacial and fluvioglacial material and dates from the Saalian
(table I). Most of the glacial deposits belong to the so-called
'grey' till which was deposited during phase three (C) of the Saal-
ian glaciation (Ter Wee, 1966). The till has been decalcified and
is less than 4 m thick. It covers the interfluves of the valley
system and is severely eroded in the northern part of the area. The
relatively flat base of the till suggests that it once covered the
whole of the Drentsche Aa area and that glacial erosion obliterated
the pre-existing relief. The overlying fluvioglacial deposits con-
sist of coarse, angular, variegated sand with a strongly varying
grain size. They lack organic matter and loam layers and are found
in randomly scattered pocket-like sediment bodies (figs. 3 and 4).
In one locality a kame-like feature was found (Houtesch near Amen),
but this may as well be an erosion remnant created by the subse-
quent severe Weichselian erosion (Ter Wee, 1979; De Gans, 1981d).

Marine sediments belonging to the Eem Formation were not found in
the valley. The occurrence of these sediments is restricted to the
former ice-marginal Hunze valley (fig. 1) where they reach a maxi-
mun elevation of about 14 m below NAP.

THE DRENTSCHE Aa VALLEY SEDIMENTS

The deposits in the valley and on its slopes are genetically subdi-
vided by means of their lithologic (structure, sorting and grain
size) and geomorphologic (relief, location) characteristics, in
fluvial, aeolian and slope deposits.

Fluvial deposits

The fluvial deposits are subdivided into two units. The upper unit
consists predominantly of organic deposits and is reckoned to be-
long to the Singraven Formation. The lower unit consists mainly of
clastic sediments. They are termed fluvio-periglacial deposits and
ascribed to the Twente Formation (Ter Wee, 1966, 1979; Zagwijn and
Van Staalduinen, 1975).

- The Singraven Formation

The basal part of the Singraven Formation includes gravel and sand
which is inter-laminated with organic detritus or gyttja. This de-
posit is found at the bottom of a narrow erosion valley which is
cut deeply into the underlying fluvio-periglacial deposits (figs.
2 and 3). The major part of the formation is comprised of organic
detritus with AZnus and Betula fragments. It may also contain sand,
loam and clay, and vivianite concretions in places. On pollen-
analytical arguments a Late Glacial date of the basal organic ma-
terial is probable (Zagwijn and Van Staalduinen, 1975; Ter Wee,
1979). The top of the Singraven Formation consists of Carex-Phrag-
mites peat. This peat is also found outside the erosion valley
where it passes laterally into Alnus-Betula peat. This lateral ex-
pansion of the peat took .probably place in the Atlantic (Ter Wee,
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Fig. 2 Lengthwise section of the Drentsche Aa and Andersche
Diep valley deposits.

Table I Lithology and stratigraphy of the Drentsche Aa
valley sediments and substratum (modified after
Zagwijn and Van Staalduinen, 1975; Ter Wee,
1979).
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1966). To the south the Singraven Formation changes gradually into
a partly oligotrophic peat layer (less than 1 m thick) which may be
regarded as the Griendtsveen Formation (Zagwijn and Van Staalduinen,
1975). Near Groningen the peat of the Singraven Formation passes im-
perceptibly into peat (by definition) belonging to the Westland For-
mation.

Between Glimmen and Groningen part of the valley is filled with
clay of the Westland Formation (figs. 1 and 2) , which is situated
in an erosive position upon the Singraven Formation.

-The fluvio-periglacial deposits of the Twente Formation

The fluvio-periglacial deposits consist of gravel, coarse and fine
sand, (humic) loam and peat with a complicated lateral distribution.

A lengthwise section through these deposits in the valley is pre-
sented in figure 2. The line of maximum erosion (LME) of the fluvio-
periglacial deposits shows, south of Papenvoort, a nickpoint which
may be the result of two subsequent erosion phases. The figure de-
monstrates also that the fluvio-periglacial deposits are found fur-
ther south in the valley than the deposits of the Singraven Forma-
tion.

The basal part of the deposits consists of channel lag deposits
containing gravel. Where the substratum of the valley is composed
of 'potklei' these lag deposits may also contain clay in the form
of pellets or thin layers. The sand, overlying the lag deposits,
constitutes the bulk of the fluvio-periglacial deposits and may
contain organic detritus. The coarse, angular to rounded, varie-
gated sand shows fining upwards sequences.

The overlying and intercalated fine sand is generally unstratified
and may contain some muscovite. It is hard to discriminate from
the underlying Peelo Formation if no channel lag deposit is pres-
ent. Intercalated between the sand, sandy or loamy, mor-like or-
ganic deposits (up to 1,5 m thick) are locally found. These layers
are predominantly situated at the top of fining-upwards sequences,
and are on pollen-analytical arguments placed in the Eemian and
Early Weichselian (De Gans, 1981a). The upper part of the fluvio-
periglacial deposits consists of one or more loam or sandy loam
layers forming the top of faint fining-upwards sequences. Often
they are laminated with thin layers of fine sand or organic de-
tritus. They may also contain dispersed organic material (humic
loam) or thin peat layers (fig. 3). The humic loam layers may pass
laterally into peat which is generally found at the edge of former
valley floors and on its related slopes. Locally the loam may be
calcium-carbonate bearing; in the south of the valley system it is
a few decimetres thick only, whereas in the north over 2 metres.

Slope deposits

On the slopes of the valley system,below and in between the aeo-
lian deposits,unsorted sand mixed with gravel is found (figs. 3
and 4), which may locally contain washed sand and gravel indicat-
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ing streaming-water activity. The unsorted sand with gravel is in-
terpreted as a slope deposit by its location and lithology. These
deposits may overlie fluvio-periglacial sediments (figs. 3 and 4).
In the extreme valley offshoots they may completely fill these val-
ley parts, gradually changing downstream into fluvial deposits. On
top of the slope deposits or passing laterally into them pebble
bands are found which may contain wind-facetted stones. These lay-
ers are interpreted as desert pavements (Van der Hammen et al.,
1967; Paepe and Pissart, 1SÜ9) caused by deflation of slope depos-
its. In the upstream parts of the valley system they may cover
large parts of the fluvio-periglacial deposits (fig. 4). This is in
accordance with the findings of Ruegg (1975) and Dercksen and
Rhebergen (1978). The slope deposits and pebble bands are both reck-
oned to belong to the Twente Formation (Zagwijn and Van Staalduinen,
1975; Ter Wee, 1979).

Aeolian deposits

Well-sorted fine sand and stratified loamy sand found in the valley
system are interpreted as aeolian deposits according to their grain-
size distribution, sorting and topographic position. The lower part
of these aeolian deposits consists of fine sand intercalated with
thin loam layers. It has a maximum thickness of 2 m and occurs on
the lowest parts of the former valley slopes (fig. 3). When exposed
it often shows cryoturbation structures. The upper part of the aeo-
lian deposits consists of well-sorted fine sand (predominantly
fraction 150-210 ym) which covers the valley slopes and valley
floor unless the Singraven Formation is cut into this sand (figs. 3
and 4). This aeolian sand has a maximum thickness of about 4 m,
which is found either upon the eastern slopes of the parallel
ridges or in isolated dunes near the water divides. The aeolian de-
posits are reckoned to belong to the Twente Formation also (Zagwijn
and Van Staalduinen, 1975; Ter Wee, 1979).

ANALYSES

In order to test the discrimination made on lithological arguments
between the valley sediments mutually and between the valley and
substratum sediments, gravel and heavy-mineral analyses were per-
formed. Samples from fluvio-periglacial loam layers were analysed
on their grain-size distribution to obtain information about their
origin.

Gravel analyses

From each of 70 samples 300 grains of the fraction 3-5 ram were
counted and subsequently grouped according to their provenance.
Three groups are distinguished (fig. 5). Group A contains porphyry,
lydite, sandstone and quartzite among others and indicates an east-
ern and southern (Rhine) provenance. Group B contains flint, feld-
spar and cristalline gravel and is indicative for a northern (gla-
cial) provenance. Group C contains all quartz and indicates a
northeastern fluvial provenance. (Zandstra, 1952; Maarleveld, 1956;
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Bijlsma, 1972; Ter Wee, 1979) .

In the Drentsche Aa area the substratum sediments below the till
have a quartz content of over 78% which means that they belong to
group C. The Drente Formation is characterized by a high percent-
age of gravel belonging to group B; however, the fluvio-glacial
gravel is locally enriched (up to 35%) by quartz gravel derived
from the underlying sediments (fig- 5a).

The gravel composition of the fluvio-periglacial sediments, slope de-
posits and pebble bands of the Twente Formation is identical to the
Drente Formation gravel composition. Locally the quartz content of
the Twente Formation sediments may be as much as 54% because of en-
richment with gravel from the Peelo Formation.

The fluvio-periglacial deposits show in a downstream direction an
increasing amount of quartz gravel due to a deeper and wider in-
cision of the Aa valley into the Peelo Formation (fig. 5b).

Heavy-mineral analysis

From five boreholes samples were analyzed (fraction 150-210 ym)
on their heavy-mineral content (Elink Schuurman, 1979). The re-
sults of two boreholes are given in figure 6. The aeolian sands
of the Twente Formation show a garnet content of over 30% and all
the minerals have a uniform distribution. The grains are general-
ly rounded. The mineral composition of the fluvio-periglacial de-
posits of the Twente Formation is quite the same, although they
show an irregular mineral distribution. The grains are both round-
ed and angular. The Peelo Formation is characterized by a low gar-
net and a high hornblende or epidote percentage. This is in accor-
dance with Zandstra (1975), Zagwijn and Van Staalduinen (1975)
and Ter Wee (1979). The grains of the Peelo Formation have an angu-
lar shape. This Formation contains much chlorite and muscovite al-
so.

Grain-size analyses
^ ^

Seven samples of fluvio-periglacial loam layers randomly spreaSv
over the valley system were analyzed on their grain-size distri-^x.
bution. The results are given in figure 7. The silt (2-50 um) v ^
content of the samples varies between 55-75% while their sorting
coefficient (So = Q3/Q1: Trask, 1932) varies between 1.4-3.0.
These figures suggest an aeolian (loess) origin of the loamy
fluvio-periglacial deposits (Haasse et al., 1970). The observed
lamination in the deposits points, however, to sedimentation in
a low-energy aquatic environment. The idea of a partly aeolian
origin of the fluvio-periglacial loams is also supported by Ter
Wee (1979).

FRAMEWORK FOR THE EROSIONAL AND DEPOSITIONAL HISTORY OF THE
DRENTSCHE Aa VALLEY

The parallel ridges occurring at the eastern side of the Drente
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plateau are an unresolved geological and geomorphological challenge.
No evidence was found for a glacial or fluvioglacial origin as pro-
posed by Boissevain (1950), Woldstedt (1955) and Roeleveld (1974).
Though there are arguments for glacial thrusting in the Hondsrug
(Ligterink, 1954) this cannot explain the origin of this ridge
(Ter Wee, 1979). There are no arguments either for assuming a dif-
ference in lithology between the substratum of the ridges and the
intermediate depressions as the cause of these phenomena, although
the different orientation of the Taarlo-Oudemolen ridge (fig. 1)
may be explained by selective erosion, caused by the occurrence of
potclay.

What can be noticed is, firstly, the strikingly straight appearance
of the ridges; secondly, a remarkable difference between the valley
morphology according to whether the valleys are parallel or perpen-
dicular to the ridges and, thirdly, that the ridges are unaltered
by salt-tectonic activities. Tentatively the ridges may be explained
by fluvial erosion of the intermediate depression caused by an epi-
genetic fluvial system which has become adjusted to a faultline pat-
tern, although so far there is no geological nor geophysical proof
as such (Buitink, 1977; Ter Wee, 1979). In this view the Drentsche
Aa is the principle fluvial system responsible for the origin of
the ridges.

The Drentsche Aa valley sediments are divided in fluvial (fluvio-
periglacial) , slope and aeolian sediments on lithological arguments.
The gravel composition of the fluvio-periglacial sediments, slope
deposits and pebble bands indicates that it is mainly derived from
the Drente Formation, but locally enriched with quart.z gravel from
the Peelo Formation. The gravel analyses do not allow to discrimi-
nate between the valley sediments mutually nor between the valley
sediments and the Drente Formation deposits. Discrimination between
the valley sediments and the Peelo Formation remains arbitrarily,
as the latter locally contains a glacial gravel composition also
(Zandstra, 1975). Heavy-mineral analyses do allow to discriminate
between the fluvio-periglacial deposits and the Peelo Formation
sediments, but between the fluvio-periglacial and aeolian deposits
it remains arbitrarily also. The fluvio-periglacial loam may, ac-
cording to its grain-size distribution and sorting coefficient,
have an aeolian origin, although its stratification may indicate
deposition in an aquatic environment. These loam layers are tenta-
tively dated as Middle Weichselian because of two radiocarbon dat-
ings (fig. 3; GrN 8384 and GrN 8385). This is supported by Ter Wee
(1979).

The peat layer below the loamy aeolian deposit is dated 31,800
+1200/-1400 BP (fig. 3; GrN 8385) which means that it may tentative-
ly be placed in the Denekamp Interstadial. As a result the overly-
ing loamy aeolian deposit is reckoned to belong to the Older Cover-
sand (Van der Hammen et al., 1967; Ter Wee, 1979). Genetically it
may be partly correlated with the fluvio-periglacial loam deposits.
The upper part of the aeolian deposits (fig. 3) is interpreted as
Younger Coversand; both because of their stratigraphic position and
lithology. From the position1of the slope deposits and pebble bands
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with respect to the fluvio-periglacial loam layers and coversand
(fig. 3) they are placed in the Middle and Late Weichselian. These
datings are supported by data of De Jong (1967), Paepe and Pissart
(1969), Ter Wee (1979) and Kolstrup (1980). The slope deposits are
the result of periglacial slope processes as described by Zonneveld
(1971) and French (1976), which may have caused the asymmetry of
the valley slopes. As large parts of the fluvio-periglacial depo-
sits are covered in succession by slope and aeolian deposits (figs.
3 and 4) it can be concluded that the fluvial activity is decreas-
ing from Lhe Middle Weichselian.

Prom the lines of maximum erosion of the different fluvial valley
sediments, four erosion phases are tentatively distinguished (fig.
2). The oldest incision (phase I) took place at the end of the Saal-
ian or in the early Eemian, as Eemian organic deposits are found in
the basal part of the valley deposits (De Gans, 1981a), and fluvio-
glacial sediments are absent. A second, and probably more intensive
incision (phase II) took place in the Middle Weichselian, as it
cuts through Early Weichselian sediments (De Gans, 1981a). This ero-
sion phase is also mentioned by Ter Wee (1979). A third incision
(phase III) took place after the deposition of the fluvio-periglacial
loams and before the deposition of the organic material belonging to
the Singraven Formation. As the basal organic material of this for-
mation is generally dated as Late Glacial (Zagwijn and
Van Staalduinen, 1975), this third phase can be dated at the end of
the Middle or the beginning of the Late Weichselian. However, from
figures 3 and 4 it can be concluded that this incision took place
after the deposition of Younger Coversand. If this holds true, phase
III must be dated at the end of the Late Weichselian or in the be-
ginning of the Holocene. A fourth erosion (phase IV) can be derived
from the LME of the marine sediments of the Westland Formation (fig.
2), as these clays are found in an erosive position upon the Singra-
ven Formation sediments. This fourth phase is tentatively placed in
the middle Holocene and is mainly caused by marine processes which
on their turn may have caused some minor fluvial erosion in the
downstream valley area.



chapter 3

STRATIGRAPHY, PALYNOLOGY AND RADIOCARBON DATA OF EEMIAN

AND EARLY WEICHSELIAN PLUVIAL DEPOSITS

IN THE DRENTSCHE Aa VALLEY SYSTEM

INTRODUCTION

In this paper the Eemian and Early Weichselian fluvial deposits and
stratigraphy of the Drentsche Aa valley are described. Emphasis is
laid upon the investigation of the upstream part of the eastern
branch of the valley system: the Andersche Diep (fig. 8), as here
most complete sequences were found within reach of hand-drilling
equipment which were used for the investigation. The stratigraphy
of the deposits is based on the super position and pollen analysis
of four organic levels.

THE Aa VALLEY SEDIMENTS

The Drentsche Aa valley is situated in the eastern part of the
Drente plateau which is located in the northern part of the Nether-
lands (fig. 8). The substratum of the valley consists of the Drente
and Peelo Formations (table II). The Drente Formation dates from
the Saalian and consists predominantly of a till which is found on
the interfluves of the valley system. The till overlies sand and
clay of the Peelo Formation which has an Elsterian age (Ter Wee,
1979).

In the Aa valley system four lithologic units are distinguished.
Sorted sand and gravel with fining upwards sequences and locally
intercalated with loam, humic loam or peat layers is interpreted as
a fluvial deposit. Unsorted sand with gravel or well-sorted sand
with a grainsize median of 150-210 um are considered as slope or
aeolian deposits respectively. These deposits are all assigned to
the Twente Formation (Zagwijn and Van Staalduinen, 1975). overlying
the Twente Formation peat may be found which is owing to its facies
and position reckoned to the Singraven, Griendtsveen or Westland
Formation. The outlines of the valley sediments and morphology are
described by De Gans (1980).

THE CROSS SECTIONS

To study the oldest fluvial valley sediments three detailed cross
sections from the upstream part of the Andersche Diep valley (figs.
9, 10 and 11) and one section from the downstream part of the Aa
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Fig. 8 The Drentsche Aa area and the location of the
cross sections.
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Table II Stratigraphy and lithology of the Eemian and Early
Weichselian Aa valley deposits.
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valley (fig. 12) have been constructed. The location of the sections
is indicated in figure 8. The basal fluvial sediments in all sec-
tions consist of sorted gravel and sand and contain some organic de-
bris in the Andersche Diep sections. These deposits have fining up-
wards sequences on top of which organic layers may occur. The lowest
four organic layers are anticipating the palynological data called
DrAl, DrA2, DrA3 and DrA4 (figs. 9, 10, 11 and 12) respectively.
They have a black or dark brown colour and are composed of sandy or
loamy organic material often with a peaty constituency. They are up
to 1,5 m thick and have a sticky to platy structure in places, while
their demarcation to the underlying fluvial deposits is sharp. The
lowest levels may contain wood fragments. The partly decomposed or-
ganic matter in all four levels give them a mor-like appearance as
described by Duchaufour (1977) and Visser (1980). The palynological
data of these four mor-like levels will be discussed in this paper.

After deposition of level DrA4 a relatively narrow but deep fluvial
incision took place (fig. 11). The subsequent fluvial sediments con-
tain loam or humic loam layers in their upper parts (figs. 9, 10 and
11). These organic levels show in general a fine lamination and have
a light brown colour due to dispersed organic material.

In the upstream part of the Andersche Diep valley the fluvial depos-
its are covered by an up to 0,5 m thick layer of unsorted sand with
gravel which is interpreted as a slope deposit (figs. 9 and 10). In
cross section 5 (fig. 11) the fluvial deposits are covered by a
pebble band which is interpreted as a desert pavement (De Gans, 1980;
Van der Hammen and Wymstra, 1971; Van der Hammen et al., 1967).

In all sections well-sorted aeolian sand overlies the slope or flu-
vial deposits. They cover the pre-existing relief locally completely
(figs. 9 and 10). This aeolian sand is in places overlain by peat
which is reckoned to the Griendtsveen Formation (fig. 10), Singraven
Formation (fig. 11) or Westland Formation (fig. 12). The Westland
Formation also contains marine clay in the downvalley area (fig. 12).

POLLEN ANALYSES

From sections 3, 4 and 5 (figs. 9, 10 and 11) cores were taken with
a hand-sampling auger (0 50 mm) from the mor-like levels for pollen-
analytical treatment. The cores from section 6 (fig. 12) were ob-
tained from the Rijkswegen laboratory and sampled by the Geological
Survey. Pollen slides were prepared from each centimetre of the
cores. These pollen samples were treated with KOH and subsequently
acetolysed and subjected to bromoform separation. In the diagrams
the percentages are calculated on the basis of the sum of AP (arbo-
real pollen) and "dry" NAP (non arboreal pollen). Generally a sum of
300 AP+NAP has been used. The pollen diagrams are classified in four
groups: type EM, type ETl, type ET2 and type ET3 which code indi-
cates their Eemian (EM) or Early Weichselian/Tubantian (ET) origin.
They are successively derived from the mor-like organic levels DrAl,
DrA2, DrA3 and.DrA4 (table II) .
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Pollen diagram type EM

This type is represented by diagrams 1 and 2 (figs. 13 and 14),
which are respectively derived from boring J65 (section 3, fig. 9)
and M5 (section 6, fig. 12). In diagram 1 (fig. 13), which is the
most complete, three zones are, according to Zagwijn (1961), distin-
guished: E5a, E5b and E6. Zone E5a is characterised by high percent-
ages of Corylus and the presence of elements of Quercetum mixtum.
Zone E5b demonstrated a maximum of Alnus, Carpinus and Picea, where-
as zone E6 is characterised by decreasing percentages of Alnus,
Picea and Carpinus and increasing percentages of pinus and Betula.
In this zone higher percentages of Ericaceae and Sphagnum are also
found. Diagram 2 (fig. 14) shows a detailed development of zones E5
and E6a in which the former is characterised by high percentages of
Alnus (50%), Picea (30%) and Carpinus (6%), low percentages of ther-
mophilous elements (especially Quercetum mixtum), and a maximum of
monolete psilate spores in the middle part of this zone. The latter
zone (E6a) shows a decrease of Picea and a slight increase of Pinus
and Betula. If we compare these diagrams with the data of Zagwijn
(1961) and Zagwijn and Van Staalduinen (1975), type EM can be dated
as late Eemian, although the upper part of diagram 1 may eventually
correspond to type ETl. A detailed palynological investigation of
the Eemian in the valley system will be discussed by Paris et al.
(in prep.).

Pollen diagram type ETl

From this type two diagrams are presented also: diagram 3 (fig. 15)
and diagram 4 (fig. 16). They are derived respectively from boring
C152 (section 4, fig. 10) and M4 (section 6, fig. 12). Diagram 4 is
most complete and shows three distinct zones. The lowest one has a
dominance of pinus and Picea. The middle zone demonstrated a de-
crease of Picea and an increase of Betula, while the upper zone is
characterised by higher percentages of Pinus and Betula and an in-
cr ase of Alnus. This vegetational development corresponds with zone
E*v IV of Zagwijn (1961) and Zagwijn and Van Staalduinen (1975) and
with zone EW 4 of Averdieck (1967). This means that type ETl can be
correlated with the Br0rup Interstadial. Measures of the size of
pollen grains of Picea in diagram 3 confirm the occurrence of Picea
omoricoides. In diagram 3, the lowest zone as found in diagram 4,
is absent. From organic level DrA2 three radiocarbon datings are
available, which however do not add much further information. The
top of this level in boring C152 (section 4, fig. 10) is dated
> 44,700 BP (GrN 8389), the basal part of the level is dated
> 37,500 (GrN 8390). A radiocarbon dating from this level in boring
M2 (section 6, fig. 13) gives > 49,000 (GrN 8918).

Pollen diagram type ET2

This type is represented by diagrams 5 (fig. 17) and 6 (fig. 18),
which are derived from boring J65 (section 3, fig. 9) and boring
C98 (section 5, fig. 11) respectively. Diagram 5 is derived from or-
ganic level DrA3, which is situated in a stratigraphic position
above the organic levels DrAl and DrA2 (fig. 9). The diagram shows
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high percentages of Betula (60%) and percentages of Pinus up to 30%.
Cory lus and Alnus are present in low percentages. The predominance
of Betula may be influenced by local factors (Averdieck, 1967) and
is explained as a pioneer vegetation on the frequently eroded or
flooded valley slopes and floors. Pollen diagram type ET2 is be-
cause of its position and pollen data correlated with the Odderade
Interstadial diagrams as described by Averdieck (1967). Diagram-6,
which is more complete than diagram 5, demonstrates that Picea was
present in the first part of the Odderade Interstadial also. The
striking similarity between the BrjtSrup and Odderade Interstadial
vegetation will be discussed in a forthcoming paper (Westerhof et
al., in prep.).

Pollen diagram type ET3

This type is represented by diagram 7 (fig. 19) which is derived
from a mor-like level above DrA3 in boring C98 (section 5, fig. 11).
The diagram shows a decrease of arboreal elements and a predominance
of herbs. Notably Cyperaceae become important. The vegetation as
interpreted from the diagram represents a wet tundra vegetation as
described by Walter and Straka (1970) and Hulten (1971). From organ-
ic level DrA4 in boring C98 the following radiocarbon dates were ob-
tained: the top of the organic level > 42,200 BP (GrN 8386) and the
basal part 41,100 +4600/-2900 BP (GrN 8387). Because the diagram
must be dated after the Odderade Interstadial and is slightly dis-
tinct from most other Middle Weichselian diagrams it is tentatively
called the Papenvoort pollen zone.

DISCUSSION

The pollen diagrams which are derived from four superposed but li-
thologically identical mor-like organic levels in between the oldest
fiuvjal deposits in the Drentsche Aa valley are interpreted as Eemian
(type EM, DrAl), Br^rup (type ETl, DrA2) and Odderade diagrams (type
ET2, DrA3) or classified as a Papenvoort zone (type ET3, DrA4) on
the basis of their pollen content and stratigraphic position. The
diagrams from the successive levels represent a type of vegetation
in which the arboreal elements decrease and herbs (especially
Cyperacea) increase, indicating a lower temperature in each subse-
quent registered period. No indications were found for colder phases
in between these levels during deposition of the fluvial deposits as
recorded by Bowen (1978), Zagwijn (1975) and Van der Hammen et al.
(1967).

Organic level DrAl and the related underlying fluvial deposits cor-
respond in time and facies to the Asten Formation (Zagwijn and Van
Staalduinen, 1975). However, as these deposits cannot be discrimi-
nated on lithological criteria from the overlying Weichselian fluvi-
al deposits, which correspond to the Twente Formation, the term Aa
deposits is introduced to embrace all Weichselian and older fluvial
deposits in the Dr^ntsche Aa valley system (table II). The fluvial
sedimentary sequences with mor-like organic levels will be called
lower Aa deposits.
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Fig. 21 Tentative Drentsche Aa drainage patterns after the subsequent erosion phases.
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The organic levels DrAl-DrA4 represent fossil soil horizons formed
upon fluvial deposits and therefore indicate approximately the posi-
tion of the floodplain during the late Eemian and subsequent Weich-
selian Interstadials when fluvial activity obviously decreased to a
minimum. They are likely to have been formed all over the valley
floor but may locally have been removed by fluvial erosion. The ten-
tative position of these subsequent floodplains is given in figure
20, which indicates that, starting in the Eemian, fluvial sedimenta-
tion continued in the Early Weichselian. The downstream elevation of
level DrAl (fig. 20) corresponds with the highest marine Eemian sea
level (14 to 15 m below Dutch Ordnance Datum/NAP) as found in the
former Hunze ice marginal valley (De Gans, 1980; Ter Wee, 1979).
There are no indications for an Eemian sea level 8 m below NAP in
the Hunze area as recorded by Zagwijn (1961) in the Eem area. One
explanation is that marine Eemian sediments were not deposited at
this level in the Hunze ice marginal valley or alternatively, they
are located now in a lower position because of regional subsidence.
It is concluded that the early fluvial sedimentation in the valley
was stimulated by a rising Eemian sea level. This sedimentation con-
tinued in the Early and Middle Weichselian, notably in the upstream
valley part, although sea level according to data of Zagwijn (1977)
and Mörner (1974) was again in a low position.

As fluvioglacial deposits are absent in the Aa valley (De Gans,
1980) the initial fluvial incision of the valley (phase I, table II)
took place at the end of the Saalian or beginning of the Eemian. It
was probably caused by the then low local base level of erosion
which was located on top of the fluvioglacial deposits in the Hunze
ice marginal valley at approximately 20-30 metres below NAP. Tenta-
tively this first incision is correlated with phase V or phase E of
the Saalian glaciation (Jelgersma and Breeuwer, 1975; Ter Wee, 1962).

Another fluvial incision is dated in the Eemian and correlated with
the nickpoint on the line of maximum erosion (fig. 13; De Gans,
1980). The significance of this intermediate phase is not yet fully
understood. The deepest incision in the valley (phase II) took
place after the development of organic level DrA4 (fig. 11). This
fluvial incision is probably the result of the low Middle Weichse-
lian sea level as indicated by Mörner (1974), which caused a retard-
ed fluvial erosion in the Drentsche Aa valley because of its remote
position with respect to the then coastline. This incision caused a
narrow erosional valley to develop (fig. 11). The distribution of
the Eemian and Early Weichselian organic levels in the valley gives
rise to a tentative reconstruction of the Drentsche Aa drainage sys-
tem during the subsequent phases of valley development (fig. 21;
table II).

CONCLUSIONS

The early history of the Drentsche Aa valley is characterised by
fluvial processes which gradually filled up the valley system. This
fluvial sedimentation is interrupted by the formation of mor-like
organic layers. These are palynologically dated to the late Eemian
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and Early and Middle Weichselian, and correlated with former flood-
plain levels. A striking phenomenon is the absence of an organic
level which may be correlated palynologically with the Amersfoort
Interstadial. The deepest incision (phase II) in the valley took
place in the Middle Weichselian. The Eeraian and Weichselian fluvial
deposits in the valley system are reckoned to the Aa deposits.

I



chapter 4

STRATIGRAPHY, PALYNOLOGY AND RADIOCARBON DATA OF

MIDDLE AND LATE WEICHSELIAN DEPOSITS IN THE

DRENTSCHE Aa VALLEY SYSTEM

INTRODUCTION

The outlines of the Late Quaternary geology and geomorphology of the
Aa area and the Eemian and Early Weichselian fluvial deposits in the
valley system are described by De Gans (1980, 1981a). This third pa-
per deals with the Pleniglacial and Late Glacial deposits and strati-
graphy in the Aa valley. Organic layers interbedded within these val-
ley deposits were found in two cross-sections and in one exposure,
and were investigated for their pollen content to establish the stra-
tigraphic position of the deposits. The palynological data also pro-
vided information on the climate, vegetation and sedimentary environ-
ment. Radiocarbon dates which were obtained to establish the correla-
tion and chronostratigraphic position of the organic layers may give
too old data in Pleniglacial environments as will be discussed below.

OUTLINE OF THE Aa VALLEY DEPOSITS

The Drentsche Aa valley is located at the eastern fringe of the
Drente plateau which is situated in the northern part of the Nether-
lands (fig. 22). The substratum of the valley sediments is composed
of the Drente and Peelo Formations which are described by Ter Wee
(1966, 1979) and Zagwijn and Van Staalduinen (1975). The valley sedi-
ments are subdivided into deposits of sorted sand and gravel with
mor-like levels or humic loam layers? well-sorted sand occasionally
containing loamy intercalations; and unsorted sand mixed with gravel.
These sediments have been interpreted as fluvial, aeolian and slope
deposits respectively (De Gans, 1980, 1981). As no discrimination
can be made between the Asten Formation and Twente Formation fluvial ,,
deposits on lithological criteria, the Weichselian and older fluvial i
sediments in the Aa valley are assigned to the Aa deposits (De Gans, [-v;
1981a). The aeolian and slope deposits are reckoned to the Twente p£
Formation (table III). The slope deposits may pass laterally into a [',
pebble band or have a pebble band on top. These pebble bands are, in
accordance with Kolstrup (1980), Van der Hammen and Wymstra (1971),
Paepe and Pissart (1969) and Van der Hammpn et al. (1967), inter-
preted as desert pavements. The aeolian deposits generally consist : J;

of sand (150-210 urn) , loamy aeolian deposits being scarce in the Aa
river area. The Singraven Formation overlies the Twente Formation in
the valley and consists predominantly of eutrophic and mesotrophic

y
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peat (De Gans, 1980; Zagwijn and Van Staalduinen, 1975). Peat and
gyttja located in topographic depressions in the Aa area are part of
the Griendtsveen Formation {Zagwijn and Van Staalduinen, 1975).

DESCRIPTION OF THE CROSS SECTIONS AND EXPOSURE

To facilitate the study of the Pleniglacial and Late Glacial valley
sediments, two cross sections were constructed and one small expo-
sure in the upstream Aa area was analysed. The lithostratigraphy of
the cross sections was investigated by means of hand drilling equip-
ment. The location of the sections and exposure is given in figure
22.

Cross section 7 - Papenvoort III

This section (fig. 23) is located in the upstream part of the Ander-
sche Diep valley which is eroded into glacial till and sand of the
Drente and Peelo Formations. The fluvial deposits in this section
consist of fining upwards sequences of fine gravel and sand with or-
ganic levels locally occurring on top. Organic level DrA4 is the
uppermost mor-like level and indicates the top of the lower Aa de-
posits (De Gans, 1981). From this level two radiocarbon dates are
available: > 42,400 BP (GrN 8386) and 41,100 +4600/-2900 BP (GrN
8387). The basal part of the overlying fluvial deposits occurs in a
relatively narrow erosion valley which is incised, through organic
level DrA4, into the lower Aa deposits and the Peelo Formation. It
consists of sorted fine gravel and sand containing debris of the
mor-like levels up to 10 cm in diametre. The upper part of these
deposits comprises two humic loam layers (Andl and And2) which lo-
cally show a thin lamination of fine sand and loam with organic de-
tritus. From both levels a radiocarbon date is available. GrN 8952
from level Andl gives 38,750 + 750 BP while GrN 8953 from the over-
lying level And2 gives surprisingly 42,450 + 900 BP. The undulating
depth of these levels may indicate cryoturbation. The extension of
level And2 indicates that during sedimentation of the top layers of
the middle Aa deposits the valley floor was much wider than during
sedimentation of the lower Aa deposits. Organic level And2 is over-
lain by a thin layer of sorted coarse sand (300-400 ym). This sand
is assigned to the upper Aa deposits. On top of this deposit a one
stone thick pebble band with relatively coarse gravel occurs. The
pebble band is in its turn overlain by well-sorted aeolian sand
(150-210 ym) which contains thin intercalations of coarser sand in
the basal part. In this aeolian sand an unstratified humic loam lay-
er called And3 is found, overlain by a second pebble band in its
eastern part. This pebble band consists of relatively fine gravel
and passes laterally into a slope deposit. In the upper part of the
section a peat layer is found, which according to its position and
lithology belongs to the Singraven Formation.

Cross section 8 - Radiosterrewacht

This section (fig. 24) is situated in the upstream part of the Amer
Diep valley near the radiotelescope at Westerbork. The substratum

f
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Fig. 25 Exposure Oosterveld (location fig. 22,
legend fig. 23)
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sediments of the valley are identical to those of section 7. In the
fluvial sequence the lower, middle and upper Aa deposits can be dis-
tinguished. In the upper part of the middle Aa deposits two humic
loam layers, called Ami and Am2, are present. Organic level Am2
passes upwards into a thin peat layer called Am3. A radiocarbon date
from this Am3 level gives 15,520 + 80 BP (GrN 8947). The upper Aa
deposits are located in the western part of the former valley floor
and are composed of sorted coarse sand. They have a pebble band on
top, which is correlated with the lowest pebble band of section 7
(fig. 23) because they both occur in similar lithologic sequences. A
former depression in the eastern part of the valley floor was filled
with gyttja and peat (organic level Am4) after deposition of this
pebble band.

On the eastern valley slope two thin peat layers occur in deposits
of the Twente Formation. These levels are called Am5 and Am6 respec-
tively. Level Am5 overlies a pebble band with relatively coarse grav-
el and has a radiocarbon date of 37,950 + 650 BP (GrN 8948). A third
pebble band lies in between aeolian sand in the eastern part of the
section. It contains relatively fine gravel and overlies level Am6.
It is correlated with a thin slope deposit which overlies the organ-
ic deposits in the depression. In the upper part of the section peat
layers occur belonging to the Singraven or Griendtsveen Formations.

The Oosterveld exposure

This small exposure (fig. 25) is located two.kilometres north of sec-
tion 7 (fig. 22) in the lowest part of the western slope of the An-
dersche Diep valley. The exposure shows two superposed pebble bands
with a cryoturbated zone in between. The lower pebble band is com-
posed of relatively coarse gravel and is situated in an erosive posi-
tion upon the underlying coarse sand of the Peelo Formation. The
cryoturbated zone has a thickness of 1,8 m and consists of a peaty
loam layer (Oosl), aeolian loam and aeolian sand. The upper pebble
band of relatively fine gravel is situated in aeolian sand and is
located in an erosive position on the cryoturbated sediments.

POLLEN ANALYSES

i

Method

Pollen samples were taken from the organic levels in between the Aa
deposits and the Twente Formation to establish the palaeoenvironment
and the mutual correlation of these levels in the investigated sec-
tions. The samples were collected with a sampling auger type guts
(0 50 mm) with the exception of the sample in the exposure. All sam-
ples were treated with KOH and subsequently subjected to bromoform
separation. Pollen slides were prepared in most cases from each cen-
timetre of the cores. In the diagrams the percentages are calculated
on the basis of the sum of the AP (arboreal pollen) and "dry" NAP
(non arboreal pollen). In most cases a pollen sum of 300 AP+NAP has
been used. The pollen diagrams which were derived from these levels
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are tentatively classified on the basis of their palynological data
as pollen diagram types LTl, LT2, LT3, LT4 and LT5 as they cannot be
correlated properly with the standard Weichselian biozonation as giv-
en by, amongst others, Zagwijn (1975). For the time being, since
the diagram types are derived from superposed organic levels they
can be regarded as indicating the relative age of these deposits.

Pollen diagram type LTl

This type is represented by pollen diagram 8 (fig. 26) which is de-
<": rived from organic level Andl in the Andersche Diep section (boring
A II, fig. 23). The diagram is characterised by low percentages of ar-

boreal pollen with a continuous Betula curve which reaches up to 10%.
3 The percentages of the non arboreal pollen are high as Cyperaceae
j achieves up to 90%. The Artemisia curve is discontinuous and below

•J 2%. The Aquatics Myriophyllum, Ranunculaceae and the Algae Botryo-
'[' coccus and Pediastrum have low percentages and indicate an environ-

ment of shallow water pools. Pollen diagram type LTl is indicative
.•••; of a wet tundra vegetation similar to that described by Gray and
; Lowe (1977) and Walter and Straka (1970).

Pollen diagram type LT2

Type LT2 is represented by pollen diagram 9 (fig. 27) which is de-
) rived from organic level And2 (boring II, fig. 2 3). As level And2

overlies level Andl from which type LTl is derived type LT2 is youn-
ger than type LTl. In type LT2 Pinus has percentages up to 3% and

'•••. Betula, which has a fluctuating curve, reaches 15%. Artemisia is
J. continuously present with percentages up to 5%. Ranunculaceae (up to
: 21%) and Myriophyllum (3%) have higher percentages than type LTl.
•»• This also applies to the Algae Pediastrum and Botryococcus. Again,
v, this type of diagram represents a wet tundra vegetation, but possi-
/j bly in an environment of deeper and more open water. The pollen dia-

grams 10 (fig. 28), 11 (fig. 29) and 12 (fig. 30) which are respec-
-•• tively derived from organic level Oosl (fig. 25) , Ami (boring W290,

fig. 24) and Am5 (boring W37, fig. 24) are comparable with diagram 9
as the differences between these diagrams mutually are thought to be
the result of local environmental variations. Consequently, they are
all classified as pollen diagram types LT2. It should be noted, how-
ever, that the differences between pollen diagram type LTl and LT2

; are small, and may be caused by facies as well as by climatic
^ changes.

Pollen diagram type LT3

j; This third type is represented by diagram 13 (fig. 31) and diagram
14 (fig. 32) which are respectively derived from organic level Am2
(boring W47, fig. 24) and level Am6 (boring W37, fig. 24). These dia-
grams represent a younger period than that of the preceding type LT2
as they are derived from levels overlying layers from which type LT2
is obtained. Type LT3 shows increasing percentages of arboreal pol-
len as Betula reaches up to 70%. The percentages of non arboreal pol-
len are generally low. Aquatics are still continuously present and
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Artemisia reaches 5-10%. The upper part of diagram 13 shows increas-
ing percentages of Cyperaceae and is correlated with type LT4. Type
LT3 represents a wet arctic shrub/lichen heath vegetation as de-
scribed by Gray and Lowe (1977) and Ives and Barry (1974). As the
Betula pollen includes Betula nana, and Helianthemum, Selaginella
and Saxifrageae, though not indicated in the diagram, are present,
type LT3 shows similarities with the Late Glacial Billing Intersta-
dial diagrams as described by Van der Hammen (1951), Van der Hammen
and Wymstra (1971) and Caspari and Van Zeist (1960). However, in the
case of diagram 13 this represents a contradiction with its strati-
graphic position and the radiocarbon date for one of the overlying

" f levels (fig. 24).

Pollen diagram type LT4

Type LT4 is represented by pollen diagram 15 (fig. 33) and is de-
rived from organic level Am3 (boring W290, fig. 24). It shows per-
centages of Betula up to 19%, while the Artemisia curve is continu-
ous, but below 2%. In fact type LT4 is very similar to type LT2, al-
though the amounts of Aquatics is noticeably lower than in the pre-
ceding types. This may indicate a colder as well as a drier environ-
ment. Type LT4 represents a grass land community as described by
Gray and Lowe (1977).

Pollen diagram type LT5

:, Type LT5 is represented by pollen diagram 16 (fig. 34) and 17 (fig.
?' 35) which are derived respectively from the gyttja in the depression
! in section 8 (boring W39, fig. 24) and from organic level And3 (bor-
; ing II, fig. 23). These diagrams show higher percentages of arboreal
;.l pollen again, with Betula reaching > 30%. In the upper part of both

diagrams Betula is as high as 60-80%, Pinus is over 20% while the
non arboreal pollen percentages (e.g. Cyperaceae) are low. Empetrum
is present for the first time in this diagram type. In the lower
parts of the diagrams Aquatics such as Myriophyllum, Menyanthes and

•' Potamogeton are present. Type LT5 is comparable with the Early Dryas
and Allerjrfd diagrams as described by Van der Hammen (1951), Van der
Hammen and Wymstra (1971) and Caspari and Van Zeist (1972) and re-
present the initial stages of a boreal vegetation as indicated by
Hultèn (1971) and Walter and Straka (1970).

DISCUSSION

The Weichselian and older fluvial sediments in the Aa valley system
are asigned to the Aa deposits (De Gans, 1981a) and subdivided into
three lithostratigraphic units (table III). The lower Aa deposits
comprise sorted sand and gravel and are intercalated with mor-like
organic levels. On palynological grounds, these levels are dated as
late Eemian, Early Weichselian and Lower Pleniglacial respectively
(De Gans, 1981a). The middle Aa deposits were formed after a deep
fluvial incision which occurred at the beginning of the PleniglacialV. (fig. 23). The basal part of this sequence consists of sorted sand
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and gravel and may contain organic debris from the mor-like levels.
The upper part of the sequence is intercalated with humic loam lay-
ers (figs. 23 and 24) which have a maximum thickness of 1 m in the
investigated sections. The pollen association of the pollen diagram
types LTl, LT2 and LT3 (figs. 26, 27, 29 and 31) which are derived
from organic levels separated by clastic sediments, indicate a wet
tundra vegetation and suggest that the levels were formed in a shal-
low lacustrine environment under periglacial conditions. The thin
laminations in part of these levels confirm the idea of formation in
open water pools. It is tentatively concluded from the occurrence of
ramparts of pingoremnants on these Pleniglacial humic loam layers in
the Aa valley system, that permafrost may have been present (De Gans,
1981b). The depression in section 8 (fig. 24) may be regarded as an
example of such a pingo remnant. Consequently the pools in which the
humic loam levels developed are interpreted as thaw lakes as de-
scribed by Black (1969). In our view the fluvial and lacustrine se-
diments of this thaw lake phase represent the fluvio periglacial se-
diments sensu stricto of the Twente Formation as described by
Zagwijn and Van Staalduinen (1975) and Ter Wee (1966, 1979) and the
"niveo-fluviatile" sediments as described by Van der Hammen (1951).
This sedimentary sequence is described by Van der Hammen et al.
(1967) as "loamy beds and peat" and dated as Middle Pleniglacial.
The dating of organic material in thaw lake deposits may be subject
to gross errors 3ue to the incorporation of transported organic ma-
terial and collapse and reworking of the thawed permafrost into a
thaw lake basin (Black, 1969). One indication of this problem is the
reversion of some of the radiocarbon data (figs. 23 and 36). We con-
sider that many radiocarbon dates from thaw lake deposits may be too
old due to the nature of the sedimentary environment (Black, 1969),
the low carbon content of the sample material (Olsson, 1979), the
presence of Drepanoclades (Shotton, 1972) or the reservoir effect
resulting from old ground water as mentioned by Olsson (1979) and
Mook (pers. comm.) which may be provided by the melting of ground
ice bodies. Thus we think that the correlation of the pollen diagram
types LTl, LT2 and LT3 with the Moershoofd, Hengelo and Denekamp In-
terstadial diagrams as described by Van der Hammen and Wymstra
(1971) and Kolstrup and Wymstra (1977), which is for a substantial
part based on radiocarbon datings, cannot be validated in the Aa
area. The diagram types LTl and LT2 will be discussed in more detail
by De Gans (1981b) .

The upper Aa deposits consist of coarse sand. They are overlain by a
pebble band which marks the top of the Aa deposits. The stratigraph-
ical gap between the upper Aa and middle Aa deposits in the Ander-
sche Diep valley is far more substantial than in the Amer Diep val-
ley (figs. 23 and 24). The upper Aa deposits correspond in strati-
graphic position and facies with the Upper Pleniglacial sequence as
described by Van der Hammen et al. (1967). This means that the sand
and pebble band may be correlated with the Beuningen Gravel Bed. In
the Aa valley this pebble band will be referred to as pebble band
PB2. The supjerposition of pebble band PB2 over a peat layer with a
radiocarbon'date of 15,520 BP (fig. 24) gives it a maximum age but
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the reliability of this date itself is not certain.

However, it corresponds roughly with the findings of Kolstxup (1980).
Pebble band PB2 probably was formed after the Pleniglacinl perma-
frost because it overlies in an erosive position ice-wedge casts as
may be deduced from data by Van der Hammen et al. (1967), Maarleveld
(1976) and Kolstrup (1980). It is correlated with desert pavement 3
as described by Paepe and Pissart (1969).

The organic levels situated on the slopes of the valley system {figs.
24 and 25) have a maximum thickness of 0,5 m and are composed of peat
or loamy peat. The pollen diagram from these levels (figs. 28, 30 and
32) are representative of a wet tundra or arctic vegetation. They are
tentatively interpreted as fossil Al horizons of former organic cryo-
sols formed under wet environmental conditions as described by
Tarnocai (1978). The palynological and radiocarbon data of these or-

— ganic levels in the middle Aa deposits and in the Twente Formation
are summarized in figure 15. The radiocarbon datum of level Am5
(fig. 36) would suggest a Hengelo Inters.tadial age, but as stated
before, care must be taken with its reliability.

The organic levels Am5 and Oosl (figs. 24 and 25) overlie another
^ pebble band, which is designated PBl and is tentatively dated to the

Lower Pleniglacial. A third pebble band is called PB3 and situated
in aeolian sand. It overlies level And3 (fig. 23) and Am6 and Am4
(fig. 24). Consequently, it is younger than pollen diagram type LT5

'L (Aller^d) and is correlated with Late Glacial pebble bands as de-
scribed by Ter Wee (1979).

The pebble bands in the Aa valley system are formed by deflation of
pre-existing slope deposits as indicated by the presence of wind-

!, faceted stones (De Gans, 1980) . Generally the gravel in the lowest
pebble band is the most coarse, while it becomes finer in each pebble
band in a downslope direction. The pebble bands are often located in
an erosive position upon the underlying cryoturbated structures (fig.
25), as has been observed and described by Kolstrup (1980), Ruegg
(1975), Paepe and Pissart (1969) and Van der Hammen and Wymstra
(1971). This might indicate that they were formed after a period of
cold climate under drier conditions.

CONCLUSIONS

The Weichselian and older fluvial deposits in the Drentsche Aa val-
ley system are subdivided in three lithostratigraphic units: the low-
er, middle and upper Aa deposits. In their upper part the middle Aa
deposits contain humic loam layers which can be compared with the
Middle Pleniglacial sequence as described by Van der Hammen et al.
(1967). The humic loam layers are interpreted as thaw lake deposits
on lithological and palynological grounds. The upper Aa deposits con-
sist of coarse sand and are of Upper Pleniglacial age. They are over-
lain by a pebble band which is correlated with the uppermost part of
the Beuningen Gravel Bed. As two more pebble bands are found in the
Aa valley system provisionally dated into the lower Pleniglacial and



66

Late Glacial respectively, care must be taken with the chronostrati-
graphic interpretation of individual bands since they may be located
in similar lithologic sequences on the slopes of the valley system.
The formation of these pebble bands was preceded by periglacial
slope processes which apparently are responsible for the asymmetry
of the Aa valley slopes (De Gans, 1980; 1981d) and the planation of
the Aa area. Consequently, the pebble bands in the Aa area are inter-
preted as subsequent planation surfaces formed under periglacial con-
ditions.

The pollen diagrams which are derived from organic levels in the
middle Aa deposits and Twente Formation are classified into five suc-
cessive pollen diagram types respectively called LT1-LT5. The tenta-
tive chronologic succession of these types is based on their super-
position. These palynological data suggest a more or less progres-
sively higher percentage of tree pollen in the subsequent pollen dia-
gram types. The pollen diagram types cannot be correlated with cer-
tainty with the Middle Pleniglacial Interstadial diagrams due to the
doubt we have as to the reliability of the radiocarbon data. However,
the pollen associations of the types LTl and LT2 are comparable with
those of the Moershoofd, Hengelo and Denekamp Interstadial diagrams.



chapter 5

LOCATION, AGE AND ORIGIN OF PINGO REMNANTS IN THE

DRENTSCHE Aa VALLEY AREA

INTRODUCTION

Investigation of the Stokersdobbe pingo remnant, in the north-
western part of the Drente plateau, showed that this remnant is
situated in a former tributary of the Boorne valley and that the
rampart of this pingo remnant is located in places upon datable
organic deposits in this valley. This situation has allowed the
maximum age of the rampart and the related pingo remnant to be es-
tablished (Paris et al., 1979). Investigation of some pingo rem-
nants on the eastern part of the plateau has shown that these rem-
nants are also located in former, now generally indiscernable, up-
stream parts of tributary valleys (De Gans and Sohl, in press). In
this paper the results are given of an investigation into pingo
remnants in the Aa valley area which was conducted to see whether
the correlation of pingo remnants with former tributary valleys
might be adopted as a general rule, and also to discover whether
ramparts could be found upon datable organic levels, identical to
the Stokersdobbe, to establish in detail the environment, period
and mode of pingo growth and decay in this area.

CONTEMPORARY PINGOS

Pingos are conical shaped ice-cored mounds whose distribution is
confined to permafrost areas. They range in height from 3 m - 70 m
and in diametre from 30 m - 600 m (Mackay, 1962). Muller (1959)
distinguished two types of pingos: the open system or East Green-
land type and closed system or Mackenzie pingos. Open system pin-
gos are related to discontinuous permafrost conditions and are lo-
cated on weak slopes and in valleys (Holmes et al., 1969). They
receive the water to grow their ice-cores from artesian pressure.
Closed system pingos are related to continuous permafrost condi-
tions and located on flat areas in former lake environments. They
receive the water to grow their ice-cores from pore-water expelled
in advance of an aggrading lower permafrost surface (Mackay, 1979).
The literature on pingos is recently reviewed by Washburn (1979)
and French (1976). Mackay (1979) proposed that pingos should be
redefined according to the source of the pressure gradient which
supplies water to the growing pingo into hydraulic system and
hydrostatic system types.

Continuous growth of the pingo ice-core leads to mass wasting,
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permafrost creep and rupture of the pingo skin. Subsequently the
ice-core will melt and eventually a pingo remnant will be formed
which consists of a pond surrounded by a rampart.

THE DRENTE PLATEAU AND THE Aa VALLEY SEDIMENTS

The Drente plateau is located in the northern part of the Nether-
lands (fig. 37). The Aa valley is situated at the eastern part of
the plateau and is eroded into the Drente and Peelo Formation se-
diments (table IV). The Drente Formation consists of an imperme-
able till which is present on the water divides of the plateau.
The thickness of this till is maximally 4 m in the Aa area. The
Peelo Formation underlies the Drente Formation and consists pre-
dominantly of fine sand and clay (Zagwijn and Van Staalduinen,
1975; Ter Wee, 1979).

The Weichselian and older fluvial deposits in the Aa valley are
designated the Aa deposits (De Gans, 1981a; De Gans and Cleveringa,
1981). The oldest fluvial deposits comprise sorted sand and gravel
with mor-like organic levels which are dated as Eemian, Early
Weichselian and Lower Pleniglacial respectively and assigned to
the lower Aa deposits (De Gans and Cleveringa, 1981). A deep val-
ley incision took place after deposition of these lower Aa depos-
its as a result of the then low sea level (De Gans, 1981a). The
subsequent fluvial deposits consist of sorted sand and fine gravel
with humic loam layers in the top level of this sequence which ap-
parently originated in thaw lakes (De Gans and Cleveringa, 1981).
These deposits are regarded as the middle Aa deposits and are dat-
ed to the Middle Pleniglacial.

The upper Aa deposits consist of coarse fluvial or niveo-fluviatile
sand. Generally a pebble band is located on top. This sequence is
correlated with the Beuningen Gravel Bed as described by Kolstrup
(1960), Van der Hammen and Wymstra (1971) and Van der Hammen et al.
(1967) and is of Upper Pleniglacial age. Before or at the very be-
ginning of the deposition of the Beuningen Gravel Bed the continu-
ous permafrost seems to have disappeared from the Netherlands
(Kolstrup, 1980) . At the end of the Pleniglacial and during the
Late Glacial or Late Weichselian, large parts of the Aa area were
covered both by well-sorted sand and by unsorted sand with gravel
which are interpreted as aeolian and slope deposits respectively
and assigned to the Twente Formation.

In the upstream part of the valley system these deposits may cover
completely the pre-existing relief of the Pleniglacial tributary
valleys. Topographic depressions in the upper Pleniglacial land-
scape were filled with gyttja in the Late Glacial and with peat in
the Holocene. These gyttja and peat deposits represent the
Griendtsveen Formation (Zagwijn and Van Staalduinen, 1975).

PINGO REMNANTS ON THE DRENTE PLATEAU

On the Drente plateau hundreds of topographic depressions filled
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CHBONOSTRAT J OBAPHY LITHOSTRATIGRAPHY LITHOLOGY
TENTATIVE SEQUENCE

Or EVENTS

UPPER

MIDDLE

EARLY GLACIAL

EEMIAN

UPPER

PEAT AND

GYTTJA

WELL-
SORTED SAND
(COVERSAND)
PEBBLE BANDS AND

INFILLING OF

PINGO REMNANTS

COARSE SAND

SAND WITH

HUJIIC LOAM

LAYERS

SANÜ AND
GRAVEL
WITH
MOR-LIKE LEVELS

UNSORTED

SAND

WITH

GRAVEL

(SLOPE

DEPOSITS)

SAALIAN ÜRENTE FORMATION

HOLSTEINIAN

PEELO FORMATION
SAND AND CLAY

(POTKLEI)

DESERT PAVEMENT PB2

DESTRUCTION OF PINGOS

PINGO

GROWTH
THAW

LAKES

VALLEY INCISION

Table IV The tentative sequence of pingo growth and decay as
related with the stratigraphy and lithology of the
Pleniglacial and Late Glacial Aa valley deposits
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with gyttja and peat, peat or water are situated. Maarleveld and
Van den Toorn (1955) were the first to conclude that some of
these depressions were pingo remnants because of the occurrence
of a surrounding rampart, their fairly uniform diameter and their
Weichselian age. The age was established because of the position
of a rampart upon Pleniglacial sand and the occurrence of Late
Glacial peat in these depressions which excluded a glacial or
fluvioglacial Saalian origin. De Gans (1976) added that some pin-
go remnants may be also characterised by deformation structures,
due to updoming of strata during pingo growth; however, De Gans
and Sohl (in press) indicate that these structures may have orig-
inated independently of pingo growth as well. The minimum thick-
ness of the organic infilling material of the so far investigated
pingo remnants on the plateau is 2 m. This datum is tentatively
used as a rule of thumb to discriminate pingo remnants from aeo-
lian depressions on the plateau (De Gans and Sohl, in press) and
corresponds approximately with the depth of cryoturbation struc-
tures as found in Weichselian deposits in the Netherlands which
may represent the active layer (Maarleveld, 1976). The correla-
tion between these data is explained by De Gans and Sohl (in
press) as of necessity ice-core growth to form a pingo must have
taken place below the active layer to prevent the core from imme-
diate melting. Thus, pingos with an overburden of over 2 meters
were formed which gave ultimately rise to the development of pin-
go remnants with a depth of over 2 meters. However, as cryoturba-
tion structures are scarce in contemporary permafrost areas, they
were probably formed during the disappearance of the permafrost
in the Netherlands (French, pers. comm.). The maximum thickness
so far found for the infilling material in a pingo remnant on the
plateau amounts 17 meter. This datum is tentatively correlated
with the bottom of the ice-core in the pingo and consequently in-
dicates the minimum depth of the permafrost during growth of this
pingo (De Gans and Sohl, in press). It should be noted that the
core of a pingo may consist of every possible gradation from pure
ice to icy sediment. Consequently the relation between the depth
of the ponds in pingo remnants and the bottoms of the ice-cores
in pingos is an approximation only (Mackay, 1978).

The basal organic infilling material in pingo remnants generally
consists of gyttja and it is tentatively assumed that all gyttja
deposits in these depressions have a Late Glacial age (De Gans
and Sohl, in press). The position of the rampart of the Stokers-
dobbe pingo remnant on a radiocarbon dated peat layer indicates
that the melting of this pingo occurred after 18.000 BP but be-
fore the Late Glacial (Paris et al., 1979). Paris et al. (1979),
Ploeger and Groenman-Van Waateringe (1964), Nossin (1961),
Maarleveld and Van den Toorn (1955) and De Gans and Sohl (in
press) found that pingo remnants are located in tributary valleys
of the major valley systems on the plateau. In the Aa area this
correlation was not yet clear as the Weichselian tributary val-
leys are to a large extent covered by aeolian and slope deposits
which obliterated the pre-existing relief.
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INVESTIGATION OF THE Aa VALLEY PINGO REMNANTS

To obtain insight into the number and distribution of pingo rem-
nants in the Aa area all topographic depressions were investigated
to ascertain the depth of the infilling organic material. All de-
pressions with an infilling of over 2 in were tentatively regarded
as pingo remnants and they comprise 40% of the topographic depres-
sions in this area. Their distribution (fig. 37) shows that most
are located randomly near the southern water divide or upon the
east-facing slopes of the asymmetric valleys in the northern part
of the area. Three sample areas were selected for detailed investi-
gation of the pingo remnants. In order to investigate whether the
distribution of these remnants can be correlated with a former
drainage pattern, for each sample area (fig. 37) cross sections
were constructed from data obtained by means of hand-drilling
equipment. Palynological and radiocarbon data of organic layers
below the ramparts of the pingo remnants were used to establish
their age and environment of growth. Some grain size and heavy min-
eral analyses were performed to support the discrimination made be-
tween the rampart material and the under- and over-lying sediments
during the field investigation.

The Donderen area

This sample area is situated on the east-facing slope {< h ) of
the Eelder Diep valley which was formerly part of the Aa valley
drainage system (De Gans, 1980). In the Donderen area (fig. 38)
three topographic depressions were investigated. A lengthwise sec-
tion through these depressions (fig. 39) shows that they are locat-
ed like paternoster lakes in a former tributary valley. The fluvial
valley sediments are composed of sorted sand and gravel capped by a
level of laminated humic loam with peaty intercalations and a maxi-
mum thickness of 1 m (fig. 40). On the basis of their lithology and
position these fluvial deposits are considered to represent the
middle Aa deposits (De Gans and Cleveringa, 1981). The thickness
and lateral extension of these deposits indicate that the former
valley was eroded a few metres into the Peelo Formation and had a
maximum width of 200 m (fig. 38). The middle Aa deposits are over-
lain by unsorted sand and gravel which is interpreted as a slope
deposit. Its thickness varies between 0.2 - 1.5 m (fig. 40). The
maximum thickness of the slope deposits is found near or between
the depressions. Because of the morphological and lithological
characteristics of this deposit it is interpreted as a rampart.

These ramparts are located locally upon the uppermost organic lev-
el of the middle Aa deposits which has a radiocarbon datum of
43,000+1300/1100 BP (GrN 8951) for the insoluble fraction, while
the extract gives 31,610+330 BP (GrN 10182) (fig. 40). The three
topographic depressions have a diametre of between 100 m and 150 m.
The thickness of the infilling gyttja and peat varies between 3.5
- 6.0 m, while the thickness of the gyttja increases in each suc-
ceeding depression downslope. In all three depressions the gyttja
is intercalated with a thin peat layer composed of Hypnaceae. The
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Donderen area is overlain by a deposit of well-sorted sand (150-
210 nm) which is interpreted as an aeolian deposit, and covers
most of the former relief. Some aeolian sand is located on the
slopes in the depressions but is also found dispersed in the gytt-
ja and lower part of the peat.

The Papenvoort area

This sample area is located near the Andersche Diep valley (fig.
41) and has a very slight slope (< 's0) towards the west. A de-
tailed cross section of the northernmost depression (fig. 42)
shows that it is located in a former valley filled with fluvial
sediments which have a laminated humic loam layer on top. Because
of their lithology and position these fluvial sediments are as-
signed to the middle Aa deposits. As in the Donderen area the
thickness and extension of these fluvial deposits (figs. 41 and
42) indicates that the valley was eroded a few metres into the un-
derlying Peelo Formation and had a width of about 100 m. The de-
pression is filled with sand and gravel, gyttja and peat succes-
sively. The organic infilling material has a thickness of about
6 m. The depression has a diameter of 100 m and is surrounded by a
deposit of unsorted sand with gravel which is interpreted as a
slope deposit. As this deposit has its maximum elevation near the
depression it is here interpreted as a rampart (fig. 42). This ram-
part overlies the humic top layer of the middle Aa deposits which
here has a radiocarbon date for the insoluble fraction of 37,250+
950 BP (GrN 8942) while the extract gives 29,140+250 BP (GrN
10328). Aeolian sand covers most of the Papenvoort area and is to
some extent found also in the depression.

The Ekehaar area

The depression investigated in this third sample area is located
in a former tributary of the Amer Diep valley which has a subhori-
zontal relief (fig. 43). A cross section (fig. 44) shows the posi-
tion of this depression with respect to the valley sediments. The
middle Aa deposits have a thickness of about 2 m and a laminated
humic loam layer with peat and sand intercalations on top. This
layer is split into two separate layers at the southern part of
the valley. A slope deposit comprising sand, gravel and loam frag-
ments is located around the depression and interpreted as a ram-
part because of its morphology, lithology and position. The ram-
part locally overlies the humic top layer of the middle Aa depo-
sits. Two radiocarbon assays of the insoluble fraction of the top
and bottom of this layer give: 42,250+800 BP (GrN 8948) and
34,640+460 BP (GrN 8950) while the two extract analyses give
34,480+440 BP (GrN 10180) and 25,710+170 BP (GrN 10181) respective-
ly.

At the eastern side of the depression the middle Aa deposits are
overlain by coarse sand which is assigned to the upper Aa deposits.
It has a pebble band or desert pavement on top which is correlated
with pebble band PB2 as described by De Gans and Cleveringa (1981).
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Fig. 43 The Ekehaar area (location fig. 37; legend fig. 38)
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This sequence of coarse sand with a pebble band on top is because
of its lithology and stratigraphic position correlated with the
Beuningen Gravel Bed as described amongst others by Kolstrup (1980).
The depression is filled with sand and gravel, gyttja and peat in
sequence. The actual thickness of the organic infilling material
is about 4 m, which, however, is 1 m more than the original depth
of the depression which is estimated to have been 3 m. The same
applies to the diametre of the depression which is now about 200 m,
but amounts to 100 m if measured between the basal part of the ram-
part. Well-sorted aeolian sand obliterates the former relief and
is deposited in the gyttja and also in the basal part of the peat
in the depression. The abnormal position of the basal face of the
till and the Aa deposits near the depression is tentatively inter-
preted as a deformation structure.

GRAIN-SIZE AND HEAVY MINERAL ANALYSES

From core BP 10 (fig. 44) and JV 57 (fig. 42) grain-size and heavy
mineral analyses were performed to discriminate between the ram-
part material and the over- and under-lying sediments. The grain-

' size analyses (figs. 45 and 46) indicate that the rampart material
has a higher loam content and is less well sorted than the over-
and under-lying sediments. The loam content of the rampart may be
derived from aeolian sedimentation during growth of the pingo as
well as from the loam layers of the middle Aa deposits which are
redeposited in the ramparts.

The heavy mineral analyses of the fraction 105-210 pm (fig. 47) in
'.-. both cores show an increasing garnet and a decreasing hornblende

percentage. Although the percentage of alterites seems highest in
the rampart the differences between the heavy mineral percentages
of the rampart and the over- and under-lying sediments are in fact
not significant (Hoekstra, 1981).

;,, PALYNOLOGICAL ANALYSES

Method

To establish the palaeoenvironment of the hunic loam layers upon
which the ramparts of the pingo remnants are situated and to cor-
relate these levels with those described by De Gans and Cleveringa

<•' (1981) from the middle Aa deposits, cores were collected from
"̂  these humic loam layers with a guts type sampling auger (0 50 mm).
•, All pollen samples were treated with KOH and subsequently sub-

jected to bromoform separation. Pollen slides were prepared from
~\ each centimetre of core JV 57 (fig. 42) and from every second cen-

timetre of cores BP 94 (fig. 40) and BP 47 (fig. 44). In the pol-
len diagrams the percentages are calculated on the basis of the
sum of the AP (arboreal pollen) and "dry" NAP (non arboreal pollen).
A pollen sum of 300 AP+NAP has been used with the exception of dia-
gram 18 (fig. 48) where a sum of 200 was used.

• \

95
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The pollen diagrams

The pollen diagrams 18, 19 and 20 which are derived from humic
loam layers in boring BP 47, JV 57 and BP 94 are represented in
figures 48, 49 and 50 respectively.

Pollen diagram 18 (fig. 48) in its lower part is characterised by
percentages of arboreal pollen up to 15% and by continuous curves
of Pinus and Betula. The percentages of the non-arboreal pollen
are high, Cyperaceae reaching 90%. The Artemisia curve is discon-
tinuous and below 2%. The upper part of this diagram is character-
ised by a rise of aquatics such as Myriophyllum and Ranunculaceae
and by an increase of Gramineae and the algae Botryococcus and Pe-
diastrum.

In its lowest part pollen diagram 19 (fig. 49) shows high percent-
ages of Cyperaceae (up to 92%) and low percentages of Pinus and Be-
tula (below 3%). In the upper part of the diagram Artemisia has a
continuous curve (up to 2%), the Graminaea have a slightly higher
percentage while the algae Botryococcus and Pediastrum show a dis-
tinct increase.

In contrast to diagrams 18 and 19 pollen diagram 20 (fig. 50)
shows in it lower part high percentages of the aquatics, especial-
ly Myriophyllum (max. 32%), Ranunculaceae (max. 9%) and the algae
Botryococcus and Pediastrum. Cyperaceae has a percentage varying
between 65 and 80% while the Gramineae percentage varies between 5
and 20%. This part of the core has also been analysed for macro re-
mains, and revealed the occurrence of seeds of Batrachium, Potamo-
geton, Nymphaea and Cyperaceae. The upper part of the diagram shows
increasing percentages of Cyperaceae (max. 95%), a strong decrease
of the aquatics and algae, and a minor decrease of Gramineae. The
pollen associations of diagrams 18, 19 and 20 are indicative of a
wet tundra vegetation as described by Gray and Lowe (1977) and
Walter and Straka (1970).

Diagrams 18 and 19 are comparable as they both start with a vegeta-
tion dominated by sedges and low values of grasses and aquatics,
and show an increase of the Gramineae, algae and aquatics at the
cost of Cyperaceae in the upper part of the diagram. The lower part
of diagram 20, which shows a pronounced occurrence of the aquatics,
is comparable with the upper part of diagrams 18 and 19.

Pollen diagrams 18 and 19 and the lower part of diagram 20 are com-
parable with pollen diagram type LTl as described by De Gans and
Cleveringa (1981), while the upper part of diagram 20 is comparable
with pollen diagram type LT2. It should be noted however that the
pollen diagram types LTl and LT2 are quite similar and that the
differences may be caused either by climatic changes or by water
level changes in thaw lakes due to local environmental events as
described by Black (1969) and Billings and Peterson (1980).

f
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1

DISCUSSION

The investigated topographic depressions in the Aa area are inter-
preted as pingo remnants because of the presence of a surrounding
rampart and because of the age of these depressions.

The pingo remnants are located in the upstream part of tributary
valleys where little relief was present. They seem to be preferably
located near confluences of small valleys (figs. 38 and 41). This
is supported by data of Paris et al. (1979) and Ploeger and
Groenman-Va'n Waateringe (1964) . The remnants have a circular to
oval plan and a diameter between 100-150 meter.

The valleys in which the remnants are located have a maximum width
of 200 meter and were filled with fluvial sediments which are as-
signed to the middle Aa deposits. These deposits have a maximum
thickness of 3 meter and the top of these deposits is composed of
one or more layers of laminated humic loam or peaty loam. These or-
ganic layers are thought to have been deposited in thaw lakes
(De Gans and Cleveringa, 1981). The pollen diagrams which were de-
rived from these layers are comparable with pollen diagram types
LTl and LT2 as described by De Gans and Cleveringa (1981). However,
as these organic layers may split into two separate layers (fig.
44), this may give rise to an increasing number of quite identical
pollen diagram types, each derived from superposed levels giving
different radiocarbon data. For this reason the correlation of
these pollen diagram types with the Moershoofd, Hengelo and Dene-
kamp Interstadial diagrams of the Middle Pleniglacial as described
amongst others by Van der Hammen and Wymstra (1971) and Kolstrup
and Wymstra (1977) is not possible as yet. Furthermore, this corre-
lation is hindered because the radiocarbon dates of the insoluble
fraction of the organic levels from which a LTl pollen diagram
type is derived vary between 43,000 and 34,650 BP. According to
De Gans and Cleveringa (1981) the radiocarbon dates derived from
thaw lake deposits may be too old. Olsson (1979) suggested that
the extract data of lake deposits are more reliable than the data
of the insoluble fraction. If this holds true the humic loam lay-
ers from which pollen diagram types LTl and LT2 were derived were
formed between 34,480 and 25,710 radiocarbon years BP. An annotat-
ed list of all the radiocarbon dates in the Aa valley system is
given in the Appendix.

The ramparts of the pingo remnants have a maximum thickness of
1,4 m (fig. 40) and are partly located upon these thaw lake depos-
its. The material composition of the ramparts depends on the litho-
logy of the sediments in which the ice-cores were formed, but gen-
erally comprises unsorted sand with some gravel. The grainsize an-
alyses support the interpretation that ramparts are present below
the aeolian sand cover, but the heavy mineral composition is not
indicative for the discrimination of the ramparts between the
over- and under-lying sediments. As the size and elevation of the
ramparts is smaller than might be expected from the volume of the
depressions, erosion of the ramparts must have taken place (De
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Gans, 1976).

The position of the eastern part of the rampart of the Ekehaar pin-
go remnant (fig. 44) with respect to the Aa deposits indicates that
the formation of the rampart and melting of the pingo is probably
isochronous with the upper Aa deposits but antedates the deposition
of pebble band PB2. This indicates that the melting of this pingo
is more or less isochronous with the deposition of the Beuningen
Gravel Bed. The growth of the Ekehaar pingo consequently took place
during the final thaw lake phases of the middle Aa deposits. The
Beuningen Gravel Bed is dated by Kolstrup (1980) between 19,000 and
14,000 BP which means that the melting of the Ekehaar pingo oc-
curred in the same period. This is supported by Paris et al. (1979)
who date the melting of the Stokersdobbe pingo between 18,000 and
13,000 BP.

The growth of the pingos in the Aa area took place between 25,000
BP (the youngest radiocarbon date below a rampart in the Aa area)
and 19,000 BP (beginning deposition of the Beuningen Gravel Bed).
This period corresponds in outline with the space of time during
which a continuous permafrost may have been present in the Nether-
lands (Kolstrup, 1980), and the phases of maximum Weichselian cold
climate (Maarleveld, 1976; Coope, 1977; Zagwijn, 1975) and maximum
expansion of Weichselian ice sheets (Woldstedt and Duphorn, 1974).
The involved space of time is in agreement also with the maximum
age of recent pingos investigated so far (Washburn, 1979). The ear-
liest organic infilling in the pingo remnants is not isochronous
but variously dated to the Upper Pleniglacial (Cleveringa et al.,
1977), Billing (Ter Wee, 1966; Cleveringa and De Gans, 1978; Paris
et al., 1979) or Early Dryas (Caspar! and Van Zeist, I960; Ploeger
and Groenman-Van Waateringe, 1964 and De Gans and Cleveringa, 1981).
This may be a result of the retarded melting of the complete ice-
cores, depending on the thickness of the ice-cores themselves and
the overburden. This may also explain the fact that in some rem-
nants the gyttja is intercalated by a peat layer, whereas it is ab-
sent in others. A related phenomenon is the presence or absence of
Late Glacial aeolian sand in the pingo remnants. De Gans (1981d)
explained the absence of this sand in pingo remnants by trapping in
the vegetation on the ramparts of the pingo remnants. Maarleveld
and Van den Toorn (1955) explained the absence of aeolian sand by
suggesting that the pingos were still active during deposition of
most of this sand. In this paper it is suggested that the retarded
melting of some pingos may explain this phenomenon.

Generally the pingos which were formed on the Drente plateau are
explained as open system pingos (De Gans, 1976). The low relief val-
ues in the areas where they originated, the location of most of
them in a thaw lake environment, the supposed presence of a contin-
uous permafrost and the occurrence of a till on the water divides
which excludes the existence of source areas for groundwater neces-
sary for open-system pingo growth, do not support an origin as hy-
draulic pingos. Thus it is suggested that the Aa valley pingos orig-
inated as hydrostatic (closed-system) types as is explained in fig-
ure 51.
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Fig. 51 Model of growth and decay of the Aa valley pingos
(Design D.P. Ooyevaar; legend page 90)
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At the beginning of the Pleniglacial a valley incision occurred in
the Aa area (De Gans, 1981a) giving rise to a dense drainage pat-
tern under discontinuous permafrost conditions (fig. 5lA). After
this erosion phase the middle Aa deposits were formed. Diminished
discharge and an increasing cold climate caused the permafrost to
close under the valley floors and thaw lakes began to develop
(fig. 5IB). By pore water expulsion due to aggrading permafrost
hydrostatic pingos were formed on the floor of the valley system
(fig. 51c). During growth of the pingos mass wasting and perma-
frost creep of the pingo skin or overburden occurred covering thaw
lake deposits with rampart material (fig. 51D). Due to climatic
amelioriation in the later part of the upper Pleniglacial the pin-
gos were transformed into pingo remnants (fig. 5IE). The ramparts
of the pingo remnants became gradually lowered due to mass wasting,
fluvial erosion or deflation. During the Late Glacial aeolian sand
was deposited covering most of the Pleniglacial relief and creat-
ing aeolian depressions (fig. 5 IF).

CONCLUSIONS

The investigated pingo remnants in the Aa valley area are charac-
terised by a diameter of 150-200 m, a thickness of the infilling
organic material of over 2 m and a relatively small rampart. If
the 2 m thickness is used as a rule of thumb to discriminate the
pingo remnants in the Aa area from aeolian depressions, about 40%
of the topographic depressions may be regarded as pingo remnants.
The ramparts surrounding the pingo remnants are composed of slope
deposits and may be distinguished by their morphology and grain
size composition. Heavy mineral analyses proved to have a limited
value for this purpose. The investigated remnants are located in
the upstream part of former, now quite often completely covered,
tributary valleys. This may give rise to a paternoster lake-like
distribution of the remnants. If the correlation of the remnants
with former valleys is accepted as a general rule, the distribu-
tion of the pingo remnants indicates that in the Aa valley area
the Middle Pleniglacial drainage pattern was far more dense than
the present one. The Aa valley pingos were formed in tha late
Middle Pleniglacial as hydrostatic pingos under continuous perma-
frost conditions. The transformation into pingo remnants occurred
in the Upper Pleniglacial before the formation of desert pavement
PB2 which is correlated with the upper part of the Beuningen Grav-
el Bed. The infilling of the remnants with gyttja did not start
before the ice-core was completely melted. This means that the
earliest infilling is not necessarily isochronous but depended on
the thickness and composition of the ice-core and the thickness of
the overburden.

"V"



chapter 6

LITHOLOGY, STRATIGRAPHY AND PALYNOLOGY OF THE HOLOCENE

DEPOSITS IN THE DRENTSCHE Aa VALLEY SYSTEM

t
INTRODUCTION

This fifth paper on the Late Quaternary geology and geomorphology
of the Drentsche Aa valley system deals with the Holocene valley
deposits. Fluvial deposition and erosion phases will be discussed
on the basis of six cross sections and seven pollen diagrams.

THE Aa VALLEY

The Drentsche Aa valley is located in the eastern part of the Drente
plateau which is situated in the northern part of the Netherlands
(fig. 52) . The valley system has been eroded into the Drente and
Peelo Formations (De Gans, 1980). The former Formation comprises a
till, while the latter is composed of sand and clay (Ter Wee, 1979;
Zagwijn and Van Staalduinen, 1975). The Weichselian and older fluvi-
al deposits in the Aa valley are assigned to the Aa deposits (table
V) and have been described by De Gans (1981a) and De Gans and
Cleveringa (1981). The top of the Aa deposits is marked by a pebble
band overlying coarse sand, which sequence is correlated with the
Beuningen Gravel Bed and dated to the Upper Pleniglacial (De Gans
and Cleveringa, 1981). After the deposition of this Bed large parts
of the Aa valley system were covered by aeolian sand, amongst other
sediments. The deposition of this aeolian sand continued locally un-
til the early Holocene (Cleveringa et al., 1977). These aeolian sed-
iments are assigned to the Twente Formation. The fluvial valley sed-
iments overlying the Twente Formation are assigned to the Singraven
Formation and consist predominantly of organic material (Van der
Hammen and Wymstra, 1971; Zagwijn and Van Staalduinen, 1975; De
Gans, 1980). The Singraven Formation as found in the Aa valley sys-
tem will be discussed in this paper.

THE SINGRAVEN FORMATION

The Singraven Formation was first described by Van der Hammen and
Wymstra (1971) in the Dinkel area where it is composed of sand,
sandy clay, clay and peat. Here, the thickness of the Formation
does not exceed a few metres and is on palynological arguments dat-
ed as Holocene. Doppert et al. (1975) and Ter Wee (1979) suggest
that the basal part of the Formation may have a Late Glacial age as
well, which however in the Aa valley is questionable as the Forma-

y] tion overlies Younger coversand deposits of the Twente Formation
) '3
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(De Gans, 1980). Van Staalduinen and Van Veen (1975) discriminate
a clastic part of the Formation, which is composed of fine sand,
clay and loam, and an organic part which is composed of peat,
gyttja and dy. The Singraven Formation peat is mainly composed of
eutrophic and raesotrophic peat. The discrimination between this
peat and the peat being part of the Westland Formation as found in
the downstream part of the valley is arbitrarily (De Gans, 1980;
Van Staalduinen and Van Veen, 1975). This also holds for the dis-
crimination between peat of the Singraven and Griendtsveen Forma-
tions in the upstream part of the valley system, as the latter,
which is mainly composed of oligotrophic peat, may contain some
mesotrophic or eutrophic peat in its basal part (Ter Wee, 1979).

THE CROSS SECTIONS

To facilitate the study of the lithology and extension of the Sin-
graven Formation in the Aa and Andersche Diep valleys, six cross
sections were constructed with data obtained by means of hand dril-
ling equipment and accurate levelling. The location of the sections
is indicated in figure 52.

Cross section 13 - Papenvoort IV

This section (fig. 53) is located near the southern water divide
of the Andersche Diep valley. In this section the Aa deposits are
completely covered by aeolian sand and slope deposits which con-
ceal the former Pleniglacial relief of the valley. In the western
part of the section the aeolian sand created a shallow depression
which is filled with a thin layer of earthed peat. This peat may
by definition be assigned to the Griendtsveen Formation as well as
to the Singraven Formation. The depression can be traced following
the former valley as far as section 14.

Cross section 14 - Papenvoort III

This cross section (fig. 54) is located 2 kilometres north of sec-
tion 13 and has been described previously as section 5 (fig. 11)
and section 7 (fig. 23). In this section, the top of the Aa depos-
its is marked by a pebble band which is correlated with the upper
part of the Beuningen Gravel Bed (De Gans and Cleveringa, 1981).
This desert pavement is overlain by aeolian sand, intercalated by
a humic loam layer from which a pollen diagram type LT5 has been
derived. Consequently, the top of this layer has been dated to the
Aller^d Interstadial (De Gans and Cleveringa, 1981). The peat lay-
er which overlies the aeolian sand has a maximum thickness of 1
metre and contains wood fragments and other macro remains. This
peat is assigned to the Singraven Formation. The interface between
this peat layer and the underlying loam layer contains some gravel
and is probably erosional.

Cross section 15 - Anderen

The Singraven Formation as found in this section (fig. 55) is lo-
cated in an erosional valley which is cut through the aeolian sand
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of the Twente Formation into the underlying Aa deposits. The Sin-
graven Formation is composed of peaty gyttja and peat, and passes
upwards into Carex/Phragmites peat. Sand intercalations occur at
places within the Formation. The section shows that the recent An-
dersche Diep rivulet is located west of its original position be-
cause of anthropogenic interference.

Cross section 16 - Gasteren

This section (fig. 56), which is located near the village of Gas-
teren, shows the Singraven Formation in a position at the eastern
fringe of the former Pleniglacial valley. This erosional valley
cuts through the aeolian sand of the Twente Formation and the Aa
deposits into the sand of the Peelo Formation. The basal part of
the Singraven Formation is composed of peat with wood fragments
and intercalations of fine sand. The upper part of the Formation
is composed of Carex/Phragmites peat.

Cross section 17 - De Punt

Schematic section De Punt (fig. 57) shows only a part of the Sin-
graven Formation. In the Formation three lithozones are distin-
guished. The lowest lithozone is composed of stratified sand with
organic detritis and gyttja and peat intercalations at places. The
middle zone comprises detritic gyttja with clay, loam and sand in-
tercalations. Wood fragments and vivianite concretions also occur
in this bed. The upper lithozone of the Formation is composed pre-
dominantly of Carex/Phragmites peat.

Cross section 18 - Glimmen

In this Aa valley section (fig. 58) the Singraven Formation is al-
so located in an erosional valley which is cut through the aeolian
sand of the Twente Formation into the underlying Aa deposits. With-
in the Singraven Formation three lithozones are again discriminat-
ed. The lowest zone is composed of stratified sand with organic
detritis and gyttja and peat intercalations. Overlying this bed a
layer of detritic gyttja is located in an erosive position. This
layer contains wood and other plant fragments, concretions and
clastic intercalations. A thin clay layer is located on top of
this detritic gyttja bed. It has a marine facies and is assigned
to the Westland Formation. The upper lithozone of the Singraven
Formation is predominantly composed of Carex/Phragmites peat again,
and overlies the clay layer and detritic gyttja bed.

POLLEN ANALYSES

Method

To establish the chronostratigraphic position of the Singraven
Formation sediments in the Aa valley, samples were collected with
a guts type sampling auger (0 50 mm and 30 mm) for pollen analyti-
cal treatment. All pollen samples were treated with KOH and subse-
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quently subjected to bromoform separation. In general pollen slides
were prepared from each centimetre of each core, although in a few
cases the sampling interval amounted to 2 cm or 5 cm. In the pollen
diagrams the percentages are calculated on the basis of the sum of
the AP (arboreal) pollen with the exception of diagram 25. In this
diagram the sum of the AP and NAP (non arboreal pollen) has been
used. Generally the pollen sum amounted to 300. The zonation of the
Holocene in the pollen diagrams is according to Zagwijn (1975),
while the classification of the Late Glacial pollen association is
according to De Gans and Cleveringa (1981).

THE POLLEN DIAGRAMS

Pollen diagram 21

This pollen diagram (fig. 59) has been derived from a peaty gyttja
deposit in the lowest bed of the Singraven Formation in section 18
(fig. 58). Pollen zone I shows percentages of Pinus varying be-
tween 62%-85% and of Betula between 10%-32%, while Quercetum mix-
tum is absent or shows very low percentages. In pollen zone II the
Corylus percentage is slightly increasing to 5%. On the basis of
this information the lowest part of the deposit is dated as Prebo-
real, the upper part as Boreal.

Pollen diagram 22

This pollen diagram (fig. 60) is also derived from section 18 (fig.
58). It represents the transition from the stratified sand bed to
the overlying detritic gyttja bed. The diagram is subdivided into
two pollen zones. Zone II (718-835 cm) represents the lowest bed
of the Singraven Formation. In this deposit Corylus shows a slight
increase to 20%r Betula a decrease to 10% and Pinus varies in val-
ue between 52% and 81%. The percentages of Quercetum mixtum are
below 4%. This part of the diagram is thought to represent the
early Boreal. Zone III or IV (700-718 cm) represents the detritic
gyttja bed of the Singraven Formation which according to boring
H 17 is located in an erosive position upon the sandy lithozone of
this Formation. This zone shows percentages of Quercetum mixtum up
to 15%, while Pinus decreases to 15% and Alnus increases to 57%.
This zone of diagram 22 is attributed to the Atlantic or Subboreal.

Pollen diagram 23

Pollen diagram 23 (fig. 61) is derived from cross section 14 (fig.
54). The diagram represents two parts of core A 174 which are sep-
arated by a sandy deposit. The lower part of the diagram (666-674
cm) is derived from the sandy basal part of the detritic gyttja
bed of the Singraven Formation. It is characterised by percentages
of Quercetum mixtum below 8%, Corylus percentages below 10% and
varying percentages of Alnus and Betula. This part of the diagram
is thought to represent a mixture of Atlantic and Boreal pollen
associations due to reworking. The upper part of the diagram (562-
584 cm) represents also a,part of the detritic gyttja bed of
the Singraven Formation. It is characterised by percentages of
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Alnus varying between 50%-100%, low percentages of Pinus, Corylus
and Betula and higher percentages of Quercetum mixtum compared
with the lower part of the diagram, which indicates an Atlantic
age of the deposit.

Pollen diagram 24

This diagram (fig. 62) is derived from section 16 (fig. 56) and is
characterised by two main pollen zones. Zone II (335-357 cm) is
characterised by percentages of Pinus which increase from 70% to
93%, and low and decreasing percentages of Corylus (minimum 7%)
and of Betula (minimum 4%). Alnus is present with percentages be-
low 4% in the lowest part of this zone. Zone II represents the
early part of the Boreal. Zone III (305-334%) shows a drastic in-
crease of Alnus to over 50% and of Quercetum mixtum which reaches
a maximum of 26%. This indicates an Atlantic age and this part of
the diagram may be compared with diagrams 26 and 27. The sudden
increase of Alnus and Quercetum mixtum in the spectrum of 333 cm
may suggest an unconformity in the deposit, but this was not dis-
cernable in the lithologic sequence.

Pollen diagram 25

This diagram (fig. 63) is derived from section 15 (fig. 55) and
represents the lowest part of the peat bed of the Singraven Forma-
tion. If the diagram is considered as a whole, the increasing per-
centage of Pinus is the dominant characteristic. Further, the ab-
sence of or the low percentages of the elements of Quercetum mix-
tum and Alnus, together with the decreasing percentages of Corylus,
indicate that this deposit can be dated as Boreal. The oscillation
of Pinus, Salix and Cyperaceae percentages between 435-445 cm, is
tentatively explained as a local phenomena.

Pollen diagram 26

Core XXV, from which this diagram (fig. 64) is derived, is located
in cross section 14 (fig. 54). The diagram has been subdivided into
two zones. Zone LT 5 + III (63-74.5 cm) is characterised by per-
centages of Corylus varying between 4% and 11%, two Betula maxima
between 60% and 70%, a maximum percentage of Alnus of 42% and a
Pinus maximum of 32%. This zone is interpreted as representing a
mixture of Atlantic (zone III) and Late Glacial pollen associations
(type LT 5) resulting from infiltration. Zone III (50.5-68 cm)
shows increasing percentages of Quercetum mixtum up to 12%, rela-
tively low percentages of Pinus, Betula and Corylus but high per-
centages of Alnus up to 72%. Consequently this deposit is dated as
Atlantic.

Pollen diagram 27

This last diagram (fig. 65) is derived from boring C120 in cross
section 13 (fig. 53). In this diagram two zones are distinguished
which coincide with a difference in lithology. Zone III (40.5-61
cm) has high percentages of Alnus (up to 75%), Quercetum mixtum
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Fig. 62 Pollen diagram 24



109

NI Hld3a « J • ï r, R R r s ? Ï ¥ ; ; ï s ; ; ? s i ui s J

3NOZ N311Od

i i i Ü ? is i i m i n i m

CM

-o

fH
i-l
O

ro

N N N N i B « IIÜHU



110

O
<N

D
•H
-O

c

ö
•rH
Ü4

• n
'WO N I HJ.d30

U I U I U ) U I U I U I I O U > l l T l O U I l O l f l U ) U I V ) U ) U I U ) U I U I U I U I U I U |
9 - n n t i < i s i i g B - i i i i t i i i i M i i 9 - t i n t
u i i o u i i o i o u i i o u i u i u > « i o < D ( D O O ( D « > a ) B r s i s r s r s i s

3NOZ NSTIOd

AOOIOHIZ I

MneN3"|-|0d g ssn
S S N S - S I S S I S S S S
S S S S I S S S O S S S S
f l W f l W W W W W W I O W W

2

3 P
E

A
T

• • « N • a v i - o o e
« B IN h-

• ui f m IM - e> E E £



111

1ISd 13310N0H
MnNSVHdS

3V33ViaOdON3H3

Ü

= W3 NI Hid30
ifiuiiouiif luiioioiouiiftuiuiviuiuiinuiuiuiui

S ' i n i t u i M i g t i ' N f i r a i i M i i ' N f i T
t t T T t t t T t T U I I t l l l l l l l l l l l g X I I I I I I I

3NOZ N3TIOd u u

n n n n n n n n n N
5
8!

(V n N - s a c h c i D t
N N N N N N N N N N

D

c
0

tn
•H



112

reaches 15% and Pinus, Corylus and Betula have low values. This
zone is dated as Atlantic. Zone LT + III (61-64.5 cm) is derived
from the upper part of the coversand and has a pollen association
which indicates again infiltration of Atlantic pollen into a Late
Glacial pollen association.

DISCUSSION

The deposits which make up the Singraven Formation in the Drentsche
Aa valley system are subdivided into three lithozones: a sand bed,
a detritic gyttja bed and a peat bed. A lengthwise section of
these beds in the Aa valley and Andersche Diep valley is presented
in figure 66. The sand bed is the lowest lithozone of the Singra-
ven Formation in the Aa valley. It comprises stratified sand with
organic detritis, thin layers of fine gravel in its basal part and
intercalations of peat, peaty gyttja or gyttja in places. The
thickness of the bed is estimated to be over 7 metres in the down-
stream part of the Aa valley (figs. 58 and 66). The palynological
data from this bed (diagrams 21, 22 and 23) indicate a Preboreal
and Boreal age. Consequently the incision of the valley, which
preceded the deposition of this bed, is dated to the Late Dryas
Stadial (table V). This valley incision may have been caused by a
climatic and vegetational change during this period as described
by Zagwijn and Van Staalduinen (1975), Van der Hammen (1951), Gray
and Lowe (1977) and Coope (1977), amongst others. Tbxs climatic
change possibly caused a local return of permafrost conditions, as
may be deduced from data of Pissart and Juvigne (1980) for the
Hautes Fagnes area in Belgium. For the Netherlands, however, this
is still questionable (Maarleveld, 1976). Late Glacial cr early
Holocene fluvial erosion is also described in the Helvoirt valley
(Buurman, 1970) and in other valleys in Brabant iBisschops, 1973);
in the Dinkel valley (Van der Hammen and Wymstra, 1971); the Gip-
ping valley in England (Rose et al., 1980); and in ccnie Belgian
valleys (Vandenberghe and De Smedt, 1979).

The detritic gyttja bed of the Singraven Formation is located in
the downstream part of the Aa valley (fig. 66) and reaches a maxi-
mum thickness of 5 metres. This bed is composed of unconsolidated
organic detritis with fragments of Alnus and Betula wood. Lamina-
tions and intercalations of clay, loam and sand occur in places.
In the basal part of this bed some coarse sand or fine gravel may
occur. The detritic gyttja bed is palynologically dated to the At-
lantic and Subboreal. On the basis of the abrupt lithologic change
which occurs in places (fig. 58) and a hiatus in the pollen record
(diagram 22), it is deduced that fluvial erosion occurred at the
transition from the Boreal to the Atlantic. This erosion phase may
have been caused by another climatic change, resulting in an in-
creasing precipitation and vegetation cover.

In the extreme north of the valley the detritic gyttja bed is over-
al' lain by a peaty clay which passes northward into a gray/blue clay
7 containing Cardium edule fragments (Elink Schuurman et al., in
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prep.). This clay is assigned to the Westland Formation and, because
of its stratigraphic position, is dated to the Subboreal and Sub-
atlantic period. The extreme offshoot of this clay in the Aa valley
(fig. 58) is correlated with the Dunkerque I and II deposits
(Roeleveld, 1974; pers. comm.). Although the offshoot of this clay
has a marine facies, the palynological data of the over- and under-
lying organic deposits indicate a deposition in a fresh water envi-
ronment (Elink Schuurman et al., in prep.). It is suggested that the
marine transgressions which caused the deposition of this clay,
frustrated the discharge in the Aa river and gave rise to the depo-
sition of the detritic gyttja bed in the downstream part of the Aa
valley. Consequently the detritic gyttja bed of the Singravea Forma-
tion may also be assigned to the perimarine deposits of the Westland
Formation as described by Zagwijn and Van Staalduinen (1975).
De Gans (1980) suggests that during deposition of the clay some ero-
sion may have taken place in the river channel.

The peat bed of the Singraven Formation varies in thickness from 0,5
metres in the upstream part of the valley, to over 6 metres in the
central part (fig. 66). In the north of the Aa valley the peat bed
overlies the detritic gyttja bed. The peat bed is composed of peat
or peaty gyttja and in its basal part may contain fragments of Alnus
and Betula wood amongst other taxa. Vertically the peat bed changes
into a Carex/Phragmites peat. This peat is also located outside the
Late Dryas erosion valley, on top of the aeolian deposits which cov-
er the former Pleniglacial floodplain. This lateral expansion of the
peat in valleys on the plateau is dated by Ter Wee (1966) in the At-
lantic, but in the Aa valley this probably occurred later. In the
central part of the valley system the accumulation of the basal part;
of the peat bed started in the Boreal while it did not commence un-
til the Atlantic in the upstream part of the valley.

If these datings are compared with the Preboreal dating of the sand
bed in the downstream part of the valley system, it is evident that
the initial sedimentation of the Singraven Formation is not isochro-
nous, but is increasingly younger in an upstream direction. This is
explained as being the result of headward erosion, which confirms
the ideas of De Vries (1974, 1976).

The Late Dryas and Atlantic fluvial erosion phases are explained as
the result of climatic change, which caused an adjustment of the
river channel to the altered hydrological and vegetational circum-
stances. These so called biogeomorphic adjustments of river channels
due to climatic change, are discussed by Knox (1975).

It is generally accepted that at the transition from the Weichselian
to the Holocene the river patterns were changed from braided into
meandering ones (Rose et al., 1980; Zonneveld, 1971; De Jong, 1967).
At this transition the Aa river cut a narrow Holocene valley into
the former wide Pleniglacial valley floor. At present the Aa river,
which meanders have been described by Kuenen (1944), is located upon
the peat bed of the Singraven Formation. If this correlation between
peat growth and meandering holds true, the meandering of the Aa riv-
er started in the Boreal. However, the Aa valley data do not as yet
permit a firm conclusion on this subject.
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CONCLUSIONS

The Singraven Formation as found in the Aa valley system is con-
fined to the Holocene. The Formation is subdivided into three litho-
zones: a sand bed, a detritic gyttja bed and a peat bed. The sand
bed comprises the oldest fluvial sediments of the Singraven Forma-
tion and was deposited in the Preboreal and Boreal in the downstream,
part of the valley system. From the Atlantic the fluvial sedimenta-
tion was controlled by the Holocene sea level rise which created an
impedance to the Aa river discharge. This resulted in the deposition
of the detritic gyttja bed which is located also in the downstream
part of the valley. In the Subboreal and Subatlantic the detritic
gyttja bed was covered by a clay with a marine facies, which possi-
bly however was deposited in a fresh water environment. In the mid-
dle and upstream part of the valley the peat bed developed from the
Boreal on. It is thought that only during the Subatlantic the peat
of the Singraven Formation covered all the older deposits on the
former Pleniglacial floor of the Aa valley system. The fluvial inci-
sion of the valley which preceded the deposition of the Singraven
Formation, is dated in the Late Dryas Stadial and caused a headward
erosion. A second erosion phase occurred at the transition from Bo-
real to the Atlantic. Both erosion phases were probably the result
of an adjustment of the Aa river channel to a change in the climate.



SUMMARY

This thesis is composed of five papers (chapters 2-6) concerned with
Late Quaternary geology and geomorphology of the Aa valley system.

In chapter 2 an outline is given of the Aa valley sediments and the
geomorphology of the Aa drainage basin. Arguments are put forward to
discriminate the valley sediments into fluvial, aeolian and slope
deposits. An account is presented of the gravel and heavy mineral
analyses which were used in an attempt to distinguish between the
valley and subsoil sediments. However, these particular methods
proved to be of little value in mutually discriminating between the
individual valley sediments. Grain size analyses are given which re-
late to the aeolian origin of loamy deposits in the valley system.
Some information on the asymmetry of the Aa valley slopes is also
discussed. The Aa valley drainage pattern is tentatively explained
as being one which is adjusted to a faultline pattern.

In chapter 3 the basal part of the fluvial deposits in the valley
system is discussed. These deposits, which are composed of sorted
sand and fine gravel, are characterised by intercalations of organic
layers with a mor-like appearance. These layers are correlated with
former floodplain levels and palynologically dated to the Eemian In-
terglacial and the Br^rup and Odderade Interstadials of the Early
Glacial. The pollen diagram which is derived from the fourth and
topmost mor-like level is tentatively designated the Papenvoort pol-
len zone. Surprisingly no pollen diagrams were found which might be
compared with those of the Amersfoort Interstadial.

On the evidence of the palynological data and certain cross sections
two phases of fluvial erosion have been established. The initial in-
cision of the valley system is dated to the transition of the Saal-
ian into the Eemian, and is attributed to the then low local base
level of erosion. A second and probably more intensive erosional
phase occurred in the beginning of the Pleniglacial after the Papen-
voort pollen zone due to the then low sea level.

By definition the fluvial sediments in the Aa valley comprise both
the Asten and Twente Formations; however, these cannot be mutually
discriminated on lithologic criteria. For this reason a lithozone
designated Aa deposits is introduced to comprise all Weichselian and
older fluvial deposits in the Aa valley system. The fluvial deposits
which are intercalated with mor-like levels are referred to as the
lower Aa deposits.

In chapter 4 the sedimentary environment and stratigraphic position
of the middle and upper Aa deposits is discussed. The top level of
the middle Aa deposits is characterised by intercalations of humic
loam layers which are interpreted as thaw-lake deposits. These humic
loam layers may be traced laterally as far as the slopes of the val-
ley system where they pass into loamy peat layers which are inter-
preted as the Al horizons of former organic cryosols. The pollen di-
agrams which are derived from these organic levels have a Middle
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Pleniglacial pollen association. However, these pollen diagrams can-
not be correlated satisfactorily with the standard Pleniglacial bio-
zonation due to the fact that they are quite identical and because
the radiocarbon data from these thaw-lake deposits are thought to be
too old. Consequently the pollen diagrams derived from the Middle
Pleniglacial organic levels are tentatively classified as pollen di-
agram types LTl - LT4. A pollen diagram type is both by its strati-
graphic position (due to superposition) as well as by its paleoenvi-
ronment characterised.

The upper Aa deposits are composed of coarse sand which overlie the
middle Aa deposits in an erosive position. The upper Aa deposits are
generally overlain by a pebble band. This sequence of coarse sand
succeeded by a pebble band is correlated with the Beuningen Gravel
Bed and is consequently dated to the Upper Pleniglacial. Two more
pebble bands or desert pavements are also found in the Aa valley.
The oldest is tentatively dated as Lower Pleniglacial, while the
youngest is dated as Late Glacial. Slope processes acting under peri-
glacial conditions probably preceded the formation of desert pave-
ments and are thought to be responsible for the asymmetry of the Aa
valley slopes, and planation of the relief.

The pingo remnants investigated in the Aa area are described in
chapter 5. As these remnants are all located in former valleys, the
distribution of depressions which are thought to be pingo remnants
suggests that the Pleniglacial drainage pattern was far more dense
than the present one.

The ramparts of the pingo remnants are located locally upon the hu-
mic loam layers or thaw-lake deposits of the middle Aa deposits.
From these deposits a LTl or LT2 pollen diagram type was derived and
the radiocarbon data of these levels show a substantial difference
between the insoluble fraction and extract data. The extract data
are tentatively chosen as being the more reliable. The melting of
the pingos is assumed to be synchronous with the deposition of the
Beuningen Gravel Bed and is dated between 19,000 and 14,000 BP. The
growth of the pingos is tentatively dated between 25,000 and 19,000
BP. Arguments are presented for an interpretation of the Aa valley
pingos as hydrostatic or closed-system types.

The initial organic infilling of pingo remnants investigated so far
occurred between the Upper Pleniglacial and the Aller^d. This means
that the earliest infillings are not synchronous but may have been
retarded until the middle of the Late Glacial, depending the thick-
ness of the ice-core and the overburden.

The youngest fluvial deposits in the Aa valley are described in
chapter 6. These deposits are assigned to the Singraven Formation
and are dated palynologically as Holocene. The Singraven Formation
is divided into three lithozones. A basal sand bed is located in the
downstream part of the valley and dated as Preboreal and Boreal. The
overlying detritic gyttja bed was formed in the Atlantic and Subbo-
real under the influence of the Holocene sea level rise. In the up-
stream part of the valley system a peat bed was formed commencing in
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the Boreal. It extended after th» Atlantic and eventually covered
all the lower areas of the \.uer valley system.

Two erosion phases are tentatively related to the Singraven Forma-
tion. One phase of fluvial erosion occurred in the Late Dryas sta-
dial and another at the transition from the Boreal to the Atlantic.
Both phases are explained as a biogeomorphic adjustment of the riv-
er channel to climatic and hydrologie changes.



SAMENVATTING

Dit proefschrift omvat een vijftal artikelen (hoofdstukken 2 tot 6)
betreffende de geologie en de geomorfologie van het Laat-Kwartair in
het dal van de Drentsche Aa.

In hoofdstuk 2 wordt een overzicht gegeven van de verschillende se-
dimenten in het onderzoeksgebied en van de geomorfologie van het
stroomgebied van de Aa. De onderverdeling van de dalsedimenten in
fluviatiele en eolische sedimenten, alsmede hellingafzettingen,
wordt beargumenteerd. Enkele grindanalyses en zware-mineralen-bepa-
lingen worden besproken, welke zijn gebruikt om de dalsedimenten te
onderscheiden van het substraat dat bestaat uit afzettingen behoren-
de tot de Formaties van Drente en Peelo. Beide methoden bleken van
weinig nut te zijn bij het onderscheid van de dalsedimenten onder-
ling. Enkele korrelgrootte-analyses worden besproken welke gebruikt
zijn om een gedeeltelijk eolische ontstaanswijze van lemige afzet-
tingen in het dal van de Aa aannemelijk te maken. Wat betreft de
geomorfologie van hef dalsysteem worden enkele gegevens over de a-
symmetrie van de daiheHingen verstrekt. Ten slotte wordt het drai-
nagepatroon van het dal van de Aa verklaard door aanpassing aan een
breukenpatroon.

In hoofdstuk 3 wordt het oudste deel van de fluviatiele afzettingen
in het dal besproken. Deze afzettingen bestaan uit gesorteerd zand
en fijn grind en worden gekarakteriseerd door de aanwezigheid van
tussenliggende lagen opgebouwd uit organisch materiaal met een mor-
achtig uiterlijk. Deze lagen worden in verband gebracht met de lig-
ging van voormalige dalvlakten. Palynologisch worden deze lagen in
het Eemien en de Brĵ rup en Odderade Interstadialen van het Vroeg
Wcichselien geplaatst. Uit de bovenste mor-achtige laag is een pol-
lendiagram afkomstig dat voorlopig als Papenvoort pollenzone wordt
geduid. Het is opmerkelijk dat geen lagen zijn gevonden welke pol-
lendiagrammen opleveren die gecorreleerd kunnen worden met het A-
mersfoort Interstadiaal.

Op grond van de pollenanalytische gegevens en enkele profielen wer-
den twee fluviatiele erosiefasen vastgesteld. De eerste insnijding
van het dalsysteem is gedateerd op de overgang van het Saalien naar
het Eemien en vond vermoedelijk plaats als gevolg van de lage lokale
erosiebasis. Een tweede en mogelijk meer intensieve insnijding vond
plaats aan het begin van het Pleniglaciaal, na de Papenvoort pollen-
zone, als gevolg van de toenmalige lage zeespiegelstand.

De in dit hoofdstuk besproken fluviatiele afzettingen in het dal van
de Aa behoren per definitie tot de Formaties van Asten en Twente. Op
grond van lithologische kenmerken kunnen ze echter niet van elkaar
worden onderscheiden. Daarom is een lithozone, de Aa Afzettingen,
geïntroduceerd welke de fluviatiele afzettingen in het dal van de Aa
uit het Weichselien en daarvoor omvat. De fluviatiele afzettingen
waartussen zich de mor-achtige lagen bevinden worden Onderste Aa Af-
zettingen genoemd.

In hoofdstuk 4 worden het sedimentaire milieu en de stratigrafische
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positie van de Middelste en Bovenste Aa afzettingen besproken. De
Middelste Aa Afzettingen worden gekenmerkt door inschakelingen van
humeuze leemlagen bovenin de sequentie. Deze humeuze lemen zijn ge-
interpreteerd als thermokarstmeer-afzettingen. Ze kunnen lateraal
worden vervolgd tot aan de dalhellingen waar ze overgaan in leemhou-
dende veenlagen die als Al-horizonten van voormalige organic cryo-
sols (venige toen drabodems) zijn geïnterpreteerd. De pollendj.agram-
men die afkomstig zijn uit deze lagen hebben een Midden-Pleniglaci-
ale pollen-associatie. Omdat ze qua polleninhoud uniform zijn en de
C-14 dateringen van thermokarstmeer-afzettingen waarschijnlijk een
te oude uitkomst geven, kunnen ze niet goed worden ingepast in de
standaard Pleniglaciale biozonering. Als gevolg hiervan zijn de pol-
lendiagrammen afkomstig van deze organische lagen voorlopig geclas-
sificeerd als pollendiagram typen LTl - LT4. Een pollendiagram type
wordt zowel op grond van de stratigrafische positie, namelijk super-
positie, als de palaeomilieu-kenmerken onderscheiden.

De Bovenste Aa Afzettingen bestaan uit grof zand dat erosief op de
Middelste Aa Afzettingen l igt . Doorgaans is een grindniveau aanwezig
op het zand van de Bovenste Aa Afzettingen. Deze sequentie van grof
zand met een grindniveau wordt gecorreleerd met het Beuningen Gravel
Bed en gedateerd in het Boven Pleniglaciaal. In het dal van de Aa
komen nog twee andere grindniveaus of desert pavements voor. Het on-
derste is voorlopig gedateerd in het Onder Pleniglaciaal, het boven-
ste in het Laat Glaciaal. Voorafgaand aan de vorming van deze desert
pavements vonden waarschijnlijk hellingprocessen plaats onder peri-
glaciale condities, die verantwoordelijk zijn voor de asymmetrie van
de dalheHingen en de afvlakking van het reliëf.

De pingoruïnes, die werden onderzocht in het gebied van de Drentsche
Aa, worden besproken in hoofdstuk 5. Alle onderzochte pingoruïnes
blijken te zijn gelegen in voormalige dalen welke thans grotendeels
aan het oog zijn onttrokken doordat ze overdekt zijn met dekzand.
Uit de distributie van de als pingoruïnes geïnterpreteerde depres-
sies in het gebied van de Drentsche Aa wordt geconcludeerd dat het
drainage-patroon in het Pleniglaciaal veel dichter was dan het hui-
dige.

De wallen van pingoruïnes onderscheiden zich door hun korrelgrootte-
samenstelling van de boven- en onderliggende sedimenten. Plaatselijk
liggen de wallen op humeuze lemen of thermokarstmeer-afzettingen be-
horende tot de Middelste Aa Afzettingen. Van deze afzettingen zijn
pollendiagrammen afkomstig van het LTl en LT2 type. De C-14 daterin-
gen van deze lagen vertonen een groot verschil tussen de uitkomsten
van het residu en het extract. Voorlopig is aangenomen dat de
extract-dateringen het meest betrouwbaar zijn.

Op grond van lithostratigrafische gegevens is verondersteld dat de
omvorming van pingo's in pingoruïnes in dezelfde periode plaatsvond
als de vorming van het Beuningen Gravel Bed. Uitgedrukt in C-14 ja-
ren betekent dit tussen 19.000 en 14.000 BP. Het ontstaan van de
pingo's vond waarschijnlijk plaats na afzetting van de oudste ther-
mokarstmeer-afzettingen en voor afzetting van het Beuningen Gravel
Bed. In C-14 jaren is dit tussen 25.000 en 19.000 BP. Argumenten
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worden gegeven op grond waarvan de pingo's in het gebied van de
Drentsche Aa als pingo's var het hydrostatische of gesloten type
geïnterpreteerd worden.

De eerste opvulling met organisch materiaal van de tot nu toe pol-
lenanalytisch onderzochte pingoruxnes is niet synchroon, maar vond
plaats tussen het Boven Pleniglaciaal en het Aller^d Interstadiaal.
Verondersteld wordt dat het afsmelten van sommige pingo's is ver-
traagd door de grotere dikte van de ijskern en/of van de bedekkende
aardlaag.

De jongste fluviatiele afzettingen in het dal van de Aa worden be-
schreven in hoofdstuk 6. Deze afzettingen behoren tot de Formatie
van Singraven en zijn op palynologische gronden gedateerd in het
Holoceen. De Formatie is onderverdeeld in drie lithozones. De on-
derste lithozone, het zandbed, wordt geplaatst in het Preboreaal en
het Boreaal. De in het uiterste noorden van het gebied daarop l ig-
gende detritische gyttja is gevormd in het Atlanticum en Subboreaal
onder invloed van de stijgende zeespiegel. In het bovenstroomse ge-
deelte van het dal is vanaf het Boreaal het zogenaamde veenbed ge-
vormd. Dit breidde zich vooral na het Atlanticum sterk uit en be-
dekte uiteindelijk alle lage gedeelten van het voormalige dalsys-
teem.

Voorlopig zijn twee fluviatiele erosiefasen in verband gebracht met
de afzetting van de Formatie van Singraven. De eerste vond plaats
in het Late Dryas Stadiaal, een volgende op de overgang van het Bo-
reaal naar het Atlanticum. Beide fasen worden geduid als een aan-
passing van de rivier aan klimatologische en hydrologische verande-
ringen.



122

REFERENCES

Averdieck, F.R., 1967. Die Vegetationsentwicklung des Eem-Inter-
glazials und der Frühwürm Interstadiale von Odderade-
Schleswig Holstein. Fundamenta, 2, p. 101-125.

Billings, W.D. and K.M. Petersen, 1980. Vegetational change and
ice-wedge polygons through the thaw-lake cycle in Arctic
Alaska. Arctic and Alpine Research, 12(4), p. 413-432.

Bisschops, J.H., 1973. Toelichting bij de geologische kaart van
Nederland 1:50.000. Blad Eindhoven Oost (51 O). Rijks Geo-
logische Dienst, Haarlem, 132 pp.

Black, R.F., 1969. Thaw depressions and thaw lakes, a review.
Biuletyn Peryglacjalny, 19, p. 131-150.

Soissevain, M., 1950. Over de preglaciale morfologie van Noord-
Nederland. Geologie en Mijnbouw, 12, p. 37-40.

Bowen, D.Q., 1978. Quaternary geology. A stratigraphic framework
for multidisciplinary work. Oxford. 221 pp.

Brouwer, M., 1948. Pollenanalytisch en geologisch onderzoek van
het Onder- en Midden-Pleistoceen van Noord-Nederland.
Thesis Leiden. «•

Brus, D., 1980. Pingoruïnes op het Drents Plateau. Report Insti-
tute of Earth Sciences, Free University, 65 pp. (unpub-
lished) .

Buitink, T., 1977. Een onderzoek naar de ouderdom, genese en mor-
fologie van de ZZO-NNW lopende ruggen in noord-oost Drente.
Report Institute of Earth Sciences, Free University, 40 pp.
(unpublished).

Buurman, p., 1970. Pollen analyses of the Helvoirt River valley.
Geologie en Mijnbouw, 49(5), p. 381-390.

Bijlsma, S., 1972. Grindanalyse, technieken en interpretatie. Re-
port Institute of Earth Sciences, Free University (unpub-
lished) .

Caspari, W.A. and W. van Zeist, 1960. A Late Glacial lake deposit
near Waskemeer (prov. of Friesland). Acta Botanica Neerlan-
dica, 9, p. 191-196.

Cleveringa, P. and W. de Gans, 1978. Stuifmeelonderzoek van enkele
dobben op het Drents plateau. Geografisch Tijdschrift,
nieuwe reeks XII-1, p. 2-10.

Cleveringa, P., W. de Gans, E. Kolstrup and F.P. Paris, 1977.
Vegetational and climatic developments during the Late Gla-
cial and the early Holocene and aeolian sedimentation as
recorded in the Uteringsveen (Drente, The Netherlands).
Geologie en Mijnbouw, 56(3), p. 234-242.

Cnossen, J. and J.G. Zandstra, 1965. De oudste Boorneloop in Fries-



123

land en veen uit de Pandorftijd nabij Heerenveen. Boor en
Spade XIV, p. 62-87.

Coope, G.R., 1977. Quaternary coleoptera as aids in the interpre-

tation of environmental history. In: Shotton, F.W. (ed.),

British quaternary studies. Oxford, p. 55-68.

De Gans, W., 1976. Dobben op het Drents Plateau. Geografisch Tijd-
schrift, nieuwe reeks X-5, p. 354-364.

De Gans, W., 1980. Outlines of the Late Quaternary history of the
Drentsche Aa valley (Drente, The Netherlands). Geologie en
Mijnbouw, 59(4), p. 353-362. (Chapter 2 - this thesis)

De Gans, W., 1981a. Stratigraphy, palynology and radiocarbon data
of Eemian and Early Weichselian fluvial deposits in the
Drentsche Aa valley system (Drente, The Netherlands). Geo-
logie en Mijnbouw, 60(2). (Chapter 3 - this thesis)

De Gans, W., 1981b. Location, age and origin of pingo remnants in
the Drentsche Aa valley area. (Chapter 5 - this thesis)

De Gans, W., 1981c. Lithology, stratigraphy and palynology of the
Holocene deposits in the Drentsche Aa valley system.
(Chapter 6 - this thesis)

De Gans, W., 1981d. Het gebied van de Drentsche Aa. Geografisch
Tijdschrift, nieuwe reeks XV-3, p. 243-252.

De Gans, W. and P. Cleveringa, 1981. Stratigraphy, palynology and
radiocarbon data of the Middle and Late Weichselian depos-
its in the Drentsche Aa valley system (Drente, The Nether-
lands) . (Chapter 4 - this thesis)

De Gans, W. and H. Sohl. Weichselian pingo remnants and permafrost
on the Drente Plateau (The Netherlands). (in press)

De Jong, J.D., 1967. The Quaternary of the Netherlands.
In: Rankema, K., The Quaternary. Vol. 2: Interscience Publ.,
477 pp.

De Vries, J.J., 1974. Groundwater flow systems and stream nets in
the Netherlands. Thesis, Amsterdam, 226 pp.

De Vries, J.J., 1976. The groundwater outcrop-erosion model, evolu-
tion of the stream network in the Netherlands. Journal of
Hydrology, 29, p. 43-50.

Dercksen, P.M. and G.J. Rhebergen, 1978. Verslag veldwerk Drente
1976. Report Institute of Earth Sciences, Free University
(unpublished), 51 pp.

Doppert, J.W.Chr., G.H.J. Ruegg, C.J. van Staalduinen,
W.H. Zagwijn and J.G. Zandstra, 1975 . Formaties van het
Kwartair en Boven-Tertiair in Nederland. In: Zagwijn, W.H.
and C.J. van Staalduinen (eds.), Toelichting bij geolo-
gische overzichtskaarten van Nederland. Rijks Geologische
Dienst, Haarlem, 134 pp.



124

Duchaufour, Ph., 1977. Pédologie. 1. Pédogenèse et classification.
Paris, 477 pp.

Elink Schuurman, A., 1979. Zware mineralen onderzoek van enkele
boringen uit Drente. Report Institute of Earth Sciences,
Free University (unpublished), 5 pp.

Elink Schuurman, A.P., P. Cleveringa and W. de Gans (in prep.).
Holocene sedimentation and peat growth in the peri marine
area of the Drentsche Aa valley (The Netherlands).

Eschweiler, J.A. and J.A. de Fretes, 1976. Verslag veldwerk
Drente. Report Institute of Earth Sciences, Free universi-
ty (unpublished), 80 pp.

French, H.M., 1976. The periglacial environment. Longman, London,
309 pp.

Generalized Soil Map 1:600.000 (1964). Atlas van Nederland (1963-
1977), Den Haag, sheet IV-12.

Geological Map 1:600.000 (1976). Atlas van Nederland (1963-1977),
Den Haag, sheet II-3.

Geomorphological Map 1:600.000 (1974). Atlas van Nederland (13-33
1977), Den Haag, sheet III-l.

Geomorphological Map of the Netherlands 1:50.000 (1978). Beilen
(17) and Roswinkel (18). Rijks Geologische Dienst en
Stichting voor Bodemkartering.

Gray, J.M. and J.J. Lowe (eds.), 1977. Studies in the Scottish
Late Glacial environment. Pergamon Press, 197 pp.

Haase, G., I. Lieberoth and R. Ruske, 1970. Sedimente und Palao-
böden im Lössgebiet. In: Richter, H. (ed.), Periglazial-
Löss-Palaolithikum im Jungpleistozan der DDR. Leipzig,
422 pp.

Heuveln, B. van, 1965. De bodem van Drente. Stiboka, Wageningen,
135 pp.

Hoekstra, F., 1980. Zware mineralen analyses van enkele boringen
in het dal van de Drentsche Aa. Report Institute of Earth
Sciences, Free University (unpublished), 13 pp.

Holmes, G.W., D.M. Hopkins and H.L. Foster, 1968. Pingos in Cen-
tral Alaska. Geol. Survey Bull., 1241-H., 40 pp.

Hulten, E., 1971. Atlas over vaxternas udbredning i Norden.
Generalstabens Litografiska anstalts förlag. Stockholm,
531 pp.

Ives, J.D. and R.G. Barry, 1974. Arctic and Alpine environments.
Methuen, 999 pp.

Jagerman, M.P., 1979. Verslag van het geologisch veldwerk in
Drente. Report Institute of Earth Sciences, Free Universi-
ty (unpublished), 108 pp.

Jelgersma, S. and J.B. Breeuwer, 1975. Toelichting bij de kaart
glaciale verschijnselen gedurende het Saalien, 1:600.000,



125

93-103. In: Zagwijn, W.H. and C.J. van Staalduinen (eds.),
Toelichting bij geologische overzichtskaarten van Neder-
land. Rijks Geologische Dienst , Haarlem, 134 pp.

Kips, Ph.A. and P.W. van Olm, 1978. De geologische en geomorfolo-
gische ontwikkeling van het dal van de Drentsche Aa tussen
Oudemolen en Groningen. Report Institute of Earth Sciences,
Free University (unpublished), 101 pp.

Knox, J.C., 1975. Concept of the graded stream. In: Theories of
landforra development. Proc. 6th Annual Geomorphology Sym-
posium, Binghamton, New York, p. 169-198.

Kolstrup, E., 19B0. Climate and stratigraphy in northwestern
Europe between 30,000 B.P. and 13,000 B.P., with special
reference to the Netherlands. Mededelingen Rijks Geolo-
gische Dienst, 32-15, p. 181-253.

Kolstrup, E. and T.A. Wymstra, 1977. A palynological investiga-
tion of the Moershoofd, Hengelo and Denekamp interstadials
in the Netherlands. Geologie en Mijnbouw, 56(2), p. 85-102.

Kuenen, Ph.H., 1944. De Drentsche riviertjes en het meanderstuk.
Verhandelingen van het Geologisch-Mijnbouwkundig Genoot-
schap voor Nederland en koloniën. Geologische serie, deel
XIV, p. 313-336.

Ligterink, M., 1954. De Hondsrug en het dal van de oer-Eems.
Tijdschr. Kon. Ned. Aardr. Genootschap, 71, p. 105-120.

Maarleveld, G.C., 1952. Over enige grindtypen van oostelijke her-
komst in Nederland. Geologie en Mijnbouw, nieuwe serie, 14,
p. 345-353.

Maarleveld, G.C., 1956. Grindhoudende midden-Pleistocene sedimen-
ten. Mededelingen Geologische Stichting, serie C-VI, 6,
105 pp.

Maarleveld, G.C., 1976. Periglacial phenomena in the Netherlands
and the mean annual temperature during the last glacial
time in the Netherlands. Biul. Peryglac, 26, p. 57-78.

Maarleveld, G.C. and J.C. van den Toorn, 1955. Pseudo-sölle in
Noord Nederland. Tijdschr. Kon. Ned. Aardr. Genootschap,
tweede reeks, deel LXXII-4, p. 344-360.

Mackay, J.R., 1962. Pingos of the Pleistocene Mackenzie delta
area, Ottawa. Geogr. Bull. 18, p. 21-63.

Mackay, J.R., 1978. Contemporary pingos: A discussion. Biuletyn
Peryglacjalny 27, p. 133-154.

Mackay, J.R., 1979. Pingos of the Tuktoyaktuk peninsula area,
Northwest territories. Geogr. Phys. Quat., XXXIII(1),
p. 3-61.

Mörner, N.A., 1974. Sea level fluctuations and climatic fluctua-
tions. Comm. Int. du C.N.R.S. no. 219. Les methodes quanti-
tatives d'étude des variations du climat au cours du
Pleistocene, p. 135-140.



126

Mulder, A.J., 1950. De zoutpijler van Schoonloo. Geologie en Mijn-
bouw, nieuwe serie, 12, p. 169-176.

Muller, F., 1959. Beobachtungen über Pingos. Reitzels, Kopenhagen,
127 pp.

Nossin, J.J., 1961. De reliefontwikkeling in zuidoostelijk Fries-
land. In: Boven Boornegebied, Waldrige 9, 178, p. 48-70.

Olsson, I.U., 1979. Radiometric dating. In: Berglund, E. (ed.),
Palaeo-hydrological changes in the temperate zone in the
last 15.000 years. Subproject B: Lake and mire environ-
ments, II. IGCP-project 158, 340 pp.

Paepe, R. and A. Pissart, 1969. Periglacial structures in the
Late Pleistocene stratigrapny of Belgium. Biul. Peryglac.
20, p. 321-336.

Paris, F.P., P. Cleveringa and W. de Gans, 1979. The Stokersdobbe:
geology and palynology of a deep pingo remnant in Fries-
land (the Netherlands). Geologie en Mijnbouw 58(1), p. 33-
38.

Paris, F.P., P. Cleveringa and W. de Gans (in prep.). Palynologi-
cal investigations of Eemian deposits in the Drentsche Aa
area.

Pissart, A. and E. Juvigne, 1980. Genese et age d'une trace de
butte periglaciaire (pingo ou palse) de la Konnerzvenn
(Hautes Fagnes, Belgique). Annales de la Société Géologique
de Belgique, T. 103, p. 73-86.

Ploeger, P.L. and W. Groenman-Van Waateringe, 1964. Late Glacial
pingo and valley development in the Boorne region near Wijn-
jeterp, province of Friesland, Netherlands. Biuletyn Pery-
glac., 13, p. 199-223.

Roeleveld, W., 1974. The Groningen coastal area. A study in holo-
cene geology and lowland physical geography. Thesis (Amster-
dam) , 252 pp.

Rose, J., C. Turner, G.R. Coope and M.D. Bryan, 1980. Channel
changes in a lowland river catchment over the last 13,000
years. In: Cullingford, R.A., D.A. Davidson and J. Lewin
(eds.), Timescales in geomorphology. Wiley and Sons, 365 pp.

Ruegg, G.M.J., 1975. Sedimentary structures and depositional envi-
ronments of Middle- and Upper-Pleistocene glacial time de-
posits from an excavation at Peelo, near Assen, the Nether-
lands. Meded. Rijks Geologische Dienst N.S. 26, p. 17-38.

Shotton, F.W., 1972. An example for hard-water error in radiocar-
bon dating of vegetable matters. Nature, 240, p. 460-461.

Soil Map of the Netherlands 1:200.000 (1960). Atlas van Nederland
(1963-1977), Den Haag, sheets IV 1-9.

Stiboka, 1977. Toelichting bij kaartblad 12 Oost Assen. Stichtinq
voor Bodemkartering, Wageningen, 169 pp.



127

Tarnocai, C , 1978. Genesis of organic soils in Manitoba and the
Northwest territories. Contr. no. SRI 601. In: W.E. Mahaney
(ed.), Quaternary soils. Geoabstr. Ltd. Univ. of East An-
glia, 508 pp.

Ter Wee, M.W., 1962. The Saalian glaciation in the Netherlands.
Meded. Geologische Stichting N.S. 15, p. 57-77.

Ter Wee, M.W., 1966. Toelichtingen bij de geologische kaart van
Nederland 1:50.000. Blad Steenwijk Oost (16 O). Geologische
Dienst, Haarlem, 106 pp.

Ter Wee, M.W., 1972. Geologische opbouw van Drenthe. Report 877.
Rijks Geologische Dienst, Haarlem, 22 pp.

Ter Wee, M.W., 1975. Enkele momentopnamen uit de geologische ge-
schiedenis van de Boorne. It Beaken 37 (4/5), p. 334-340.

Ter Wee, M.W., 1979. Toelichtingen bij de geologische kaart van
Nederland 1:50.000. Blad Emmen West & Oost (17 W & O).
Rijks Geologische Dienst, Haarlem, 218 pp.

Trask, P.D., 1932. Origin and environment of source sediments of
petroleum. Houston.

Ubels, L. and M. Verbruggen, 1979. Verslag van een Pleistoceen
veldwerk in de provincie Drenthe. Report Institute of
Earth Sciences, Free University, 70 pp. (unpublished).

Vandenberghe, J. and P. de Smedt, 1979. Palaeomorphology in the
eastern Scheldt basin (central Belgium). The Dyle-Demer-
Grote Nete confluence area. Catena, 6, p. 75-105.

Van der Hammen, T., 1951. Late-Glacial flora and periglacial phe-
nomena in the Netherlands. Leid. geol. Meded., XVII, p. 71-
183.

Van der Hammen, T. and T.A. Wymstra (eds.), 1971. The Upper Qua-
ternary of the Dinkel valley. Meded. Rijks Geologische
Dienst N.S. 22, p. 55-213.

Van der Hammen, T., G.C. Maarleveld, J.C. Vogel and W.H. Zagwijn,
1967. Stratigraphy, climatic succession and radiocarbon
dating of the last Glacial in the Netherlands. Geologie en
Mijnbouw 46(3), p. 79-95.

Van Dorsser, H.J., 1956. Het landschap van westelijk Noordbrabant.
Thesis, Utrecht, 133 pp.

Van Montfrans, H.M., 1975. Toelichting bij de ondiepe breukenkaart
met diepteligging van de Formatie van Maassluis 1:600.000.
In: Zagwijn, W.H. and C-J. van Staalduinen (eds.), 1975.

Van Staalduinen, C.J. and S.D. van Veen, 1975. Toelichting bij de
geologische overzichtskaart van Nederland 1:600.000. In:
Zagwijn, W.H. and C.J. van Staalduinen (eds.) , Toelichting
bij geologische overzichtskaarten van Nederland. Rijks Geo-
logische Dienst, Haarlem, 134 pp.



128

Visser, W.A., 1980. Geological nomenclature. Royal Geol. and Min-
ing Soc. of the Netherlands, 540 pp.

Vos, P., 1980. Veldwerkverslag over de geologische opbouw en de
genese van een aantal dobben in het stroomgebied van de
Drentse Aa. Report Institute of Earth Sciences, Free Uni-
versity, 46 pp. (unpublished).

Walter, H. and H. Straka, 1970. Arealkunde. Floristisch-histori-
sche Geobotanik. Einführung in die Phytologie III/2. Eugen
Ulmer, Stuttgart, 478 pp.

Washburn, A.L., 1979. Geocryology. A survey of periglacial pro-
cesses and environments. Edward Arnold, 406 pp.

Westerhoff, W., 1980. Geologie en stratigrafie in het dal van de
Drentsche Aa. Report Institute of Earth Sciences, Free Uni-
versity, 57 pp. (unpublished) .

Westerhoff, W., P. Cleveringa and W. de Gans (in prep.). Early
Weichselian vegetation development as recorded in the
Drentsche Aa valley.

Woldstedt, P., 1955. Norddeutschland und angrenzende Gebiete im
Eiszeitalter. Stuttgart.

Woldstedt, P. and P. Duphorn, 1974. Norddeutschland und angrenzen-
de Gebiete im Eiszeitalter. Koehler, Stuttgart, 500 pp.

Zagwijn, W.H., 1961. Vegetation, climate and radiocarbon datings
in the Late Pleistocene of the Netherlands. Part 1: Eemian
and Early Weichselian. Meded. Geologische Stichting 14,
p. 15-45.

Zagwijn, W.H. , 1975. Indeling van het Kwartair op grond van ver-
anderingen in vegetatie en klimaat. In: Zagwijn, W.H. and
C.J. van Staalduinen (eds.), Toelichting bij geologische
overzichtskaarten van Nederland. Rijks Geologische Dienst,
Haarlem, p. 109-114.

Zagwijn, W.H., 1977. Sea level changes during the Eemian in the
Netherlands. Abstracts of the X Inqua Congress, Birmingham,
p. 509.

Zagwijn, W.H. and C.J. van Staalduinen (eds.), 1975. Toelichting
bij de geologische overzichtskaarten van Nederland. Rijks
Geologische Dienst, Haarlem, 134 pp.

Zandstra, J.G., 1952. Grindassociaties in het Pleistoceen van
Noord-Nederland. Geologie en Mijnbouw N.S. 21, p. 254-272.

Zandstra, J.G., 1975. Sediment petrological investigations of a
boring and an excavation at Peelo (Northern Netherlands).
Meded. Rijks Geologische Dienst N.S., 26, p. 1-15.

Zonneveld, J.I.S., 1971. Tussen de bergen en de zee. Utrecht, 314
pp.



APPENDIX

Annotated l i s t of radiocarbon data in the Drentsche Aa area

insoluble matter

no. GrN no.

1

2

3

4

5

6

7

g*

10

11*

12*

13

8384

8385

8386

8387

8388

8389

8390

8* 8391

8902

8918

8919

8920

8942

datum

> 41,300

> 42,000

.. ,nn+4600
41'100-2900

> 40,700

> 44,700

> 37,500

> 41,200

8,845+45

> 49,000

27,350+250

+ 1 5 0°44
44,
37,250+750

extract

GiN no. datum BP

10185

10330

10328

27,340+210

material

mor/peat

loamy peat

mor/peat

mor/peat

mor/peat

mor/peat

mor/peat

peaty gyttja

wood

mor/peat

peat

location

Oudemolen

Oudemolen

Papenvoort

Papenvoort

Grollo

Grollo

Grollo

Noordlaren

An loo

Eelderwolde

Zeegse

Oudemolen43,400_1200 mor/peat

29,140+250 loamy peat Papenvoort

boring

no.

A 114

A 119

C 98

C 98

C 134

C 152

C 152

M 64

p r n ~ . CD U
cross ^| fj,

4

4

exp. Iegelpoel

M 2 6

A 185

A 114

JO 57

1

11

section

1 -

1 -

7 7

7 7

3

3

19

dl ft

c >.
O 4J
N
C <8
0) M

g
ET3

ET3?

ET3

ET3

EM

ET1

ET1

LT4/
LT5

EM

ETl

LT4?

ET3

LT1

to



14

15

16

17

18

insoluble matter

no. GrN no.

8947

8948

8949

8950

8951

datum

15,520+80

37,950+650

42,250+800

34,640+460

19

20

21*

8952

8953

9528

38,750+750

42,450+900

47,200+1100

extract

GrN no. datum BP

10180

10181

34,480+440

25,710+170

10182 31,610+330

10183 35,130+490

material

peat

sandy peat

loamy peat

loamy peat

loamy peat

loamy peat

loamy peat

acorns

location

Sterrewacht

Sterrewacht

Ekehaar

Ekehaar

Donderen

Papenvoort

Papenvoort

Anloo

boring

no.

W 290

W 284

BP 47

BP 47

BP 94

cross

O 4J
N

( D M 0) V)
r-t t n <-< tJ>
ri m H m

j_ . O •«-! O *H

sec t ion cuTi DJ'O

8

8

12

12

10

II 7

II 7

exp. legelpoel

15 LT4

11 LT2

18 LT1

18 LT1

20 LT1

8 LT1

9 LT2

- EM

O

Numbers marked with * are not published in the papers



VERANTWOORDING

Alhoewel er op het omslag van dit proefschrift slechts één naam
staat, is het tot stand gekomen dank zij de medewerking van velen.

In de eerste plaats wil ik de studenten noemen die het zwaarste
deel van het onderzoek, het boren, hebben gedaan: P.M. Dercksen,
J.A. Eschweiler, J.A. de Fretes, Ph.A. Kips, P.W. van Olm,
G.J. Rhebergen, mevrouw J.A.M, van den Ancker (1976), T. Buitink,
R. Hillen, F. Hoekstra, L. Ubels, M. Verbruggen (1977),
W.E. Westerhoff (1978), D.J. Brus, M.P. Jagerman, R. Pinkster,
P.C. Vos en W.E. Westerhoff (1979).

Dat het boren doorgaans succesvol was, is mede te danken aan:
Th.A. Hamer, J. Vink, P. Ploeger, J. Schiele en D.M. van Harlingen,
die er voor hebben gezorgd dat het belangrijkste deel van het boor-
materiaal, de zogenaamde zuigbuis, steeds beter ging functioneren.

Wat betreft de verschillende analyse-technieken die zijn toegepast,
hebben P.M. Dercksen, J.A. Eschweiler, J.A. de Fretes, Ph.A. Kips,
P.W. van Olm en G.J. Rhebergen de meeste grindmonsters geteld, daar-
bij geadviseerd door drs. S. Bijlsma.

De monsters voor pollenanalyse, zware-mineralen-analyse en korrel-
grootte-analyse zijn bereid door M. Konert en mevrouw A. Meyer. De
pollenpreparaten zijn geteld door M. Konert, F.P. Paris en
M.P. Jagerman; de zware-mineralen-preparaten door F. Hoekstra en
A. Elink Schuurman. Het computerprogramma voor het tekenen van de
pollen- en zware-mineralen-diagrammen is geschreven door M. Konert,
zonder wiens inspanning dit proefschrift niet op tijd zou zijn afge-
rond. C. Verstand, M.P. Jagerman en L. van der Valk hebben de pol-
lenanalytische gegevens ingetypt in de computer.

Het tekenwerk voor dit proefschrift is verricht door A. Heine en
H.A. Sion, terwijl C. van der Bliek het fotowerk heeft verzorgd.
Mevrouw G.B. Snijder was zo vriendelijk het manuscript te typen.

Boorgegevens zijn verkregen van de Rijks Geologische Dienst (Haar-
lem) , het Rijkswegen Laboratorium (Delft), de Provinciale Water-
staat (Assen), de Rijkswaterstaat (Assen), de Provinciale Water-
staat (Groningen), de Dienst Openbare Werken (Groningen), de Neder-
landse Spoorwegen N.V. (Utrecht), de Universiteit van Groningen en
de leraren-opleiding Ubbo Emmius (Groningen).

De Consulent Natuurbehoud en de Houtvester bij Staatsbosbeheer (As-
sen) , de Stichting "het drentse landschap" (Assen) en de Regionaal
Militair Commandant Noord (Assen) verleenden toestemming om onder-
zoek te verrichten op door hen in beheer zijnde terreinen.

Drs. M.W. ter Wee (Rijks Geologische Dienst, Oosterwolde),
J. de Jong (Rijks Geologische Dienst, Haarlem), Ir. B. van Heuveln
(Universiteit van Groningen) en Prof. dr. H.M. French (Department
of Geography, University of Ottawa) dank ik voor de stimulerende
gesprekken die ze met me gevoerd hebben. Dr. R.H. Bryant (Depart-
ment of Geography, Polytechnic of North London) was zo vriendelijk
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van vrijwel alle teksten het Engels te verbeteren.

Prof. Dr. A.J. Wiggers wil ik bedanken voor het feit dat hij als
mijn promotor wil optreden. Dit geldt ook voor Prof. Dr. T. van der
Hammen als coreferent.

Dr. R.H. van den Hoofdakker gaf toestemming zijn gedicht "Gezicht
op de Drentse A" op te nemen. Dirk Ooyevaar heeft de blokdiagrammen
getekend waarop de ontwikkeling van de pingo's in het gebied van de
Aa is afgebeeld.

Wim de Bekker, Piet Boender, Pim de Feyter, Henk de Gans en Leen
Krook gaven suggesties voor stellingen. Piet Cleveringa wil ik in
het bijzonder bedanken voor het vele werk dat hij heeft verricht in
verband met de interpretatie van de pollendiagrammen, maar vooral
ook voor de vele discussies die ik met hem over de Aa en andere on-
derwerpen heb gevoerd. Orson van de Plassche, bedankt voor je hulp
gedurende de laatste dagen van voorbereiding aan dit proefschrift.

Verder wil ik een aantal musici vermelden, die me met hun muziek
l hebben begeleid bij het schrijven van dit boek: Art Blakey, Clifton
(j Chenier, the Cure, Miles Davis, Joy Division, Pavlov's Dog,
j Champion Jack Dupree, Bill Evans, Stan Getz, Young Marble Giants,
| Dizzie Gillespie, Keith Jarrett, Grace Jones, Van Morrison, Charlie
.' Musselwhite, David Schnitter, Dire Straits en T-bone Walker.

i

< Ten slotte wil ik mijn vrienden bedanken voor hun steun en relative-
':' rende opmerkingen met betrekking tot dit proefschrift; vooral
: Sophie, zonder wie ik nog steeds zou denken dat werken aan een

proefschrift hetzelfde is als leven.
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STELLINGEN

1. De pingo's, die in het Midden Weichselien in het stroomgebied van de
Drentsche Aa zijn ontstaan, behoren tot het hydrostatische type.

Dit proefschrift

2. De gelamineerde humeuze lemen uit het Midden Weichselien, die in het
dal van de Drentsche Aa voorkomen tussen fluviatiele zanden, zijn afge-
zet in thermokarstmeren.

Dit proefschrift

3. In tegenstelling tot de mening van Roeleveld, blijken er in het dal van de
Drentsche Aa geen afzettingen voor te komen welke behoren tot de Eem
Formatie.

Roeleveld, W(1974) The Groningen Coastal area. Thesis Amsterdam, 252 pag.
Dit proefschrift.

4. De argumenten om het Uddelermeer en het Bleeke Meer als pingo ruines
te interpreteren zijn vooralsnog onvoldoende.

Polak, B(1959) Palynology of the Uddelermeer. Acta Botanica Neerlandica
9, pag. 547-571.
Kraanen. C.J.M, en J.C. Pape (1965) De bodemgesteldheid van de omgeving van
het liddelermeer. Rapport nr. 649 Stichting voor Bodemkartering. Wageningen:
47 pag.

5. Het valt te betwijfelen of er in Nederland gedurende delen van het Weich-
selien een poolwoestijn, door Van der Hammen e.a. omschreven als een
gebied met een uiterst schaarse vegetatie waarin geen accumulatie van or-
ganisch materiaal plaatsvond, aanwezig is geweest.

T. van der Hammen, G.C. Maarleveld, J.C. Vogel en W.H. Zagwijn (1967)
Stratigraphy, climatic succession and radiocarbon dating of the last Glacial
in het Netherlands. Geolofie en Mijnbouw 46-3, pag. 79-95.

6. Bouwer (1980) is niet consequent als hij in zijn "model van het milieu" de
termen cultuurlandschap en natuurlandschap gebruikt.

Bouwer, K. (1980) Milieukunde en Geografie, KNAG Geografisch Tijdschrift
XlV-4, pag. 269-287.
Bouwer, K. (1977) Landschap en Sociale Geografie, KNAG Geografisch
Tijdschrift XI-I, pag. 15-29.



sift,

7. l)c kwaliteit van katernen voor het Voortgezet Onderwijs over Fysisch
Geografische eindexamen onderwerpen zou aanzienlijk verbeterd kunnen
worden, indien de Afdeling Fysische Geografie van het Koninklijk Neder-
lands Aardrijkskundig Genootschap ze vóór publicatie van commentaar
zou voorzien.

8. Goethe beschreef in 1787 als een der eersten hoe het zandgehalte van een
fijnkorrelige afzetting tussen de tanden geschat kan worden.

J.W. (Joethe. Die Reisen. Artemis Verlag 1978. 1192 pag.

9. Het niet vermelden van de schaarste aan betaalbare woonruimte voor jon-
geren door Davies en Van den Oever, als één der oorzaken van een moge-
lijke klassestrijd tussen leeftijdsgroepen in een geavanceerde industriële
samenleving, is een omissie.

K. Davies en I'. van den Oever (1981) Age relations and Public Policy in Ad-
vanced Industrial Societies, Population and Development 7-1, pag. 1-18.

10. Reperfusie in het acute stadium van het hartinfarct vermindert de grootte
van de hartspier beschadiging.

11. De mogelijkheid om bonificatie-seconden te verdienen in de Ronde van
Frankrijk dient te worden afgeschaft.

W. de Gans


