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STELLINGEN

1. De verschillen in korrelgroctteverdeling en in hoeveelheid, kwaliteit
en verdeling van de organische stof verocorzaken een groot deel van de
verschillen in fysische eigenschappen van Rijnafzettingen uit het Laat

Weichselien en uit het Holoceen.

Dit proefschrift.

2. Bodemvorming (met name in het Laat Weichselien) is verantwoordelijk
voor de verschillen in chemische eigenschappen, in kleimineralaogie en
in bodemclassificatie van Rijnafzettingen uit het Laat Weichselien en
uit het Holoceen. De zeer dichte, starre microstructuur van de rivier=
afzettingen uit het Laat Weichselien is eveneens het gevolg van peri-

glaciale bedemvorming.

Dit proefschrift.

3. Helocene Nederlandse rivierafzettingen zullen neoit zo dicht worden
als rivierafzettingen uit het Laat Weichselien tenzij er een nieuwe

ijstijd komt.

Dit proefschrift.

4. De regeneratie van de porositeit van verdichte gronden of bodemlagen
door biclogische aktiviteit is kwalitatief verre te prefereren boven
een regeneratie door mechanische ingrepen. Bij de bedrijfsvoering dient
instandhouding of bevordering van de bodemmacro- en mesofauna te worden
nagestreefd.

M.J. Kooistra, J. Bouma, 0.H. Boersma and A, Jager (1984): Physical and
morphotogical characterization of undisturbed and disturbed

ploughpans in a sandy loam soil.
Soil and Tillage Research: 405-417.

5. Dat een proefschrift (ook dit} gewoonlijk slechts &&n auteur heeft,

suggereert ten onrechte dat het een éénpersoons werkstuk is.

6. De opvatting, dat de bodemvorming in loess in Nederland alleen optreedt

in het Holoceen,is onjuist.

H.J. Micher (1986): Aspects of Toess and loess derived slope deposits:
an experimental and micromorphological approach.

Doctoral thesis University of Amsterdam; Nederlandse Geografische

Studies, no. 23.




7. Grondmonsters dienen bewaard te worden bij een vochtgehalte binnen de
grenzen van de natuurlijk ondervonden fluctuaties.
D. Tessier (1984): Etude expérimentale de 1'organisation des materiaux
argileux. Hydratation, gonflement et structuration au cours

de la dessiccation et de la réhumectation.
Thése Docteur és Sciences, Université de Paris VII.

8. De (micro}morfologie is onontbeerlijk voor het ontwikkelen van meet-
metheden en het begrijpen van de uitkomsten van bodemfysische metingen
en het rheclogisch gedrag van gronden.

D. Lafeber (1964): Soil fabric and soil mechanics.
In: A. Jongerius (Ed.}: Soil Micromorphology: 351-360.

J. Bouma (1984): Using soil morphology to develop measurement methods
and simulation techniques for water movement in heavy clay
soils.

In: J. Bouma and P.A.C. "Raats (Eds.}: Water and solute movement in
heavy clay soils.. ILRI publication 37: 298-315.

9. Dat klei-inspoelingshuidjes macromorfologisch waarneembaar zouden zijn,
zoals in veel profielbeschrijvingen staat vermeld, wordt bij nader

micromorfologisch onderzoek in veel gevallen gelogenstraft.

10. Het niet inpolderen van overrijpe kwelders is strijdig met de eeuwen-

lange historische tradities die Nederland groot hebben gemaakt.

11. De psychiatrische behandelingsmethode met electroshocks dient te worden

afgeschaft. Psychotherapie is op zich al schokkend genoeg.

12. Als in een rijksbegroting de defensie uitgaven structureel stijgen en
er bezuinigd wordt op onderwijs, cultuur en volksgezondheid dan pleit

dat niet voor de aan de mens toegeschreven verstandelijke vermogens.

13. Bij het uitschrijven van een Elfstedentocht gaat de Vereniging ''De
Friesche EIf Steden' niet over &&n nacht ijs, ondanks aandrang daartoe.

4. De sociale controle op alternatieve samenlevingsvormen kan er in de

toekomst toe leiden dat huizen zonder voordeur worden gebouwd.

Stellingen behorend bij het proefschrift:

Scil formation, microstructure and physical behaviour of Late Weichselian
and Holocene Rhine deposits in the Netherlands.
Rienk Miedema, 12 oktober 1987, Wageningen.
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ABSTRACT

Miedema, R. (1987). Soll formation, microstructure and physical behaviour of
Late Weichselian and Holocene Rhine deposits in the Netherlands. Doctoral
thesis, Department of Soil Science and Geology, Agricultural University,
Wageningen, (XIV)+ 339 p. 60 figs. 78 tables, 224 refs, 5 appendices, Dutch
SUMmMAry.

Dutch Late Weichselian braided river deposits and Holocene meandering river
deposits of the Rhine have been studied and compared. Cross sections
demonstrate the lateral and wvertical wvariations of the Late Weichselilan
sediments. Soil mapping of these deposits, even on a very detailed secale,
proves very difficult. Best results have been o¢btained with a legend based
on hydrology enabling the distinction of topo-hydrosequences of well drained
brown soils, imperfectly drained mottled soils and poorly drained grey
solls.

Advanced soll formation and notably the dramatic processes 1In the Late
Welchselian period (decaleification, «c¢lay 1lluviation, pseudogleying,
periglacial formation of a highly reoriented, very dense microstructure)
have caused clay mineralogical, chemical and physical changes {in the Late
Weichselian soils.

The well drained and imperfectly drained Tate Weichselian soils have an
argillic horizon (Alfisols, Luvisols), occasionally with very 1low base
saturation (Ultisols, Acrisols) and with strong subsequent pseudogleying in
the imperfectly drained soils. The  Holocene soils demonstrate
decalcification and biogenic homogenization as well as some gleying
according to thelr drainage position. These solls are classified as
Inceptisols {Cambisols), occasionally as Mollisols (Phaeozems).

Less favourable physical characteristics and behaviour (soil strength,
structure stability and tillage behaviour) of the Late Weichselian soils and
soll material 1s quantitatively documented. Differences with the Holocene
soils and soil material are statistically highly significant and are caused
by differences in texture, content, quallty and distribution of organic
matter and the highly reoriented, very dense microstructure.

Use as permanent grassland or ley in the crop rotation is recommended to
increase levels of biological activity. This seems the only remedy for the
{imperfectly and poorly drained Late Weichselian soils that are compacted by
natural soil forming processes not counteracted by bilological actlvity. Very
tecently improved drainage of large areas of Late Welichselian imperfectly
drained soils has 1increased the saturated hydraulic conductivity to non-
critical levels through Increased earthworm activity to some metres depth.

Free deseriptors: Late Welchselian bralded river deposits, Holocene
meandering river deposits, soil formation, Luvisols-Alfisols, Acrisols-
Ultisels, Cambisols-Inceptisols, Phaeozems-Mollisols, micromorphology, clay
mineralogy, physical characteristics, soil strength, structure stability,
soil tillage.
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1. INTRODUCTION AND ATM OF THE INVESTIGATION

Koenigs (1949%) was the first to recognize Late Weichselian Rhine deposits in
the area of Azewijn Iin the eastern part of the Netherlands. In that area
these deposits are extensively covered by Holocene fluvial deposits of
varying thickness. Koenigs distinguished between these deposits on the basis
of a number of differences 1n soil properties. Schelling (1351) and Pons
(1957) mentioned essentially similar differences for their research areas
where Late Weichselian Rhine deposits occur at the surface. These

differences have also been described in the books accompanying the 1:400,000

and 1:200.000 soill surveys of the Netherlands (FEdelman, 1950 and Soil Survey

Institute, 1965 respectively)., In recent soil survey reports accompanying

map sheets of the systematic 1:50,000 soil survey these differences are

again quoted in a somewhat extended form (Soil Survey Tnstitute, 1970; 1972;

1975; 1976; 1979; 1983).

Late Weichselian deposits of loamy sand to clay differ from Holocene c¢nes in

the following aspects:

N The particle size distribution of %Late Weichselian and Holocene
deposits 1s essentially similar, except for a coarser sand fraction in
the Late Weichselian deposits,

b. Late Weichselian deposits have very low organic matter contents and
are non—calcareous in otherwise comparable situations,

Ce The colour of the well drained Late Weichselian deposits 1s more
reddish (7.5 YR or redder) and has higher chromas. In imperfectly
drained and poorly drained situations the colour of the deferrated
zones 1s more light grey to whitish (higher values) with very
pronounced colour contrasts and with more iron and manganese mottling
and concretions of differing cclours. Holocene soils generally have
10 YR colours in well- drained situations, tending to 2.3 Y and 5 Y
colours in imperfectly and poorly drained situations.

de Late Weichselian deposits have a more firm consistency, a drier

habitus and a lower hydraulic conductivity than the Holocene deposics



in comparable situations.

e. Late Weichselian deposits have a lower structure stability.

f. Soil tillage of Late Welchsellan deposits is wmore difficult. The
moisture content range to obtain good tillage results is narrower in
situations of comparable textures. When wet, these Late Weichselian
soils become sticky and puddled and In dry conditions they get very
hard, coarse clods. {(Cover photo).

g Late Weichselian deposits have a lower linear extensibility, specific
surface area, base saturation and pH than Holocene deposits.

h. Late Weichsellan deposits have a more advanced soll formation than
Holocene deposits.

Farmers distinguish between the two materials and agree with the differences

pertaining to soil management and tillage for arable cropping (Koenigs, 1949

and personal experience).

The above-mentioned differences are qualitative rather than quantitative.

They have been attributed to weathering (Edelman, 1950), weathering and soil

formation (Schelling, 1951) or to a difference in properties of the parent

material rather than a difference in time of sedimentation or soil formation

(Soil Survey Imstitute, 1975; 1979). Poelman (Soil Survey Institute, 1975;

1979) assumes that the clay fraction is different and contains more quartz.

The reasons for the mentioned differences are stillr largely unknown and,

quoting Schelling (1951): "It {is difficult to explain the differences in

behaviour without extensive chemical and clay mineralegical investigations”.

The aim of the investigation reported here was to determine the differences

in a quantitative way and on the basis of detailed field investigations

followed by micromorphological, chemical, clay mineralogical and physical
analyses to put forward explanations for them.The consequences of these
findings for land utilization types, and the possibilities for ameliorative

measures will be discussed.



2. GEOLOGY, GEOMORPHOLOGY AND SOIL CONDITIONS

2.1. GEOLOGICAL SETTING

The Quaternary geology of the Meuse Valley and of the Lower Rhine Valley has
been summarized by De Jong (1967, 1971), Braun et al, (1968), Quitzow
(1974}, Zonneveld (1977), Zagwiijn (1975), Zagwiin and Van Staalduinen
(1975), Van der Meene (1977) and Van der Meene and Zagwijn (1978). A general
soil landscape map of the area is presented in Fig. 1. (Backflap).

In the east and south, the Lower Rhine Valley is surrounded by Paleozole
highlands. These highlands belong to the German Shale Plateau
('Schiefergebirge'). During Late Pliocene and Pleistocene times this plateau
underwent severe tectonic activity and uplift. Incision of the Rhirne,
situated fn a tectonically lowered block, kept pace with uplift; this
resulted in the deep, narrow Middle Rhine Valley.

This uplift and incision caused considerable fluvial deposition in the Lower
Rhine Valley which extends from Bonn (where the Rhine leaves the Shale
Plateau and widens considerably) to the Dutch North Sea coast.

Tectenic history, and the Pleistocene sea—level changes shaped the Middle
and Lower Rhine Valley, Changes in river regime and climate were responsible
for changes Iin the kind of deposits, while incision of the Rhine in its own
sediments resulted in a sequence of terraces, which are very clear along the
Middle Rhine Valley and along the eastern border in the extreme southern
part of the Lower Rhine Valley. The situation is more complicated along the
western border of the Lower Rhine Valley, where, due to blockfaulting,
younger deposits may be found as lower terraces or overlying older terraces.

Younger deposits may also overly older ones in areas where the river
gradient becomes less steep e.gs due to the sea-level rise in the Holocene
and where subsidence plays a major role, as in the coastal areas of The
Netherlands. As a result, there are several terrace crossings bhetween Bonn

and the North Sea ccast. It is difficult to distinguish subsequent deposits




in the area close to a terrace crossing.

Three groups of terraces have been distinguished with respect to the
Holocene flood plain of Meuse and Rhine: the High or Main Terrace, the
Middle Terrace and the Low Terrace. Each of these groups has been further
subdivided, but here only the subdivision of the Lower Terrace will be
discussed in more detail.

Main Terrace

This comprises the Kiezeloolite Formation (Upper Tertiary to Pretiglian
glacial), the Tegelen Formation {(Tiglian glacial), the formations of
Kedichem (Eburonian glacial and Waallan interglacial, Menapian glacial) and
Sterksel (Menapian glacial and Cromerian complex of glacial and interglacial
perlods). The Main Terrace Is found at the surface west of the Central
Graben In the Netherlands, and at the surface or below a loess cover in
South Limburg and adjoining Germany. Zagwijn and Van Staalduinen (1975)
recorded 1ts occurrence below younger strata. Relatively narrow strips are
found along the Middle Rhine and along the eastern margin of the Lower Rhine
Valley.

Middle Terrace

This comprises the Formations of Veghel (River Meuse) and Urk {(River Rhine)
and was formed during the Cromerlan (glacial and interglacial), Elsterian
(glacial), Holsteinian (Iinterglacial) and Saalian (glacial). This terrace is
normally covered by several metres of loess or coversand and occurs at a
lower elevatfon adjacent to the Main Terrace. In the south and east the
Middle Terrace consists of natrow strips, but it is wote extemsive in the
western part of the Lower Rhine Valley. It is encountered at shallow depths
on the Peel Horst, and in South and Middle Limburg in the Netherlands, and
in adjacent Germany. Zagwijn and Van Staalduinen (1975) recorded its
occurrence below younger strata.

Low Terrace

This comprises the Kreftenmheye Formation, deposited by the rivers Rhine and
Meuse during the Saalian glacial, the Eemian interglacfial and the
Weichselian glacial periods. Because the S5aalian and Weichselian glacial
periods had a major impact on the shaping of the study area, the changes in
environment from the Saale glaclation onwards will be discussed in more
detail. l

Saalian period

During the maximum extent of the Saale glaciation, tongues from the mainland



ice body protruded southward inte the Lower RhinelValley. Such a tongue was
found in the tongue bssin of Valburg, bordered by the ice~pushed ridges of
the Southern Veluwe and of Nijmegen-Xleve, which were then connected (Thomé&,
1958, 1959; Verbraeck, 1975). Similar tonguebasins have been found near
Kranenburg, Xanten, Moers and Diisseldorf and, further west, near Wageningen,
Amsterdam and in Flevoland. The ice tongue from Dlisseldorf forced the Ehine
to abandon its northern branch and follow a more western course as an ice-—
marginal valley from Neusz through Viersen, Wachtendonk, Geldern, Goch,
Ottersum, Gennep and Heumen. At Gennep, it jolned with the Meuse. After the
retreat of the land ice, the ice—-pushed ridges of the Disseldorf tongue
basin were fully eroded and those of Meoers strongly diminished and
fragmented. Not until the end of the Saalian did the Rhine leave the ice-
warginal wvalley to resume its northern course, which it kept during the
Eemian interglacial and the beginning of the Welchselian glacial periced.
{(Zagwijn, 1975; Zagwijn and Van Staalduinen, 1975; Van der Meene, 1977,
1979).

Weichselian period

In the Middle Weichselian, the Rhine curved north of the ice-pushed ridge of
Montferland-Elten and flowed westwards into the former tongue basin of
Valburg. In the Late Weichselian (Van der Meene, 1977), or possibly earlier
{(Verbraeck, 1985) the Rhine broke through the ice-pushed ridge of Nijmegen—
Kleve-Elten-Montferland and created the gap known as 'Gelderse Poort'
through which it flows at present. This change of course fossilized the
former northern and socuthern branches, which functioned until the Late
Weichselian as discharge outlets at extreme water levels,

The southern branch

Downcuttipg in the southern branch formed the distinct Middle Terrace of
Krefeld (Thom&, 1958, 1959) and Late Weichselian Low Terrace deposits occur
in the broad valleys. The coarse-grained Low Terrace ends with a finer-
textured deposit, which is found at the surface. The Low Terrace can be
traced to the Dutch North Sea coast, but from Nijmegen westward it is
covered hy Holocene deposits (Pons, 19534, 1957},

The northern branch

Middle Terrace deposits are not known from the northern Rhipe branch, but
Low Terrace deposits are extensive and similar to those in the southern

branch.




The eentral branch
In the central branch, Low Terrace deposits are found from Millingen
(Germany) upstream. The terrace crossing with the Holocene deposits is
further east In the central branch than in the northern and southern
branches. In Fig.l the soils of the Low Terrace have been subdivided into
three hydrological classes: well drained, imperfectly drained, and poorly
drained, reflecting conditions e=xperienced after deposition, as will be
explained later (chapter 3).
Stratigraphy of the Low Terrace
Subdividion of the Low Terrace varies. In German literature, two main units
are recognized (Paas, 1960, 1961, 1977; Steeger, 1952, 1954; Quitzow, 1956,
1974; Brunnacker, 1978; Tho;te,' 1974). This subdivision is based on the
Allerdd-time volcanic eruption 'of the TLaacher See (Frechen, 1959} which
brought pumlce with the indicator mineral hauyn into the atmosphere. Pre-—
Allerdd deposits (without pumice) belong to the Older Low Terrace, while
Allerdd and Post-Allerdd deposits contain pumice and belong to the Younger
Low Terrace. Within the Younger Low Terrace, Thoste (1974) recognized a
younger ‘degeneration’ phase.
In the Netherlands, six deposits are recognized in the Kreftenheye Formation
(Van der Meene and Verbraeck, 1975; Van der Meene, 1977; Van der Meene and
Zagwijn, 1978; Verbraeck, 1985) i.e.
Kreftenheye 6: Late Weichselian and locally slightly younger pumice-
containing deposits in erosion valleys of older Kreftenheye

deposits,

(%))

Kreftenheye 5: Deposits 1n the northern and southern Rhine branches after
abandonment of these branches
Kreftenheye 4: Early Weichselian deposits in the former northern Rhine
branch
Kreftenheye 3: Eemian deposits
Kreftenheye 2: Deposits in glacial basins after melting of the ice
Kreftenheye 1: Deposits in the southern Rhine branch in front of the Saalian
lce.
Wind erosion in the periodically dry Late Weichselian river Ffloodplain
resulted in coarse, sandy, river dunes. These dunes were initially formed
during the Late Weichselian, but formation continued in the Holocene.
Surrounding Pleistocene deposits include coversands, melt-water and soli-

fluction deposits, and basal till. These deposits are indicated in Fig. 1.



The Holoeene floodplain

This floodplain has been subdivided into seven units by Brunnacker {1978}.
He distinguished 2 0l1d Holocene, 3 Middle Holocene, and 2 Yecung Holocene
sedimentation periods. In the Netherlands, the Holocene Betuwe Formation has
been subdivided into deposits Gorkum 1 through 4 and Tiel O through 3 (Soil
Survey Institute, 1981)., Havinga (1969) and Havinga and Op 't Hof (1975,
1984) identified four main phases of Holocene river sedimentation in the
Betuwe area. In Fig. 1. Holocene deposits have been subdivided

physiographically into levees and backswamps.

2,2, RIVER REGIMES DURING THE LATE WEICHSELIAN AND THE HOLOCEKNE

The two main types of river regimes are braided and meandering., Doeglas
(1951, 1973) has summarized conditions and sediment characteristics of these
regimes. The braided river regime 1is bound to conditions of intermittent
discharge with very large differences between maxiomum and minimum discharge.
Such conditions occurred during the stadials of the Weichselian glacial
period, Vegetation was virtually absent, the soll permanently frozen and
precipitation mainly in the form of snow. In the short summer period the
snow melted but water could not penetrate into the frozen subsoil. Large
masses of water, heavily loaded with weathering debris, accumulated in the
river. After the short summer period, supply of water and sediment came to
an end and the river bed went dry. In such conditions lthe river consists of
a system of small and medium sized shallow water courses which branch and
recombine, thus forming an anastomosing system. During the high summer
discharges, transporting power is high, and gravel bars and sand bars form,
separated by shallow gullies, During the winter, the whole floodplain is dry
and wind erosion may lift sandy material from the fleoodplain and create
river dunes.

The meandering river regime has a more permanent discharge, which, however,
may vary considerably. The more regular discharge comes into existence when
rainfall is intercepted by vegetation, infiltrates into the soil, and joins
the groundwater before being discharged into the river., This situation is
typical for interglacial periods, but may also occur during interstadials.

The river is partly supplied with water by the groundwater, and part of the




sediment load is due to colluviation and to erosion of the floodplain. The
river occupies a single bed, which meanders through the floodplain, which
has a low gradient. The river may change its course by meander cut off and
by ©breaking 1nto backswamp areas {crevasse). The meandering river 1is
characterized by point bar deposits, levees and backswamps.

The Low Terrace was deposited by a braided river system (Pons, 1954, 1957;
Van der Meene, 1977). This 1is 1illustrated by former gully systems, as
indicated by Pons (1957) and on recent soil maps 1:50.000 by the Dutch Soil
Survey Institute and the Geological Survey of Germany.

The Holocene sediments were deposited by a meandering system: levees,
backswamps and associated deposits are common features in these sediments.
The gradients of the Late Pleistocense and Holocene systems are very
different. According to Pons (1954, 1957), the gradient of the Low Terrace
is approximately 30 cm/km and that of the Holocene deposits approximately 10
cm/kme This difference in gradient is one of the explanations for the
terrace crossing in the Nijmegen-Azewijn traject. West of this line, the
Late Welchselian deposits are covered by Holocene deposits. A study done by
the present author on detailed altitude maps of the Low Terrace deposits
confirms the gradient given by Pons.

The transition of a braided system to a meandering one goes through
intermediate forms. Generally, the major part of the shallow gullies of the
braided system lose their function, fossilize and become silted up, while a
few of the deeper gullies deepen and start meandering. Such gullies may show
weakly expressed levees, In the present author's opinion, however, the main
gullies of the former southern and northern branches of the Rhine are
arosive rather than sedimentary 1in character, and levees are generally

absent., This will be elaborated in section 2.7.

2.3 DATING OF DEPOSITS OF THE LOW TERRACE AND THE HOLOCENE FLOCDPLAIN

The various deposits have to be dated to study of the impact of differing
climatic conditions and time on soll formation in these deposits, Zonneveld
(1973} describes various methods that can be successfully used. Palynclogy
(pollen analysis) has given an insight in vegetation successions during the

Pleistocene and Holocene. Results have been summarized by Zagwijn and Van



Staalduinen (1975), Van der Hammen et al. (1967} and Zagwijn and Doppert
(1978). The blostratigraphy obtained through palynology has been linked to
C14 determinations of absolute age for the period up to approximately 70.000
years before present, Vegetation studies offer an insight iInte climatic
conditions, mnotably summer temperature. Features such as frost cracks,
cryoturbation, gelifluction and desert pavements give an indication of
winter temperatures. The combination of palynological, radiocarben and
morpholegical data allowed a detailed Dbio-chronostratigraphy to be
constructed for the Welchselian and the Holocene, The methods described
above have long been used to date Weichselian and Holocene fluvial deposits
(Koenigs, 1949; Schelling, 1951; Pons, 1957; Von der Brelie and Rein, 1956;
Teunissen and Van Oorschot, 1967; Paas and Teunissen, 1978; Urban, 1978,
1979; Teunissen and De Man, 1981), The use of palynology is not always
feasible. To contain pollen, the sediment must have been preserved in
anaerobic conditions. In many mineral scils this 1s not the case, and one
will have to use peat or peaty deposits in former gullies or backswamps.
Extrapclation of such data to nearby mineral sediments may be difficult
because peat growth is not always synchronous with the termination of active
sedimentation.

In other cases, lithostratigraphic data may be used to separate subsequent
depositss Such data include grain-size distribtution, gravel composition, and
heavy mineral composition. {(Zomneveld, 1977; Zagwijn and Van Staalduinen,
1975). These methods have been successfully used to separate several Rhine
terraces, as indicated before for the subdivision of the Low Terrace with
the aid of pumice.

In tectonically stable areas, geomcrphology, often combined with the
previously mentioned methods, may provide determinations of relative age
{Brunnacker, 1978). Other occasional stractigraphic markers ioclude che
Usselo paleoscl of Allergd age, which is scarce in the fluvial area, and the
occurrence of ancient dung beetle burrows., The latter are frequently
encountered in Late Weichselian fluvial sand deposits and are mainly of
early Preboreal age kut fossil remains of these beetles are also known from
the Late Weichsellan interstadial periods (Brussaard, 1985).

In Holocene sediments, archeological data may provide datable stratigraphic
boundaries (Pons, 1957; Havinga, 1969; Brumnacker, 1978).

In the fluvial area, however, the scarcity of datable sites and

sedimentological data makes exact dating of deposits very difficult,
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especially in the wvicinity of a terrace crossing, where
morphological criteria are of little help.
2.4 RESULTS OF FIELD INVESTIGATIONS
Fig. 2. Location of study areas and reference profiles.
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In the eastern part of the Dutch provinces of 'Gelderland' and 'Limburg' and
in adjoining West Germany, Late Weichselian deposits occur at the surface
(Fig. 1}.

These areas have recently been mapped In the systematic 1:50.000 soll survey
of the Netherlands (Soll Survey Institute, 1972, 1975, 1976, 1979, 1983).
Detailed maps and cross sections of parts of this area were published by
Koenigs (1949), Schelling (1951) and Pons (1957). In order to cover the
variation in the Late Welchselian deposits, some areas were mapped in detail
by the present auther, and additionmal cross sections were prepared. Selec-
tion of reference profiles was based on these detailed studies. Locations of

the studied areas and reference profiles are indicated in Fig. 2.

2.4.1. CROSS SECTIONS

The following cross sections were investigated (Van Engelen, 1975;

Vliaanderen, 1976; Van Dis and Robben, 1978; Van der Gaauw, 1979; Broekhuizen

and Epema, 1979). Their location 1is given on the soil maps (Figs. 15, 17,

19, z1, 23, 25, 27).

- Siebengewald cross section (Fig. 34). This section starts at the German
border close to the River Kendel, and runs 5W. The total length is about
2800 m, and its average altitude is 16 m + NAP.

- (Ottereum cross section (Fig. 3B). This section runs from the Reichswald,
near the ice-pushed ridge of Nijmegen-Kleve, southwards. The total length
is about 1500 m and its average altitude is 13 m + NAP.

= Milgbeek cross section (Fig. 3C). Thls section starts at the foot of the
ice-pushed ridge of Nijmegen-Kleve and runs due south. Its total length
is about 1100 m and its average altitude is 12 m + NAP.

- Heumen cross section {Fig. 3D). This section starts near a field road and
runs NE to the Looistraat. Its total length is about 500 m and its
average altitude is 9 m + NAP. This section was published by Miedema et
al. (1978).

- Megchelen cross section (Fig. 4A). This sectlon runs nearly NE-SW and
connects two sections of the German border. Its total length 1s about 650
m, and its average altitude 16.5 m + NAP.

= Asbroek cross sections (Fig. 4B/4C). Sectiom Asbroek I starts north of the
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Fig. 5. The Late Weichselian sedimentation profile

Munsterweg and runs south to the German
border. This section {s about 1000 m 1long.
Section Asbroek II 1intersects the former
perpendicularly, approximately half-way. This
section is 700 m long. The surface in both
sections 1s at an average altitude of 14.3 m
+ NAP.

- Veldhunten cross sections (Fig. 4D/4E).
Veldhunten I runs SW from the wvillage;

Veldhunten IT runs south from the village and

proceeds SW after 450 m. Both sections are
about 1100 m long and thelr surface 1s at an
average altitude of 14 m + NAP.
Augering distances within the sections varied
from 30-150 m, normally around 50 m. Average

augering depth was 2.2 m.

The legend of all sections 1s based on texture
and 1is given in Fig. 3. The Late Weichselian
stratigraphy that can be concluded from the
Cross sections is described below and
illustrated in Fig. 5.
Gravelly sand and sandy gravel
1 The oldest deposits encountered in all
sectlions are stratified wvery gravelly

coarse sand and gravel. These very

gravelly coarse sands have an undulating
surface with many shallow and some deeper
depressions; they are not always
encountered within augering depth (e.g.
Asbroek I)}. In the Siebengewald cross
section this deposit locally passes with
depth into sandy pgravel. Composition and
topography suggest a gravel bar systen
common to braided rivers.

Coarge sand

IJa ~The very gravelly coarse sands are
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abruptly overlain by stratified coarse sands without gravel. The
abrupt boundary suggests non— deposition or even an erosive contact.
The stratified coarse sands are of variable thickness. In the
Mils beek, Megchelen and Asbroek I and II sections they are one to two
metres thick and continuous, in the Siebengewald and Veldhunten I
sections they are generally less than one metre thick and may be
absent locally. The top of this deposit 1is undulating; the shallow
depressions in its surface generally coincide with those in the
underlying deposits, but the top of the sand may also be rather flat.
The stratified sand deposit was exposed 1in the NE part of the
Megchelen section. Its sedimentary structures point to a fluvial
origine In the Megchelen section, three filled channels are found
within the sand body. ZLocally (Ottersum, Milsbeek and Veldhunten
sections) wind action has built up high sand bodies.

Fine sand

The stratified coarse sands are locally overlain by fine sand with
clayey laminae. This deposit was not encountered in the Asbroek
sections and occurs in isolated remains only in the Siebengewald,
Megchelen and Veldhunten sections. It is transitional to the overlying
finer deposits. If the deposit 1is present, the transition from
sediment IIa to overlylng finer textured deposits II1 is gradual. 1f
the deposit is absent, the transition is abrupt and suggests wind and
water erosion after deposition of the stratified coarse sands and the
sands with clayey laminae. Locally, this erosion has removed most of
deposit 1Ia, and sediments II1 directly overly deposit I. (Siebenge—
wald section), In the latter case, overlying finer deposits may
contain consideradble amounts of gravel (10-30%, and locally more).

In the Milsbeek section, the top of deposit IIb is rather flat,
without pronounced depressions.

Loam

The overlying fine deposits have loamy sand to loam textures and are
still of TLate Weichselian age. The texture shows strong lateral
variations which are related to pre-existing topography and to channel
systems in the deposit 1tself. Textures are coarsest in topographic—
ally high spots, and finest in channel fills, As was indicated under
Ilb, some or the channels, especially Iin the Siebengewald section,-may

contain considerable amounts of gravel, testifying to the erosion of
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the gravelly coarse deposit I. Channels which have their base higher
in the deposit are devoid of such erosion products, and indicate
passive infilling. It 1is difficult to distinguish the wvarious
depositional stages which are suggested by the different levels of
channels. It is hardly possible to relate specific channel systems to
nearby deposits, although there are distinct phases in the activity of
the various channgls, and some terminated their activity prier to
others,

‘opil’t

In the Asbroek II and Veldhunten 1 sections, the Late Weichselian III
deposits contaln a layer of 'dril'. In the Veldhunten section, the
"dril' is found within the III deposits, in the Asbroek section. it is
encountered between the IIT deposits and the underlying deposits ITa.
Dril' i{s a not fully ripened, sticky material which often contains
nunerous decomposing plant remains and is locally strongly calcareous.
Koenigs (1949) indicated this material im his cross sectionrs A, B, and
D and stated that locally it showed signs of cryoturbation.

Channel infillings

One or more deep major channels partly infilled with peat and peaty
deposits are encountered in almost every section., These channels are
cut into the underlying 1 deposits and may be filled with more than
four metres of Late Weichselian and Holocene material. Most complete
channel £ill sequences are found in the Heumen, Megchelen and
Veldhunten sections. The channel in the SW of the Megchelen section 1s
part of a meander-shaped outer bend., In the bottom part of the
channel, calcareous sand and clay are found, overlain by lime gyttja.
In turn, the lime gyttja is overlain by peat, peaty clay and by clayey
deposits. Palynological investigation indicated that all sediments iIn
the infilling are of Holocene age {section 2.5). Apparently, this
meander was abandoned after the Late Welchselian. In the Roode
Wetering channel of the Veldhunten T section, the bottom f{ll consists
of lime gyttja and clayey peat. The lime gyttja is of Late Welchselian
(Aller$d) age, and the transitlon to the Holocene is found in the
overlying clayey peat. This channel was abandoned before the Allerdd
(section 2.5)« The lime gyttja was not encountered in the Roode
Wetering infilling of Veldhunten II, Infilling of the major channel of

Heumen was of Holocene age (section 2.5). The major channel in the
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Ottersum, Siebengewald and Asbroek sections was presumably also
infilled in the Holocene. The thick peat in the Ottersum sectlon has
been partly excavated and the present 1nfilling of that channel has
been strongly reworked, In some sections (Veldhunten I) similarly deep
channels are found without peaty deposits but infilled by thick (Late
Welchsellan) clayey deposits.

R iver dunes

River dunes are found in the N and E part of the Veldhunten section,
in the south of the Milsbeek section, and north of the
Langhorsterstraat in the Ottersum section. The riverdunes overly the
IT1 deposit tut may also be on top of deposit II. The riverdunes of
the Veldhunten section have a plaggen epipedon. Such an epipedon was
also encountered on the relatively high leoamy deposits in the SW of
the Heumen section (Druijff, 1979). Plaggen epipedons were also
indicated by ¥Xoenlgs {1949) on the riverdunes of his section E
(Veldhunten).

Holooene deposits

Holocene clayey deposits. A thin veneer of Holocene clayey deposits is
found in the Asbroek and Veldhunten sections. This cover of Holocene
material subdues the underlying topography. It is generally less than
40 cm thick, Wt may be considerably thicker in infilled channels.
Holocene clay in channels 1Is also encountered in the Siebengewald,
Megchelen and Heumen sections, where 1t is not found outside such
channels,.

In section Veldhunten I, the boundary between Holocene and Llate
Weichsellan deposits 1s 1locally indicated by an o0ld vegetation
horizon. This horizon was already indicated by Koenigs (1%49) in his
section B and D, The absence of pollen in this horizon precluded
palynological dating (Van den Berg wvan Saparoea, pers. comm.). The
texture of the Holocene deposits appears to be somewhat related to
that of the underlying material, It is loamy in the Veldhunten II
section, and clayloam to c¢lay in the Veldhunten I section. In the
Asbroek sections, textures vary and appeatr to be related to distance

from the main channel (e,g. Asbroek II).
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2.4,2. TEXTURE OF REFERENCE PROFILES

Grain-size frequency distributions of Late Weichselian and Holocene
reference preofiles are presented as cumulative curves on probability paper
(Appendix A), This allows specification of the stratigraphic wunits
recognized in the cross sections. Reference profiles are indicated in the
cross sections (Fig. 3 and 4) and are listed in Table 1 together with
additional TLate Weichsellan reference profiles and the Holocene non-

calcareous and calcareous reference profiles.

Table 1. Reference profiles

Cross saction References profile Additionsl Late Weichselian Holocene reference profiles

reference profiles non caleareous calcareous

Siebengewzld Siebengewald (A7)

Ot tersun Ottersum{A6), Aaldonk(A9) Ven-Zelderheide (Al5)

Milsbeek Milsbeek{Ad)

Heumen Heumen I{A1}, II(AZ), I1II(A3) Woazik(Al2)

Megehelen Megchelen(Al4) Millingen (West Cermany){Al€)

Asbroek Asbroek{Al3) Gendringen 11{A5)

Veldhunten Azewijn IV(ALL) Azewiin I{Al0), Gendringen L(A%4)

no cross sections avallable Ewijk{AlT) ¥esteren{Al)

Weurt(Al3) Lienden{a4)
Randwi jk(Al9) Opheusden{A22)

Fig. 5 presents the characteristic Late Weichselian sedimentation profile
(reference profile Al5 = Ven Zelderheide).

DEPOSIT I is only encountered in the Siebengewald profile. It is a very
coarse deposit with major fractions 420-850 pm and 105-420 ym . Fractions
smaller than 105 ym are nearly absent. It is characteristically fluvial,
DEPOSIT 1IIa is found in all reference profiles. It has a flovial
characteristic with a maln component between 105 and 420 um , which locally
may shift towards coarser fractions (Megchelen)s 4 shift towards finer
fractions {Siebengewald, 105-210 pm ; Milsbeek, 105-210 mm ; Megchelen 8,
105-300 pm ) may indicate eolian reworking of the material or admixtures
with fluvially reworked coversand,

DEPOSIT IIb is encountered in the Ottersum, Aaldonk, Milsbeek and Heumen
profiles, The deposit is characterized by a mixture of fractions smaller
than 50 ym and a deposit coarser than 105 um . In most profiles, the deposit

1s clearly transitional to the overlying deposit III, in which sorting,
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specially in the coarser fractions, is slightly worse.

DEPOSIT 1II1 is encountered in all Late Weichselian profiles and in the
subsoll of the Ewijk profile. 1t is characterized by poor sorting (on the
coarse éide) and by a mixture of fractions coarser than 105 pyn and finer
than 50 pm . The bimodal character 1s most clearly expressed in Ottersum
sample &4, where fractions between 50 and 150 ym are virtually abhsent,
Sorting in the coarser fraction may be found, notably between 105 and
210 mm , and less frequently in the 150-300 um fraction (Milsbeek).

DEPOSIT IV 1is the Holocene fluvial deposit which 1s encountered in the
Holocene reference profiles (Al7 through A22) and as topsoils {non-
calcareous) in the reference profiles A3, A5, AlQO, All and Al2, Tts texture
is transitional to the underlying Late Weichselian material especially in
those profiles, In the Holccene reference profiles the absence of
bimodality, a good sorting and the high silt content are characteristic
attributes of the particle size frequency distributions. Sorting 1in the
coarser fractions may be found notably between 105 and 210 m and is clear
in the few sandy subsoil samples. Of these samples Kesteren 6, Opheusden 7
and Weurt 6 have been designated IVa (Holocene sand deposit)., All others
belong to IVb (Holocene fine textured deposit).

A selection of the particle size frequency distributions arranged according
to deposit 1is presented in Figs. 6 and 7. The shapes of the curves of the
Late Weichselian deposits I + IT (Fig. 6A) and TII1 (Fig. 6B) are more
variable and distinctly different from these of the deep Holocene non
calcareous and calcareocus profiles {Fig. 7B). The intermediate position of
the shallow Holocene deposits overlylng Late Weichselian deposits 1is also
evident (Fig. 7A4). The sand subsoils of the Holocene deposits show a good
sorting around 103-150 pm .The curves 5 and 10 in Fig. 7B are transitional
to the underlying sand (Fig. 7C).

The sorting of the samples expressed by log So=%lopQ3~logQl 1in which Ql is
the particle size with 25%7 smaller fractions and Q3 is the particle size
with 75% smaller fractions., The median (Md50) separates equal weights of
fractions (50%). Results are given in Table 2. (In cases where Ql is <2 m

the value 2 pm has been taken for Q1).
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Fig. 6. Selected particle size distribution curves of Late Weichselian deposits,

1 1 1 L 1 1 1 11 4
reference to the samplec: Tand IT ®al "
1= A7,5 8= M35 ([T}
Zn 83,6 9= Al4,7
3= 44,6
4= A6.5 3
5- A7,
67 A9,4
7= AT1L7 10
20
- 30
% > 420 pum L a0
50 - 50
40
30
20
10
5
14
A
pm
1
1- AZ,4 11= A13,3
z- 82,5 170 R13,5
I A3,9 33= Al4,2
4 46,4 1= A16,2 L s
5= A7.3 15 A1E,4
10
% 20
- 30
% > 420 a¢
50 F st
404
30+
20+
104
5
1
B
T T T T T T T
500 ym 420 particle size 300 70 150 WS 75 50 35 6 42

A. deposits | and Il
B. deposit llI



2]

Fig. 7. Selected particle size disiribution curves of Holocene deposits.
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Table 2: Sorting and clay/fine silt racfc per deposit of samples of reference profiles.

Jeposit Name Mumber of Log 50 an So 1/s » g 1 » -]
abservations average average

11 Lace Weichsellan coarse 21 C.lé 0.04 1.38 .69 0.16 5.5 2.8

111 Late Weichsellan Eine 68 0.69 0.22  4.%0 0.62 0.08 23.0 9.3

Iv b Holecene non calcareous fine 192) D.64 0.21 4.37 0.58 0.05 1.4 10.8

v b HRelacene caleareous fine 18 0.60 0.14 3.98 0.5%6 0.04 26,6 6.1

v a Holocene calcareous coarse 3‘) 0,13 0.05 1.35 0.69 0.12 4,2 1.9

l) Sample Al8, & omitted in sorting calculation (log So 0.77;30=5.59)

Three samples with >50% clay {Al2, 1 and 2 and Al0,2) omitted from 1/s calculation (1/s average of these
three samples 0,71 + 0,06; 1 average of these three samples 56,613.8)

1) L/a = clay(1l)/fine sile(w} ratio

The values in Table 2 suggest that the Late Weichselian fine earth has a
worse sorting and a higher clay/fine silt ratio because of a lack of fine
silt. The variation between the data in each group is so large that this is
not statistically reliable, however. Poelman (1966) also reported on the

clay/fine si1lt ratio of fluvial clay soils.

100 0

+=C .
. = Cao} Holocene deposits
» = Late Weichselian deposits

For Ca0 {n=19) no relation

For Cat {n=21) 2
silt % =9.51+1.35 clay % (R“=0.72)

For Late Weichselian (n=86)t 2
5ilt % =3.18+1.02 clay % (R®=0.70)

1) three samples of strangly
deviating composition omitted

si1t loam

N sandy toam silt

0 100
1pg Sand  Toamy % Sans\fr' 9

sand

Fig. 8. Textural class of samples of reference profiles and the relation between clay content and silt
content in Late Weichselian and calcareous Holocene deposits.
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In Fig. 8 the texture class of the samples 1s given and it can be concluded
that the Late Welchsellan material has clearly less silt than the calcareous
Holocene material, each group showing a good linear relationship. Holocene
non~calcareous material does not show a good linear relation between clay
and silt content. This 1iIs because of the intermediate position of the non-~
calcarecus Holocene topsoils shallowly overlying Late Weichselian subsoils
on one hand, and the transitional position to calcareous Holocene material
on the other hand.

Fige. 9 shows the median of the relative sand fraction in relation to the
clay content (Fig. 9A) and sand content (Fig. 9B). It can be concluded that
the Late Weichselian material has a coarser sand fraction at similar clay
contents than the calcareous Holocene material and the large variation in
coarseness of the sand fraction at a given sand content in the Late
Weichselian material is noteworthy. The non~calcareous Holocene material
again demonstrates that many samples are transitional to the Late
Weichselian material.

Summarizing the Late Weichselian fine textured material has in comparison
with the calcareous Holocene fine textured material:

1) a bimedal particle size frequency distribution

2} less silt

3) coarser sand

4) a tendency of a higher clay/fine silt ratio and of a worse sorting.

2.5 PALYNOLOGY OF CHANNEL FILLS

In order to determine the age of the channel fills in some of the main
channels, peat deposits were been sampled at three sites. These sites were:
1) the main channel of the Heumen cross section (Fig. 3D);

2) the main channel of the Megchelen cross section (Fig. 4A);

3) cthe channel of the Roode Wetering in the Veldhunten I cross section (Fig.
4D}).

Analyses of these deposits were compared with the palyneological
investigations of Koenigs (1949), Schelling (1951), Pons (1957), Teunissen
and Van Oorschot (1967) and Teunissen and De Man (1981).

Pollen analysis was carried out by Mr. R.M. Van den Berg van Saparoea, under
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guidance of Dr. A.J. Havinga, both of the Department of Soil Science and
Geology of the Agricultural TUniversity of Wageningen. Results and

interpretations are given in sections 2.541e1l., 2.5.2.1. and 2,5.2,2,

2.5.1,80RTH LIMBURG AND 'LAND VAN MAAS EN WAAL' (LITERATURE CONCLUSIONS)

In North Limburg, pollen analysis indicated that most channels had been
abandoned during the Late Weichselian, oldest fills dating back to the
Allerpd (Schelling, 1951). Schelling concluded that deposition of the loam
cover had been completed Eéfope the Allerdd, with exception of minor
deposition in channels, which may'have continued into the Preboreal.
In the 'Land van Maas en Waal', deposition of the loam cover had been
completed In the Allerdd (Pons, 1957). Pons reported that peat growth in
channels did not start simultaneocusly: the oldest fills data from the Young
Dryas, Allerfd, or even Béflling, but Subboreal or Subatlantic deposits may
also be found in the bottom part of channel fills. Apparently, not all
channels were abandoned in the Late Weichselian. Teunissen and Van Qorschot
(1967), who investigated palynologically many sections in this area, found
that in channels the clay below the oldest peat tended to be of Young Dryas
age. In some sites, however, peat growth started as early as the Allergd, or
even the B#lling. The authors discussed the problems of extrapolating ages
of channels fills to the adjacent mineral soils.
Teunissen and De Man (1981) compared pollen diagrams from three sites:
a) from a channel £ill;
b) a profile west of the infilled channel with fine-textured sediments
covered by drift sand and,
e¢) a profile in a channel-like depression, filled with sandy clay overlying
gravelly sand.
In the channel fill (profile a), the oldest pollen spectra were of presumed
Bdlling age, followed by an almost continuous succession of 0ld Dryas and
Allerpd spectra. Young Dryas and Preboreal spectra were not encountered, and
renewed sedimentation started during the Late Boreal. The peat was overlain
by reworked Late Weichselian material. The presence of such reworked
material had already been suggested by Poelman (1975).

In profile (b) the deepest fine-textured sediments represent the Late
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Bflling. A continuous spectrum covers the 01d Dryas, Allerpd and early Young
Dryas. The Betula phase of the Young Dryas is absent and younger spectra
were not found. The analysis of the third profile (c¢) corroborates the
foregoing, The £111 of this depression yielded spectra representing the
Bélling, 01d Dryas and early Allerpd. The uppermost spectrum represented the
Pinus phase of the Allerdd. The upper part of the section was disturbed.

The pollen spectra of these three profiles indicate that some chanmnels lost
their function as early as the Bglling, which is when the sedimentation of
fine material started. Other channels gradually lost their funcrion and
sedimentation of fine~textuted material continued into the Allerdd. In many
channels there 1is a marked gap between Late Weichselian and Holocene

deposition,

245.1.1. OWN PALYNOLOGICAL OBSERVATIOKNS: THE HEUMEN CHANNEL

The location of the profile is indicated in section Heumen (Fig. 3D). The
profile consists of 72 cm of silty clay loam overlying peat and passing to
clay at a depth of 147 cm. The part between 70 and 155 cm has been sampled
at 5 cm intervals. The pollen diagram is given in Fig. 10. Interpretation of
the diagram is as follows:

BOREAL (155-150 cm). Corylus is dominant, Pinus is still important and
Quercetun has already attained high percentages. This indicates a very young
phase of the Boreal.

ATLANTIC (l00-145 cm)., The strong decline of Pinus marks the boundary with
the Boreal, Quercetum mixtwm reaches high percentages throughoute. The marked
increase of Alnus at the expense of Pimus, at a depth of 110 cm, may
indicate a local shift to wetter circumstances. This is sustained by the
sharp increase in Cyperaceae.

SUBBOREAL (70-95 ¢m}s The start of the Subboreal is marked by the appearance
of Fagus and the decline of Ulmus in the Quercetum mirtum. The appearance of
Plantage lanceolata at 70 cm polnts to agricultural activities (Not
indicated in the diagram)., The pollen analysis indicates that the channel
has remalned active up to the Boreal. The channel has cut down in the sur-
rounding sediments and started meandering. Clastic sediments in the deepest

part of the channel may be of Bareal, Preboreal or Late Weichselian age.



28

2.5.2. AZEWIJN (LITERATURE CONCLUSIONS}

Palynological investigations by FKoenigs (1949) showed that the earliest
channel fills dted back to the Preboreal, and in some cases to the Late
Welichselian. Peat growth, wuninterrupted by clastic sedimentation, continued
until the Mid-Atlantic, after which a period of clastic sedimentation set
in. Van der Meene (1978), who analysed a Preboreal lime gyttja in the
channel of the Roode Wetering, also found that channel activity had

terminated in the Preboreal.

2.5,2.1. OWN PALYNOLOGICAL OBSERVATIONS: THE MEGCHELEN CHANNEL (LANDWEHR)

The profile of channel Megchelen (section Megchelen, Fig. 4A) is as follows:
0- 40 cm. man-made sand cover

40- 85 cm. clay; clay content increases with depth, ripening decreasing
85-125 cm., humic clay

125-165 cm. peaty clay

165-190 em. clavey peat

190-295 cm. peat

295-305 cm. peaty gyttja

305-395 cm. lime gyttja with fresh water molluscs and peat detritus

395-445 cm. calcareous clay

445-475 em. calcareous sand and gravel
The section between 155 and 475 cm was analysed. The sampling interval was 5
cm between 290 and 360 cm depth; and 10 cm in the remainder of the section.
The pollen diagram is presented in Fig. 11 (backflap). In the lime gyttja
and deeper deposits, the pollen spectrum reflects the vegetation in the
neighbourhood of the channel (many agquatic elements) and the wider
surroundings. This changes abruptly upon the onset of peat growth: aquatic
plants decrease drastically and Alnus, the main element of arhoreal
vegetation on the peat at this stage, dominates. The ratio of arboreal to
non—arboreal pollen (AP:NAP) iIs high throughout the diagram and indicates
that the area has been densely forested. Some reworked older arhoreal pollen
are included in the NAP (Fague, Picea). The diagram can he subdivided as

follows:
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BOREAL, (350-470 cm). This stage is characterized by relatively high
percentages of Pimus, Corylus, Quercus and Ulmus pollen, Towards the end,
Corylus dominates and the decline of Pinus indicates the transition to the
Arlantic,

ATLANTIC. (160-350 cm). The tramsition from Boreal to Atlantic 1s taken at
the intersection of the P{nus and the Quercetum mixtwn curves, In the lower
part, (orylus maintains high percentages, but above 325 cm, Alnus dominates
at the expense of all other tree species, and Corylus gives way to Quercus.
Occasional dominance of Pimus, e.g. at 220 cm, may reflect shifts in local
vegetation. The decline of Ulrmus near the top of the diagram indicates the
end of the Atlantic. Subboreal spectra were not found in the analysed part
of the section. The pollen diagram indicates that the channel continued
functioning till Boreal times, Filling up started with about half a metre of
clay, during the Boreal, Deposition of clay was resumed by the end of the

Atlantic and may have continued to recent times.

2.5.,2.,2. OWN PALYNOLOGIVAL OBSERVATIONS: THE VELDHUNTEN CHANNEL (Roode
Wetering) -

The profile is indicated in section Veldhunten I (Fig. 4D)., It consists of
the following sediments:

0-120 cm. clay
120-137 cm. slightly humic clay
137-145 cm. peaty clay
145=170 em. clayey peat
170-215 cm. peat
215-240 cme slightly clayey peat
240-260 cm. lime gyttja with fresh water molluscs and peat detritus
260-270 c¢cm, calcareous sand
The section between 130 and 270 em was analysed, The sampling interval was 5
cm between 213 and 270 cm, 10-15 em in the remainder of the section. The
pollen diagram is presented in Figs, 12 (backflap). The diagram shows a
number of very distinct transitioms:
LATE WEICHSELIAN (230-270 cm): The first major transition is thq_strong
decline of NAP from 230 to 225 cm depth. This indicates the transition from
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an open to a closed (forest) vegetation. At the same depth FPiZnus succeeds
Betula as the dominant arboreal species. Both the decline in NAP and the
decline of Betula indicate the transition from Late Welchselian to Holocene.
During the Late Weichselian, the vegetation consisted mainly of Gramineae,
Cyperacecae and other herbaceous specles, including Equisetum. The high fern
(Filices) percentages at 230 cm probably represent undergrowth in the pine
forest, and are not uncommon in Pinus-dominated vegetation of Preboreal and
Boreal age. The spectra at 260 and 265 cm, with increasing AP and Pinus
dominating over Betula may indicate the transition to the Allerdd. Spectra
at 250 and 255 cm contain some reworked Fagus and Carpinus pollen.

BOREAL (190-230 cm): From the Boreal onwards, the area was densely forested.
The transition to the Atlantic 1s characterized by a rise in Alnue, which is
more marked than that of the Quercetum mixtum and may indicate rather wet
circumstances locally.

ATLANTIC (130-190 cm): Corylus and Pinus decrease further during the
Atlantic. The upper part of the diagram ends in the Atlantic. The overlying
sediments were not sampled. Although there 1s no clear interruption in
sedimentation between 215 and 240 cm depth, the Prebareal is not clearly
represented by pollem spectra, and Late Welchsellan spectra are followed by
Boreal spectra. Filling up of this channel appears to have started in the
late Allerdd to early Young Dryas.

2.5.3.  CONCLUSIONS

The palynological investigation of channel fills indicates that some of the
channel systems were already abandoned during the Late Weichselian
(Bdlling), while others may have been in operatfion until the Suhboreal.
Sedimentation was completed before the end of the Late Weichselian and dense
forests occupied the area at least until Subboreal times. The marked gap
between Late Weichselian and Holocene sedimentation (Heumen channel) may be
because conditions for peat growth were not universal during the drier
Preboreal and Boreal, but became more widespread during the much wetter
Atlantic. Local Preboreal and Boreal peats Indicate favourable conditions in
more restricted areas. The Veldhunten {Roode Wetering) channel demonstrated

the presence of Late Weichsellan lime gyttja.
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2.6, STRATIGRAPHIC RECONSTRUCTION

2.6.1. LATE WETCHSELIAN

All cross sections discussed In section 2.4. display a fining-upwards
sequence, which is common in braided river systems (Reineck and Singh, 1973;
Leeder, 1973).

Deposit I.

The deepest layers consist of very gravelly sand and sandy gravel (Deposit
I). Some flner—textured material may be preserved in shallow channels. The
frequent lateral changes in the deposit polnt to sedimentation by a braided
river system, which indicates a cold (stadial) stage. This braided river
deposit correlates with part of the Low Terrace of German and Dutch
literature (Pons, 1954; Brunnacker, 1978; Braun, 1968; Thoste, 1974; and
others).

The abrupt transition of Deposit I to overlying sediments Indicates a period
of erosion or non-deposition, which marks the onset of an Interstadial
phase. During the interstadial phase, the subsoil was no longer frozem and
vegetatlon reappeared. This resulted in reduction of runoff and reduced
transport of gravelly material towards rivers. Furthermore, river discharges
were reduced and rivers did not transport gravelly material.

Deposit IT.

Overlying Deposit I are stratified sandy deposits (Deposit II). These
deposits are coarse sandy at the bottom and become finer higher up. The many
shallow channels 1in this sandy deposit still point to a braided river
system. Deposition must be attributed to a stadial phase. Agaln, some finer
material is found in shallow channels. The thickness of Deposit II is
variable, it is thin especially in topographically higher positions; this
may be the result of wind action. Wind may have lifted part of the sand from
the floodplain to create river dunes. In depressions, molsture may have
prevented wind erosion, and the sand bodies tend to be thicker. Because of
to transport over short distances, river dunes are often coarse-textured.
Some admixture of finer—grained cover sand, which was transported over a
larger distance, may have occurred.

Deposit IT correlates with part of the Low Terrace of German literature
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(Braun, 1968; Paas, 1960, 1961; Brunmnacker, 1978; $Schrider, 1979; and
others).

Deposit IIT

Deposit II is overlain by even finer-textured sediments (Deposit III).
Textures of this deposit are loamy sand to clayloam. The transition between
Deposits TI and III is either abrupt or gradual. In the latter case, the
transition is marked by a deposit of sand with clayey laminae. This
indicates a change Iin sedimentation environment; the sedimentation was
occasionally (and locally) interrupted by wind or water erosion until the
whole landscape became covered by fine-textured deposits. 5till finer-
textured deposits which were formed simultaneously, are found in channels
and depressions. Deposit III probably formed during an interstadial phase.
This characteristic succession can be seen quite clearly on Fige 5
(reference profile Ven-Zelderheide, AlS}).

The river regime remains braided and Deposit IIT consists of several phases,
which are very difficult to untangle. In the course of time, part of Cthe
channel system lost its function; the evidence for this is given in the
palynological data of channel fills. Deeper channels may still have an
appreciable bedload of gravel, probably because of erosion of gravelly
layers  in the subsoil, but shallow channels do not transport such coarse
material {compate cross section Sleben-gewald, Fig. 3).

Deposit 1IIT correlates with the ‘'Hochflutlehm' and partly with the
'Hochf lutsand' of German literature (Braun, 1968; Paas, 1968; Brunnacker,
1978; Schrdder, 1979; and others).

Sedimentation and dating (Northern and Southern branch).

Deposits II and TII c¢over the whole floodplain in a way similar to the
present day foreland deposits, as was already suggested by Schelling (1951).
In the course of time, the braided character of the river system became less
pronounced and an increasing part of the channel system was abandoned. A
change of the base level terminated sedimentation of clastic material over
the whole floodplain, Some of the chaunels adapted to the changed situation
by deep 1incision, sometimes down to the gravelly subsoil, and changing
towards a meandering vregime. This deep incision carved out some steep
channels and increased the amplitude in level of the landscape. Some of the
deep channels were soon abandoned and filled with elastic mineral and with
peat. Peat growth in some channels started as early as the Bglling; other

channels remained in operation until the Subboreal and Subatlantic and were
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sources of Holocene sedimentation.

Pollen analysis indicated that Deposit IIT was formed during the Bglling,
01d Dryas and Allerdd, while simllar fine deposits in channels were
deposited during the Young Dryas (Teunissen and Van Oorschot, 1967;
Teunissen and De Man, 1981). Only the upper parts of deposits III contaln
appreciable amounts of pumice fragments. This indicates that these parts are
contemporaneous with the Laacher See eruption, which occurred during the
Allerdd (Frechen, 1976). Consequently the top of deposit IIT is of Allerdd
age. Teunissen and De Man (1981) have already questioned the model which
presumes that fluvial Influence decreased during the warmer interstadials of
the Late Welchselian. They assumed an accelerated incision at the transition
from interstadial to stadial, followed by sedimentation of fine-textured
material in gullies during the stadial. This is I{n accordance with our data.
Our field observations in the tract for the A73 highway near Heumen showed
that over a considerable area, fine-textured deposits were overlain by sandy
loam deposits with polygonal crack patterns (Fig. 13), both belonging to
deposit III. This exception ¢to the fining-upwards sequence can be
interpreted asl 0ld Dryas deposits overlying Bélling deposits, which were
exposed te frost action during the Young Dryas. Allerdd time pumice is
absent in the deposit. These fossll polygons are sometimes demonstrated in
reduced subsoils by undecomposed alder roots (Fig. 13).

The absenc of pumice in gravelly deposits of the southern branche of the
Rhine (Pons and Schelling, 1951; Pons, 1957) and part of the northern branch
of the Rhine (Van der Meene, 1977, 1978) points to a pre-Allerdd age of
these deposits. The preceding discussion points to a pre-Bglling age, and
hence these deposits should be attributed to the Pleniglacial-B.
Sedimentation and dating (eentral branch).

In contrast, the gravelly deposits of the present—-day course of the Rhine do
contain pumice layers. Such pumice admixtures have been reported from Xanten
{Braun, 1968), the Betuwe (Verbraeck and Van der Meene, 1975; Van der Meene
and Zapgwijn, 1978; Van der Meene, 1977) and from the surroundings of Tiel
(Verbraeck, 1970). Van der Staay (quoted in Van der Meene, 1977) found
younger gravelly deposits with pumice in part of the former northern Rhine
branch. These deposits occurred as 1infillings of depressions and were
locally found on top of pre—B#lling deposits without pumice. The deposits
with pumice correspond with the Younger Lower Terrace (Braun, 1968;

Brunnacker, 1978) and its degradation phase {Thoste, 1974; Brunnacker,
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Fig. 13. Late Weichselian polygonal crack pattern.

A. oblique view of polygonal crack pattern (note also the albic character of the overlying E horizon-

spade length 120 cm)

8. detail of A (grip of the knife 10 cmj
C. polygonal crack pattern made visible by alder roots {sand subsoil veldhunten area-measure 20 cm}
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1978). This is synonymous with Terrace X of Pons (1957) and can be dated to
the transition from Late Weichselian to Holocene. The degradation stage
appears to indicate the change from a braided to a meandering river regime.

In his subdivision of Late Weichselian deposits, Verbraeck (1985) assigned
the investigated sediments to Kreftenheye 5, except for the pumice=-
containing topsoils in the southern and part of the northern Rhine branch,

which he assigned to Kreftenheye 6.

2.6.2. HOLOCENE

As described in section 2.l1., Brunnacker (1978} distinguished various
deposition phases in the Holocene deposits between Bonn and the Dutch
border. In the Netherlands, Havinga (196%) and Havinga and Op 't Hof (1975,
1984) described four phases of sedimentation from the Betuwe area, and Pons
(1957) discinguished seven phases in the Land van Maas en Waal. The latter’'s
evidence was based on archeclogical and palynological evidence.

Holocene sedimentation activity greatly increased from the BSubboreal
onwards, when the rise in sea level influenced the sedimentation
characteristics of the Rhine. These younger sediments, which are separated
from the Late Weichselian deposits by a wide time gap of non-deposition, now
cover peaty deposits in the major channels of most of the cross sections. In
the investigated part of the northern branch, they occur as a thin veneer on
the Late Weichselian deposits, from which they may be separated hy a locally
accurring former vegetation horizon. The sedimentation characteristiecs of
these Holocene and the Late Weichselian fine deposits are very similar. In
both cases, sedimentation occurred when Rhine water was forced up swmall
tributary streams and 1inundated the Jlower parts of the surrounding
landscape: fine sediments were deposited in relatively low areas, whereas
higher areas were not affected. One such inundation occurred as recently as
1926, when the highest Rhine level at Lobith reached 16.%3 m + NAP (compare
elevation of land in sections).

Further downstream, in the surroundings of Doetinchem and Doesburg, the
Holocene deposits are found in channels of the Late Weichselian system. The
texture of these deposits is similar to that of backswamp deposits, but

levees are not found., This points to a passive infilling of the depressions,
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The foregoing described the general aspects of the genesis of the landscape
during Late Weichselian and Holocene. Local variations are the presence of
river dunes, local accentuation of the relief by accumelation of plaggen

eplpedons, and = mainly in channels - local excavations.

2.7. SOIL CONDITIONS

In this section detailed soil maps of representative sample areas on Late
Weichselian Rhine deposits are discussed., The detailed surveys preceded the
selection of reference profilés In Late Weichsellian sediments. The selection
of reference profiles in Holocené sediments was based on available detailed
soil maps.

The published soil maps of the Late Weichsellian areas have a variety of

legends: these are discussed in the next section.

2.7.1., LEGENDS OF PREVIOUSLY PUBLISHED SOIL MAPS OF LATE WEICHSELIAN
DEPQSITS

The areas of soils on Late Weichselian Rhine and Meuse deposits are indica-
ted in Fig. 1. The soils have been mapped on various scales and with dif-

ferent legends. A schematic comparison of legends in presented in Table 3,

Differentation in Koenigs (1949) map was based exclusively on thickness and
texture of Holocene and Weichselian sediments,

Edelmar (1950) introduced the concepts of soil landscapes, complexes and
types. Soil landscapes have a common mode of formation bat may comprise
strongly varying soils.

The soils of characteristic elements din a soil landscape are grouped into
s0il complexes when map scale does not permit the various units (types) to
be separated. A soil complex may contain considerable variation. At the
lowest level, soil complexes are subdivided 1into soil types. Rach type can

be considered uniform In terms of its agricultural production capacity.
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Table 3. Criteria for subdivision and cheir level of use in legends of scll maps of Late Weichselian

deposits.

Authot ¥oenigs Edelman Schelling Fons Stiboka  Stiboka GLA*
Tear 1949 1950 1951 1957,1966 1965 1968-84 196884
Scale l: 10.000 400,000 25.000 25,000 200,000 50.000 50.000

Criterio

Parent Haterial it ) D) S) e ) +
Hydrology - ++ ++ ++ + + +++e)
Texture + - + + + + ¥
Soll formstion - - - ) * . —

*) Geclogisches Landesamt Nordrheiln-Westfalen (GLA)

+++: highest level; ++: second level; +: third level; —: not uged.

Footnotes:a) sandy solls excluded; b} Parent material is subdivided into river loam and river sand at this
level; c¢) no Late Weichselian sands in this area; d) Late Welichsellian sands are Included LIn the noo-
caleareous sandy scils; e) hydrolepy 1s veflected ip attrlbution to 'Tecrestrische Biden, Semiterrestrische
Biden, Moore/Organogene Biden' {well drained scils including surface water gleylng, gley solls and solls of
fleoded areas, and peat and peaty solls, vespectively); f) soll formation as described by Pons (1957} and in
chaptet 3 of this thesls can be used for differentiation In legends of soil maps at 1:25.000 or 1:50.000,
These concepts form the basis for the later legends by Schelling (1951} and
Pons {1957, 1966), who used hydrology for differentation at the second level
and distinguished soll complexes of Well Drained Brown Soils, Imperfectly
Drained Mottled B8o0ils, and Poorly Drained Grey Soils. The hydrological
subdivision was retained in the 1:200.000 so0il map of the Netherlands (Soil
Survey Institute, 1965) and soil formation according to the model of Pons
(1957) was used at the second level,.

The legend of the systematie 3801l survey of The Netherlands at scale
1:50.000 (Steur, 1966; Steur and Heljink, 1983) distinguishes simple and
compound mapping units. At the highest level, the simple mapping units are
arranged according to parent material and sometimes to soil formation. The
Late Weichselian clay solls (more than 8 per cent clay in more than half of
the wupper 80 cm) are subdivided into seils with a ‘'briklaag' {(Duteh
equivalent te argillic horizon, De Bakker & Schelling, 1966): BZ and BK, and
s0lls with no such layer: KR. Hydromorphic characteristics are used for
subdivision at the second level, and topsoil textures for subdivision at the
third level, Texture trends with depth are not used because of the large
variation. At the fourth level, the groundwater class igs added. For example:
KRn2V is a soil on Late Weichselian clayey deposits with no 'briklaag’ (KR),
with hydromorphic properties within 30 em (KRn; n, ‘'nat'=wet), a topsoil

texture class 2 or 'zware zavel' (XRn2) and a groundwater class V (roman
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numeral V; mean highest groundwater level within 40 cm, mean lowest level
deeper than 120 cm). The 1:50.000 mapplng of soils on Late Weichselian
deposits was completed recently.*) Table 4 shows the area per drainage class

of each mapping unit. Of the total area of approximately 36.000 hectares,

Table 4. Surface areas ( in ha) of wmapping units of soils on Late Weichselisn deposits in the

Hetherlands, subdivided according to groundwarer class.

Groundwater class

I Ir I1L v v Vi vil Total
Happing Unit
BZd 2} - - - - - - 250 250
RZd 24 - - - - - - 200 200
BKd 25 - - - - - 250 3000 3250
BKd 26 - - - - - 350 650 1000
BKh 25 - - - - - 50 200 250
BEh 26 - - - - - 200 350 550
BKn 25 - - - - - 150 50 200
BKn 26 - - - - - 100 - 100
KRd 1 - - - - - 409 6000 6400
KRd 7 - - - - - 350 850 1200
XRn 1 - 150 3060 450 3200 3350 50 10200
KRn 2 - 108 2650 500 1150 3350 50 B200
KRn & - - 2200 50 800 1000 50 4100
Total - 250 7850 1400 5150 9550 11700 35960

some 13.100 ha. are well drained (part of groundwater classes VI and VII).
In 7600 ha. of the well-drained soils, an argillic horizon 1s not indicated
(KRd). Of the remaining 5.500 ha., pseudogleying in the E-horizom (BKn) or
in the Bt-horizon (BKh) is encountered in 1100 ha. Imperfectly and poorly
drained soils with hydromorphic properties within 50 em from the surface
occupy 22,500 ha (KRn). These soils have dominant groundwater classes III, V
and VI. The extent of soils in the lower groundwater classes may be under—

estimated because peaty variants are grouped with peat and peaty soils.

*) Late Welichselian soils occur on the map sheets 33E (Apeldoorn, 1979), 39E
(Rhenen, 1973), 40WE (Arnhem, 1975), 41W (Aalten, 1983), 45E ('s Hertogen-
bosch, 1976), 46WE (Vierlingsbeek, 1976), 520 (Venlo, 1968), 52E (Venlo,
1973), 58W (Roermond, 1972), 58E (Roermond, 1968), 59 (Peer, 1970), 60WE
(Sittard, 1970).
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In West Cermany, the 'Geologisches Landesamt fiir Nordrhein-Westfalen' (GLA)
mapped soils on Late Weichselian deposits of the Rhine and its fbrmer
courses and tributaries in the Lower Rhine Basin. 5o0il maps at a scale of
1:50.000 are available for most of the area **

The legend of these maps 1s based on soil formation which depends on
hydrological position (see footnote e of Table 3). Soil formation and parent
material, using Miickenhausen's (1969) classification, are used at the second
level, Textural characteristics {'Bodenarten') and their wvariations with
depth ('Bodenartenschichtung') are used at the third level. Groundwater
class and the presence of surface water gleying ('Pseudogley') are indicated
by symbols on the map. As nearly all mapping units are assocliations (Steur
et ale., 1984}, the co-dominance of soils within an association 1s indicated
by ‘'und' (and), subdominance with ‘'zum Teil' (partly) and impurities or
inclusions with 'stellenweise' (locally).

In all legends discussed above, soils on Late Weichselian deposits are
separated from those on Holocene sediments, Hydrology, soll formation and
textural characteristics are the main criteria for subdivision of the
former, Variation occurs as to the level of use of the differentiating

critera.

2.7+2. LEGEND FOR THE 1:10.000 SOIL MAPS OF THIS STUDY

Student field parties who surveyed the various areas made about 2 augerings
per hectare (unpublished reports by Van Engelen (1975), Van Reuler (1978},
Van Dis and Robben (1978), Broekhuizen and Epema, 1979). In each aupgering,
clay content, hydromorphic features (mottling), colour, gravel content, lime
content and evidence of soil formation {e.g. banded Bt horizons) were

recorded every 10 cm. The horizon designation was also recorded but had to

®%) Late Weichselian solls occur on 1:50.000 map sheets L4104 (Bocholt, 1983),
L4302 (Kleve, 1985), L4304 (Wesel, 1983), L4502 (Geldern, 1975), L4504 (Moers,
1974), L4506 (Duisburg, 1979), L4704 (Krefeld, 1969), L4706 (Disseldorf, 1978)
L4904 (Ménchengladbach, 1971), L4906 (Neusz, 1972}, L4908 (Solingen, 1976),
L5106 {(K&ln, 1973), L5108 (Kéln—Miilheim, 1980) and L5308 (Bonn, 1983). The
soil map 1:100,000, sheet C4302 {Bocholt,1968) covers the adjolnlng German
area between Siebengewald/Goch and Aalten/Barlo. The soils of Nordrhein-
Westfalen (1:500,000) are presented in the 'Deutscher Planungs~atlas' (Maas
and Miickenhausen, 1971).
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be amended after further research (Chapter 3). The distinetion between
Holocene and Late Weichselian material was made using criteria described by
Koenigs (1949), Schelling (1951) and Pons (1957). In poorly drained soils or
very wet soll material, the distinction was somewhat difficult. The surveyed
areas predominantly consist of Late Weichselian material. Holocene deposits
occupy the lowest positions and are generally found in former river channels
or as a thin wveneer on top of Late Weichselian deposits. Holocene
redeposition of Late Welchsellan material in some river channels (Poelman,
1975) may cause an overestimation of real age Iin some cases.

During the field survey, attemps were made to relate soil conditions to
visible microtopography. Cross sections were used to relate microtopography
to soil texture, In the first survey (Van Engelen, 1975) a density of 10
augerings per hectare was used; Iinformation from this survey was used in the
subsequent surveys of other areas. Discussion of the legend of the 1:10.000
maps will be focussed on the subdivision of soils on Late Weichselian
deposits,

Best related to microtopography were depth of occurrence and expression of
hydromorphic characteristics. This allows the soils to e grouped in topo-
hydrosequences, Fige 14 shows examples of such topo-hydrosequence with
textures of sandy loam and clay loam respectively and details of relevant
horizonse. As can be read from the cross sections, topsoll texture, textural
profile and thickness of clavey deposits were alsc related to topography. In
each of the surveyed areas, the range of textures within any given
hydrological c¢lass was narrower than the overall wvariation of texture
mentioned in Table 5.

Relation between texture and topography was less pronounced than that
between topography and hydrology., Therefore, hydrology was wused as
differentiating criterion at the highest level, and textural variation was
desceribed at a lower level, Table 5. shows the final legend, which was used
for all areas. In the table, mottling characteristics are given for three
depth intervals in each mapping unit, together with the overall texture
variation per depth 1interval. Reference profiles (section 2.4.l.) provide
detailed informatfon on textural characteristics of each mapping unit.
Reference profiles from outside the surveyed areas have been assigned to a
mapping unit and included. Textural classes of samples of the reference

profiles, are given in Fig. 8.
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Fig. 14. Characteristic topo-hydro sequences of Late Weichselian soils.

A. Clay loam texture: well drained brown soil (HB-reference profile A16}; imperfectly drained mottled
soil (MB-reference profile A2); poorly drained grey soil (LG-reference profile A3)

B. Sandy loam texture: well drained brown soil (HB-reference profile A6j; imperfectly drained mottled
soil (MB-reference profile A7); poorly drained grey soil (LG-reference profile A8}

C. Detail of HB (clay loam)-note worm activity

D. Detail of HB [sandy loam)-note biogenic structure )

E. Detail of MB {clay loam}-pseudogley with bleached ped faces

F. Detail of MB {clay loam)-gley with iron coalings around former root channels

G. Detail of LG (clay loam)-grey groundmass colour and undecomposed dead roots

H. Excavation wall (Heumen area) demonstrating part of topo-hydro sequence: impertectly drained motled

soils (left hand side) changing to poorly drained grey soils changing to very poorly drainéd peaty
soils {infilled channel - right hand side)
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Table 5. Legend: Hydromorphic features and range of textures of mapping units 1in the soll maps 1:18.000.

Mottiing and range in clay content

0~40 cm 40-B0 con 80~12D ¢m
Fe Hn Red clay Fe Ho Red clay Fe Mn ked clay

k4 x X
LATE WEICHSELIAN DEPOSITS
Clayey Soils
Well and moderately well
drafned wolls
i A1 - - - (B2 - - - <8-3% +) ¢y - <t
HL 2 - - - 10-25 (+) (+) - <B=40 + + (+) <8
HL 3 +y # « 15-25 H+)  +(+) - 15-30 - + + <8
Ivperfectly and scaewhat
poorly drained mottled
eoils
WL 1 +(+) +{+) (#) 10-25 ++ -+ + 10-35 ++ + + <8
HL 2 + b + 10-35 H{+} +H(+)} = 10-35 +(+) H{+) <3
ML 3 + +H 15335 ++ ++  HHE 10=45 +4)  +{+) +++ <8
Poorly and very poerly
dratned grey soils
L. +H -(+) 4 1525 Ho=(+) o+ 25-45 (+) -(+) +=+ <8
LL 2 ++ =(+) o+ 10-25 (Y () 1045 {+) - H+ <8
Lt 3 +(+) ={+) R 10-20 () -{+) +H 25745 - - +HH <3

Sandy Soils
§ River dunec

HOLOCENE DEPOSITS
Kore than 80 cm Holocene sediments

K Clay
K¥ Clay on Peat
v Peat

HOLOCENE DEPOSITS OVERLYING LATE WEICHSELIAN DEPGSITS
Kk— Holocene cover £(-80 cm thick: letter K preceding HL, ML or LL
k== Holocene cover less than 40 cm thick: Letter k preceding HL, ML or LL

Explanation: Fe = iron mocttles, Kn» Manganese mottles; Red= reduction colours; E=banded
Abundance: - 0o mottles
~{(+} few mortles in less than 50% of olservations
{+) few motrles in wore than 50% of obaervatione
+ few mottles in all observations
+(+) few to common mottlex in all olservations
4 + common wottles in all observations
++(+) common to many mottles in all cbservations
+ + + many mottles in &l) observations
+ + 4+ + pore than 701 reduction colours (area)

Three maps are presented faor each survey: scils {based on hydrology),
texture of topsolil, and elevation. The textural classes are those used in
the 1:50.000 surveys. Elevation was taken from 1:10,000 altitude maps
published by the Netherlands Topographical Service. TFor the Heumen area
{(Figure 15), depth to sand is given as well.

24743, DESCRIPTION OF THE 1:10.,000 DETAILED SOLL MAPS

2.7.3.1., HEUMEN AREA {Fig. 15)

The survey covers about 12 ha and includes 140 augerings; the map and cross

section (Van Engelen, 1975) were published in Miedema et al. (1978).

Elevation ranges between 8.5 and 10 m above NAP.
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Fig. 16. Landscape Heumen area and location of the reference profiles.

A. The Heumen channe! (mapping unit Kv-grassland) where palynolegical samples were taken (1).
Location of reference profile A3 {mapping unit kLL2) on left hand side of the photo (2)

B. Characteristic microtopography with ML3 channel and ML2 and ML1 flankings [arabie land)

C. Broad ridge (arable land-background) with HL1 and HL2 soils {reference profile A1-1) with ML3 channel
{foreground} and ML2 flankings {reference profile A2-2)
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In the northeast of the soil map a major river chamnel filled with Holocene
clay and peat {palynology section 2.5.1.1) is indicated by unit KV. The
channel is bordered by fine-textured Late Weichselian soils (LL2, ML3) with
locally a thin veneer of Holocene clay (kLL2, reference profile A3; Fig.
16AY. Southwest of this channel, a slightly elevated narrow ridge (ML1) with
fine-textured flanks (ML2) 1s found. From a second depression (ML3; Fig.
16B) the landscape ascends through coarse—textured ML2 to MLl and scattered
islands of shallow, coarse-textured HLl, HL2 and HL3 on sand., The ML2 and
MLl flanks of these islands are imperfectly drained. In the next channel
(ML3) which traverses the map approzimately N-S, sediments become finer with
increasing depth. The flanks of the channel widen northward and become finer
with depth (ML2, reference profile A2; Fig., 16C). The southwestern border of
the mapped area 1s marked by a broad, high ridge with well-drained, coarse-
textured soils (HL1l, reference profile Al; HL2) and an imperfectly drained,
coarse—-textured northern flank {(MLl). '

Topsoil textures (Fig. 15B) clearly show the ridge in the southwest and the
major channel in the mnortheast, The coarse-textured ML] island and the
channc.1l bordering this island to the west are alse clearly visible. In the
remainder of the area, correlation between soils, topography and texture is
less pronounced. Thickness of the clayey sediments, as indicated in Fig.
15D, is not clearly related to either dralnage or texture. Some very shallow
soills are found in the southwest. There is a distinct relation between

elevation (Fig. 15C) and hydrology.

2.7.3.2. STEBENGEWALD AREA (Fig. 17)

Two sample areas of 75 ha each were mapped. The northern area was surveyed
in detail (120 augerings) and has elevations between 15 and 17 m above NAP.
The southern area lies between 15 and 16.5 m above NAP; 60 augerings were
made here. Soil units and cross section were described by Van Dis and Robben
(1978).

In the northeast of the northern area a slightly elevated plateaun occurs
with rather fine-textured, deep to shallow HLl, HL2 and HL3 (Fig. 18).
Directly morth of this plateau, on German territory, 1s the deeply incised

Kendel Stream (not shown on the map). Southwest of the Augustinusweg is a
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Fig. 18. Plateau {arable land) with fine-textured HL1, HL3 and HL3 soils.

narrow former channel (ML2) bordered to the south by a low ridge with HL2
and ML1 shallow on sands The finer textured and deeper ML2, which is
widespread between the Augustinusweg and the Kendelweg also lies in a
depression, the lowest part of which is occupled by a channel (ML3). The
remalnder of this area consists of ridges and islands of shallow MLl on sand
with HL1 and HL2 in well-drained positions, The Slebengewald reference
profile (A7) is situated in the unit MLl.

Topsoil textures (Fig. 17B) are sandy along the Augustinusweg, in part of
the HL2 unit. The remainder of the plateau, and part of units HLZ, MLZ and
ML1 have texture class II, while class IIT is found in ML2Z, ML3 and MLI1
positions., The pattern of topsoil textures suggests a channel system which
is not identical to the pattern indicated by hydrology. The latter is
reflected in the elevation map (Fig. 17C). Both the plateau in the morth and
its extension along the eastern boundary of the surveyed area stand out, and
the ridge along the Augustinusweg is also distinguishable. A high elevation
does not always correspond with a sandy topsoil texture.

The pattern in the southern area is very clear. A major channel with fine—
textured, deep ML3 and LLl, bordered by fine-textured, deep ML2 flanks runs
through the area from east to west and bifurcates near the Pannenweg and
towards the Gochse Dijk. The higher 1{1slands all have coarse-textured,

shallow MLl. ML2 flanks mark the transition to channel positions. Part of
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the deposits have been excavated for the manufacture of roof tiles
{ 'Pannenweg’ ).

The above pattern 1s clearly reflected in the topsoil textures (Fig. 17B}:
units MLZ2, ML3 and LL1 have class III (fine) textures, while the ML units
have c¢lass T and II textures. The elevation map (Fig. 17C) shows a patterm
which only partly coincides with patterns of topsoil texture and
hydrological units.

For both areas of the Siebengewald survey, the relation between elevation
and hydrology is better than that between elevation and topsoil texture. In
general, topsoils become sandier with increasing elevation, but the plateau
in the northern part is a clear exceptlon. Similar topsoil textures are

found over a range of hydrological (mapping) units.
2.7.3.3. OTTERSUM AREA (Fig. 19)

The Ottersum area is about 75 ha and its elevation ranges between 11 and 14

m above NAP. It was surveyed in detail (130 augerings). The sofl units and

cross sections were described by Van Dis and Robben (1978). The area can bhe

subdivided into three:

~ The southern part, south of the LL1 channel near the Aaldonkse Straat is a
well-drained plateau with coarse-textured, deep to shallow HL1l, HL2Z and
HL3. Just beyond the southern boundary of the map runs the deeply incised
Niers stream. Reference profiles Ottersum (A6) and Ven—Zelderheide (Al5;
Fig. 5) are located on the HL1 plateau. The HL3 unit occuples depressions
in the plateau.

- A former river channel with strongly reworked LLl and LL3+V (Fig. 20)
separates the southern plateau from a second relatively high area between
Panoven and the Hoevense Straat. This area contains high islands of
coarse-textured, shallow HL2 dissected by former channels with finer—
textured ML1, ML2 and, locally, ML3.

- North of the Hoevense Straat 1s a relatively low area, dominated by fine-—
textured deep to shallow ML2 with channels of ML3 and LL2+V. The Aaldonk
reference profile (A9) 1s situated In wunit ML2Z, slightly east of the
surveyed area. A river dume (S) is encountered at the junction of Hoevense

Straat and Biezendijkse Baan. In the northern area, the sediment is
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A Soi) map (legend: see Table 5 - text) B Topseil texture (0-30 cm) C: Alvitege (cm + NAP)
»  Reference profile (46,40

%<t pm
bl

—e—. CFO5S section (Fig.3) 1]

——~ 5011 boundary 1 8 -11.5
ML} legend unit 11 12.5-2%

€771 tormer river channel o2 -35
+ tnCDJ within 120 ca depth v » 35

} excavated
~—  rewdrked
e rosd

=@ houses, church

o130 7

.

Top. map 1:25,000; 1

|- S sheet dgasd

Fig. 19. Soil map (A), topsoil texture (B} and altitude (C} of the Ottersum area.
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Fig. 20. Former major river channel (grassland) with strongly reworked LL1/LL3 + V solls. Background

demonstrates HL2 soils (arable land).

locally calcarecus, which is indicated in the map. Calcareocus material is
restricted to the wvicinity of former channels, but its occurrence is
erratic. The presence and significance of CaCO; will be discussed in sectlon
3.3,

The three areas delineated ahove are reflected in the topsoil textures (Fig.
19B). The topsoil textures of the southern plateau are class I, with a few
class ITI; those of the channel just north of the plateau are class III.
North of the channel, elevated parts have topsoil textures of class I,
surrounded by class 1I with locally class III in channels. The northern part
is dominated by topsoil textures of class 111 with class II in slightly more
elevated areas. Class II near the northern boundary marks the transition to
a ridge just outside the mapped area.

In the elevation map (Fige 19C), the higher parts of the southern and middle
area, and the channel in between are ¢learly indicated. The 50 cm interval
is too coarse to reflect the microtopography of the northern part.

In the Ottersum area, the relation between hydrology and topsoil texture
stands out, and vrelations between elevation and hydrology and between
elevation and topsoll texture are both fairly well expressed. The three maps

are similar but far from identical.
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A soil map (legend: see Table 5 -text) B. Topseil texture (0-30 cm) C: Altitude {em + NAP}
® Reference profile (A8)  + CaCD, within 120 cw depth %<2 um
== i??“néﬁiﬁl?? Fiod) 5 excavaed T Rt
: _ d "
M1 legend unit roa o 11.5-25
former river channe! =0 houses, church 1r 25 -3%
Iv » 35

Reichswald

|

I

Iwarte weg

N
Top. map 1:25,000;
sheet 46B+E
4 2som

S

Fig. 21. Soil map (A), topsoil texture (B} and altitude {C) of the Milsheek area.
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2.7.3.4. MILSBEEK AREA (Fig. 21}

The Milsbeek area is about 60 ha; its elevation, the rivey dune area in the
southwest excepted, ranges between 11 and 12.5 m above NAP. The maps are
based on 105 augerings. Soil units and cross section are desecribed by Van
Dis and Robben (1978). The river dune 1s recognizable by its topography. The
influence of wind-blown sand on the immediate surroundings is reflected in
sandier topsoils (class 11, Fig. 21B). Also, the iJce-pushed ridge
immediately north of the mapped area, in Germany (Fig. 22) is a distinct
morphological unit. The remainder of the area is dominated by fine-textured,
deep LL1 so0ils, with higher islands of ML2Z and ML3 soils, maluly south of
the Koningsvennenweg. In these ML2 and ML3 soils, contrast of mottling is
less pronounced than in the Siebengewald and Ottersum areas. North of the
Koningsvennenweg, drainage conditions are even less favourable and slightly
elevated parts have fine-textured deep to shallow LL1 and LL2 soils, while
LL3 and V solls occur inm channels. In this area, topsoils have been sanded
locally, to improve bearing capacity. Reference profile Milsbeek (A8) is
situated in unit LL2. A single area of coarse-textured, shallow MLl is found

at a slightly elevated site just north of the Konlugsvennenweg.

Fig. 22. Ice-pushed ridge (forest) and characteristic micro-topography {foreground} with LL1, LL2, LL3
and V soils. Reference profile A8 {mapping unit LL2) is located at {1}.
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CaC03 was locally found to occur within 120 cm depth in the area north of
the Koningsvemmenweg; its occurrence will be discussed in section 4.3,
Topsoll textures in the area are class IT or III (Fig. 21B), with exception
of the river dune, which consists of pure sand (S). The elevation map (Fig.
21C)} shows that the atrea near the Grensweg is lowest (11-11.5 w -+ NAP). The
remainder of the area ranges between 11,5 and 12 m, with higher islands
between 12 and 12.5 m + NAP. The river dune rises above 14 m + NAP,
Elevation correlates with hydrology to some extent. Poor drainage in the
northern part, however, is not exclusively due to its low position, but is
enhanced by seepage from the ice-pushed ridge in the north. This poorer
drainage is reflected in the weaker contrasts of mottling in ML2 and ML3.
Relation between topsoil texture and elevation is less pronounced than that
between topscil texture and hydrology, but the patterns on the various maps

do not correspond exactly,.

2.7.3.5 MEGCHELEN AREA (Fig. 23)

The Megchelen area is about 45 ha and was surveved with some 150 augerings:
its elevation ranges between 14 and 17 m + NAP. The area has a very
pronounced topography. The soil units and cross section were described by
Broekhuizen and Fpema (1979).

A major river channel rumns along the German border, in the southeast. Pollen
analysis (section 2.5.2.1.) confirmed that infilling of the chanmnel occurred
during the Holocene, and hence the mapping units were designated K and Kv.
The clay is very fine-textured, Mbut topsoils may locally be sandy, because
local farmers have added sands The channel is an outer bend that eroded the
Late Weichselian terrace plateau to the north. The terrace plateau consists
of well-drained, coarse-textured, shallow HLl. The Megchelen reference
profile (Al4) is situated here, and the Millingen reference profile (Al6) is
from a similar position, in neighbouring West Germany. Three channels are
encountered in the terrace surface. Running along the eastern border of the
survey area is a channel with poorly-drained and strongly mottled or
reduced, wvariably textured ML} and 1L2 with locally wvery strong Mn
accumulation, A second channel runs parallel to the Grensweg, represented by
ML3+LL1 and gravelly MLl. Ia the northera part, this channel is jolned by a

branch from the southwest, Note that the depressions on the terrace do not
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Fig. 24. The Megchelen channel {Landwshr) where palygonological samples were taken. Terrace plateau
with HL1 soils in background {arable land).

N

drain towards the Holocene channel. A similar situation is found in the
Asbroek area (section 2.7.3.6.). Topsoil textures (Fig. 23B) of the Late
Weichselian surface are sand (0) to slightly clayey (1), whereas channels in
the terrace are filled with slightly finer textured material (I/II}. The
Holocene infilling of the southwestern channel is much finer (IV).

The elevation map (Fig. 23C) shows the incision of the southwestern channel
very clearly. Alsco, the channels in the Late Weichselian surface are one to
two metres lower than the surrounding terrace, but transition to the plateau
is gradual, while the eastern channel again shows an abrupt descent., The
bifurcated channel was the first to be abandoned, followed by the eastern
channel, which shows some depth erosion, The southwestern channel alone
remained active through the early Holocene. Holocene sediments have not been
encountered in the other channels, unless part of the Weichselian material
was redeposited, Within the Late Weichselian material, hydrology is clearly
related to elevation (Fig. 23C). Topsoil texture allows a sand member and a
slightly clayey member to be distinguished in HLl. The occurrence of sand in

the highest positions is not consistent throughout the area.
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2.7.3.6. ASBROEK AREA (Fig. 25)

This area covers about 25 ha and ranges in elevation between 13 and 15.5 m
above NAP, It was surveyed with some 100 augerings. The soil units and cross
section were described by Broekhuizen and Epema (1979).

On the southern margin an erosive outer bend of a Holocene channel 1is
indicated by KV. Its position and genesis is comparable with the Holocene
channel of the Megchelen area. In the north is an elevated area with well-
drained, sometimes fine-textured sandy soils (HL1, Asbroek reference profile
Al3).

Fig. 26. Barely perceptible microtopography with ML1 and ML2 soils on the higher elevations ({farmhouse}
and kML2 soils in the foreground (grassland).

In the eastern part of the tract between Munsterweg and Jonkerstraat (Fig.
26) is a relatively elevated part with MLl and ML2 soils, and immediately
south of the Jonkerstraat are coarse-textured, well-drained soils (HL1, HL2)
at slightly lower elevation. In the south and centre, the Late Weichselian
deposits have a thin veneer of Holocene clay (Gendringen II, A5, is a
reference profile In %MLZ from the near surroundings). Areas without
Holocene cover are only decimetres higher than those with this cover.
Despite the apparent flatness of the surface, solls vary considerably in
hydrology and texture.

Topsoil textures (Fig. 25B) show areas of class I, surrounded by class 1I.
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Class III 1s encountered sporadically, In the north and the south, texture
class I corresponds with part of the HL units, but evidently, variations in
hydrology are more proncunced than variations in topsoll texture. Thickness
of the Holocene cover, and mixing of thin Holocene covers with underlying
Late Weichselian material obscures the correlation between texture and
hydrology of the Late Weichsellan soils, The elevation map (Fig. 25C)
indicates three relatively higher areas. Except for the area along the
Jonkerstraat, these correspond with the occurrence of better-drained soils.
Incision of the Holocene channel is clear; its surface i{s 0.5 to 1.5 below
the adjacent Late Weichselian terrace.

Vaiations in hydrology and thickness of Holocene cover are not clearly

related to microtopography,.
2474347, VELDHUNTEN AREA (Fig. 27)

This area covers about 30 ha and ranges in elevation between 13,5 and 15 m
above NAP, It was surveyed with some 120 augerings. Soll units and cross
section were described by Broekhuizen and Epema (1979).

In the north, at the elevation of the hamlet of Veldhunten, the solls are
shallow, coarse-textured HLl. With the exception of this area, and a small
enclave of MLl and HL2 in the southeast, all scils have a Holocene cover.
The Gendringen T reference profile (A4) i1s representative of unit ML1, but
was taken outside the surveyed area. In most of the Veldhunten survey, the
Late Weichselian deposits are covered by less than 40 cm of Holocene clay
(k~-); the deposit is thicker in former channels, where units K==, X and KV
may be encountered. The palynology of the infilling of the Roode Wetering
(section 2,5.,2.,2,) indicates that this channel was abandoned during the lLate
Weichselian. The general aspect of the area is that of an alternation of
former ridges and channels covered with Holocene sediments. Differences are
mainly in hydrology. Reference profiles are Azewijn I (A1G, kML2) and
Azewijn IV (All, kHL3), both from just outside the surveyed area.

The northern part has a predominantly east-west drainage pattern, while the
southern part shows a southeast-northwest course, At the transition is a
distinct channel (K, with flanks of kLL1). This channel joins the Roode

Wetering just norcth of cthe surveyed area,.
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Topsolil textures {Fig. 27B) indicate fine-textured (IY) sediments in the
main channels; Class 11l textures occur wldespread south of the Raode
Wetering, and coarse—textured topsolls are mainly confined to the northern
part, near Veldhunten hamlet, Topseil textures reflect the influence of the
uniform Holocene cover, which is partly mixed with the more variable Late
Weichselian subsoil. The degree of mixing partly depends on hydrelogy.

Ridges and channels are recognizable on the elevation map (Fig. 27C). The
pattern does not colncide with that of the hydrological units, because the

50 em interval of the altitude map is too coarse.

2.7 .4 COMPARISON WITH EXISTING SOIL MAPS

The so0il map 1:25.000 of Pons (1966) includes the Heumen area. The
similarity between that map and our 1:10,000 soil map (Fig. 15) is striking.
The larger scale of our soil map permitted a mappable subdivision of the
three main units of well drained brown, jimperfectly drained mottled and
poorly drained grey Late Weichselian soils., Less detail is shown on the
1:50.000 s0il map covering that area (sheet 46 West, Vierlingsbeek)
published by the Soil Survey Institute (1976), but the map pattern agrees
with our soil map.

The so0il wmap 1:25,000 of Schelling (1951) includes the Siebengewald,
Ottersum and Milshbeek areas, In comparison with our 1:10.000 soil maps
(Figs. 17, 19, 21) there Ls one consistent difference: the extent of poorly
drained grey soils on Schelling's map is much larger than on our soil maps.
Our mapping proved to separate the solls with an argillic horizon which
subsequently experienced {pseudo)gley to a varying extent from those soils
that do not have an argillic horizon due to their poor dralomage position
throughout time {correlation with soil formation, chapter 3}. On the
1:50,000 soil map (sheet 46 West, Vierlimgsbeek) coverlng those areas the
limitations of mapping on a smaller scale necessitated generalizations, but
the general map pattern agrees with our soil maps. It is surprising is that
in similar soils on the same well-drained ridge near Ottersum an argillic
horizon may or may not be present. This will be discussed further in chapter
3.

The 1:10.000 soil map of Koenigs (1949) covers the Asbroek and Veldhunten
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areas (Figs. 25, 27). As his s0ll map 1is based on separation of Late
Weichselian and Holocene deposits 1n combination with their texture, it is
difficult to compare it with our soil maps, which are primarily based on
hydrology. The textures correspond reasonably and the map pattern also shows
similarities, because of the correlations between texture and landscape
position evident from the cross sections. One general difference is that
Koenigs assigned the well-drained brown soils to the Holocene sediments
whereas they belong to the well-drained Late Weichselian deposits; this can
be proved by the soil formation (chapter 3).

The 1:50.000 map sheet 41 West, Aalten published by Soil Survey Institute
(1983) covers the Megchelen, Asbroek and Veldhunten area (Figs. 23, 25, 27).
The map pattern shows similarities, but in a more generalized way, because
of the scale of the map. On this map sheet it is striking that the well
drained Late Weichselian soils with an argillic horizon are limlited to the
German territory. On the German soil map of the séme area {Sheet L4104,
Bocholt) publighed by GLA (1983) soils with an argillic B-horizon are

indicated on Dutch territory, too.

2.7.5. THE HOLOCENE REFERENCE PROFILES

The many vreference profiles representative of the variation 1in Late
Welchsellian solls were compared with Holocene non-calcarecus and calcareous
reference profiles. The site for these reference profiles was selected from
exlsting detailed soil maps. The choice of profiles was guided by the wish
to sample a texture range comparable with the texture range in the sampled
Late Weichselian soils. It 1Is difficult to find non-calcareous coarse-—
textured Holocene soils. The sampled Weurt profile (A18) is coarse-textured,
and has a very coarse sand fraction because of the neighbouring fece-pushed
ridge of Nijmegen. The sampled Ewijk profile (Al7) is situated in a complex
part of the fluvial area and has a deeper, Late Weichselian deeper subsoil.
The choice of the site of these sample profiles was based on the soil maps
1:25.000 by Pons (1966). The sampled Randwijk profile (Al9) is situated in a
transitional position to a backswamp and 1is fine-textured. The age of these
non—calcareous reference profiles is estimated to be around 2000 years based
on the sedimentation history described by Pons (1957,1966) for the Weurt and
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Ewijk sites and Havinga and Op 't Hof (1969, 1975, 1984) for related areas
in the Betuwe., The intermediate position of the sampled non-calcareous
reference profiles is frequently mentioned in the discussions about their
properties. Their drainage position ranges from moderately well-drained
(Al8) to imperfectly drained (Al7, Al9).

The calcareous Holocene reference profiles were sampled in the recently
diked Maas, Lede and Oudewaard polder between Kesteren and Lienden, Diking
of this polder was completed in 1805, sedimentation continued untill then.
In this polder the profiles Kesterem (A20) and Lienden (A2l) were sampled.
The sites were based on the detailed 1:10,000 soil map of this polder. In
order to achieve the goal of sampling a vrepresentative and comparable
texture range in the Late Weichselian and non-calcareocus Holocene solls, a
fine-textured calcareous profile had te be founds This profile was found in
the foreland near Opheusden (A22). These three calcarecus Holocene profiles
are representative for very vyoung Rhine soils. Their drainage position is

moderately well drained. Profile photographs are giver in Appendix A.

2.746. LAND USE

The land use of the reference profiles 1s indicated in Table 6. On the
selected sites the land use was similar to that of the surrounding area. In
each investigated area the land use was partly arable, partly grassland., In
cases where the present land use differs from the land use of previous years
this is indicated.

Table b: Land use of the reference profiles

arable land grassland
* » * * *
Late Weilchselian golls Al,AZ, AT, A9 A3 AL A5 ,AB,AGT,AL0,AL1,AL2,A137  Al4,ALS LALG
Holocene non calcareous scoils aAl?,A19 a1g*
Holocene calcarecus soils A20,A21 A22

* former arable land
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3. SOILFORMATION

3.1, MORPHOLOGICAL ASPECTS

The reference soils have been subdivided into Late Weichselian and Holocene
Rhine soils. Further subdivision of the Late Weichselian soils into ‘'well
drained brown' soils (HB), ‘'imperfectly drained mottled' soils (MB) and
'poorly drained grey' soils (LG) (Fig. 14) follows the mapping units of our
soil survey (section 2.7). The subdivision of the Holocene soils into non-
calecareous (Ca0) and calcareous (Cal) soils reflects age differences: non-
calcarecus soils are roughly 2000 years old and calcareous soils are
developed 1n sediments of some 500 years of age, This subdivision will be
used throughout the following chapters.

The following soil-formiung processes can be inferred from profile
descriptions and thin section studies:

- weathering of silicate minerals

physical reorientations resulting from stress and friction

decalcification

clay and groundmass illuviation

- pseudogleying and gleying

~ biological activity

- human activity.

Table 7 summarizes the macromorphological features pertinent to these
processes and Tables 8 through 11 summarize micromorpholegical aspects. Full
details are given in Appendix A, and in unpublished reports of Van Engelen,
{(1975), Vlaanderen (1976), De Kreij (1976), Van Dis and Robben (1978),
Druijff (1979) and Broekhuizen and Epema (1979).

3.1.1. PARENT MATERTAL AND} WEATHERING

Macroscoplc  aspects related to parent material include geogenic
stratification and texture. In all the reference soils, macroscopically

visible geogenic stratification is found in the sandy subsoil; in the
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overlylng finer strata it 1s not evident. Microscopically, evidence of
geogenic stratification is found 1In clustered and banded distribution
patterns of skeleton grains and plasma. The depth at which these microscopic
phenomena are encountered 1s related te the relative drainage position of
the soils: in poorly drained solls they are found at shallow depth, In well
drained soils such structures have been obliterated to greater depth. Also
in young soils {Cal) microscoplc evidence of geogenic stratification 1is
encountered at shallow depth.

All reference soils have a similar range in clay content {(Table 8); this was
the original aim of the sampling and enables wus to compare other
characteristiecs (Detailed .grain-size frequency analyses of the reference
profiles were discussed in section 2.4.2).

The main evidence for weathering is the brown coleour of soils in well
drained positions. Microscopically, weathering is indicated by dissoclution
and alteration of skeleton grains and rock fragments, accompanied by the
formation or iron hydroxide segregations inm and on grains. The original
minaralogical composition of the sand fractions of the investigated soils
shows only minor differences, btut their weathering status is clearly
different.

In both Holocene and Late Weichselian soils, some 20-30% of the skeleton
grains are non-quartz. These include micas (muscovite, biotite), feldspars,
glauconite, some volcanic fragments and other, unidentified, minerals.

The Holocene soils show fresh mineral grains without alteration phenomena
and no changes iIn contents of easily weatherable minerals with depth were
observed In these scoils. Late Welchsellan solls show stronger weathering,
illustrated by smaller amounts of micas and feldspars in the topsoils and by
alteration phenomena such as exfoliation of biotite and liberation of Fe
along microcracks (Fig. 28). Such weathering phenomena are particularly
evident in the well drained brown (HB) and imperfectly drained mottled (MB)
solls and are also detected in the composition of the clay fraction (section
3.2.1). Weathering phenomena in the topsolls were reported earlier by
Miedema et al. (1978).

Primary calcite skeleton grains are encountered throughout the profile of
all Holocene calcareous soils (Cal) and become more numerous with depth.
Primary calcite was also observed in the subsoil of the non-calcareous Weurt
soil (Al8), which is transitional to the Cal soils. The occurrence of
primary calcite in the imperfectly drained Late Weichselian Azewijn I soil



65

Table 7. Summary of some macromcrphological observations from the prefile descripticns of the reference soils.
Consistence Structure Bicperes Pseudogley(ps) Bt Hunman
moist maLTo large fine Gley{g) lanellae azceivity

Group Code Name

HB Al Heumen I friable sab-sponge ++ ++ (+)ps + pPlaggen eplpedon
a6 Otcersum friable &a b-sponge +H(+) +H - + Ap
All  Azewljn IV friable{firm) sab-sponge R =+ {(+}ps + excavation
413 Asbreek {very)firm cp{sab/ab) +—+ ++ (+)ps (+) Ap
AlL Megchelan friable(firm) sab-sponge At A {(+}ps {+) Apfexcavation
415 Ven-Zelderheide friable sponge +{+) - + Ap
Al6 Millingen firm{Eriable) cplah) R aad = (+)ps - Ap
MB A2 Heumen II fitm eplabisad) -+ + +tpstg - Ap
A4 Gendringen I {very)firmn{friable) sab - =+ +(+)ps + Ap
A5  Gendringen 11  firm ep({sab) +{+) +Hpstg - Ap
A7 Siebangawald firm sab -+ -+ ++ps - Ap
A9 Aaldomnk firm(friable) eploab) + +(+) +tps+g - Ap
AlQ  Azewijn 1 (very)firm cp{abisab) + ++ +HpEtg - excavaclion
Al2 Voezlk firm{friable) ab - + pstg - Ap
LG A3 Heumen T1IT fimm cplab) Eaad +H  4g - topsell
A8 Milsbeek firm cplsab) + g - -
Cal} A7 Ewijk fivm{friable) epl{ab) + ++(+) +{+)gtps - Ap
Al WVeurt friable(firm) cp{sab/sponge) - +H+ (4 - Ap
Al9  Randwijk firm sp-ab -+ + +He - Ap
Cal A20 Kesteren friable(firm) sat-sponge ++ +H+ (H)g - Ap/plowpan
421 1Llienden friable cp{abisab-sponge)i++ = (+)g - Ap/plowpan
AZ2 Opheusden friableffirm) cplab/sab-sponge -+ = (g - excavation
Key: Blopores -+ few Pt lamellze - a bgent
+t common (+) thin
- many + clear
Psevdogley/Gley - absent StTucture gab  subanpular blotky structure
{+) waak ab angular blocky structure
-+ clear cp compound prismatic structure
+ very clear sp simple prismatic structure

(Al0) and in the poorly drained Late Weichselian Milsbeek soil (A8) will be
discussed in section 3.1.3.

Fragments of pumice (Fig. 28), originating from the Allerpd-time eruption of
the Laacher See, have been observed in small quantities in the topsoils of
some Late Weichselian soils (Al, A2, A3, A4, AS, A6, A8, Al3). All these
soils are situated in abandoned floodplains of the river Rhine. Apparently,
these soils have received little or no sediment in and since the AllerAd.
The well drained Late Welchselian Millingen scil (Al6) lies within, ut
slightly above the present floodplain and has pumice throughout the sampled
depth, This indicates an active sedimentation duting the Allerdd stage,

because its position precludes Holocene sedimentation.
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Laacher See pumice was also sedimented in the Heolocene floodplain, as 1s
evident from 1ts preseunce throughout the sampled depth in the non-calcareous
Weurt soil (Al8) and in the topsoils of the non-calcareous Randwijk soil
(A19) and the calcareous Kesteren {A20) and Lienden (A21) soils.

3.1.2, PHYSICAL PROCESSES AND PLASMA REORIENTATIONS

Physical processes In the soil are macroscopically reflected by partly or
fully physicogenic structures, such as angular blocky and simple smooth
prismatic structures. These are mncrmally linked with a high clay content and
reflect the occurrence of swelling and shrinking. The physicogenic
structures have generally been modified by biological activity (section
3.1.5). Micromorphologically, physical processes are reflected in the
plasmic fabric. Stress and friction cause the clay plasma to be reoriented
with respect to the skeleton grains {'plasma separations', Brewer, 1964, b-
fabrics, Bullock et al, 1985).

Table 8 summarizes the major groundmass characteristics and reorientations
encountered in the reference profiles (Fig. 29). The relation of the clay
plasma with the silt and sand fractions, in microscopic dimensions, 1s
expressed In the 'related distribution pattern' (Table 8), which includes
microporosity. This groundmass microstructure determines the 'consistence',
which was determined in the field and included in the profile descriptions.
The estimates of fine (meso) and large (macro) pores in the profile
description complete the structural aspects from micro te macro dimensions.
Table 7 (macrostructure, consistence and biopores) and Table 8 {(micro-
morphological groundmass characteristics) thus provide the information for
the following discussion.

The well drained, medium-textured bram Late Weichselian (HB) soils have
subangular blecky structures tending to sponge structures. In the fine and
very coarse sandy variants these are bound up in compound rough prismatic
structures, The plasmic fabric is asepic, or aseplc with locally seplc parts
(All, Al3, Al5); the finer-textured variant (Al6) has a distinctly sepic
plasmic fabrie (Fige 29), In all the soils investigated, skelsepic and
insepic reorientations are very common; in the finer-textured variant,

omnisepic plasmic fabriecs also occur.
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Table 8. Groundmass and reorientation characteristics of the groups of reference soils,
late Weichselian Holocene
HER MB LG Cal Cal

Features/characteristic

Eiogenic volds {vughs, chaanels) ++ + + +/+ -+

Homogenisation depth{cm) 50-100 20~50 O-40 50-70 30-50

Physicogenic voids {planes) -+ =+ +++ ++ +H

Seplc plasmie fabrics “/HHE) () +Hi+H+ ++) -

skelsepic 1.6 2.1 1.5 3.5 0.3

glaesepic 0.7 1.3 - 0,5 -

vosepic 0.1 1.8 1.5 1.0 0.3

iasepic 1.7 1.9 1.5 0.5 0.7

omniseple 1.0 1.8 1.5 1.0 -

maseplc - 0.9 .5 0.5 0.7

average intensity of sepic fabrics 0.9 1.6 1.1 0.7 0.3

range in clay (%) 10-40 15=45 20-40 15=45 2040

crystic plasmic fabric - - -0 -1 +H{+)

related discribution pattern pp/dp vdp (v)dp dp/fvpp pp

Key: Bicgenic voids - absent Plasmic fabrlc =~ absent Calculation: Averages

Physicogenlic voids + few + faine using faint= 1, clear=2 and

++ common +— clear prominenc= 3
++ many +HH prominent

Related distribution patterm: vpp = very porous porphyroskelice

PP = porous porphyroskelic
dp = dense porphyroskelic
vdp = very dense porphyroskelic
I Azewljn I (AlQ), Milsbeek (AB) and Weurr (Al8) have layars Iin the subsoil with erystic plasmic Fabrics.

The high biogenic microporosity (Table 8) and the many meso and macro
biopores indicate that these scils have a friable consistence, Despite thils
biclogical activity, skelsepic, locally, even insepic fabrics are found
embedded in the groundmass, especially in the sandier wvariants. Such
embedded insepic fabrics may cause a firm consistence, They are responsible
for the firm to friable consistence enccountered in the fine~textured variant
(Al6) where seplc fabrics (omnlsepic and insepic) are commen, although
biological activity is wvery high also In this profile. Continuous and
intense biological activity (section 3.1.5.) in the well drained soils has
obliterated most of the fabrics that are the result of physical processes
(stress, friction), and caused a porous porphyroskelic related distribution

pattern.




69

Fig. 29. Plasmic fabrics in Late Weichselian and Holocene reference profiles.

A. Crystic plasmic fabric (cross potarized light}-Holocene Cal soils

B. Asepic plasmic fabric (cross polarized light}-Holocene Ca0 soils

C. Vosepic plasmic fabric {cross polarized light)-Holocene Ca0 soils

D. Insepic plasmic fabric {cross polarized light)-Late Weichseltan soils

E. Skelsepic plasmic fabric (cross polarized light)-Late Weichselian soils

F. Omnisepic plasmic fabric {cross polarized light)-Late Weichselian soils

G. Omnisepic and unistrial plasmic fabrics (cross polarized light)-Late Weichselian soils
Note also ferri-argillic papules {clay illuwation - right hand corner of the photo)

H. Unistrial plasmic fabric (cross polarized light}-Late Weichselian soils
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Fig. 30. Large worm channeis in imperfectly drained MB soils resulting from recently improved drainage.

awz . " . . ™

A. Imperfectly drained MB profile (Heumen Il - spade is 120 cm)
B. Large worm channels penetrating to sand subsoil {knife grip is 10 ¢mj

The imperfectly drained, medium-textured Late Weichselian (MB) soils have
subangular blocky structures, frequently organized into compound rough
prismatic structures. Although the meso/macto porosity is occasionally high,
microporosity is always low and as a result these solils have a
characteristic firm to very firm consistence. The plasmic fabric is
moderately to strongly sepic, with dominating skelsepic, insepiec, omnisepic
and vosepic reorientations (Fig. 29). These reorientation fabrics are the
result of physical processes and have not been obliterated by biological
activity (see section 3.1.6). The many large bioperes found in some of these
solils (Fig. 30) have been formed in the last 30 years, since the drainage
has been improved. Thin sections show coarse skeleton grains embedded in a

very dense groundmass and the related distribution pattern is therefore
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described as very dense porphyroskelic, {Table 8).

The peoorly drained, medium to fine-tertured Late Weichselian (LG) soils show
a compound rough prismatic structure, subdivided into angular and subangular
blocky structures. The plasmic fabries in the two reference soils are very
different, The Heumen ITI socil (A3} has clear sepic fabrics (skelsepic,
omnisepic and wvoseplc plasma reorientations). The Milsbeek soil (AB) does
not have clear sepic fabrics apart from some skelsepic fabrics around
embedded sand grains, but it has a crystic plasmic fabric between 45 and 70
c¢cm depth. Both soils have low microporosity; their mesoporosity is high
because of to their grassy vegetation, Macropotroslty is high in A3, where
earthworms benefit from recently improved drainage, but is low in A8, which
is situated in a still swampy position. Because the biological activity in
both soils 1s relatively 1low, the reorganizations, which are mainly the
results of physical processes, have beea left praetically intact. As a
resulr, both so0ils have a firm consistence, because of a dense
porphyroskelic related distribution pattern.

The moderately well to imperfectly drained, non-caleareous, mediwn to fine-
textured Holocene (Caf) soils show prismatic structures that are normally
subdivided 1into angular blocky structures., The Weurt soil (Al8) 1is
transitional to the calcareous Cal solls and has a subangular blocky
structure, tending to spongy. The Cal group is diverse because as well as
the transitional soil Al!8 it contains a soil with a Late Weichselian subseil
(Ewijk, Al7}, transitional to the MB group, and a fine~textured, imperfectly
drained soil {Randwijk, Al9). Accordingly, the plasmic fabrics of these
s0ils vary: the Weurt soil (Al8) has an asepic fabric; the Holocene part of
Al7 has a faintly sepic fabric and the Randwijk soil (Al9) 1is sepic
throughout. Micropores and macropores are few in Al7 and Al% it many in
AlB. Mesopores are few in Al9 but many in Al7 and Al8. This results in a
friable {(locally firm) consistence in Al8, which has a very porous
porphyroskelic related distribution. Al!7 and Al9 have a firm (locally
friable) consistence and a dense porphyroskelic related distribution.
Physical reorientations are strongly related to clay content and comprise
vosepic and masepic fabrics; insepic and omnisepic reorientations are
exclusively encountered in the Late Weichselian subsecil of Al7,.

The moderately well drained, medium to fine-textured, calcarecus Holocene
{Cal) soils show angular and subangular blocky structures tending to sponge

structures, which are organized in compound rough prismatic structures in
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the finer-textured variants (AZ1, A22), The plasmic fabric (Fig. 29) is
crystic in the subsoils and asepic in the topsolls; some faint sepic fabrics
occur locally in the fine-textured profiles A21 and A22. Micro, meso and
macro porosity are very high in all three soils. This leads,
characteristically, to friable solls with very porous porphyroskelic related
distributions. Plough layers (Ap), traffic pans and finer layers may still
have a firm consistence. Because they are extremely young, these levee and
foreland soils with wvery high biologlcal activity still contain micro

evidence of geogenic stratification at shallow depth,

An outstanding difference between the Late Weichselian and the Holocene
solils is the strong expression of sepic fabrics, even in coarse and medium—
textured material, in the former, and an absence, except In fine-textured
variants, In the latter. In the Late Weichselian soils, the very dense
porphyroskelic fabric leads to a very firm to very firm consistence. Only in
the well drained UB soils are the sepic fabries largely obliterated by
biological activity.

The types of sepic fabrics (insepic, omnisepic, locally unistrial-Fig. 29),
point to condltions of repeated melting and freezing and were formed im the
periglacial conditions of the Late Weichselian perfods The effect of this
microstructure 1s enhanced by the absence of silt/fine sand (i.e. coarse
sand skeleton grains embedded in reoriented clay plasma) and the virtual
absence of organic matter below the A horizons in these Late Weichselian
soils. In the Holocene soils, the crystic plasmic fabric changes into an
asepic plasmic fabrlc by decalcification. Vosepic and masepic reorlentations
resulting from to swelling and shrinking only occcur in the finer-textured
non~calcareous soils.

The influence of microstructure on the physical behaviour of the soils will

be discussed in Chapter 4 and 5.

3.1.3. DECALCIFICATION.

Calcium carbonate occurs erratically in the Late Weiechselian asoils, btut 1t
is always found 1in the vicinity of former river chanmels (Jongmans and

Miedema, 1986b). Of the reference soils, only the poorly drained Milsbeek
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s0oil (A8) and the imperfectly drained Azewijn I soil (AlQ) contained primary
calcite. In certain other soils (Al, A4, A5, A7, Al4) topsolls contained
calcite because of additions of sugarsludge lime. In the Heumen area, an
imperfectly drained profile (Heumen V) not described in detail here lies
close to reference profile Heumen II (A2) and was found to contain primary
calcite in the é.uhsoil. All the other Late Welchselian soils are non—
calcareous. The occurrence of calcite between 45 and 70 cm depth in Milsbeek
(A8) was not detected when the profile was first described, but subsequent
inspection of the site {indicated that the calcite-rich material was
restricted to several cubic metres only {(Fig. 31). The primary calcite
skeleton grains have sizes similar to those of the other skeleton grains in
the same layetr. They show dissolution holes (Fig. 32) and corroded edges.
Primary calcite is also present in the form of fragments of snail shells.
Secondary calcite occurs as calecite nodules, neocalcitans and calcitans and
crystal tubes, which all point to repreclpitation of dissolved calcite.
Below 70 cm depth, correoded primary calcite gralns are encountered only
sporadically., Calcite grains are also detected In the topsoil, presumably

because of biological translocation,

Fig. 31. Calcareous bodies in Late Weichselian soils (measure is 20 cm).
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In the Azewijn soil (Al0), calcite is dominantly present in secondary forms
such as calcitic nodules, neocalcitans and calcitans and calcitic tubes,
between 110 and 120 cm depth. Some of these secondary forms occur in banded
distribution patterns related to geogenic stratification., Below 120 cm
corroded primary calecite skeleton grains, of sizes similar to those of the
other skeleton grains, predominate. Between 110 and 120 cm depth shell
fragments are common., The locally cryoturbated 'calcareous dril' (Koenigs,
1949} appears to be a local accumulation of part of the calcite that was
dissolved from the Late Welchselian deposits. Similar accumulations were
encountered at the bottom of deep former river channels as lime gyttia or
hard calcite concretions (section 2.4.1.; cross sections). Our own
palynological investigation of the Veldhunten channel (Roode Wetering,
section 2.5,2.2) indicates that this lime gyttja is of Late Weichselian age.
The cryoturbation of this material, mentioned by Koenigs (1949} corroborates
this dating.

Calcite, related to the sedimentary stratification, was observed between 75
and 130 cm depth in profile Heumen V., Contents of corroded primary calcite
skeleton grains vary from absent to abundant. Secondary calcite occurs in an
banded distribution (geogenic stratification), as calcitic nodules, neo
calcitans and calcitans and calcitic crystal chambers and tubes. The strong
variation in primary calcium carbonate in layers with wundisturbed
stratification makes speculations on the original calecite content hazardous.
Yet it is clear that the calcite grains were deposited with the sediment. In
some cases, resedimentation of decalcified material should not be ruled out,

The seemingly erratic distribution of calcite aleng former river channels
can be explained by mechanisms operative under periglacial conditions in the
Late Welchselian (Jongmans and Miedema, 19860b).

In the non-caleareous Holocene soils calecite is only found in the Weurt
profile (Al8) apart from anthropogenic additions of calcite (Al9). In this
soil, corroded primary calcite gralns are found below 90 cm, in amounts that
further increase with depth. Between 83 and 120 cm secondary calcite
accumulations are abundant {calcitic nodules, neo calcitans and calcitans,
caleitic chambers and tubes). The occurrence of some strongly corroded
primary calcite crystals between 0 and 35 cm depth in this profile
corroborates the hypothesis that it is composed of two sediment layers. The
upper 56 cm is coarse sandy. In contrast, the silt content is higher between

56 and 83 c¢m (section 2.4.2,) and calcite grains occur only sporadically,
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Fig. 33. Clay illuviation and groundmass illuviation features.

Fe

Zalan
[ —

200 1m
e

A. Channel ferri-argillans in Late Weichselian HB and MB soils [cross polarized light)
B. Brunified free grain ferri-argillans in Late Weichselian HB soils {cross polarized fight)
C. as B (plane polarized light)

D. Ferri-argillic papules in Late Weichselian HB soil (cross polarized light)

E. Matri-ferri-argillan {groundmass illuviation} in Late

F. Weichselian and Holocene soils (cross polarized light)

G. Slaking crust fragments (included in groundmass illuviation

H. (cross polarized light)
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The Weurt profile is one of the few Holocene profiles in which a significant
part of the dissolved calcite has been re-precipitated within profile depth
(horizon designation k}. In most profiles, all the calcium bicarbonate has
been removed by the groundwater (Miedema, 1980).

All calecareous Holocene soils contain primary calcite grains and shell
fragments (Figs 32) throughout. In the topsoils, calcite skeleton grains are
less abundant and more strongly corroded, which is reflected by a less
violent reaction with 2M HCl, Between 35 and 50 cm depth, the plasmic fabric
changes from asepic to crystic. Calcitic nodules and neocalcitans (Fig. 32)
are common to few, In the Kesteren soll (A20), an accumulation of calcite
(Cgk) is found at the transition to the strat{fied sandy subsoils. In the
Opheusden (A22) and Kesteren (A20) profiles, lublinite was found in large
biopores {Fige. 32), Differences between the profiles are small; all profiles
have some decalcification of the topseil, and secondary calcite 1s not

abundant.

Fig. 34. Texiural Bt lamellae.

A. Macroscopic (reference profile A15-HB}
B. Microscopic (free grain ferri-argillans - cross polarized light)
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3elaba CLAY ILLUVIATION AND GROUNDMASS ILLUVIATION

Clay tlluviation

Clay illuviation is inferred from the presence im thin sections of void or
free grain ferri-argillans and ferri-argillic papules (Fig. 33) which are
composed of fine clay. Macromorphologically, c¢lay illuviation can be deduced
from the presence of the characteristic Bt lamellae (Dijkerman, 1965;
Dijkerman et al., 1967; Van Reeuwijk and De Villiers, 1985) in sandy
material (Fige. 34), notably in the Late Weichselian HB solls bat also in
some MB soils.

Groundmass illuviation is indicated by the presence of matri~ferri-argillans
and clusters and cutans of groundmass components that are the result of
slaking (Fig. 33). Such concentrations may have considerably more clay than
the surrounding groundwass (matri-ferri—aréillans), or be almost similar ta
the surrounding groundmass (matrans). These illuviation features have been
quantified by point-counting and are summarized in Table 9.

Table 9 shows that clay illuviation is not found in the Holocene soils. In
the Late Weichselian HB and MB soils, clay illuviation features qualify for
an argillic horizon (USDA, 1975; FAO, 1974). An illuviation Profile Index
(P1i) was calculated for each of the reference solls. This Index is obtained
by multiplying che thickness of each horizon in em by the amount of
illuviation in %, and adding up the values for all horizons (Miedema and
Slager, 1972), In some HB and MB soils, the Pi is strongly influenced by
1lluviation in lamellae (banded Bt horizon), which have a relatively high
content of free-grain ferri-argillans. This is especially the case in the HB
soils All and Al3 and explains the high average Pi in the HB soils, If free-
grain argillans are excluded from the profile {ndex, the profile index for
HB and MB soils 1s not significantly different and ranges from 100 to 500
Zem, Such values are commonly found in Duteh Late Weichselian loess soils
{Miedema and Slager, 1972) and in Late Weichselian Meuse Soils (Miedema et
al., 1983), If the banded Bt horizon 1s excluded, both thickness of the Bt
horizon and amount of illuviation are similar in HB and MB soils. The
fraction of in-situ illuviation features (void ferri-argillans) has a mean
value of only 40%, which indicates considerable tramslocation and 1s alsc
similar in both groups of soils. In the HB soils, translocated fragments are

round to square and have a high sphericity; translocation is mainly the
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result of blologlical activity, In the MB soils, translocated fragments are
more elongated and fragmentation and embedding in the groundmass are
probably the result of repeated freezing and melting; biological
translocation is restricted in these soils. Of the Late Weichselian LG
soils, A8 did not have any clay 1lluviation, and A3 only very small amounts.
Another profile not included In the reference profiles {Daas II) had weak
illuviation. As in the fine-textured MB solls (AlO0 and Al2), only a wminor
proportion of the illuviation is found in situ, This may be the result of
Holocene resedimentation of Late Welchselian material, as was postulated by
Poelman (1973). The landscape position of the LG and the two MB soils would
allow this, The field distinction of the groups within the Late Weichselian
soils is thus corroborated by differences in soil formation.

Groundmass tlluviation

Groundmass illeviation occurs in all the soils investigated. According to
the relevant profile index (Pi-mfa), groundwmass illuviation is relatively
strong in the MB and Ca0 groups. This may be explained by absence of
homogenization or by a greater structure instability in these groups. In the
LG group, infrequent dessication could be the cause of relatively weak
groundmass illuviation. Comparison of groundmass 1lluviation intensity and
land use, however, indicates that such illuviation is much stronger under
arable land (2,0%+1,2%) than under permanent grassland (1,010.5%). This
suggests that recent land use, irrespective of the original age of the

soils, determines groundmass illuviation,.

3ela5. PSEUDOGLEYING AND GLEYING

The distribution of iron and manganese mottles and of iron/manganess
depleted zones in gley situations i1s different from that 1in pseudogley
situations. In gleying, the groundmass is reduced (grey colours) and iron
and manganese mottles commonly occur along volids. In pseudogleying, the
zones of iron and manganese depletion penetrate into an oxidized groundmass
(Fig. 13; Fig. 35) and Mn {as Mntt) and Fe {as Fe'™) move towards the
oxidized zones. Because iron needs a lower oxygen pressure than manganese to
oxidize and re-precipitate, a characteristic distribution is frequently

encountered. Iron forms a rim around the oxidized parts and manganese re-



81

Fig. 35, Pseudogley and giey features,

am o 0O o

. Iron depletion zones along voids {pseudogley-cross polarized light) in Late Waichselian MB soils
. Channel ferri-argillan parily covered by iron (left hand side) and partly depleted in iron (right hand

side} as a result of subseguent pseudogleying in Late Weichselian MB soils (cross polarized light)

- Quasi-ferran resulling from iron depletion around channel in Late Weichselian MB soils {crass polarized

light)

. Large ferric nodules (motties) resulting from iron accumulation in Late Weichselian MB soils {cross

poiarized light}

. Channel neo-ferran {gley) in Late Weichselian MB and LG and Holocene soils (cross polarized light)

Pyrite framboids in poorly drained Late Weichselian LG soils {plane polarized light)
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precipitates within the oxidized parts, The absence of gleying and
pseudogleying is indicated by uniform br?wnish or reddish colours and a lack
of grey parts,.

Macromorphology

Macromorphological differences in this respect between the Late Weichselian
HB, MB and LG soils are clearly indicated in the profile descriptions:

In the well drained HE soils, pseudogley features are only faintly
discernible in the subsoils and reduction phenomena are subdued, B-horizon
colours range from 10 YR 5/6 through 7.5 YR 4/4-5/6 to 5 YR 4/4-4/8, The
colours are influenced by weathering (liberation of diron) and c¢lay
illuviation {accumulation of Iron—coated clay). The sandy subseils have more
yellowish colours, between 10 YR.6/3 and 10 YR 6/7, tut occasionally 7.5 YR
colours also occur. The colours of the Bt lamellae are characteristically
7.5 YR 5/6, occasionally redder (5 YR 4/4).

In the imperfectly drained MB goils, pseudogley features are prominent (Fig.
14). The reduced ped exteriors may have colours of 10 YR 7/1 (solls A2, A7,
A9 - Fig., 14E) and sometimes bleached E horizons are pronounced (A2, AS;
Fige 13; Fig 36). B-horizon colours in the oxidized parts are similar to
those in the HB scils but may have higher chromas (8) because of higher iron
contents. The subsoils of MB profiles have gley phenomena, and iron
segregations are found along former root channels (Fig. 14F) in a reduced
groundmass (A2, A5, Al2)., Soil A7 has a water-saturated subscil without
reduction phenomena and with a 5 YR 3/5 colour. (Fig. 14B).

In the poerly drained LG seoile, the groundmass is reduced and has colours
with hues of 10 YR to 5 Y, values between 4 and 6 and chromas of 1 or 2,
Clear iron segregations are found along former root channels. At shallow
depth, root channels commonly contain dead root fragments. (Fige 14G).

In the ealecarecus Holocene soils (Call, gley phenomena are weakly expressed
below depths of 50 to 80 cm. B-horizon colours are from 10 YR 4/4 to 6/4.

The non-caleareous Holocene (Cal) soils vary strongly. The Weurt soil (ALS8)
ig similar to the Cal solls; the Ewijk soil (Al7) has a4 pseudogleyed Llate
Weichselian subsoil. Both Al7 and Al% {Randwijk) are imperfectly drained and
have B horizon colours of 10 YR 4/2, 4/3 or 5/2 with clear gley mottling.
Micromorphology

Micromorphologically, gleying aund pseudogleying are indicated by the same
features of iron and/or manganese concentrations and depletions, and their

relative distribation, (Fige 35).
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Fig. 36. Pronounced albic E horizon in Late Weichselian MB soils.

A. Excavation wall in highway A73 fract (spade is 120 cm)
B. Profile with albic E horizon and sand subsaoil (spade is 120 cm)
C. Detail of albic E harizon overlying mottle fine-textured deposit (knife is 20 ¢cm)
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In the Late Weichselian soils, gley and pseudogley features postdate clay
illuviation (Miedema et al., 1978, 1983) as is demonstrated by partly ironm—
covered ferri-argillans, partly iron-depleted ferri-argillans (Fig. 35) or
fully iron-depleted argillans., The grainy character of the groundmass and of
clay illuviation features indicates breakdown of clay minerals by ferrolysis
(Brinkman, 1970, 1979; Brinkman et al., 1973) a process operative in
pseudogley soils, The impact of hydromorphism is indicated by the index of
unaffected clay illuviation phenomena (yellow and brown ferri-argillans;
fraction Wd). This Wd fraction 1s 0.85 in the HB and 0.52 in the MB soils
{Table 9). The remainder of the 1illuviation features 1is affected by
hydromorphism and iron-covered, iron—depleted or grainy (fraction Pd). This
difference in hydromorphism justifies the subdivision into HB and MB. The LG
virtually lack clay illuviation" and are therefore not subject to this
criterion. The intensity and occurrence of gley and pseudogley features in
the reference soils Iis summarized in Table 10.

In the HB soile, pseudogley features are restricted to the subsoils and have

a weak contrast.

Table 10. Micromorphological gley/pseudogley and ferrolysis features in

the reference soils.

Late Weichselian solils Holocene solls
HEB MB LG Cal Cal
Features
Ferric/manganic nodules - ++ -+ +/ 4+ 4+ +
fe/Mn depleted groundmass =/+ + ++H+ +H4H 4+
neofquasi ferrans/mangans =/+ ++/ 4+ i A+
iron covered/
depleted clay illuviation =/+ ++ - - -
gralny cutans -+ +++ - d -

Key: - = absent
+ = few
++ = comnon

++ = many
In the MB soils, pseudogley features occur in the topsoils and the upper Btg
horizons, while the lower Btg horizom is gleyed (profiles A2, A5, AlD, Al2)
as 1s demonstrated by neo- and quasiferrans (Fig. 35). Pseudogley is found
throughout the sampled depth in profiles A4 and A9; in A7 a brown oxidized
subsoil is found below the pseudogleyed zone. In all cases, contrasts
between oxidized and reduced parts are strongly expressed. The bleached,

peeudogleyed parts are preferential water ducts., Depletion of iron causes a
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preferential mobilization and deposition of groundmazss in these ducts. In
some cases, the distinction between depletion of material along ducts and
illuviation of depleted materlal is hard to make, as already discussed by
Murphy ¢t al. (1985). Present—day poor drainage conditions in the subsoils
of MB profiles AlQ and Al2, and below 30 cm in the LG profile A8, are
emphasized by the presence of unoxidized pyrite (Fig. 35). Pyrite in such
non-marine environments is described by Poelman, 1973 and Miedema, 1980).

The two non-calcarecus Holocene soils have a rather different hydrology. Al8
is relatively well drained and has few neo— and quasiferrans of weak
contrast Iin the subsoil. The soil contains many ferric nodules, which seem
to be unrelated to the present hydrology. Al% is a poorly drained soil with
a clear grey reduced colour and prominent 1iron concentrations 1in the
groundmass and along voids.

The ecalecareous Holocene soils are noderately well drained but contain
appreciable amounts of ferric nodules in a brown groundmass, 1In the
subsoils, moderately contrasting iron concentrations are found iIn a
moderately iron-depleted groundmass.

If sediment age, age of clay illuviation processes and decalcification are
used as a referencé, pseudogley and gley can be dated as well. In the soils
on Late Weichselian sediments, decalcification, clay illuviation and plasma
reorientations resulting from physical processes have all taken place during
the late Weichselian. Pseudogley postdates both clay illuviation and plasma
reorientations. In the HB socils, bioclogical activity has obliterated most of
the plasma reorientations, but this is not the case in the MB and LG soills,
This smaller impact of biological activity in the MB and LG solls 1is
presumably the result of drainage problems (pseudogley), which probably
started during the Late Weichselian or Early Preboreal. A periodically
frozen subsoil and/or the very dense porphyroskelic structure may have
caused stagnation of water., The gleying that is encountered in some MB
subsoils also postdates the clay illuviation but may have started later than
the pseudogley. It may be linked with the gemeral increase in groundwater
level that accompanied renewed sedimentation during the Atlantic/Subboreal.

In Holocene soils, gleying is directly linked to sedimentation position.
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3.1.6. BIOLOGICAL ACTIVITY

The general level of biological activity in the various scil groups was
described in section 3.1.2. Special features resulting from biological
activity are summarized in Table 1l. These features comprise (Fig. 37):

= pedotubules, notably aggrotubules and granotubules, it also 1isotubules
and striotubules,

- organic and matric fecal pellets, predominantly in and near decomposing
plant remains (organic fecal pellets) and in aggrotubules (matric fecal
pellets),

= ferri-argilliic papules; these are only partly attributable to bilogenic
translocation,

- blorelicts such as snall shell fragments (sedimentary relicts) and plant
repains,

— biogenic calecite,

Details are given in Appendix A.

In the well drained Late Weichselian (HB) soile, aggrotubules predominate to
depths of 50 to 80 cm, and isotubules are common. Granotubules are found
near the boundary with the sandy subsoil (in Al4, AlS5, Al6) and occasionally
in the Ap horizon (All). Matric fecal pellets (Fig. 37A) predominate in the
aggrotubules. Organic fecal pellets were only found in Al5. Because the
groundmass has been strongly biogenically reworked, the pedotubules are not
very discrete, The ferrlwarglillic papules are round to square fragments of
illuviation —cutans and are predominantly the result of biogenic
translocations Plant remains are present in amounts decreasing with depth
(many above 30/50 cm; common to 60/80 cm; few to 90/110 cm depth).

In the <imperfectly drained Late Weichselian (MB) scils, aggrotubules with
matric fecal pellets predominate to depths of 20-60 c¢m and are accompanied
by common isotubules. Granotubules (Fig. 37D) are encountered near the sandy
subspil (A2, A9) but alsc in topsolls (A2, A5, Al2, Al7). No organic fecal
pellets were found.s The pedotubales are distinct entities in the dense
surrounding groundmass. The round to square ferri-argillic papules are
common in profiles A2, A4 and A5 but are accompanied by elongated fragments,
which are predominant In AlQ, Al2 and Al7. Fragmentation of the illuviation

cutans and incorporation into the groundmass of the papules thus formed are
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Fig. 37. Biogenic special features.

A. Matric aggrotubule in Holocene Cal soils {cross polarized light}

B. Organic isotubule in Holocene Cal soils (plane potarized light)

C. Organic isotubule in Holocene Cal soils (cross polarized light)

D. Granotubule in Late Weichselian HB soils {cross polarized light)

E. Pottery sherd in plaggen epipedon of Late Weichsedian soil A1 (plane polarized light)
F. Biogenic calcite in Holocene Cdf! soils {cross polarized light)
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Table 11. Biogenic speclal micromorphological features in the reference
soils.
Late Weichselian soils liclocene solls
HB MB LG Ca0 Cal
Feature
Pedotubules +H+ - A i+ ++
Pecal pellets At + 4+ ++ B L = Y
(Ferri)-argillic papules ++H /4 -f+3) - -
Biogenic calcite - ByrRY + =45 -+
Snail shells - 42 p®) - 4
Plant remains +H+ +H+ +H+ H/HE
Key: - = absent b A4, Gendringen I; Ap
+ = few 2) plo, Azewiin 1; 2Cgk
++ = common 3} A3, Heumen ITI; 2Bwg
= many 4) a8, Milsbeek; Cg, 2Cr

5) Ai8, Weurt; Ap, Bw, Bwg, Bwgkl

thought to be mainly caused by repeated freezing and melting. Some stress
deformation may have played a role iIn finer-textured solils, Some snail
shell-fragments are encountered Iin the 2Cgk horizon of AlQ. Plant remains
are frequent to depths of 20-30 cm and decrease to few at 50 cm depth. As a
result of poor drainage conditions, partly decomposed plant fragments are
common in the subsolil of profiles AlD and AlZ,

In the poorly drained lLate Weichselian (LG) scoil AB, many aggrotubules with
organic fecal pellets occur to a depth of 30 cm. Aggrotubules with matric
fecal pellets are common in the Ahg horizon of profile A3. The organic fecal
pellets in A8 are derived from the peaty topsoil, which must have been
thicker previously, As in the MB s0ils, the pedotubules are discrete
entities in a dense groundmass. Occasional granotubules occur throughout
profile A3. The 2Bwg horizon of profile A3 contains very few elongated
ferri-argillic papules, Some snail fragments occur in the Cg and 2Cr
horizons of profile A8. Some bhiogenic calecite occurs in the Ahg horizons A3
and A8, As z result of the poor drainage, plant remains are common in both
LG soils. Their amount changes with depth: abundant in topseils, common in
the middle subsoil and again abundant {(and coarse) in the lower subsoil.

In the non-caleareous Holecene (Ca?) eoil AlB, aggrotubules with matrie
fecal pellets are abundant and are accompanied by common isotubules. As in
the HB soils, the tubules are indiscrete in a biologically reworked

groundmass, Granotubules occur near the boundary with the sandy subsoil. In
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the much finer-textured soil Al9, the common aggrotubules with matric fecal
pellets occur in a dense groundmass and are readily recognized, No papules
of argillic or ferri-argillic nature were encountered in the Ca0 soils,
Biogenic calcite, related to the primary and secondary carbonates in the
lower subsoil, was encountered throughout profile Al8., In this profile,
plant remains are numerous in the wupper 40 cm and decrease gradually
downwards, The amount of plant remains was much lower in Al9,

In the caleareous Holocene (Cal) soils, the numerous pedotubules with matric
and occasionally organic fecal pellets (A20, A22) are Iindiscrete entities in
a groundmass that has been biogenically reworked till depths of 60-80 cm.
Noteworthy are the traffic pan in A20 and the dense Ap and traffic pan in
A21, where the tubales are 1less abundant but more discrete, Organic
isotubules (Fig. 37B/C) accompany the aggrotubules., Granotubules occur
between 50 and 100 ¢m depth in all three profiles and are clearly associated
with the sandy subsoil. Because clay illuviation 1s absent in these soils,
ferri-argillic papules are absent. 5nail fragments and blogenic calcite
(Fig. 37E) are common in these soils and occur to depths of more than 1

metre. Plant remains show a regular decrease in abundance with depth.

3.1.7. HUMAN ACTIVITY

In general, macromorphological observations were substantiated by
micromorphelogical investigations. Examples of these observations -are: the
sharpness of the lower boundary of the Ap horizon, the occurrence of
sugarsludge lime, the presence of a traffic pan and, 1in profile Al, the
presence of pottery sherds to a depth of 70 cm (Fig. 37F; Druljff, 1979;
Miedema 2t al., 1978). Charcoal is generally found to great depth and is
probably of synsedimentary origin. In the topsoil of A3, material excavated
from a nearby ditch is encountered as pedorelicts. The compacted nature of
the topsoils of some profiles (Al0, All, Al4) is the result of to their
locations These profiles were taken from the wall of an excavation now used

as garbage dump.
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3.2, CLAY MINERALOGICAI ASPECTS

3.2.1. X=-RAY DIFFRACTION ANALYSIS

Clay fractions were separated by sedimentation in 0,005 NaOH, after organic
matter had been removed with a 10% H,05 solution tuffered at pH 5. This
procedure ensured that interlayer aluminium remained intact. Clay minerals
were identified by X-ray diffractometry. Subsamples were saturated with Mg
and analysed air-dry and after saturation with glycerol. Other subsamples
were saturated with potassium, and analysed air-dry (50% RH) and after
various heat treatments. The following minerals were identified:

Kaolinite: Basal spacing of 0,71 nm does not change upon saturation with
different cations or glycerolation., Reflection disappears upon heating to
550 °C.

Miga: Basal spacing of 1.0 nm does not change upon saturatlion with different
cations, glycerolation or heat treatment.

Smectite: 1.4 nm reflection of air-dry, magnesium—saturated samples shifts
to 1,7-1.8 nm upon glycerolation. Potassium does not cause collapse of 1.4
nm spacing, bat collapse to 1,0 nm is obtained upon heating to 550 °C,

Mica-Smectite interstratification: diffuse basal spacing around 1.2 nm shifts
to higher values upon glycerolation, Potassium saturation does cause slight
collapse. Collapse to 1.0 nm is obtained upon heating to 550 °C.

Al-interlayered Smectite: Large part of the l.4 nm reflection of the alr-dry
sample disappears upon glycerolation without appearance of a 1.7-1.8 nm
reflection,

Vermiculite: l.4 nm reflection of air-dry, magnesium saturated samples does
not shift to higher spacings upon glycerolation. Potassium saturation
causes a collapse to 1,0 nm, which is enhanced by heating.

Al-interlayered Vermiculite: 1.4 omm reflection of air-dry, magnesium
saturated samples does not change upon glycerolation. Potassium saturation
causes only partial collapse, and further slow collapse follows
progressive stages of heating.

Chlorite: lu4 nm reflection of air-dry, magnesium saturated samples does not
change upon saturation with potassium or glycerolation, Intensity of

reflection may increase upon heating to 550 °C,
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Mioa-Yermiculite interstratifications: diffuse basal spacing around 1.2 nm
(Mg, air-dry) does not shift upon glycerolation but may cecllapse paptially

upon saturation with potassium, Heating causes further collapse to 1.0 nm.

Table 12. Clay mineraloglcal characteristics of the solls groups.

K M s M5 S=int v V-int C

50IL GROUF

HE 2 2 - -+ 01 - 1-2 0-4
HB z 2 1-2*o+4 12t -2 -t o
LG 2 2 see lext

Cad 2 2 =2 - 1-2 14-2 - }
Cal 2 2 -1 - 1-2 1-14 - =1

K= kaolinite, M= mica, 5= smectite, M-5= mica-smectite intersctratificactions,
S-int= aluminium incerlayered smectite, C= chlorite, V= vermiculite, V=-int=

aluminium interlayered vermiculite.

= : absent
4 : minor amounts 2 ¢ falr amounts
L
1 : moderate smounts 24:  large zmounts {predomingnt) = depth trend

In the clay wmineralogical analysis of profiles and deposits (Table 12,
Appendix B) kaolinite and mica contents are very similar.

Both minerals are present in fair and approximately equal amounts. The five
groups of soils profiles (HB, MB, LG, Ca0 and Cal) are characterized as
follows.

4B,

This group of soils lacks significant smectite contents. If present, the
smectite is. Al-interlayered and has an abundance of 0-14. All samples have
some interstratified mica~smectite (abundance 0-}) and low chlorite contents
(0-%, occasionally 1), Mica-vermiculite interstratifications are scarce. All
profiles have moderate to fair amounts {(1-2) of Al-interlayered vermiculire;
the vermiculite is always Al-interlayered.

MB,

The MB groups has significantly higher smectite contents than the HB, In
most profiles this smectite is Al-interlavered (abundance 1-2), but normal
snectite generally increases with depth and may vreach an abundance of 2 in
some C-horizons, Chlorite occurs in amounts similar to those in HBE.
Al-interlayered vermiculite is abundant (1}-2%1) in topsoils, but decreases
with depth. In the lower horizons, vermiculite (4-14) 1s normally not Al-
interlayered. Mica-smectite interstratifications are found in minor amounts

in most samples {(0-3).




92

LG,

Only two LG profiles were analysed, and the results do not agree in all
aspects. Profile Heumen I1II (A3) has low (4) amounts of smectite in the
upper three horizons and moderate to fair (1-2) amounts im the lower three.
Al~interlayered smectite is virtually absent, The upper three horizons are
characterized by fair (2) amounts of vermiculite with slight Al-
interlayering, In the lower three horizons, this mineral is less abundant
(0~1) and is not Al-interlayered. Chlorite occurs throughout {l) and some
mica—-smectite interstratification is found., In profile Milsheek (A8), both
smectite and Al-interlayered smectite occur in fair amounts (14-2)
throughout the profile, while kaolinite and mica contents are distinectly
lower 1in the upper two horizons., Chlorite occurs in minor amounts only (})
and so does Al-interlayered vermiculite (}).

Caol.

Profiles Al7 (Ewijk) and Al8 (Weurt) have moderate te fair amocunts {1-2) of
both smectite and Al-interlayered smectite, Chlporite is found in minor
amounts (4) and vermiculite {not Al-interlayered) in fair amounts {13-2).
Profile Al9 (Randwijk) is slightly different: it has low (0~}) amounts of
Al-interlayered smectite,

Cal.

The mineralogy of the three calcarecus profiles 1s very homogeneous. All
samples have low to moderate contents of smectite (4-1), moderate to fair
amounts of Al-interlayvered smectite (I1-2}, low to moderate conteants of
chlorite (i-1) and moderate to fair amounts of vermlculite {(1-13), 1.2 om

reflections are not encountered and vermiculites are not Al-interlayered.

Obviously, the occurrence of smectite versus Al-interlayered smectite and of
vermiculite versus Al-interlayered vermiculite is related to soil formation.
In well drained profiles (HB) and in the upper lavers of MB, Al-interlayered
minerals tend to dominate over non-Al-interlayered minerals, This 1is most
clearly reflected in the vermiculites, where gradual transitions between
interlayered and non-interlayered wminerals are easily recognized. Normal
smectite 1is scarce 1in HB, In the poorly drained gleyed and pseudo-gleyed
subsoils of MB and LG, Al-interlayering in vermiculites is wvirtually absent
and iInterlayering in smectites is strongly reduceds The presence of Al-
interlayers in smectite and vermiculites in well drained Late Weichselian

topsoils was demonstrated by Hiemstra (1979 and Van Oort, 1980), who
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obtained better (00l) reflections after extracting of the clay with sodium

citrate.

The Holocene soils do not have Al-interlavered vermiculites. Their

composition is similar to that of several MB subsoils. Clay mineral

composition dces not show trends with depth.

Unlike with soil formation, there i1s no relation between clay mineral

assemblage and deposit. This indicates that the primary mineralogy of the

deposits was very similar. The mineralogy of thin Holocene covers over Late

Welchselian material demonstrates transitional properties to the underlying

soils with their soil formation (HB, MB, LG).

If the so0il profiles are examined individually the following properties

stand out:

- Holocene deposits will pgenerally be recognized by their different
mineralogy

- Ploughed layers and anthropic epipedons are recognized by thelr different
mineralogy

- Some transitions between mineral assemblages within one profile suggest
that the subdivision in sedimentary units could sometimes be amended.

- Interstratifications in wvermiculite and smectite tend to disappear in
imperfectly and poorly drained subsoils.

In none of the profiles is there a distinct relation between clay mineralogy

and horizon denomlnation. Within one profile it is sometimes possible to

trace transitions from one deposit to the next by changes in clay

mineralogy, although in general deposits are not characterized by a specific

mineralogy. Separate analysis of brown and bleached parts in MB (Hiemstra,

1979) indicated more Al-interstratification, less smectite and lepidocrocite

in the grey parts. Smectite increased and chlorite and quartz disappeared in

the fine clay fractions (<0.2 pm )} in all the samples investigated.

3.2.2. TOTAL CHEMICAL ANALYSIS OF THE CLAY FRACTION

Ba-saturated clay fractions of samples of all reference profiles were
chemically analysed; the results are given in Appendix A. The whole
population contains 121 gsamples, all belonging to fluvial soils. The Late
Weichselian population contains 81 samples (HB:37, MB:36, LG:8) and the
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Table 13. fotrrelation ccefficient (R} of $10y and Aly0y with selected chemical properties in different
subdivisiens (with p § 0.05),
& - s,
N 810, Aly0; SifALT FeyO3 Mg0 K0  Bad  Ti0; P05  CaO  Bayl
Sebdivision
510, Holeecene, Cal ( 21) - - f.53 =~ - - - =0.49 - -
Holocene, CaD (19} - - - +0,47 - - - -0.46 =0.46 =
Holocene, clayey { 3N - +0.35 =0.32 - -0.40 = - -0.32 =0,31 +0.34
Holocene, all { 40} +0. 34 - -0.42 - -0.48 - - -2.38 -0.42 +0.20
Late Weichseltfan HB {37 ~0,29 +0.84 -0.74 - +6.41 -0.48 +3,57 - - -

" " MB .( 36) +7.48 +0.4?7 -6,23 - - -£.51 +0.36 =0.35 - -

" " s (8 - #0,87 = 40.65 - -0.73 +0.72 -0.74 - -

" " clavey ( b4) - +2.70 -0.78 - - -8.41 +0.43 -0.32 - -

" " sandy ( 17) - +0.65 =0.87 - +0,58 = - -6.80 - -

" " vo(3n - +0.83 =0.78 +0,58 +0.35 -0.35 +0.36 -5.60 - -

" " Wint+Hint ( 60) -~ +0.78 =075 - - =0.31 +0.46 -0.40 - -
Late Welchselian, all ( 81) - +0.69 -0.7¢ - +0.21 -g.27 +0.38 =-0.38 -~ -
Fluvial, all, (121) -~ +0.53 -0.71 - - =0.21 +0.34 -0.36 - -

Al504
Halocene, Cal 2y - -0.80 -0.,71 +0.58 +0.55 -0.68 - -0.68 -0.82 -0.65
Holocene, Cal {19y - -0.86 <-0.75 - -0.87 -0.85 - -0.73 - -0.62
Holocene, clayey { 37} - -0.84 -0.78 - ~0.75 -0.42 - -0.58 =0.32 =0.36
Holocene, all {40} +0.34 -0.82 -0.75 - -0.72 0,41 - ~0.61 -0.42 -0.34
Late Weichselian, BB ({ 37) =0.29 ~-0.78 - +2.5¢ - - -0.52 <0.40 -g.41 -0.29

" " MB ( 36) +6.48 -0.55 -0.66 - +0.30 -2,53 - - -0.58 -0.44
" " LK (8 - -6.98 - =0.71 - - - - - -

" " clayey { 64) - -0.58 ~0.48 - - -0.25 - -0.21 = -0.27
" " sandy ( 17) - -0.74 - - - - -0.42 - -0,67 -8.58
" " vo{an - -0.868 -0.63 - - - - - - -0.40
" " WintHHint { 60) - -0.76 - +2.30 - =0.24 -p.48 -0.38 -0.38 -0.33
Late Weichselian, all { B1} - =0.65 =0.38 - - -g.27 - -0.20 -0.19 -4.38
Fluvial, all (123 - -0.78 -0.34 -0.18 -0.4% -0.37 - =-0.28 -0.55 -£.38
- 1f p >0.05

0.38 if 0.01 <pg0.05
0,35 1f p £ 0.0}

* molar ratio
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Holocene population contains 40 (Ca0:1%, Cal:21). If texture and age are

used as criteria, the total population can be subdivided into Holocene
clayey samples {37), Late Weichselian clayey samples {(64) and Late

Weichselian sandy samples (17). A final subdivision into samples with strong

aluminium interlayering 1in the clay minerals (Hint+wint’ n=60) and those

without such interlayering (W; n=31) was based on X-ray diffraction analysis

of the c¢lay fraction (see section 3.2.1). Because of its erratic BaQ

contents, reference soil Al has not been included,

A correlation matrix of selected chemical properties with 8105 and Al,04

contents 1s presented in Table 13, The study of the correlation matrix

preceding this analysis, indicated that the distinction in five groups (HB,

MB, LG, Ca0, Cal) pgave better correlations than iIf two groups (Late

Weichselian, Holocene) were distinguished, or when sediment layers were used

as populations, Ip Table 15 average element contents for each of the five

groups are given, and the oneway analysis of variance is given in Table 16,

Table 14, Correlarifon coefficient (R) of S1/A1 ratio with BaQ, K90, Mgl and TiD, contents

in differeat subdivisions (with p \< .09,
¥ Ba0 K,0 Hgo TiC,

Subdivision

S1/Al Holocene, Cal { 21) +0.54 -0.71 -6.57 -
Holocene, Ca0 ( 19) +0,52 0,70 - -
Holocene, clayey ( 37} +0.43 +0.48 - -
Holoeene, all ( 40) 40,42 +5.48 - -
Late Weichselian, HB ( 37) -0.30 +0.38 -6.48 +0.68
Late Weichselian, MB ( 36) - - - -
Late Weichseliap, LG ¢ 8 - - +0.76 +0.75
Late Welchselian, clayey ( 64 = - - +0.37
Late Weichselian, sandy {17y - - - -
Late Welchsellan, W (3 - - +0.61 -
Late Weichselian, Wint+Rinot ( 60) = - -5.34 #0.85
Late Weichselian, all (81 = - - +0.38
Fluvial, all (121) +0.21 +0.38 +0.18 +8.32

Key: = 1f p > 0.05
0.54 £f 0.01 <p £ 0.05
0.5¢ 1f p § 0.01
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Table 13 demonstrates the changes of the correlations wupon various
subdivisions., The strong positive $i0, with S$i/Al correlation parallel with
the positive B8i0, with Ti0, correlation, and the negative correlation
between 810, and Ba0 {(CEC) in the Late Weichselian samples suggests that
part of the 510, 1s not bound in clay minerals (free quartz or amorphous
silica - Poelman, 1975). In the Holocene samples, no correlation was found
between §i0y and Si/Al, Ti0, or BaO. In the Holocene samples, there is a
clear positive correlation between SifAl ratic and Ba0 content, which
reflects the higher CEC of 2:1 clay minerals compared with 1:1 minerals
{Table 14),

The negative correlation betwsen Al;04 and K50 in the Cal soils (Table 13)
demonstrates the initial weathering in these samples. This is also reflected
by the positive correlation between Si/Al and K;0 in Table l4. 1In the Cal
soils, however, there is a positive correlation between Al,03 and both MgC
and Ky0 (Table 13). The high contents of Mgl and K90 in the Cal soils (Table
15} illustrate the low weathering status, aud the positive correlation of
Al;0q with MgO and K90 is probably the result of absence of Al-interlayering
in the clay minerals, Fej03 correlates negatively with both Si0; and Aly04
for both Late Weichselian and Holocene soils. This would suggest that Fey0q
accumulates in the soll upon weathering, or that Fe,04 is added from other
sources, such as groundwater (gleying).

Mean values of oxide contents (Table 15) of the various groups and the
oneway analysis of variance (Table 16) show that the calcareous Holocene
soils have highest Mg0, Ca0 and K90 contents. The Al,0q content of the Cal
soils is lower than that of the Late Weichselian soils. The Si/Al ratio in
the Holocene Ca0 and Cal solls 1s higher than that in the HB and MB soils.
The Ba0 content (CEC) 1s lowest iIn the Late Weichselian HB solls; this
reflects their higher degree of weathering in agreement with X-ray
diffraction analysis (section 3.2.1}. Because of the permanent reduction in
the subsoil, Fe,y0q and Mn0 contents are lowest in the LG soils. Alsc P205 is
lowest in the LG soils. Higher contents of phosphate are encountered in the
HB soils and may reflect the long use of these soils as arable land. MB
solls are used for both arable and grassland, while the LG soils are
exclusively under grassland., The relatively high Ca0 conteants in the LG
soils are probably the result of waterlogging hindering eluviation,
Weathering in the soils can be illustrated by grouping of samples according

to the presence of aluminium interlayering in the clay minerals
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Tzble 15. Means and standard deviztions of selected chemlcal propertles of the clay fraction of the

reference solls (in 5 subgroups).

Fiavial {n=12}} Late Weichselian (n=8&1) Tiolocene (n=4Q)
HB{n=37) MB(n=36) LG(r=8) Ca0{n=19) Cal(m=21)
(z)

Element
510, 47,22+1.87 46.53+1,81 47.3842,11 48.86+2,08 47.99%1.55 46.8240.93
41504 23.72%1.27 24,3630.78 23.96+1.15 24.70+1,15 23.18+1.31 22.2340,70
Feyly 8.71%1.67 9.1441.33 £.9742.15  5.62+0.39 8.4340.73 8.97+0.69
Fed 0.67+0.22 0.7440,20 0.54340.21  0.7840,38 0.58+0.12 0.80+0,13
Mnl 0.13+0.10 0.15+0.07 0.1240.12  0.02:0.01 0.1720.10 0.1340.07
Mg0 2.054+0.43 2.0640.21 1.8040.30 2.01+0,56 1.89+0,39 2.6140.42
Cad 0.12+0.12 0.05+0.04 0.0740.05 0.18:0,09 0.17+0.09 0.2940.13
Hay0 0.2840,18 0.2740,07 0.2940.23  0.2430.06 0.37+0,26 §.22+0.09
X0 3,1740.43 3,1240.28 2,9940.30 3.110.43 3,054+0.57 3.7040.18
TL0, 0.83+0.12 0.8310.13 0.8410.16  0.76+0.09 0,85+0.08 0.8410.03
P,0g 0.4140.27 0.5240.36 0.3240.17  0.1940.10 0.4420.30 0.39+0.14
Bad 4,33+0.89 3.7240.84 4,4140.95  5.0530.64 4.88+0.67 4.5240,2%
0,0 8.6340.75 8.73+0.57 8.62+0.85 8.51+1.10 8.73+0.99 §.4010.29
SL/Al 1.6940.11 1.6240.09 1.68+0.08  1.68+0.13 1.7520.11 1.7920.06

Table 16. One way analysis of variance of reference scils (in 5 subgroups),

HB MB LG Ca0 Cal Fracia Fprob.
Elemerc
ca0 at BC B c 42,15 0.0000
Mgl B A ABC AB C 21.14 0.0000
Aly0y C BC BC AR A 18.25 0.0000
Sifal A A AB B B 14,09 0.0000
K50 A A AB A B 13.30 0.0000
Fe,04 B B B B 10445 0,000C
Bad A B B B 18.06 0.0000
Fel B A AB A B 9.01 0,0000
MnG B B A B B 4.72 0.0015
Py0g [ AB A BC BC 4.37 0.0025
5102 A AB AB B AB 4.31 0.0027

* Groups having the same letter are ot differest st the 5 % level of significance.

{section 3.2.1)s Such weathering 1is clear in the topsoils of all lLate
Weichselian soils and shallow Holocene topsoils overlying late Weichselian
solls (Population 'Wint + Hint')., The subsoils of Late Weichselian soils
have no or little aluminium interlayering (population W). The remaining Cal
and Cal are from deep Holocene profiles. The mean oxide content of these

four populations are given in Table 17, and the oneway analysis of variance
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Table 17. Hean oxide contents (X) oand standard deviations of Wint+ilint,W, Cad (profiles)

and {al samples,

Wint+Hint (n=60) W {n=31) cad (n=9) Cal (n=21)
%

Element
510, 47.23+1.82 47.2142.48 48,0941.11 46.8240.93
41504 24.3240,84 24,0041.20 22,1040.86 22.2340.70
Fe)04q 8.6411.30 8.5942.71 9.014+0.31 8,970,569
Fed 0.70£0.20 0.5540.27 0.5540.09 0.80+0.13
MnD 0.15+0.08 0.0740.10 0.2240.10 0.13+0.07
Mgo 1.9940,91 1,8740.40 1.7540.05 2.6140,42
Ca® 0.084+0.07 0.1110,08 0.1430.11 0.2940.13
N2,0 0.2540.97 0.31140.24 0.53+0.31 0.2240.0%
%50 3.00+0.35 2.0640,41 3,4940.33 3,70+0.18
110, 0.88+0.14 0.75£0.08 0.8540.05 0,8440,03
Pyl 0.45+0.31 0.2840.15 0.5740.38 0.3940.14
BaD 3.83+0.82 4.8740.71 5.4240.39 4.5240.29
B0 8.7240,56 8,7041,20 8.3140.28 8,4040,29
SifAl 1.65+0.09 1.6740.10 1.8540.06 1.7940.06

Table 18. Oneway analysis of variance of Winc+Hint, W, Cad { profiles) and Cal samples,

Wint+Hint W Cad Cal Fratio Fprob.
Elemerc
Aly0y * B A A 35.48 0.0000
ctac A A A B 11.30 0,000
Mgo B AB A ¢ 25.05 0.0000
K0 A A B B 24,28 0.0000
Bac A BC C B 24,02 00000
SL/Al A A 8 B 23.33 0.0008
Ti0, A A B B 9.67 0.0000
Nag0 A aB B A 9.45 0.0000
Mnd B A B AB 8.60 0.0000
Fed BC AB A c 7.48 0.0001
P05 B A AB AB 418 0.0075

* &roups having the ssme letter zre not different at the 5 % level of significance.

is given in Table 18,

Table 17 shows that the alteration trends observed in clay mineral analysis
are substantiated by chemical analysis. The most striking differences are
higher Alj03 contents, lower K,0 content and lower SifAl ratio in both the
(Wint + Hint) and the W populations, compared with the Ca0 and Cal
populations. The very low Ba0 conteunts of the (Wint + Hint) population are

in accordance with the most strongly Al-interlayered character of the
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samples. High values for Mgl and Cal in the cslcarecus Holocene solls
underline the rather unweathered character of this group. The higher TiOz
contents in the (Wint + Hint) group as compared with the W group again
indicate the more weathered nature of the former. The other significant

differences cannot be explained without speculation.

3.3. CHEMICAL ASPECTS

3.3.1. CaC04 CONTENT AND pH-KCI

Data on CaC03 content and pH-KCl of the reference solls are summarized in
Table 19, Full details can be found in Appendix A. Holocene non—calcarepus
topsoils overlying Late Weichselian soils (A3, AS, AlQ, All, Al2) have not
been included, as have the two samples with calcareous 'dril' from profile
AlO.

From Table 19 it is evident that the pH-KCl of the Late Weichselian soils is
considerably lower than that of the Holocene solls. No differences are found
between the subgroups of the Late Weilchselian soils. The Holocene non—
calcareous soils have a pH-KCl that is significantly higher than that of the
Late Weichselian soils hut significantly lower than that of the Holocene
calcareous soils.

Table 19, pH-KC1l and CaC03 content of reference soils (means and standard devliations).

pH-%CL €aC0,(2)

n total soll n topsoll 0 subsoil 0 topaoil n  subsoil

Late Weilchsellan all (87) 4.730.7 (14) 5.4140.8 (73) 4.540.6 - -

HE (45} 4,630.6 (7) 5.520,6 ({38) 4,430.4 - -

MB {34} 4.910.3 {5 5.740.8 (29} 4.5£0.7 - -

LG { B) 4.3+0.3 {2} 4.2#0.3 ( 6} 4.3#0.3 - -
Holocene Cad ( 9} 6.0+D.8 ( 3} 6.240.6 ( 6) 5.940.9 (3) 0.24D.1 (6} D.140.1
Cal (21) 7.3t0.2 C4) 7.0£0.2 (17) 7.4%0.2 (4) 3718  (17) 10.945.1

Because of fertilization, the pH-KCl of HB and MB topsoils is higher than
that of subsoils., This was not found in the LG solls, probably because these
soils only support grassland. Slightly elevated pH values resulting from to
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fertilization are also encountered in the Holocene non-calcareous soils. The
calcarecus Holocene soils show an Iincrease in pH-KCl with depth, because of
increasing Cal0y contents (decalcification of topsoils). Very low pH-KC1
values { < 4.0) occur in all Late Weichselian soll groups: HB (A6, Al4, AlS,
Al6), MB (A2, AY9) and LG (A3).

The ZLate Weichselian solls are deveid of calcium carbonate, with the
exception of the two samples of calcareous 'dril' in the subsoil of Al0, The
Holocene non—-calcareous solls have only traces of calecite left. The
decalcification in the calcareous Holocemne soils is clearly demonstrated by

the different content of CaC0q in topseils (3.7%) and subsoils (10.9%).

3.3.2. CONTENT AND COMPOSLITION OF ORGANIC MATTER

The mean organic matter contents of the reference scils are summarized in
Table 20. Details can be found in Appendix A. When calculating the wmeans,
the topsoll of A22, which had an exceptionally high organic matter content
(9.8%) was left out. Means were calculated for ctopsoils and subsoils

separately.

Table 20. Organic mactter concent of reference solls {means and standard deviations),

organic maccer (%)

n topsotil n subsoll

Lare Weichselian All (14) 2.9%1.0 {74) 0.41+0.4
KB (7) 2.8+0.8 (37)  0.5:0.3

MB (5)  3,0+1.2 {31) 0.240.3

LG {2 2,7¢1.0 { 6) 0.740.5

Holocene Cad { 3) 2,240.9 { 8) 0.610,4
Cal  ( 3) 2,8%0.3 (17 1.040.6

Topsoll organic matter contents vary little, mainly because of the land
utilization system, under which organic manure is routinely added to all
soilss The organic matter contents of subsoils, however, show clear
differences, with the MB group having particularly low contents. Higher
contents are found in the Holocene and in the LG soils. In the latter, this
may be the result of partly decomposed or undecomposed root remains.

Late Weichselian HB and MB soils have an abrupt decrease in organic matter
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content below the A horizon., This transition is much more gradual in the
Holocene soils, This implies that the Late Weichselian soils had a very low
sedimentafy organic matter content, However, because of high standard
deviations the groups cannct be separated statistically.

Apart from the content of organic matter, its composition is also important.
In an attempt to characterize the Late Weichselian and Holocene soil
materials, the organic matter of topscils was analysed by Pyrolysis—Mass
Spectrometry (Halma et al., 1978). These samples failed to show differences,
because the organic matter 1in Late Weichselian topsoils is recent,
Fortunately, it was also possible to analyse subsoil samples,
notwithstanding their low otganic wmatter contents., Samples from 40-60 cm
depth showed clear differences in organic matter composition between Late
Weichselian and calcarous Holocene soils. An example of a pyrolysis spectrum
is given in Fig. 38A. In the non-linear map of Fig. 3BE the two groups are
very distinct. The non-calcarecus Holocene solls were transitional between
the two populations. PFurther analysis (Fig. 38C) showed that aromatic
hydrocarbons (mass 78-benzene, 105 and 106) are high in Late Weichselian
soils, whereas carbohydrates dominate in Holocene soils (mass 96, together
with 68 and 110). This indicates a clear difference between the active young
humus of the Helocene soils and the old humus of the Late Weichselian
subsoils. More differences were found in the spectra, but cannot be

interpreted unambigucusly.

3.3.3. CEC OF THE CLAY FRACTION, BASE SATURATION AND COMPLEX COMPOSITION

CEC-clay

Cation adsorption capacity of the clay fraction was calculated in two ways:

ls by calculation from the Ba0 content of Ba-saturated clay fractions
analysed by X-ray fluorescence (saturation-pH approximately 5)

2. by dividing the CEC of the soil (Li-EDTA, pH7) by the clay content,

These data, together with the base saturation that was obtained by the Li-

EDTA method, are reported in Table 21.

Reference soil Al was left out because of strongly fluctuating high Ba0O

contents, which may have been the result of incomplete washing. The mean

values of Table 21 have large standard deviations, and the conclusions
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Fig. 38. Results of Pyrolysis-Mass Spectrometry on organic matter from Late Weichselian and Holocene
fluvial Rhine soils.
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A. Pyrolysis mass spectrum representative of Dutch fluviai Rhine solls.

B. Nonlinear map of Dutch fluvial Rhine soils. Stress value indicates the distortion resulting from projecting
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C. Scatter diagram of ion intensities at m/e 78 and m/e 96 for Late Weichsslian [open dots) and Holocene
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individual samples of that particular site
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Table 21, CEC-clay and base saturation {BS) of reference soll (means and

standard deviations),

n CEC-Ba0 CEC-Li-EDTA BS
{omol/kg) {mmol/kg) (%)
Late Weichselian sells (81} 542x126 463+149 18426
Balocene soils {29) 627467 4£99+142 not calculated
Late Weichselian soils
HB {37) 4861109 3961163 77427
MB (36) 575%122 4314117 79+27
LG ¢ 8 6561 8O 5174136 80£17
deposit 11I (50} 534x123
deposit ITb {11} 5564117
deposit 1la (73 5134127
Holocene solls
Ca0 ( 9y 707+ 46 610+ 58 87410
Cal (20} 591% 37 446+139 100+ O

should therefore be viewed critically., The standard deviations are larger in
the Late Weichselian soils than in the Holocene soils. The HB group has CEC~
clay (Ba0) values that are distinctly lower than those of the Holocens
solls. In general, the CEC-clay (Ba0) values corroborate the data on clay
oineral composition (section 3.2.l1.). The deposits Ila, I1Ib and III show a
wide range in CEC-clay, and deposits cannot be separated by means of this
propetty. Calcareous and non~calcareous Holocene deposits have a
significantly different, higher CEC-clay, which probably reflects a slightly
higher vermiculite content in Cal profiles, In the Late }Ieichselian soils, a
slight increase in CEC-clay with decreasing drainage is apparent. This is
explained by a stronger Al-interlayering in smectites and vermiculites of
the well drained profiles. This Al-interlayering depresses the CEC, The
large standard deviation in MB and HR scils is caused by a number of wvery
low CEC values which are encountered in deposit IIT (values below 400
mmol/kg). The GEC~clay calculated from the Li-EDTA data is always lower than
the value obtained fom the BaQ content (75-86% of the CEC-clay (Ba0)). This
is unexpected, because the Li-EDTA values include the adsorption due to
organic matter content. Two possible explanations are that 1) the Li-EDTA
methed is an underestimate because Ba is adsorbed in preference to L1 and 2)
the separation of the clay fraction caused de~blocking of negative charge

because sesquioxides were removed.
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Bage saturation and complex composition

The calcareous Holocene soils have a 1007 base saturation (BS) and a mean
complex composition of 7449% Ca++, 2147% Mg++, 3+2% Nat and 2+1% kt. The
non—calcargocus Holocene soils are already slightly undersaturated but have a
mean complex composition that is similar to that of the Cal group. The Late
Weichsellian soils are even more desaturated and BS values may be below 50%
(HB: Al, A6, Al4, Al5; MB: A7, 49) or even below 35%. The base saturation
tends to be highest in the LG and lowest in the HB, but, in view of the high
standard deviations, this 1s not statistically significant. The mean complex
composition of the Late Weichselian soils is 78%15% ca’™, 21+12% mgtt, 2+4%
K and negligible amounts of Na', The HB and MB groups have a very similar
composition with 80% catt and 19% Mg*t and 17 x*, but the LG group shows a
surprising shift in Ca and Mg contents: 57+16% Ca'™" and 37+12% Mg++.
Exchangeable AT ang Wt were detetmined in selected Late Weichselian
soils. The highest values were 56 mmol/kg 1/3 At and 9 mmol/kg Y in A9
(MB) and 36 mmol/kg 1/3 Al™ and 5 mmol/kg HY 1in 46 (HB). Appreciable
amounts were also found in AZ (MB) and A3 {LG).

3e3ads EXTRACTAELE Fe,04 AND Al504

Dithionite~EDTA extractable ('freef} 4iron and aluminium, and oxalate-
extractable ('amorphous') iron are reported in Table 22,

Table 22, Extractable iron and aluninium in the reference soils (means

and standard deviations),

Fep04(d} Al,04(d) Fe,03({c) Fey03(c) Fe,/Fe; Fey/Fe, =n

x 4 % X
lLate Weichselian
Soils
H2 1.630.8  1.130,6  0.430.2  1.840.6 25 0.89 (44}
MB 2.5b1.4  1.040.4 0.510.3 3,3%1,8 0.20 0.76 (36)
LG 0.910.3  0.940.4  0.340.2 l.410.7 0.33 0.54 { 8)
Helocene Soils
Cad 2.940.9 1,430.8  0,740.2  3.9%1.6 G.26 0.69% {9
Cal 2.2:0.8 1.120.5  0.740.3 2.641.2 0,32 0.85 (21)

o=oXalate-extracrable; d=dithionite-extractable; t=total, by XRF.

Differences between the various groups are not significant, except for the

low dithionite-extractable iron contents in the LG groups. The individual
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figures suggest an increase in dithionite-extractable iron with increasing

clay content, which may partially reflect a stronger weathering. Oxalate~
extractable 1iron 1s higher in the Holocene soils than in the Late
Welchselian soils, which may reflect more active soil formation. The degree
of activity ('Aktivitdtsgrad', Schréder, 1979), expressed as Fe /Fey is
strongly obscured by gleying processes., This alsoc holds true for the
weathering status, as reflected by the Fed/Fet ratio. The ratie is high in

the strongly weathered HB soils, and also in the very young Cal soils,

3.4, SOIL CLASSIFICATION

The classification of the reference scils according to the FAO-Unesco {1974)
Legend of the World Soil Map, the USDA Soil Taxonomy Soil Survey Staff,
(1975) system and the Dutch Soil Classification system of De Bakker and
Schelling (1966) is given in Table 23.

In the preceding sections the information necessary for the recognition of
diagnostic horizons (such as colour, c¢lay 1illuviation, hydromorphic

properties, base saturation and homogenization) was discussed.

Table 23. Soil classiflcation of refereance soils.

Subgroup Code  Neme Mapping wnlt Soil Taxonozy (1975) FAQ-inegca (1974) Da Bakker snd  Schelling (1966)
s Al Heumen I KLL Plaggepcic Hollic Hapludslf Occhic Luvisol Tuteeerdgrond
i A Cetersun HLL Humic Rapludult Luvlc Phaecozen Redebrikgrong
Cat/NB Al Azewija §v wILl Hollic Bapludalf Orthic Luvieol Daalbrikgrond
L) AL} Asbrock HL| Typlc Aapludalf Chromic Luvisel Rade brikgrond
"R AL Hegche len HL2 Typic Hapludalf Orchic Acrlasl Rade brikgrond
H& AL Van-Zelderhelde HL1 Trpic Hapludulc Orehic Acrisol Radebrikgrond
HE 416 Hillingen ALt Typic Hapludalf thronlc Luvisol Rade brikgrond
HE Al Heumen [1 HL2 Artle Ochraqualf Eutrlc Pedzoluvieol Kullbrikgrond
g a4 Gendrlngen T ML1 Typic Hapludali Orthle Luvigol Daalbrikgrond
CaQ/HB A5 Gendcingen 11 HLY Aquic Kapludalf Orthic Luvisol Taslbrikgroad
HE L Sletangawald MLl Azle Ochraquall Cleylc luvisel Caalbrikgrond
HE A2 Aaldonk ML Aetlc Ochraguult Gley1e Padooluvisal Kullbrikgeond
Ca0/MB 410 Azewlin I kL2 Thapto Gchraqualtic Glaylc Ganblsal Polderveaggrond
Fluvantlc Eutrochrépe (Fullbeikgrond)
CaD/HB A2 Woszik kHL2 Aguollic laphudalf Gleyie Luvisol Kuilbrikgrond
CaOfHE A7 Ewlie KnLy Thapto Hapludalfic Eatrie Cleysol Poldervaaggzond
Aecic llaplaquept (Futlbrikgond)
CalfLG  Ad Heumea 20 kLLZ Trplc Hoplaquept Eutric Gleysol #aldervanggrond
L A8 Hllsbeek LL2 Fluvaquentic Haplaguall Moliic Gleysol Leekeerdgrond
CadfCal AR weust - Pluvencic Euccochrept Tutric Camblsol Hofeerdgroad
Ca0 A8 Randvi ik - Typie Raplaquapt Tuteic Gleysol Poldervasggrond
Cal A0 kesteren - Fluvantie lapludell Calcaric Phasozem Hofeerdgrond
€al A2l Lleaden - Fluventic Eutrachrapt Calcle Combisel Oolvasggrond

Cal A22 Opheusden - Fluventlc Eutrochrept Celcle Canblaol Hofgerdgrond




106

The classifications in Table 23 are based on this information and can be

summarized as follows:

— All Late Weichselian HB and MB so0ils have an argillic horizon aor
*briklaag’. ’

- The Late Weichselian LG soils and the Holocene soils do not have an
argillic horizon, but do have a cambic horizon.

— Some Late Weichselian HB and MB soils have a base saturation below 50%
(FAO-Unesco: Acrisols) or even below 35% 1im the Bt horizon (FAO-Unesco:
Acrisols; Soil Taxonomy: Ultisols). Such low base saturation reflects old
age and strong weathering and is especially common in the former southern
branch of the Rhine system {Ottersum, HB-A6; Ven—Zelderheide, HB-Al5;
Aaldonk, MB-A9), but also occurs occasionally in the northern branch
(Megchelen, HB-Al4).

- Most epipedons are ochric, but some are mollie, leading to
classifications of Phaeozems or Mollisols.

The subdivision of the Late Weichselian soils is reflected in their

classification; the HB soils are all Udalfs or Udults, the MB soils are

Aqualfs or aquic subgroups, and the LG soils are Aquepts/Aquolls, The

intermediate position of some reference profiles is recognizable from their

classification.

The distinction made between hydromorphic properties in the E and in the Bt

horizons (Kuilbrikgronden} and those in the Bt Thorizon alone

{Daalbrikgronden), used in the Dutch classification system, 1s useful to

indicate the transitional character of the MB group. The E and Bt horizons

can only be identified after micromorphological studies. In some cases, the
pseudogley in the MB sclls 1is sufficiently expressed for the soils to be
classified as a Podzoluvisols in the FAO-Unesco system.

The strongly varying landscape position of the Ca0 soils 1is clearly

reflected in their classification: Al7 1is clearly transitional to the MB

solils, Al8 1s transitional to the Cal soils and Al9 is poorly drained.

The relatively young age and weak development of the Cal soils is expressed

by the subgroup adjective 'fluventice' (= stratified; Soil Taxonomy) or by

the 'calecic' or calcaric' subtype name in the PAO-Unesco classification.

The Dutch classification and Soil Taxonomy both recognize the effect of

long—~term addition of stable manure in the 'Eerdgrond' or ‘Plaggen' soil

(Al), and the presence of a dark topsoil in the Holocene soils Al8, A20 and

A22, In the Dutch classification, the profiles Al0D and Al7 would be
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classiffed as T'Poldervaaggrond' owing to the thickness of the Holocene
cover, but both have an argillic horizon in the subjacent sediment within 80
cm depth which justifies the classification as 'RKuilbrikgrond' as well.

3e5. CONCLUSIONS

The conclusions of this chapter concern the differences and similarities
between Holocene and Late Weichselian scils and hetween the subdivisiocns
into five groups of soils.

Although the Late Weichselian soils are somewhat more weathered than the
Holocene soils, parent material 1s similar. This corroborates the data of
Schréder (1979), Verbraeck (1970, 1985) and Berendsen (1982)}.
Micromorphologically, the most important differences between Holocene and
Late Weichselian solls are found in the miercstrueture: Holocene soils have
an aseplc or crystic plasmic fabric, which results in a friable consistence,
whereas the Late Weichselian soils have abandant plasma reorientations in
those parts that bhave not been biologically homogenized, leading to a firm
or very firm consistence.

Except for local occurrences of calcareous material, the Late Weichselian
solls have been decaleified and have low to very low pH-KCL values. The non~
calcareous Holocene soils are all decalcified, but may occasionally contain
some calcite in the subsoil (Al8); their pH-KCl is moderately acid with
values between 5.5 and 6.0 The calcareous Holocene soils demonstrate some
decalcification but contain primary calcite throughout the profile; pH-KC1
values range between 7,0 and 7.5.

Clay illuviation occurs to a similar extent in both the well drained brown
and the imperfectly drained motrled Late Weichselian soils, The poorly
drained grey late Weichselian soils do not normally have clay illuviation.
Miedema ¢t al. (1983), however, demonstrated that clay illuviation in such
soils did ceccur in terraces of the Meuse river, and one of the Rhine soils
also contained minor illuviation. Clay illuviation was not found in Holocene
solls.

Groundmass illuviation was of similar magnitude in the Late Weichselian and
Holocene soils and is primarily the result of differences in land use rather

than to differences in age. It is a recent phenomenon.
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In the Late Weichselian solls, reduction and oxidation phenomena are the
result of pseudogleying and gleying. All imperfectly drained soils have
pseudogley featuras above gley features. The poorly drained grey soils have
always been waterlogged and hence have not been subjected to eclay
illuviation., Some of these grey soils may have had better drainage drainage
formerly, and been subjected to clay illuviation, bMut were subsequently
turned completely grey by strong gleying. All reduction and oxidation
phenomena in Holocene soils are the result of groundwater fluctations.
Biological activity is very strong in the calcareous Holocene soils and in
the well drained Late Weilchselian (HB) soils. TIn the latter, it is
responsible for a large part of the ferri-argillans to be translocated into
papules. In the MB and LG scils, biclogical activity has generally been
restricted because of poor drainage conditions since the Late Weichselian.
The non-calcareous Holocene socils are transitional between the Cal and the
Late Weichselian solls, but their biologlcal activity is variable because of
a large variation in hydrological position.

Human aetivity 1s evident from the presence of a plaggen epipedon in
reference soil Al, and Ap horizons in most soils, testifying their past or
present use as arable land. Profiles in the walls of sand pits had compacted
topsoils, and some soils had a traffic pan.

Late Weichselian and Holocene solls have a similar organic matter content
and composition in their A horizons. Below the A horizons, organic matter
contents fall abruptly in Late Welchseliarn soils and decrease more gradually
in Helocene soils: this agrees with Schridder's results (1979). The organic
matter composition of the subsoils indicated more inert aromatic groups in
the Late Weichselian soils and more active polysaccharides in the calcareous
Holocene soils, with intermediate contents in the non-calcareous Holeocene
soils. Presumably, sedimentary organic matter contents were very low in Late
Weichselian sediments, and organic wmatter quality was poor, as Schrbder
(1979) alsoc assumed. The topsoils are similar because of the addition of
organic manure and relatively short turn-over time,

The Late Weichselian HB and MB soils have strongly aluminium-interlayered
smectites and vermiculites, especially in their topsoils, Such interlayering
is virtually absent in the LG and in the Holocene soils. Differences in glay
mineralogy are reflected by the Ba0 contents of Ba-saturated clay separates,
which are a measure of the cation exchange capacity of the clay fraction.

The strongly Al-interlayered clays of the HB and MB soils have significantly
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lower Ba0 contents than the LG and Holocene soils. Variation in the MB group
is very large, but low values are common in this group.

The base saturation of the Late Weichselian soils is strongly variable hut
averages below 80%Z. Very low base saturations (below 50 or 35%) were found
in the HB and MB soils. In agreement with the low pH-KCl values in these
soils, exchangeable st and Ht may attain high values. The Holoceme soils
are nearly saturated, with wvalues around 90% for the non-calcareous soils
and 100% for the calcareous soils.

Chemieal analyses of the elay fraction offer quantitative substantiation of
differences in mineralogy, CEC and base saturatioun. Calcareous Holocene Cal
solls are characterized by high K,0, Mg0 and Ca0 contents, low A1203
contents and a high Si/Al atomic ratio. The S5i/Al ratic is also high in the
non—calcareous Holocene Ca0 soils, but low in the Late Welchselian soils,
The HB scils have high Al,04 contents and low Ba® contents.

The Holocene soils could not be differentiated from the late Weichsellan
Soils on the basis of extractable Feg0gz and Alz0Z contents. Schréder (1979)
also found this. All Late Weichselian HB and MB soils have an argillie
horizon (Alfisols, Luvisols) with occasionally low to very low base
saturation (Ultisols, Acrisols). Strong expression of pseudogley features
leads to classification as Podzoluvisols/Aqualfs. Most Holocene solls have
ochric epipedons and are Inceptisols; those with a mollic epipedon are
Mollisols,.

Advanced soll formation in the Late Weichselian soils 1s responsible for
differences In clay mineralogy, chemical properties, CEC, pH~KC1l and base
saturation. Differences in physical behaviour between the Holocene and the
Pleistocene soils are caused by differences 1in texture, plasmic fabric,
microstructure and the quantity, quality and distribation of organic matter
{Chapter 4 and 5).




4. PHYSICAL CHARACTERISTICS AND BEHAVIOUR

4.1, INTRODUCTION

This chapter deals with the physical characteristics and behaviour
{structure stability and tillage behaviour) of ground fine earth, natural
aggregates, core samples and soil c¢elumns. The data are used to define
differences and similarictles berween the Late Weichselian and Holocene soil
groups and chelr subdivisions. They are derived from unpublished reports of
De Kreij (1976 b), Du Bois and Wijntje—Bruggeman (1977), Klein-Hesselink
{1978), Jacobs (1978, 1981), Broekhuizen and Epema (1979}, Kilig¢ (1979), Van
Oort (1979, 1980), Broekhuizen (1980), Koppe (1980), Martens (1980), De
Groot (1981), Lohues (1981) and Versluis (1984).

The 5 basic data sets comprise the results of: linear extensibility of
condensates (SWELL.DAT); Atterberg limits of ground fine earth (ATT.DAT);
physical characteristies of natural aggregates (AGGR.DAT); physieal
characteristics of core samples (CORE.DAT) and data on structure stability
(STAB.DAT). These data sets are presented in Appendix C. Besides these data,
in this chapter also results from measurements concerning shear strength,
unconfined compression, micro-tillage test and hydraulic conductivity will
be discussed. A comparative study of the pore system of the B-horizomns of a
Late Weichselian MB soil, a Holocene Cal soil and a Holocene Cal soil has
also been included. In that study a series of methods has been employed that
cover the range 1in pore diameters from nanometres to millimetres with
sufficient overlap. The methods consisted of morphological {micromorphelogy,
scanning electron mlcroscopy), micromorphometrical quantificarion on thin
sections and physical methods (bulk densities, meoisture characteristic and

mercury intrusion}.

The central question to be answered is wether there are any differences

besides those induced by differences in the 5 independent basic explanatory
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variables clay, =silt and sand (texture), organic carbon and CaCQ3. A

sequence of statistical analyses, which will be ocutlined in section 4.2, was

carried out to test the presence of differences.

The methods used to measure the physical characteristics are mentioned
only briefly in the text. Literature references are given for details on the
methods used. All samples have been subjected to identical tests to ensure
legitimate comparison of the results. Many of the methods used are described
in Black et al. (1963) and Burke et al. {(1986).

4.2. STATISTICAL TECHNIQUES USED

This section is mainly based on Draper and Smith (1981). Yor more details
reference to that publication is suggested. The 5 available data sets were
subjected to the same sequence of statistical techniques that aimed at
summarizing the data and distinguishing differences (or lack of differences)

between the various soil groups.

Desceriptive etatistics

l. Degscriptive statistics (means, standard deviations) and other measures of
scale and dispersion were calculated for each of the 5 data sets to
characterize the data. Let Z% denote the 3§t variable in the ith data
group (I= 1,.., 5; j= 1,.., ny). Some variables appear im all the data
sets (clay, silt, sand, organic carbon and CaCO3). These 5 varlables will
be referred to as the 'basic explanatory variables'.
In all instances a correlation matrix was calculated. The significancy of
the coefficlents has been determined by means of a standard t-test
{Draper and Smith, 1981, p.46).

Analysie of variance

2. An  analysls of variance (ANOVA) wags done to reveal significant
differences between the 501l groups. Differences between the Late
Weichsellan (W) and Holocene (H) soil groups were analysed, as well as
differences between the 5 subgroups (HB, MB, LG, Ca0, Cal). The analysis

was done on the 5 bas{c explanatory variables and on the dependent
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variables. The F test indicates the varlance between the groups compared
to the variance within the groups.

So, let z% srry zin stand for the n; analysed variables in the 1i-th
data set. Each data s%t is then split up 1iato 2 groups (W,H) or into 5
groups (HB, MB, LG, Ca0, Cal). The ANOVA can be formulated when we add
two more indices to variable Zi, gay k and 1, where k= 1,2 or k= 1,.., 5,
representing the number of groups and 1= 1, .., ny, where nyy is the
number of observations in the i-th data set and the k-th group. The

models are written out as follows:

i i i i
= =1,..
ijl uj + tjk + ejkl i yeey 9
ey
k=1,2 or k=1, .., 5

1= 1, .., mg

Thus, u%stands for the mean of varlable Z;kl in the i-th data set
tfk stands for the k—th group effect
ejkl stands for the random effect

Stepwise multiple regression

3. To elucidate the importance of the contribution of the basic explanatory
variables to the other dependent variables, a stepwise mltiple
regreasion was carried out, with the basic explapnatory variables as
independent variables. The model is written out as follows:

i i i i
Y= X, gL+ e 1= 1, «u, 5
j JBJ o

3

=1, .., ng (n; is the number of dependent

variables)

where X§ is composed of observations on the 5 basie explanatory

variables. Via stepwise regression techniques (Draper and Smith, 198L)

the number of significantly contributing basic explanatory variables was

reduced.

Dismny variables

4, A direct amswer to the central question can now be made by adding some

i

dummy variables to the model, 7 where zi A stands for
n

i
n +1,..,Z n,+4’
i i

1
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differences berween Late Weichselian and Holocene,

Zin._’_z, Z:]'n +3° Zin‘_'_[' for differences within Late Weichselian and
Holotene groups and Between subgroups in the i-th data set.

For example to test differences between Holocene and Welichselian groups a
dummy variable was added which was assigned =1 if an observation
originated from the Holoceme group and +1 if an observatlon originated
from the Weichselian group. The model can be formulated in terms of

technique 3 described above:

=9

i i
Yi—-X B.+ej

e
LT

i .
where X is now composed of abservations on the n;+4 variables

Zi, "’zin +4 ° Again, a stepwise regression was done to detect the most
important e%fects, with special emphasis on the contribution of the dummy
variables in relation to the difference between the Late Weichselian and

Holocene groups and subgroups.

Classification based on diseriminant analyeis

5. Finally, to view the central question from another angle, discriminant
analysis was performed. Classification into 2 and 5 groups was carried
out by determining the discriminating functions on the basis of the
physical characteristics and to reclassify the investigated samples by
means of these functions. Although this technique is known to give
slightly optimistic results (Dillon and Goldstein, 1984) bdecause the same
samples are used to discriminate and to classify, it was used to reveal
more about where typlcal differences might be expected. The set of
variables now consists only of the dependent variables, which can be

| symbolized by Zg,.., Z:-; , Wwhere n; is the number of dependent variables

in the i-th daca set. Thie k= 1,2 or k= 1,.., 5 groups were classified. In
both cases, the aim was to achieve clearly distinctive groups. In the
case of the 5 groups, discriminant analysis was also carried out with 2
discriminating functions (instead of a maximum of 4), because with 2
discriminating functions fairly clear groupings of variables evolved.
Analyses were carried out with SPSS=X (Nie et al. 1975) as well as with
some own staristical medules.

Because of the diverse character of the data sets, no effort was made to

use a statistical technique to combine the 5 data sets. The results of
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the statistical sequence described above on each of the 5 data sets have
to be interpreted from a soil science point of view. The conclusions from

the separate data sets will be synthesized in section 4.9.

4.3, PHYSICAL CHARACTERISTICS OF GROUND FINE EARTH

4,3.1. PARTICLE DENSITY

Particle density was calculated from the wvolume of a known welght of oven-
dry ground fine earth. The volume was determined through water displacement
in a calibrated pycnometer. The data (191 samples) are means of duplicate or
triplicate measurements and have a very high reproducibility.

Table 24 presants means and standard deviations for the various groups.

Table 24, Means and scandard deviarionse (5D) of the particla density data (PD - ks."ull and the 5 basic

explanatory veriables (clay, eilc, aand, organic carbon and CaCly - X).

GAOUPTRG FLUVTAL WRICHSELTAN HOLOLENE na HB LG Cad Cal
number of saoples n-191 n=130 n=&1 wld n=hi n=1f n=3R =23
VARTABLE mean Sh mean SD mean 35D mean SD wean 3D waan 8§D mean D mean SN
Clay (CcLy 25,4 13,1 22,0 1,7 32.5 13.2 152 5.4 25.1 115 2.7 15.4 37.5 13.5 2403 T4
silt (ST 31.9 13,2 22,5 00,7 41,3 11,2 23,7 10.6 28.0 12.5 34.8 7.1 3B.2 0.3 46.4 13.4
Sand (RAY 42,7 23,4 50.4 21.6 6.7 18.0 &t.1 14.9 46.9 22.7  37.3 20.7 24.3 17.0 29.3 19.4
Org. carbon {0OC) 0.8 0.9 0.6 0.7 1.2 L0 0,7 0,7 0,5 0.6 .0 1.0 1.é& )1 0.6 0.5
CaCly {CAY 1.) 3.5 0.0 0.] 3.5 5.5 0.0 0.l 0.6 0.1 0.1 0.2 0.0 0,4 9.2 5.3

Patr. dengicy {?D) 2630 50 2690 50 2650 50 2670 30 2763 45 2685 70 2630 60 2700 20

The measured mean particle densiries wvary between 2690 and 2705 kg/m3.
Because quartz and organic matter have a particle density lower than these
values, whereas both clay minerals and caleite have higher particle
densities, it is to be expected that sand {predominantly quartz) and organic
carbon will have a negative correlation with particle density and that clay
and CaCO3 will correlate positively with particle density. This 1is indeed
the case: see the correlation matrix of the 5 basic explanatory varlables
with the particle density {(Appendix D). The positive correlation with the
silt fraction in all groups suggests that the silt fraction contains clay

minerals and CaCOj4 (only in the Cal subgroup).
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Differences between groups were tested with ANOVA at 95%Z and 99%
confidence limits (Table 25): significant differences have been indicated by
A, B or C (A indicating the lowest values of the mean). Table 25 indicates
that the particle densities of Late Weichselian and Holocene soll materials
are not significantly different. There are significant differences between
the subgroups, however. The high particle density in the MB subgroup is not
the result of any of the 5 basic explanatory variables but rather results
from the abundance of iron and wmanganese hydroxide motrles. In the Cal
subgroup the high particle density is the result of the CaCl; content of

that subgroup.

Table 25. Resulta of ANOWA of the particle denaity data and the 5 haplc axplanatory varlables.

GROUPING W H Frest probablliry WB MR LG ¢a0 {al Freac probability
Variable

L A ® 0.6 *+2) PR B € B 21,5 A

s1 A B 5A.7 ke PO B € R 71,3 a*

sS4 B A 57,7 wa C B AR A & 22,2

0c A B 19.0 *+ A 4 AR R & 12,7 %

oA A B 5.3 #* A A A A B 1265 %=

) A A 0.1 A B AR AR B 42w

1) A, B, C ete. indlcate significant differences st 95% confidence iimits; A ipdicetes the loweat mean values.
2) Probabilicy: #% p<0.01
*  pc0,05

Table 25 also demonstrates the characteristic and highly significant
differences 1in the 5 Dbasic explanatory variables between the Late
Weichsellan and Holocene groups and subgroups.

Stepwise multiple regression (Table 26) indicated that about 60-75% of the
variation in particle density can be explained by the wvariables clay and
organic carbon. The 4 dummy wvariables did not significantly differ from
zero: therefore ne differences, apart from those induced by the 5 basic
explanatory variables, are to be expected.

The regression equation found for all 191 samples is as follows:

PD= 2660 + 2.40 CL - 38.2 OC
PD= particle density (kg!m3)
CL= clay conteat (%)

0C= organic carbon content (%)
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Table 26, Varlaace explalined (X) of the particle denaicy (PD) data by atepuiase multiple regression

with 9 and 5 basic explanatory varlables.

9 variables 5 variables

CROUPING FLUVIAL FLUYLAL WEICNSELIAN NOLOCENE UB HB 16 Cal Cal
auuber of samples n=191 a=191 n=130 n=61 n=t4 n=68 a=l8 n=38 n=2)
variance explalnedl? 2 R? a? r2 k? sz r? x2 g?
VARIABLE

PD 72 72 14 68 T4 7 £3 70 57

l) variance explained at 95% confidence Liwmite

The constant (2660} 1s wvery close to the particle demsity of quartz (2650
kg/mS), which is the main constituent of the sand and silt fractions. When
extrapolated to zero organic carbon content, the particle density of the
clay fraction 1is 2900 kg/m3, which closely corresponds to the value of 2880
kg/m3 quoted by Poelman (1975) for samples of fluvial soils from the
Netherlands.

Conalusion

In conclusion, 1t can be stated that the particle densities of Late Weich-
selfan and Holocene fluvial soil materials are not significantly different,

and that particle density is wmainly a function of clay and organic carbon.

4.4, PHYSICAL CHARACTERISTICS OF CONDENSATES

4.4.1. LINEAR EXTENSIBILITY

For extensibility studies, condensates were used instead of natural
aggregates, in order to eliminate differences in pore volume, pore size
distribution and microstructure (Martens, 1980). The properties of the clay
fraction are revealed best when condensates are used. Condensates were made
by kneading a ground fine earth sample to a homogeneous paste at a moisture
content Just below the sticky point (5P: see section 4.4.2). Cylindrical
condensates with a diameter of aboutr one centimetre were prepared from this
paste (Fig. 39). These condensates were slowly dried over a saturated NaCl
solution which had an osmotic pressure of 32 MPa {equal to pF 5.53) and were

subsequently air-dried.
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Fig. 39. Condensates used in extensibility studies.

The alr-dried condensates were slowly and In steps brought to pF2, pFl.5,
pFl and pF0.5 and weighed. After presaturation with kerosene te fill
remaining air-filled pores, the total volume was determined according to the
method of Keenigs (1981, 1984). The condensates were suspended in kerosene
and the downward thrust on the wvessel was recorded. Subsequently the
condensates were oven—dried and weighed. The total velume of the aggregate
follows from the recorded downward thrust on the vessel divided by the
density of the kerosene. The moisture content follows from the welghts of
the moistened condensates and their oven-dry weight. On the other hand with
the aid of the known particle densities and the dry bulk density of the
condensates the pore volume of the afr-dry condensates can be calculated.
With the measured moisture contents at pF2 and pFl, the pore volume of the
air-dry condensates and the particle density the linear extensibility of the
condensates is calculated according to Kuipers (1961) from air-dry to pF2
(LE2 cale.) and from alr-dry to pFl (LEl calc.). This calculation is based
on the assumption that at moisture contents equal to the dry pore volume and
above no gas fase is present. From the changes in measured total volume from
‘alr-dry to pF2 and from air-dry to pFl (volume extensibility) linear
extensibiliries were calculated (LE2 meas. and LEl meas. respectively). The
35 samples investigated were selected from the 191 samples mentioned in
Table 24. They were chosen to represent the characteristics of all 191
samples. This c¢an be seen in Table 27 where means and standard deviations
are given. ANOVA results are given for the basic explanatory variables of
the 35 samples in Table 28. Tables 29 and 30 present the corresponding data
for extensibility results and bulk densities.




118

Table 27. Means and scandsrd deviaclons (SD) of rhe 5 baaic ewplanatory variablas (X) of condensacsa.

GROUPING FLUVIAL WEECHSELIAN HOLOCEME up HE e Cal Cal

number of samples n=353 n=30 n=25 n=9 n=17 n=4 n=11 nel4
VARTABLE wean 5D mean SC mean 5D mean  SP  wmean SD mean 5D mean 5D mean 5D
Clay (cL) 28.0 16.1 24.1 7.2 2.6 11.2 k8.) 4.6 2¥.3 0 6.6 24.3 6.7 37.6 12.) 28.6 B.8
Silc (8T) 39.5 12.6 32.8 9.6 47.4 11.2 24.3 7.7 36.5 8.7 36.0 3.7 42.3 9.3 51.5 11.2
Sand (SA) 32.6 19.0 43.1 14.8 20.¢ 15.6 S5'.6 9.2 36.2 12.8 39.8 10.3 20.1 131.8 19.5 17.3
Org. carbon (OC) 0.89 0.72 0.88 ¢.80 0.%90 ©.64 0.72 0.60 ©.82 0,76 1.53 1.28 1.21 ©.60 0.66 0.59
CaCly (CA)y 2.2 4.4 00 OO0 4.8 55 0.0 0.0 00 0.0 0.0 0.0 0.0 0.1 8.8 4.5

Table 28.  Results of ANOVA of the 5 basic explenstory variables of condensares,

GROUPING W W FPresc probabilicy B MR LG  Cad cal  Fceat probabliity
VARTAME

€L A p n.s mD A B & BB T ke

81 A B 274 #s A 0B BB C 13.0 wx

sS4 ] AT A O ABC A A 13,3 ##

ac A A 0.0 A A A A A 1.9

CA A B 23,3 Ll A A A A B 35,8 K+

D A, B, G etc. indicate significant diffevences at 95% confidence limite; A indiceces the louest wean values.
2 protamlicy: *+ pd 0,00
* ps 0.05

The dry bulk density of the condensates of Late Weichselian (W) soil
material is not significantly different (Table 30) from that of the Holocene
soil material (H), but in 5 subgroups the difference between the condensates
of the varfous groups are more obvious and significant. Although the
differences are considerably smaller than the differences between natural
aggregates (sectlon 4.6) small differences remain between the 5 subgroups.
The significant difference in bulk density at pF2 and pFl (BD2 and BED1)
between W and H is caused by the lower bulk densities of the HE subgroup.
Linear extensibility is significantly lower for the Late Weichselian soil
material than for the Helocene soil material: this holds true for both
calculated and wmeasured values at pF2 and pFl. The lowest 1linear
extensibility is In the HBE subgroup. The differences between the other
subgroups are the result of differences between the MB and LG subgroups on
the one hand, and the Holocene subgroups on the other: this is especially

the case for extensibility values at pFl (LEl calc. and LEl meas.).
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The calculated extensibilitles are systematically lower than the measured
extensibilities and are even negative for the HB subgroup at pF2 (LE2
cale.). The extensibilities calculated from particle density, pore volume
and water retention values underestimate the real extensibilities,
especially in the case of pF2, where complete saturation does not always
occur.

The degree of swelling and shrinkage in the samples 1s primarily the result
of clay content. Thus, the positive correlation of extensibility with clay
content (Appendix D) 1s to be expected. Organic carbon also correlates
positively with extensibility, although only significantly and strongly in
the case of the Cal subgroup; this suggests a combined effect of clay and
organic matter. Quartz and calcite (sand and CaCO3) are inert. High sand
contents imply low clay contents, and hence the negative correlation 1s to
be expected. The significant negative correlation of extensibilities with
CaC0y in the Cal subgroup might be the result of extensibility being
suppressed by the 1influence of released Ca-ions on the electric double
layer. Correlation with the silt fraction 1s erratic and in most cases not
significant and depends on the composition of the silt fraction.

Table 29. Means and standard deviationa (SD) of Yinear extensiblility data {LE-X) and bulk densitiesa (ankg/mj)

of condensates.

GROUPLING FLUYTAL WEICHSELTAN HOLOCENE up HB 1G Cad Cal
nusber of samples n=55 =30 =25 n=9 Toa=17 n=4 n=ll n=l4
VARTARLE mean 5P mean SD oean SD mean 5D mean SD wean 30 mesn S0 mean 5D
LE 2 cale. 2.1 .4 0.9 1.8 16 2.1 -0.4 1.1 1.5 2.0 1.3 0.9 4.1 2.3 3.2 1.9
LE 2 omeas. 3.2 1.9 2.4 i1 4.2 20 1.3 0.7 2.8 1.0 2.9 0.6 4.7 2.4 3.8 1.9
LE 1 cale. 3.3 2.3 2.7 .6 4.6 2.3 .1 1,3 2.9 1.5 2.0 .0 5.7 2.2 3.8 2.1}
LE 1 meas. 4.1 2.1 3.2 .4 3.1 2.4 2.0 1.t 3.8 1.3 3.5 0.4 6.1 24 43 2.2
BD 2 1630 116 1670 100 1585 105 1760 55 1640 B0 1580 105 1615 136G 1360 a0
Bp 1 1590 415 1630 110 1540 100 31735 60 1595 95 1555 90 1550 115 1535 93
BD dry i790 85 1790 85 175G B85 1820 &5 1790 9 1725 100 1845 85 17350 S0

The fact that the correlation between the clay content and extensibilities
is much higher for the Holocene soil material (R about 0.%9) than for the
Late Weichselian soil material (R about 0.6-0.7) is probably the result of
strong aluminium interlayering of swelling clay minerals in the Late
Weichselian soil material, as was Indicated in the clay mineralogical

analysis (section 3.2).
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of Iinear exteasibility data and bulk densitiew of condensatan.

GROUPING ®  Frest probabllty W8 MR 1G  Cad  Cal  Ftest probability
VARTARLE

LE 2 catc. AY) B 26,4 aed) A B o 9 9.2 A

LE 2 meas. A B 16,0 ** A B B 3 B 5.9 &

LE 1 cale. A B 19.6 * A B AR € BC 9.0

LEt meae. A B 13.6 4% AR R € BE 1.0

02 B A 8,5 BA A A 12

0l B A 9,9 % BOoA A A A 6.y s

D dry A A op B OAB AR R A T 4

1 A, B, C etc, Indicate migntflcant dlfferencea at 95% confidence liaite; Lndicate the lowest mean valiues,
2 protability; ** p< N0
* p< 0.05

Aluminium interlayering hampers the expansion and contraction of smectite

and vermiculite. As aluminum Iinterlayvering occurs notably in the HB subgroup

the non significant and low correlations and the low extensibiliries of that

subgroup are not unexpected.

The high correlations in the LG subgroup are

suspect, because of the limited number (4) of samples.

Table 1. Varlance explained (¥} 1n linear extensibllity (LE) data of condensates by acepwise

mylciple regrasgion with 9 and 5 basic explanatory varfsbles.

% varlables

% variables

GROUPLNG FLUVIAL FLUVTAL WETCIISELTAN NDLOCEWE Ha ME 16 cad ¢al
nuaber of eamples n=55 =53 n=30 n2i n=9 n=17 np=4 n=11 n=14
varisace explaineal) B? a? R? r? g2 a? g2 g g?
VARIABLE

LE2 cale. 75 72 a9 74 - EE] - 72 94
LEZ weas. 7 73 54 73 - 40 49 13 94
LEY calc- aL 78 47 89 - 57 - 77 9]
LELl meas. 80 i) 54 a7 - 61 49 80 95

1) vartance explained at 95X confidence limits

-: no vaclance explained at 95X confidence liwmita

Milriple regression analysis (Table 31) indicates

that about

variance can be explained by the variables clay and organic

75-80% of the

carbon. These

two variables explain more variance in the Holocene samples (about 75-907)

than in the Late Weichselian samples (about 40-55%Z). In the Cal subgroup,

organle carbon and clay explain no less than 95% of the variance. Adding the

4 dummy variables (for differences between and within the Holocene and Late
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Weichselian soil materials), the difference between Holocene and Late
Weichselian (H/W=V0) significantly contributes to the variance explained in
the LE2 cale. and LEl calc. and the difference within the Holocene group
(Ca0/Cal=V13) contributes significantly to the wvariance explained in LE2
meas. This may be caused by variation not taken into account e.g. resulting
from regional effects or land use effects.

The regression equations generated are given in Table 32 both in their
original form and after average pgroup values have been substituted for OC
and/or CA.

Table 32. Rearesslon equaciona for linear exrenaibllity data en Fluvial,

Welcheellan and Holocene samples.

GROUPING number ofsamples RECRESSION EQUATIONS
FLUVIAL Y11 LE2 calcom =4.09 + 0.18 CL + 0.92 6C + 0.1 CA + -2.99 + 0.18 CL
LE2 meas.= -1.17 + 0.16 ¢l
LE] calc.w -2.52 + 0.29 CL + 0.74 0C + -1.86 + 0.19 CL
1E]l mess.~ -1.53 + 0.18 CL + 0.63 0C + -0.97 + 0.18 CL
LATE ae30 LE2 calc.= 4.17 - 0.08 SA
WEICNSELTAN LE2 meas.= -G.27 + 0.11 CL
LEL calc.= -L.42 + 0.15 CL
LEL mesa.~ -G.25 + 0.14 CL
HOLOCENE n=25 LEZ cale.= -1.73 + G.16 CL
LEZ wess.~ -1.11 + 0.16 CL
LE} cale.= =i.55 + 0,15 CL + 1.32 0C + =0.36 + 0.15 CL
LEL meas-= -1.33 + 0.16 CL + 1.19 0C + -0.26 + 0.16 CL
remouided clay soil Sample Al2
Votume of Sail Volume extension (%)
)
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Fig. 40. Normal and residual shrinkage and an example of a measurement of volume swelling against
moisture content {% w/w).
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Table 33. Claseification of linear extensibilicy data of condenestes, based on digcriminant enalysia.

Predicted group membevship

Weichaelian Holocene correct clagsification

number % number X number I

Actusl group nuaber of cases

Weichaelian 10 N 7 23
Holocane 25 1 12 22 &8
Total 55 26 29 45 82

Predicted group membership

[4 canonical fiictions) Hus ] La Cal Cal correct classification

nueber X sumber % oumber % number T ausber X nuabet z

Acrual group number of cases

HB 9 ? 18 - 2 - - - - - -

HA 1? 2 12 10 3 1 6 2 12 2 12

G L] - - 1 25 2 b t] - - 1 25

Cal 11 1 9 4 k- - 6 55 -~ -

Cal 14 - - 1 - - - - 1 93

Total 55 10 18 3 a 16 38 &9

These equations indicate a falrly constant vrelation between linear
extensibility and clay content, with a negative cut-off on the ordinate.
This negative cut—off is caused by the fact that the swelling of the first
few percents of clay can be accomodated in the larger pores. Comparing the
linear extensibility of Late Weichselian and Holocene groups, the
coefficient for CL of the Holocene group is somewhat higher, causing the
linear extensibility to be slightly higher for the Holocene than for the
Late Weichselian group: this may be explained by the differences in clay
mineralogy mentioned earlier (section 3.2).

Discriminant analysis indicates that 1t 1s Justifiable to divide the
deposits 1into Holocene and Late Welchselian and their subgroups, on the
basis of bulk densiries and linear extensibilities (Table 33). The Late
Weichselian/Holocene subdivision shows up correctly in about B80% of the
cases based on the linear extensibilities and the bulk densities, whilst the
division into 5 subgroups shows up correctly in about 70%Z of the cases using
4 canonical functions. The first two canonical functions, based on bulk
densities and linear extensibilities respectively, cover 85% of the varliance
observed. The best fits are for the HB and Cal subgroups: MB is the most

variable subgroup.
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Conelusion

In conclusion it can be stated that:

- linear extensibility and moist bulk density of condensates are mainly a
function of clay together with organic carbon.

- linear extensibility and moist bulk density of condensates are good
discriminants between Late Weichselian and Holocene groups as well as for
the subdivisions of these groups.

— the 1linear extensibility of condensates of the Late Weichselian soil
material is slightly lower than that of condensates of the Holocene soil

material: this echoes the differences found in clay mineralogy.

4.4.2. SHEAR STRENGTH

A direct shear strength method without loading was applied to the
condensates, that were remoistened in a special way to aveld the crumbling
by expansion and the occlusion of ailr (Koenigs et af., 1976). Condensates
were used to eliminate differences in natural structure. The remoistened
condensates were placed in the best fitting hole of a block with a movable
top part (plate) fixed on a roller skate (for the higher readings) or placed
on a movable turret. The plate 1s attached to the top of the turret by
strings to avoid friction between plate and block. When the roller skate is
used the friction between plate and block is reduced by ballotini. By moving
the turret or the roller skate slowly backwards shear is applied and the
reaction force 1is followed on a balance. The shear strength at failure is
measured, the dlameter of the condensate is measured with a calipher and the
moisture content of the condensate is determined. The shear stress is
calculated by division of the recorded force at failure by the surface area.
When the mofsture content decreases, the wvolume first decreases linearly
(normal shrinkage, Fig. 40). The individual particles become more densely
packed and the strength will increase. When air enters the system, the loss
of moisture will not correspond 1linearly with the shrinkage, and the
increase in strength will diminish. This crucial point is very obvious from
Fig. 41, which gives data on samples from each of the 5 subgroups, plus
their respective clay contents. With increasing clay content the crucial

point is less clear (compare HB-average 25% clay with Cal-average 46% clay:
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other subgroups are intermediate). The crucial point agrees fairly well with
the 1independently measured hygroscopic point (HP)} of the Atterberg limits
(section 4.4.3). Our results from Late Weichselian and Holocene fluvial
soils also fit the relation between the shear strength at pF 5.5 and the
clay and humus content, generated by Koenigs et al. (1976) for young
calcareous marine soils.

Further analysis of the data below the hygroscopic point indicated that at
equal strength the true Late Weichselian members (HB and MB subgroups) could
be differentiated from the true Holocene members (Ca0 and Cal subgroups).
The LG subgroup 1s in an intermediate position but more closely related to
the Holocene members. Again was shown that the moisture content at similar
clay content of the Helocene members (and LG) was higher than for the true
Late Weichselian members.

The analysis suggest further that at the same strength the moisture content
per 100 ¥ clay of the HB and MB subgrdups is larger than that of the
Holocene group (and LG), and that its decrease with rising pF is larger.
This means that the HB and MB materifals need to be wetter in order to be

sheared than the other materials.

shear strength at failure {Pa)

108 7
“]5 _
group/symbot % clay % oc
e — — — — |24 0.35 Ny X
25 043 \'\
MB smvmro— ,_ &7 0.35 N\
10* {32 0l1s
19 0.80
L6 3§ 0.62
.. }45 0.57
Cad {7 oo
129 0.52
Calrmmremees 31 0.26
3
10 ; . | )
0 10 % - a

moisture content (% w/w)

Fig. 41. Shear sirength of condensates (yield value at failure).
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Conelusion

The total number of éamples measured (n=13) is small to allow reliable
conclusions to be drawn. A large part of the differences between and within
the Late Weichsellan and Holocene samples are induced by differences 1in
clay, organie carbon and derived moisture characteristic. Of the Late
Weichselian samples the LG subgroup demonstrated a character more closely
related to the Holocene samples. Yet, the truly Late Weichselian HB and MB

materials need to be wetter in order to be sheared than the other materials.

4.4.3, ATTERBERG LIMITS

The remoulded material from which the condensates were prepared was tested
for the Atterberg limits (Atterberg, 1910 a,b; 1912; Sowers, 1965). Those
limits include the Upper Plastic Limit (UPL) or Liquid 1limit, the Sticky
Paint (SP), the Lower Plastic Limit {(LPL) and the Hygroscopic Point (HP) or
shrinkage 1limit (Fig. 40). The 55 samples analysed were the same as those
used for the extensibility measurements. The means and standard deviations
of the basic explanatory varlables are givenm in Table 27 and ANOVA results
in Table 28. The Atterberg limits are presented in Tables 34 and 35.

Table 3. Mesns and standard deviations (5D) of Atrerberg limits (molscture content -% wiw).

GROURING FLUVIAL WEICHSELIAN HOLOCENE 1B HB e Cal cal
tumbet of samples na=55 u=30 n=25 n=9 =17 n=4 n=11 =14
VARIARLE mean SD mean SO oean 5D mean S0 mean 3D mean SD pean SD maan S0
ver. 1) 35.3 1.7 29.8 7.9 1.9 12,2 21.6 2.9 132.6 7.1 36.1 3.7 £6.2 12.9 38.5 10.8
§P 26.9 7.2 2M.4 6.0 31.2 6.4 7.4 2.0 25.7 3.4 26.9 5.0 32.7 5.é .6 &.8
LEL 26.7 6.1 23.9 4.5 29.7 6.1 19.5 L.4 25.5 3.8 28,2 5.2 31.0 7.0 28.8 5.4
ne 16.0 4.8 113.9 3.2 18.6 5.2 10.9 1.1 14.9 3.2 16.5 2.8 21.2 5.0 16.5 4,4

L abbreviacions see rext.

Table 35. Resulte of AMOVA of Atterberg llults.

GROUFIKG W W Frest probabllicy HE HMB LG Ca0 Cal Feest probability
VARIABMIE

urL PO REET I RTe A B BC C  BC 1.0 4

8P A B 20,5 Ll A B BC [ BC LL.4 Ak

LPL A B 16.7 *k A B B B B B.6 *h

[} A B 14.8 L A B BC [ ac 10.7 Lkl

b A, B, C etc, iIndlcate algnificant differencea at 95X confidence limics; A indicates the lowest paan values.
2 protability: %+ p¢ 0.01
*  p< 0.05
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Table 35 demonstrates significant differences between Late Weichselian and
Holocene soll material. These differences result from systematically low
values for the HB group and high values for the Cal subgroup with systematic
intermediate values for the MB-subgroup and intermediate to high values for
the LG and Cal subgroups (Table 34). The plasticity range ('Plastizitdts~
grade'~Atcerberg 1910 a,b; 1912), defined as the difference between UPL and
LPL and classified in three classes (I= 30~16; II= 15-8; III= 7-1), is class
IIT for the Late Weichselian material and class II for the Holocene
material, with low (2 for HB) to high (15 for Ca0}) values in the subgroup.
The plasticity range for the Late Weichselian materfal is narrower than for
the Holocene soil material, notably for the HB subgroups. Another important
difference is that the Holoceme soil material has a non-sticky plasticity
(SP-LPL » 0) whilst the Late Weichselian material remains sticky untill
molisture contents fall below the LPL (SP-LPLLO).

Table 36 shows the results of the wvariance explained by stepwlse multiple

regression at 95% confidence limits.

Table 36. Varlance explained (X) of Arterberg limits by stepwioe multlple regresalon with 7 and 3 basic

explanatory varlablea.

7 varlables 3 variables

GRGUPING FLUVIAL FLUVIAL  WEICUSELIAN WOLOCENE HB HB 16 Cad Cal
numbet of samples =53 n=5% =30 n=25 o=9 =17 o=4 pell n=l4
variance uplained” r? s? ? 2 r? 72 r? Rz Rz
VARTARLE

UPL 92 91 82 -] - a0 - 82 98
sP az 86 76 89 - 7w - B6 93
LPL &6 -1 78 :13 - 66 - a7 R2
ne A5 a5 7 a2z - 75 - 70 EE]

1y Variance explafned at 957 confidence limite.

—:i at 95T confidence limit no variance expleined,

The variance explained by eclay, organic carbon and CaC03 is very high (about
85-90%) for all fluvial samples, with minor differences between the groups
and subgroups (provided rhat the number of samples allowed determination at
95% confidence limits). Adding the dummy varlables hardly improves the

variance explained.



Details on the multiple regression and the correlation matrix of the
Atterberg limits with 3 of the basic explanatory variables (clay, organic
carbon and CaCO3 content) are given in Appendix D. For FLUVIAL the
correlation matrix demonstrates the expected significant (positive)
correlation (R= 0.7-0.9) of the Atterberg limits and clay, and significant
(positive) correlations (R= 0.3-0.6) with organic carbon. For the Holocene
group, the positive correlation with OC is stronger (R= 0.5-0.7) than for
the Late Weichselian group. The only significant (positive) correlation in
in all of the HB, MB and LG subgroups is that of the LPL with COC, whilst the
MB subgroup demonstrates in addition significant positive correlations with
CL for UPL,SP and HP and with OC for SP.

Table 37 presents the classification results of Atterberg limits, based on

discriminant analysis.

Tshle 37. Claseiflcetion results of Arterberg limits, based on dlscriminant anslyeis.

Fredicted group membership

Weichaelfan Ilolocene correct clasaificatlon
nuzber % number I nuober X

Actual group mnumber of cases

Helchaellan 30 26 87 4 13

llolocene 25 10 40 15 &0

Total 55 34 19 41 75

Predicted group mesbership

[2 canonical functiena} Hh Ma LG Cal Cal correct claseiflcation

number I number I pumber X  number T  oumber X aunher X

Actusl group number of cases

HE 9 8 89 1 n - - - - - -
HE 1? 2 12 10 59 - - 2 1z 3 18
LG 4 - - 2 50 - - - - 2 18
Cal 10 - - 3 30 - - 6 60 1 10
Cal 13 - - 5 39 - - 1 8 ? 54
Total 53 10 21 L] 7 10 3l 38

The Late Weichselian group 1is predicted wvery accurately (87%) in contrast to
the Holocene group (60%Z correct prediction). This demonstrates the
characteristic behaviour of the Late Weichselian group especially of the HE
subgroup whilst the MB subgroup interrelates with the HB subgroup. The
sticky points (5P) is the most strongly discriminating variable. The LG

subgroup has too few samples to judge. The Holocene group commonly
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demonstrates overlap with the Late Weichselfan MB subgroup. For the
subdivision in 5 subgroups all Atterberg limits headed by SP and HP occur in

function 1 which scores 67% varlance explained.

Conclusion

In conclusion, the analyses of the Atterberg limits demonstrated:

- a smaller plastfcity range (UPL-LPL) for the Late Wefchselian material
than for the Holocene material.

- Clay and organic carbon, explain practically all variation in the
Atterberg limits, in both the Holocene and the Late Weichselian groups.

— the Late Weichselian material remains sticky at moisture contents equal
to or below the LPL. As the LPL signifies the wmaximum water contents for
successfull tillage, this difference is also important for agricultural

practice.
4.5, PHYSICAL CHARACTERISTICS OF CORE SAMPLES
4.,5.1. BULK DENSITY, PORE VOLUME AND MOISTURE CHARACTERISTIC.

The data set on core samples (CORE.DAT) is composed of results from 100 cm?
cores from each horizon in each of the reference profiles (n=8%, Appendix A}
and 100 cm > cores taken from various depths around these reference
profiles, largely within the surveyed areas (n=102). Table 24 shows the
characteristics of these core samples (n=191) with regard to the 5 basic
explénatory variables (clay, silt, sand, organic carbon and CaC03). Data
were obtained on the following properties of the core samples: bulk density
(BD); water retention at pF2 (WW2) and pF4.2 (WW42, determined from small
aggregates), both as weight percentage. Air permeability (Ki)} and Torvane
shear strength (TV), measured only on the supplementary cores (n=102), are
discussed in sections 4.5.2 and 4.5.3 respectively; With the aid of the
measured particle densities (PD, section 4.3.1) the following
characteristics were derived:

-1 BD
pore volume (PV= 1 5 )
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- volumetric water retention at pF2 and pF42 (VV2= WW2*BD#*0.001: Vv42=
WW42*BD*0.001

- available volume of water (AM= VV2-YV42)

- air volume at pF2? and pF42 (AV2= PV-VV2; AV42= PV-VYV42),

The data on these measured and derived properties are given in Table 38 as

means and standard deviations. To discriminate between the different groups

ANOVA was performed. The ANOVA results are presented in Table 39. The

correlation matrix of these properties with the 5 basic explanatory

variables is given In Appendix D. Variance explained by mltiple regression

at 95% confidence limits for the different groupings with 5 and 9 basic

explanatory variables is presented in Table 40. Classification results based

on discriminant analysis are presented in Table 41.

Table 8. Means and standard deviations {SP) of phyalcal dsts om core umplu.'r

GROUPING FLOVIAL FEICHSELIAN HOLOCENE RE MB e Cal Cal

nuaber of samples n=191 n=130 61 n=ié n=68 n=18 =38 =23

VARTABLE msan 5D mean SO waan k1) mean SD  wesan 8D  weon 8D  mean SD wean 8D
3D (ks."l‘la) 1485 150 1320 145 1400 115 1550 130 1543 140 1360 110 1375 120 1435 93
PV (Xviv} 4.9 5.5 43.4 5.5 48.0 4.3 41.9 &7 42.8 5.4 49.5 3.4 48,8 4.3 46,8 1.8
wW2 (Twiu) 22.4 6.8 20.5 6.2 26.4 6.2 16.6 3.5 20.7 5.6 29.3 3.3 28.4 6.7 23.0 I
WHALY (Twfw) 12.0 5.9 10.6 4.9 14.8 6.9 8.3 3.0 10.8 4.8 15.6 5.3 7.6 7.1 10.2 3.0
V2 (Xviv) 32.5 7. W 7.7 36.3 6.2 23.6 5.5 31.3 7.3 3%9.6 1.5 38.4 6.4 329 4.1
vvaz (Xv/v) 17.2 7.5 15.9 6.7 20.2 B.3 13.0 3.2 16.3 6.6 21.0 7.0 23.6 8.3 14.6 4.4
AH (ma/10 ew) 15.2 4.7 14.8 4.5 16.1 5.0 12,8 3.9 15.2 4.0 18.34.9 14.8 4.9 18.3 4.3
Av2 (Iv/v) 12.4 &.6 12.8 7.2 11.7 5.1 16.1 8.3 1§.3 6.3 8.9 &.7 10.4 4.5 13.8 5.6
AVEZ (Zv/v) 27.7 7.2 27.6 7.3 7.9 7.2 289 8.8 26.5 6.1 28.4 7.2 25.3 6.7 32.2 5.9

o Rounding may ciude differences 1o decimale

Table 3%. Results of ANOVA of phyefcal data on core samples.

GROUPIHG W H Ftest probability 1B ME LS Call Cal Fregpt probability
VARIABLE

B0 1) 4 333w B P oA A A 19.6 %
PV A B 333 *k A A B ] B 19.5 ekl
Wil A B 36,7 * A B ¢ ¢ B 1.6 L
WHAZ A B 233 L A B c [+ AR 23.2 bl
y2 A B 2%.4 +h A B c c B 28.7 an
vvaz A 3 15.1 bl A BC €D 1] AR 15.7 L]
AN A A 3.2 . A ] BC AB ¢ 9.4 L]
AV2 A A 1.1 B A A A A8 8.3 LL]
AV4] A A 0.1 AB AR 4.4 L]

L A, B, C etc. Indicate significant differences at 95X confidence limits. A Indicates the Iowest sean values.
2} Probabtilicy: ** p< 0.01
& 5 £ 0,05
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According to the ANOVA (Table 39), all physical cere characteristics except
for available water (AM) and air volume at pF2 and pF4.2 (AV2 and AVA2)
discriminate between the Late Weichselian and Holocene groups. This
discrimination is 1largely the result of the HB(+ MB) subgroup{(s) being
clearly separated from all other subgroups. Introducing the 4 dunmy
variables boosted the amount of explained variance by about 5%. This could
have been the result of structural and microstructural differences between
the groups and subgroups or other factors not taken into consideration. More
variance remains unexplained for the Late Weichselian than for the Holocene
group. Bulk density (BD) for FLUVIAL depends more on porosity than on
texture; this is illustrated by the 1low correlations with the basic
explanatory variables (Appendix D) and the low amount of varlance explained

by multiple regression (about 35% with 5 basic variables — Table 40).

Table 40. Varisnce explained (I) of phyaical data on core pamples by mulciple regression vith 9 and 5 basic

explanatory varinbles.

9 variables 3 variables

GROUP [NG FLUVIAL FLUVIAL WEICHSELIAN ROLOCENE WB KB L& cal cal
numbar of saoples n=191 n=191 n=130 =61 [ LT ] a8 n=18 n=38 n=23
variance expleined!? B2 8?2 rZ aZ s r? r2 Rr? r?
VARIABLES

BD 41 34 19 46 - 24 65 34 35
BY 41 3s 19 47 - 25 55 34 &6
2 80 73 65 79 61 68 1 3 ] 74
WH42 as 84 82 B2 81 83 92 6 84
yv2 T8 72 68 80 67 n 62 B4 52
vv42 a3 a2 a1 81 1 B& 37 4 87
A 28 10 L] a0 - 5 69 20 34
AV2 28 26 3l 31 5 ki 59 32 16
AVE2 40 37 30 56 37 34 9 it 68

1} varisnce explained st 95% confidence limics.

-: no variance explained at 951 confidence limits.
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The bulk density 1s thus a property largely unaccounted for by the 5 basice
explanatory variables notably for the Late Weichselian group. As previously
demonstrated (section 4.3.1.), the particle densities of Late Weichselian
and Holocene material do not differ significantly, and thus for the derived
variable pore volume (PV) the same can be said as for BD. Water retenition at
pF2 and pF4.2 strongly depends on the clay and organic carbon content of the
sample, and therefore the strong positive correlations with clay and organic
carbon are to be expected. Strong negative correlations exist with the sand
content {Appendix D). The transformation to volume fractioms (VVZ, VV42)
does not significantly alter this general conclusion. Multiple regression of
the 5 basic explanatory variables of the FLUVIAL samples resulted in about
70-75% of the wvariation at pF2 and about 80-85Z of the wvariation at pF4.2
being explained, with a systematically lower variance explained at pF2 for
the Late Weilechselian group and subgroups. This also indicates that there are
microstructural differences in this group, because these contribute to water
retention at pFZ more strongly than at pF4.2. This conclusion is supported
by the correlation between BD and WW2 and WW42 (Appendix D). Available
moisture (AM) does not adequately discriminate between the Late Weichselian
and Holocene groups (because of internal compensation), but discriminates
fairly well at subgroup level. The very low percentage (about 10%Z) of
varlance explained when 5 basle explanatory wvariables are used rises to
about 30% after the 4 dummy variables connmected with differences between and
within Late Weichselian and Holocene groups and subgroups are introduced.
Air volume at pF2 and pF4.2 does mnot discriminate between the Late
Weichselian and Holocene groups, although minor differences exist between
the subgroups. Explained variance rvanges from 30-40%.

Sand and organlc carbon are the most important sources of varlation in the
core properties of the Late Weichselian group, whilst the combined
influences of clay and organic carbon are most important in the Holocene
group. Discriminant analysis (Table 41) indicates that in nearly 90% of the
cases Late Weichselian samples can be correctly predicted on the basis of
their properties, whereas membership of the Holocene group is predicted very
poorly {(only 30%). The discrimination function between Late Weichselian and
Holocene 1s based on WW2 and BU whereas the subgroup division is based on
the moisture retention and bulk density data in the first canonical function

and the available moisture in the second canonical function.
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Table 41. Clasaification of phyeicel data on core aamples, based on discriminant enalysis.

Predicted group membership

Weichselisn Holocene cotreet clasalfication
nueber X number X nunber X

Actual group number of sapplen

Weichselian 130 1158 B9 15 11

Holocene L1} LT3 69 19 31

Total 191 157 34 134 I

Predicted group membership

I# canonical functions] 1] ] ;1] 1¢ Cad Cal correct clasaification

numbar % nuwber % aumbec X nuaber % susber X nuaber X

Actual group nunber of cavas

" 84 26 9 18 .42 - - - - - -
HB 8 9 13 S50 T4 2 3 4 6 3 &
LG 18 - - 2 1 4 12 9 50 3 17
Calt 39 4 w1z 12?3 8 19 50 - -
Cal 23 1 & 14 61 - - - - B8 a5
Total 191 » ) 9 2 14 107 56
Conelugion

In conclusion it can be stated that:

properties of core samples discriminate well between the Late Weichselian
and Holocene groups, especlally as regards bulk density, pore volume and
molsture characteristic.

the data on the moisture characteristic are largely explained by clay and
organic carbon for the Holocene group and by sand and organic carbon for
the Late Weichselian group.

the bulk density {and pore volume) is a group—specific property, largely
unaccounted for by the 5 basic explanatory variables. The Late
Weichselian samples notably the HB and MB subgroups have high bulk
densities and low pore volumes.

available moisture discriminates only at subgroup level, notably between
the Cal subgroup (high available wmolsture)} and the HB subgroup (low
available moisture).

the properties of Late Weichselian cores lead to a correct prediction in
almost 90% of cases, whereas the properties of Holocene cores lead to a
correct prediction in only 30%Z of cases. Bulk density and moisture

characteristic are the best discriminants.
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4.5.2.  AIR PERMEABILITY

Adr permeability at pF2 was measured fn the supplementary core samples
{(n=102) according to the method described by Kmoch (1961). At constant
pressure a known volume of afr passed through the core sample with known
length and cross sectional area. The time needed 1s recorded. With these
data the intrinsic air permeability (Ki)} is calculated. The characteristies
of these supplementary core samples with regard to the 5 basie explanatory
variables are comparable with those of all core samples. Table 42 presents
data on air permeability as mean wmedian values and standard deviations.
Results of ANOVA are presented in Table 43.

Table 42, Mean medfan values and standard deviatlone {SD} of data on eit permeability of ¢ore samples at pP2
xe-10712 52y,

GROUPING FLUVIAL WEICHSELIAR HOLOCENE HB MB 16 Ca0 Cal
nueber of samples n=102 =62 n=33 n=22 n=36 o=11 n=21 a=12
VARIABLE mean SD mean SD mean SD mean SD mesn §D mean SD wean SD wean 5D
ki 25 46 2 47 31 45 10 12 22 40 47 90 13 16 62 &1

Table 43. Results of ANOVA of data on air permeabilicy of core samples ac pF2.

GROUPING L ] Ftest Probability HB MB LG Ca0d Cal Ftest Probability
VARIABLE
K1 al) a 0.8 A AB AB A B 3.9 «2)

1} A, B, C etc. signiffcant dffferences ar 95% confidence limits; A Indfcate the lowest mean values.
2} Probability:  ** p< 0.01
* p< 0,05

The results for air permeabllity demonstrate very large standard deviations,
despite the use of mean median values from 5 measurements. Consequently, the
values for the Holocene and Late Weichselian groups are not significantly
different, although the subgroups exhibit some differences. The very high
means in the Cal subgroup are the result of the very high pore volumes and
the continuous pores; the soils in the Ca0 subgroup have few interconnected
pores. The data suggest that despite their high sand content, soils of the
HB subgroup have a low pore volume (section 4.5) and do mot have a system of

continuous pores.
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Correlations between the 5 basic explanatory variables and KI are poor
(Appendix D) and mostly erratic. They will not be discussed here. The
occasional higher correlations can mostly be explained by local
circumstances (e.g. the positive correlation between Ki and 0C in the LG
subgroup 1s because LG has undisturbed topsails with high organic matter
contents). Because correlations are poor, the percentage of variance
explained by multiple regression is also poor. With the exception of the LG

group explained variance does not exceed 27% (Appendix D).

Comelusion

In conclusion the air permeability of the HB and the Cal subgroups is very
low and that of the Cal subgroups is very high, but statistically reliable
conclusions cannot be drawn between Weichselian and Holocene groups because

the standard deviations are high.

4.5.3. TORVANE SHEAR STRENGTH

A vane shear apparatus (TORVANE) was used to measure the yield value at pF2
(Sallberg, 1965) (TV in kPa). The Torvane yield value was also determined

over a range of moisture contents.

Table 44, Means and standard deviations {SP) of Torvane shear strength data of core samplea at pF2 (TV-kPa).

GROTIPING FLUVIAL WEICHSELIAN HOLOCENE HB MB LG Cal Cal
number of samples n=102 =59 n=33 n=22 n=36 o=l1 n=21 n=12
VARIABLE mean S0 mean SD mean SD mean S0 mean 50 mean 50 nmesn S0 mean SD
v 51.5 27.5 52.5 30.5 49.0 19.5 37.0 24.0 64.0 31.0 46.0 25.5 54.0 22.0 4}.0 11.0

Table 45. Results of ANOVA of Torvane shear sirength data of core sawples at pF2.

CRAUPING W H Prest prabability HB MB LG Cal Cal Ftest probability
VARIABLE
™ A 4 0. A B AR AB A 4.7 wad)

L A, B, C ete indicate significant differences at 953% confidence liwmics. A Indicates the lewest mean values.
2} probability: ** p< 0.01
* pd 0,05
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The results at pF2 are means of double measurements in the supplementary
cores (n=102). The means, standard deviations and the ANGVA results are
given in Tables 44 and 45.

The Torvane measurements also had large standard deviations. Ne distinction
can he made between the Late Weichselian and Holocene groups on the basis of
the Torvane data, but in the subgroups the MB subgroup stands out as having
high values and the HB and Cal subgroups have low values because the former
has a high sand content and the latter a high porosity. Correlations with
clay are positive, but with the other factors, correlations are erratic. In
the Cal subgroup the strong significant correlations with OC and CA are
probably again the vresult of the influence of depth. A consistent
significant negative correlation with air volume at pF2Z (AV2) is as expected
(Appendix D). Variance explained by clay and organic carbon ranges from 30-
40%, with an additional 10% attributable to the effect of the dummy
variables. Aspects of structure are probably responsible for the unexplained
variance.

When the Torvane measurements are done at varying moisture contents, the
increase with decreasing moisture content in the Late Weichselian samples

seems to be stronger than that of the Holocene samples (Fig. 42).

Holocene - Penetrometer Holocene - Torvane Late Weichselizn - Late Weichselian -
Penetrometer Torvane
MPa kPa 7 MP2 ; %FPa
2.0 ! 200 1 ; 2.0 4 ] 200
i ! i
1.8 i 180 H 1.8 o 180 4
i /
! f /
1.6 4 ! 160 4 i 1.6 4 150
i
1.4 1 ] 140 A 1.4 140 4
!
1.2 i 120 1.2 125 4
]
1.04 ' 100 1.0 100 4
e
0.8 80 1 0.8 1 80 <
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Fig. 42. Torvane shear strength and hand penetrometer resistance in relation to moisture content {pF)
for Late Weichselian and Holocene core samples.
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The variability of ohservations, however, make this conclusion tentative.
The hand penetrometer data and those obtained with the Torvamne give a very

similar picture although the values are a factor 10 different.

Conclusion

In conclusion the Torvane measurements indicate that at pF2 moisture content
the MB subgroup exhibits high yield values and the HB and Cal subgroups
demonstrate low yield wvalues. Late Welchselian samples seem to demonstrate a
more pronounced Increase in Torvane yleld value than the Holocene samples
wlth decreasing moilsture contents. A similar picture is demonstrated by the

penetrometer results.

4.6, PHYSICAL CHARACTERISTICS OF NATURAL AGGREGATES

4.6.1 BULX DENSITY, PORE VOLUME AND MOLSTURE CHARACTERISTIC

The physical characteristics of mnatural aggregates {(3.4-4.8 mm @) were
determined on 101 samples that had been alr—-dried after sampling and then
stored. The basic explanatory variables of these 101 samples are given iIn
Table 46 as means and standard deviations. Results of ANOVA are given in
Table 47. The results for these basic explanatory variables are essentially
similar to the samples used in core characteristics (Compare Table 46 with
Table 24), except for somewhat differing silt contents. The characteristies
measured include dry pore volume (PV) and the moisture characteristic from
pFO to pF6 (WWO0..WW6). These welght percentages have been converted to
volume percentages (VV0..VV6) using the dry aggregate bulk density (BD),
calculated according to BD= PD-PV#PD in which PD is the measured particle
density. Available moisture (AM) is VV2-VV42,

Comparisons with various aggregate sizes (1-2 mm; 2-3.4 mm; 3.4-4.8 mm; 4.8-
6.0 mm; 6.0~8.0 mm) demonstrated that the results for the 3.4-4.8 mm size
class are representative for the range from 2-8 mm (De Groot, 1981).

Results are presented as means and standard deviations In Table 48. The
results of ANOVA are given in Table 49. Results on aggregates that had not

previously been air-dried are discussed in section 4.6.3.
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Table 46. Means and standard deviations (SD) of the 5 bagic explanatory

variables of the investigated natural aggregates.

GROUPLING FLUVIAL WEICHSELIAN HOLOCENE HB MB LG Cal Cal
number of samples n=101 n=61 n=40 n=23 n=32 n=6 n=17 n=23
VARIABLE mean SD pean SO mean SO mean SD wean 5D mean SO mean SD mean SD
Clay {cL) 25.5 11.3 2z.2 10.2 30.5 1.0 1?.1 7.0 25.8 10.8 22.5 10.6 33.0 12.9 27.1 4.2
$11t {SI) 35.4 15,3 27.9 12.3 46.8 11.3 21.5 11.4 31.5 12.6 33.3 10.2 40.8 9.7 51.3 10.4
Sand {SA) 3%.1 23.7 49.9 21.2 22.7 17.0 &1.4 16.8 42.7 21.1 44.2 20.6 24,2 18.4 21.6 16.2
Org. carbon {(0C) 0.89 0.86 0.69 0.69 1.20 0.99 0.59 ¢.60 C.64 0.63 1.29 1.08 1.50 0.75 0.97 1.1¢
CaC0jy {CA) 1.9 40 0.0 0.0 4.7 5.2 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.1 8.2 4.4

Table 47. Results of ANOVA of the 5 basic explanatory variables of the investigated natural aggregates.

GROUPTHG W B Ftest Probability MHE  MB LG  Ca0 Cal Ftest Probability
VARIABLE

oL A B 149wl A B AR B B 8.4 m

s1 A B 575 A A B AB B0 22.0 a

5A BOA 46.1 * c B ABC A . A 16.4 **

oc A B 9.3 w A A AB B AD 4.5 %

ca A OB 49.4 A A A A B 6.5 #

] A, B, C ete. indicate significant differences at 93% confidence limits; A indicates the lowest mean values.
2) probability:s  ** p< 0.01
* p< 0,05

Table 4B, Means and standard deviatlons (SD) of the phyelce) characteriscica of natural agRregetad.

GROUF ING FLUVTAL WRICHSELTAN NOLOCENE iL] B 16 Calt Cal

mmober of samplea n=i0l =41 il =23 a=32 n=6 =17 =23
VARIABLE nean SD mean 50 mean  Sh aean 8D mean 5D mean 350 wean S0 szan 3D
PV (X v/v)} 3.0 A0 331 2,7 354 3.3 39 2.3 320 2,6 357 2.1 328 2,5 37.3 4
BD (kslna) 1775 90 1795 A0 1735 95 LI70 65 1R3S 75 1710 80 1810 80 1685 L}
WO (X w/v) 68.5 1l.1 65.5 11.& 730 4.8 84,0 9.8 67.5 11.9 &0.4 14.2 76.4 10.8 70.5 G.i
wos (T v/v) 53.3 7.3 50.4 6.6 57.7 6.2 4%.3 6.3 3l.) 1.2 50,7 2,4 59.8 7.4 36.,] 4.8
W1 (X v/v) 46,1 7.7 42,4 5.6 51.9 6.8 139.9 3.8 43.9 6.5 43.3 1.9 51.8 8.2 51.9 5.9
wWi5 (X v/v) 41.8 9.5 36,7 7.5 49,4 6.8 329 5.4 3B.8 8.2 40.3 3.4 499 76 49.0 6.2
w2 (X viv) 36.8 10,2 2.1 0.6 438 8.4 2706 7.1 A5 AL 36.6 0 T.5 45,6 9.9 42.5 6.9
vl (X vw/v) 30,9 0.5 27,1 9.1 35,7 10.0 22.2 7.0 29.4 9.1 3.4 7.3 3%.0 10,8 35.0 9.1
Vvaz (R vfv) 19,7 7.9 17.6 6.6 22,8 &7 141 4.8 19.4 6.6 22,0 6.1 27.2 8.9 19.6 7.2
VW (2 v/v) .9 3.0 44 340 5.8 2,7 2.8 1.3 5.7 3.7 A6 0.9 7.9 2.6 4.2 1.4

AN (on/10 cm) 170 4.6 14,5 A2 210 3.4 136 3.4 051 3.1 14,7 3.0 186 2.6 22.% 2.8
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Table 4%. Resulta of ANOVA of the physical characteristics cf natural sggregates.

GROUPING w H Frest Probablility MR MB LG Cal Cal Ftest Probability

VARIABIE
pY A 14,3 #x?) A AB A B 17,6 =
BD B A 1.5 ek B c AB RE A 1644 L
vv0 A B 12.6 Wk A AR AB B AR 4.9 *k
wns A R 3.0 A A A B B R.9 *k
vl A B 58.5 & A A B B 16,6 il
wyis A B 74,7 b A R B < C 23.2 *k
vl A B 464 &k A B ABC c C 6.1 *k
vv3 A B 24,7 ol A B BC ¢ BC 10,7 **
V42 A B 11.7 ak A B ABC ¢ BC 9.3 *k
vv6 A A 5.3 * A BC AR C B 11.6 L]
AM A B 95.9 Ll A A AB B [+ 36.3 ik

1 A, B, C etc. indicate slgnificant differences at 95% confidence limits; A indicates the lowest mean values.

2} probability: ** p< 0.0
+ p¢ 0,05

The Late Weichsellian group can clearly be separated from the Holocene group
on the basis of physical characteristics of aggregates especially on the
basis of available mofsture (AM) and moisture retention at pFl, pFl.5 and
pF2 (VV1, WV15, VV2). These characterlstics (together with PV and BD) also
most effectively separate the various subgroups. The fact that available
moisture discriminates so effectively is striking, because this was
certainly not the case for the characteristics of the core samples (Table
26). The discriminating properties of AM and VV2 are much better for the
aggregate characteristies; this 1z probably because of microstructural
aspects.

The correlation matrix (Appendix D) demonstrates few significant
correlations and a rather erratic pilcture of positive and negative
correlations for PV, BD, VWO and VV05, part of which can be explained by
phenomena in specific profiles. These phenomena will not be discussed here.
Moisture retention at pFl and above correlates significantly with clay, silt
and sand. The positive correlation of water retention with organic carbon
(0C) is mwost pronounced in the Cal subgroup; this points to the combined
influences of eclay and organic carbon, which was also noted in the core
samples. It could also point to a better quality of 0C. Available woisture
correlates positively with SI content and also with moisture retention at
pFl.5 through pF3.0, notably for the Late Weichsellian group and subgroups
and for the Ca0 subgroup, However, no such correlation is found for the Cal

saubgroup, probably because of the characteristics of its pore system.
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Table 50 gives the results of mltiple regression, in terms of the
percentage of variance explained by using the 5 basic explanatory variables
and the additional 4 dummy variables. Details can be found in Appendix D.

Table 50, Variance explained (%) in physical characteristics of natural aggregates by mulitiple regression

with 9 and 5 basic explanatory variables.

9 variables 5 variables

GROUFING FLUVIAL FLUVIAL WEICHSELIAN HOLOCENE HB M8 LG Ca0 Cal
number of samples n=101 =101 n=H1 n=40 n=23  n=37 n=6 n=17 n=23
Varisnce explainedl) R2 82 a2 w? &? &2 &? k2 Rz
VARTABLE

v 56 45 1 T4 A & - 58 60
BD 59 51 26 73 - 25 46 57 5%
o 26 23 26 10 - 47 - 22 -
oS . 18, 3z 11 54 18 14 49 61 17
wl n 7L 45 0 - 59 &4 71l 89
Yv1l5 85 13 76 10 62 83 72 N 89
vyv2 92 92 89 58 Lx) 92 96 83 96
VY3 99 90 89 89 85 90 97 95 88
vV42 92 92 88 95 75 94 100 91 97
vve 59 53 53 63 62 47 9% 10 92
AM 78 7 35 61 83 54 - 50 87

L variance explained at 95X confidence limits.

- no varlance explained at 95% confidence liomits.

Variance in pore wvolume (PV) and bulk density (BD) are mainly explained by
CA, 0C and the dummy variables V0O (difference between Late Weichselian and
Holocene) and V11 (difference MB versus HB+LG). The relation with CA is
mainly the result of both PV and CA changing with depth in the Cal subgroup.
In total, 55-60% of PV and 3D ‘could be explained with a 95% confidence
limit. The variance explained in molsture retention is largely the result of
texture characteristics and organic carbon; the explained wvariance i1is low
{25-40%) at pF0 and pF0.5 (because of methodological difficulties) and high
to very high (60-95%) at pF J 1.0. The dummy variables VO, V1l and Vi3 (V13=
difference between Ca0 and Cal) contribute an additional 1-10Z to the
variance explained, indicating that there are systematlc differences between
the (sub)groups and theée are not covered by the 5 basic explanatory

variables.
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The avallable mofsture (AM) can be explained by the silt content (51). The
poorly explained variance of PV and BD 1in the Late Weichselian material

again points to a group-specific structural property.
Table 51 presents the classification result, based on the discriminant

analysis.

Table 31 . Classification of physical dats on natural aggregates, based on discriminant snalysis-

Predicted group membership

Helchzelian Holocena correct classification
nuaber % number % numbet z
Actual group number of ceses
L 61 58 95 3 5
H &0 ] 13 34 83
Total 101 64 37 92 o

Predicted group oembership
[4 canonical Eunctlons] 3] HD e Cal Cal correct classification

numbet X number X aumber X nunmber T number I nunber X

Actus! group nuaber of cases

us 23 18 78 4 17 - - 1 & - -
B 22 7 22 23 - - z 6 - -
Lo 3 2 3 - - & 67 - - - -
Cal 17 2 12 k] 13 - - L1z 7i - -
cal 23 - - 1 5 - - 1 5 91
Totsl 101 29 k1) 4 j3:1 21 74 b

Predictions of group and/or subgroup membership based om the physical data
on natural aggregates are very accurate for both the Late Welchselian group
(95% correct prediction) and the Holocene group (85% coerrect prediction).
Also for the the subgroup division the prediction is good (70-80%) with
especially a high wvalue for the Cal subgroup (90%Z). The discriminating
functions are dominated by AM, VV15 and BD for the subgroup, and AM and VV15

also head the discriminating function on group level.
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Conelusion

Physical characteristics of natural aggregates discriminate very
accurately between the Late Weichselian and Holocene groups. Available
moisture is a good discriminant between the groups on aggregate level
which was certainly not the case for the characteristics of the core
samples. Pore volume, bulk density and moisture characteristic
discriminate well on aggregate level as was also the case for the
characteristics of core samples.

Variance explained is high to very high for the results of moisture
retention at pF » 1 resulting from clay and organic carbon Iinfluences.
The variables associated with additional differences between Late
Welchselian and Holocene groups and subgroups add 1-10% to the variance
explained. Microstructural characteristics and the characteristics of the
pore system (continuity) are thought to be responsible.

In the Holocene Cal group notably a combined influence of clay and
organic carbon as well as a better quality of the organic carbon is
hypothesized.

Pore volume and bulk density of the Late Weichselian material point to a
group~specific structural property of that group, especially for the HB
and MB subgroups.

The differences in physical characteristics between the Late Weichselian
and Holocene groups and subgroups are more clearly expressed on aggregate
level than on core level. Thig points to microstructural influences.
Results on aggregates from 3.4-4.8 mm are representative for the range

from 2~8 mm.

4.6.2. LINEAR EXTENSIBILITY

As indicated in section 4.4., the physical characteristics determined allow

the linear extensibility (LE) to be caleculated according to Kuipers (1961).

Data on BD, PV, PD and on VV1 and VV2 were used to calculate linear

extensibility at pFl (LEl cale.) and pF2 (LEZ calc.) of natural aggregates

(3.4-4.8 mm @). The results are given as means and standard deviations in

Table 52. ANOVA results are presented in Table 53.
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Table 5%. Meane and etandacrd deviatlons (5D) ¢f celeulated lineer extensibility deta (LE) of natural aggregatea-

GROUFING FLUVIAL WEICHSELIAN HOLOCENE He A LG Cal Cal
number of samples o101 =bl n=40 n=23 n=)2 n=& n=17 n=23

wean SO oesn  §D mean 5D wean 5D mean 5D oeap S0 mean SD Bean SD
VARTABLE
LE2Z cale. 0.8 3.2 -0.4 2.9 2.7 2.8 -2.2 2.6 0.7 2.6 G.2 2.8 4.0 2.8 1.7 2.3
LEL cale. 3.8 2.2 30 1.7 5.2 2.1 1.9 1.3 3.8 1.7 2.5 0.9 5.9 2.3 4.6 1.8

Table 53, Results of ANOVA of calculated linear extensibllity data of natural aggregatea.

GROUPING W H Ftest probabllfey HB HBE LG  Cal Cal Frest probabilicy
VARIABLE

LE? cale- Ay B 28.1 *x1) A B AN C BC  15.2 *+

LEl calec. A B 32,9 A B A8 C B 15.0 **

1 A, B, € etc [ndicate ewignificent differences at 95% confldence limita; A iIndledtes the loweat mean values.
2) probabllity: % p< 0.01

% pe 0.05

From Table 53 it is clear that the calculated linear extensibility both at
pF2 and at pFl discriminates wvery well between the Late Weichselian and
Holocene groups and subgroups.

When Tables 29 and 52 are compared the overall lower calculated Ilinear
extensibility of natural aggregates at pF2 compared to the calculated and
measured linear extensibilities of condensates at pF2 is noteworthy. The
obvious explanation is that the condensates do not have biopores or fissures
with sizes between 30 pmand 300 ym {(equivalent pore dJiameters at pF2 and
PFl) as these have been destroyed on purpose during the preparation of the
condensates. For the greater differences in the Late Welchselian group and
all its subgroups the low water storage at pF2 in the very dense natural
aggregates is responsible whilst in the Holocene Cal subgroup the large
difference is caused by its capacity to accomedate a large part of the high
water storage at pF2 in its high dry aggregate pore volume.

In the HB subgroup at pF2 complete saturation does not occur in view of the
average negative values of the linear extensibility. At pFl the differences
between the extensibilities of natural aggregates and condensates are much
smaller. Complete saturation occurs and the extensibilities of the natural

aggregates and condensates in the various groups and subgroups are similar.
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The remaining difference between the Late Welchselian and Holocene groups in
measured linear extensibility of condensates has been discussed In section
4,4,1, It should be noted in this context that with the core samples the
water content at pF2 (% v/v — VW2 - Table 38) is always smaller than the dry
total pore volume so no swelling is calculated as the stored water could be
accomodated In the interaggregate pores.

The Late Weichselian soils are so densely packed that shrinkage possibili-
ties are limited which agrees with the limited oumber of cracks in the
natural fileld structure. This was demonstrated by measurements on field
columns (sectlon 4.8; Koolstra et al., 1987).

The correlation matrix of LE2 cale. and LEl cale. with the 5 basic
explanatory varlables is given 1in Appendix D. The observations and
explanation of the correlations are similar to those given in section 4.4.1
and will not be detailed here. The variance explained (X) is indicated in
Table 54, based on stepwise multiple regression at 95% confidence limits.

Table 54. Variance explained (X) of calculated linear extensibility data of natural aggregates

by stepwise multiple regression with 5 basic explanatory variables.

GROUPING FLUVIAL WEICHSELIAN HOLOCENE HB MB 16 Cal Cal
number of samples n=101 n=61 n=40 n=23 n=32 p=6 a=1] =23
variance explainedl) R2 rZ R2 R2 R2 R2 R2 Rz
VARTABLE

LE2 calc. 86 &2 a7 67 a7 88 82 93
LEl cale. 62 47 66 - 28 - 66 84

1) variance explained at 95% econfidence limits

-= no variance explained at 95Z confidence limits

The main variables contributing to the variance explained both for LE2 calc.
and LEl ealc., are Clay(CL) and Organic Carbon(0C) for the Fluvial and
Holocene groups. For the Late Weichselian group SA with 0C appears instead
of CL and OC for LE2 cale. For LEl calec. CL occurs without OC. In the Cal
subgroup the contribution of OC surpasses the contribution of CL, again
pointing to a combined influence of OC and CL. Details are given in Appendix
D.
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Conelusion

- The ecalculated linear extensibility of natural aggregates discriminates
well between the Late Weilchselian and Holocene groups.

- Clay and organic carhon are the main variables involved in the explanation
of the observed varlance. In case of the Late Welchselian samples SA
instead of CL appears.

= The natural structure of aggregates with its Inherent poreosity and packing
negatively Influences the calculated swelling at pF2, because of a small
water storage at pF2. In the natural field structure the shrinkage
possibilities are limited because of the very dense packing thus leading

to a limited number of cracks.

4.6.3. BEHAVIOUR OF THE PORE SYSTEM

Undisturbed samples (1-5 cm3) extracted from the middle of field-wmoist bulk
samples of 20x10x10 cm from the B-horizon (50-60 cm depth) of an MB soil
(Heumen), a Cal soil (Ewijk) and a Cal soil (Kesteren) were subjected to a
geries of morphological and physical tests. The former tests comprised
micromorphology, cryoscan electron wicroscopy (Tessier, 1975, 1978, 1984)
and analysis of micromorphometric results from thin sections (Jongerius,
1972, 1974; 1Ismail, 1975), and the latter 1nvolved ascertaining the void
ratio at different tensions, moisture retention characteristic and pore size
distribution by mercury intrusion (Lawrence, 1977; Winslow, 1978). The
objective of this study (Van Qort, 1979; 1980), performed under the guidance
of Dr. D. Tessier {(Versailles), was to test the hypothesis that differences
in pore system and groundmass organlization are responsible for the
differences 1in field behaviour of these soils when tilled, as noted by
farmers. The pore system and the organization of the solid mass were
examined from macroscopic to submicroscopic levels. Thin sections were
prepared after the water in the samples had been replaced by acetone
(Miedema et al., 1974; Kooistra, 1979; Murphy, 1982, 1986) and after oven-
drying. The micromorphometric data obtained by examining these sections were
analysed to give quantitative data on total pore area, pore size

distribution and pore shape.
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Parameters related to the pore system and the organization of the solid mass
were ascertained using physical techniques. The results were combined with
the data on morphology so that the pore system with diameters from
nanometres to millimetres could be studied in relation to various molsture
contents.

Sampling sites for the three soils were selected on the basis of previous
field research and laboratory data, te try to ensure that the samples had
comparahble textures. A sampling depth of 50-60 em was chosen, to aveid the
influences of human activity in the topsoill and possible compaction below
the ploughed zone. Heumen (MB)} was sampled at the location of reference
profile Heumen II (Appendix A, profile A2), Kesterem (Cal) was sampled near
the location of reference praofile Kesteren (Appendix A, profile A20) and
Ewijk (Ca0) was sampled very near to reference profile Ewijk {(Appendix A,
profile Al7). The sample from Ewijk, however, had a much higher clay content
(and also an unexpectedly high clay to silt ratio) than expected on the
basis of profile Al7, which was only a few metres away (Table 55). This
indicates that there is strong lateral variability in texture at the sampled
depth at the Ewijk site. Although comparisons between Kesteren and Heumen on
one hand and Ewijk on the other hand are therefore difficult, the results

and interpretations still seem to be Important encugh to present.

Tabhle 55. Particle size distribution and some chemical and physical data of

the investigated samples.

Sample Age Particle size distribution Organic pH CaClg Particle

{years) {(um) Carbon  KC1 density
< 2-50 >50 123 (1) (kg/a’)

KESTEREN % 500 26.1 61.5 13.4 1.6 7.5 9.6 2690

Cal

EWIJK +2000 46.9 43.2 9.9 1.6 6.7 0.4 2690

Cal

HEUMEN 410000  26.5 32.1 41.1 0.6 4.4 0.0 2700

MB
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Phystoal analyses

The water content (Fig. 43) and the void ratie (Fig. 44) \

_ volume of volds _ particle density k!
( ; volume of sollds bulk density 1.0) ) are expressed in cm” per ‘
e of solid. This type of expression allows all physical data from samples

with different particle densitlies to be compared in ome figure (Fig. 47).
Moisture retention curves (Fig. 43) were constructed from the mean values of
10 subsamples per B harizon at various pF wvalues ( 011—1( 2% Y. At pF > 4.2
the curves of Kesteren and Heumen coalesce. In contrast, at pFl, Kesteren
contains 30% more water then the Late Weichselian Heumen soil. The shape of
the Ewiljk moisture retentlon curve is identical to that of Xesteren, but It
is shifted upwards for about 0.1 e’ per em3 of solid.

Also indfcated in Fig. 43 ar"e the moisture contents at pFl measured after
careful and slow stepwise rehydrétion from air-dried samples (indicated with
an arrow). Heumen arrives at the same Initial water content, but Ewijk and,

to a lesser extent KResteren, arrive at lower water contents.

Water content Void ratio
(em3/em® of solid) (emS7em? of solid)
0.9 7 0.9
1 0.8+ 0.8
0.7 0.7
0.6 .64
0.5+ 0.5
0.44 C.44
0.3+ x water content \ 0.31 . void ratio
0.2 upon remoistening \‘L . . upon remeistening
o~z—o Kesteren - Cal " o Kesteren - Cal
0.1 »-S-»Ewijk - cad 0.1 *-5-%Ewijk - Cad
O—"--A Heumen - MB - -0 Heumen - MB
[] 1) ¥ EL "I ‘K T 1] T 0 T T L] L] L] L]
0 1 ? 3 4 5 0 1 Z 3 4 5
—_— pF ——— p[-'
Fig. 43. Moisture retention curves of the three soil Fig. 44. Changes in pore volume of the three
materials on desiccation. K = Kesteren; soil materials on desiccation.

E = Ewiljk; H= Heumen. K = Kesteren; E = Ewijk; H = Heumen.
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The measured wvoid ratlos (e— Fig. 44) show that Kesteren and Ewijk have an

almost 1dentical wvoid ratio at pFl. Heumen has far fewer pores. Upon
desiccation (to pF6) an important decrease (about 50%) in void ratio can be
observed Iin the case of Ewiljk. Kesteren and Heumen show a wmuch smaller
decrease upon desiccation. Wote that Heumen does not show any change in void
At pF6,

whereas Kesteren shows a much higher value of e.

ratio between pF! and pF3. Ewijk and Heumen have equal ratios,
After careful and slow
stepwise rehydration to pFl, the measured void ratlios were as Indicated in
Fig. 44 (indicated with an arrow). Heumen arrived at a slightly lower void
ratio whereas Ewiik and to a lesser extent Kesteren showed clearly decreased
vold ratios.

The distribution,
followed by sublimation,
pressure and equivalent pore diameters. It was applied to samples previously
and pF3.

experiments (100 MPa) corresponds to a lower pore size limit of 0.015 im .

pore size measured after instantaneous deep freezing

is based on the relation between mercury intrusion

subjected to pFl The maximum mercury pressure used in our

The wupper detection 1imit 13 about 100 ym . The total pore volume thus

measured 1s therefore smaller than the total pore volume measured with

kerosene (Fig. 47).

Void ratio Frequency
(ememd of solid) }
.77
o Kesteren - Cai
- Lag
0.5 o
0.54
0.44 . ,
2
0.3 Fri:qu
0.2 ~——— Kesteren - (Cal
------ Ewijk - Cal
0.1 ——+— Heumern - ¥8
. I: pk1
Ir: pF3
0 3 2 #F
0.061 0.1 1 10 100 ; . . T v i
-2 -1 a 1

Pore radius R {pm} tlogn (po}
Fig. 45. Cumulative pore-size distribution curve of the three

studied soil-materials at pF1 and pF3.

Fig. 46. Pore-size frequency curve of the three

materials at pF1. (log R in ymi}
A. measured on originally field-moist samples
B. measured on originally air-dried samples

Prior to the interpretion of the results of the mercury intrusion it is

necessary to discuss the pretreatment of the samples before they are
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suhjected to the mercury intrusion. The primary aim of the pretreatment is
te fixate the microstructure at a given moisture content. For the mercury
intrusion a dry sample 1s needed so the pretreatment aims at removing the
water in the sample without disturbing the microstructre of the moist
sample. This problem alse occurs with morphological methods
(micromorphology, Scanning Electron Microscopy) when a study of the
microstructure or ultra umicrostructure is wanted of moist or wet soils. Two
methods are widely employed to remove the water from the sample: 1) freeze-—
drying followed by sublimation and 1i) substitution of the water by an
organic, less polar liquid, followed by impregnation with resin.

The sample pretreatment for the wmercury intrusion utilised freeze-drying
followed by sublimation of the 1ice. Tessier (1984), who studied the
organisation at various moisture contents of pure clay separates, has
discussed at length the formation of artefacts by freeze-drying followed by
sublimation and changes caused by water substitution by e.g. acetone (as is
used in thin section preparation from field-wmoist samples - Miedema et al.,
1974). The artefacts with freeze-drying are caused by the growth of ice
crystals which exclude the c¢lay during their formation. Liquid nitrogen,
which is commonly used for freeze-drying, tends to retard the quick freezing
to extremely low temperatures ({(Delage, 1979) and thus favours the formation
of artefacts. Therefore Freon 22 (CHFpCL) 1s wused, cooled by liquid
nitrogen. This diminishes the formation of artefacts. However, also the
removal of water by substitution creates certain changes, caused by lowering
‘of the water activity following introduction of the replacing liquid. Yet
this method seems to create the least changes. According to Tessier (1984)
both free-drying and acetone substitution could be used in case of kaolinite
but freeze~drying created artefacts in case of 1llite. With smectites,
except for sodium~smectites equilibrated with very diluted solutions, both
methods could be used.

This analysis can lead to two lines of thought. One could argue that the
structure observed (S.E.M.} and measured (mercury-intrusion) largely reflect
the artefacts created by the freeze—-drying and hence the Interpretation of
the results tells more about the artefacts created then about the naturally
existing micro—structures in moist soils. Alternatively one could argue that
the use of soll aggregates instead of clay separates winimises the creation
of artefacts and thus the results are valid and reflect the original pore

size distribution in the moist sample. This argument is strengthened by the
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observation (Fig. 46B) that the mercury intrusion gives similar results when
air-dried samples were treated which can not possibly have suffered from
freeze-drying artefact formation. Therefare the results presented of the
mercury intrusion and the discussion of the 5.E.M. pictures as considered to
be wvalid. Van Oort (1984) also found a remarkable analogy of the results
from mercury intrusion and S.E.M. studies on freeze-dried soil aggregates.
Besides, at present no other methods to fixate, visunalise and measure the
pore system Iin moist soils is available. In Fig. 45 the decrease in pore
volume obtained by the change from pFl to pF3 can be seen in the Kesteren
and Ewijk samples. This seems to be caused by a loss of pores with diameters
between about 0.8 and 2.5 wm (0.4 < R < 1.2), Heumen does not show any
difference in its pore size distribution curve at both pF wvalues. According
to this method, its total pore volume is smaller than those of the two
Holocene soils. The frequency curves, based on the mercury intrusion results
obtained at pFl (Fig. 46A) 1n each soil give more details about the
contribution of different pore size classes to the total pore volume. Both
the Kesteren and Ewijk samples contain many more pores than the Heumen
sample, the pore diameters ranging from 0.1 to 3 im for Kesteren, and 0.04
to 3 pm for Fwijk. As well, Ewifk has more pores < 0.2 1m diameter than
Kesteren. In contrast, pores with a diameter between 0.0l5 and 0.04 m are
most abundant in the Heumen soil. Note that these fine pores increase with
increasing age of the soil.

Fig. 47 gshows the simultanecus presentation of all physical analyses: the
length of the lines reflects the pore volumes detected. The comparison of
the kerogene line and the water line allows conclusions to be drawn about
the difference between total pore volume of the samples (upper limit
undefined; pore size = 500 ym ) and the water—filled pore volume smaller
than the equivalent pore diameters at pFl (300 ym ) and pF3 (3 mum ). The
length of the mercury line Indicates the total detected pore volume between
0.015 mm and about 100 ym at both pF values. Comparison of the mercury line
with the water line roughly indicates the volume of pores with diameters
between either — 100 and 300 m (pFl1) or 3 and 2100 um {pF3).

At pFl the very porous Kesteren material from an orchard soil (e = 0.83 c:m3
per emd of s011d) 1s still unsaturated despite 1ts high water content of
0.73 cm3 per cmd of solfd (Figs. 43, 44, 47).
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Fig. 47. Simultaneous presentation of the physical characteristics at pF1 and pF3. P = kerosone method:;
W = water content; M = mercury intrusion mathod.
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of peres <100 ym diameter

The moisture content decreases sharper than the vold ratlo. The void ratie
stops at pF6 at 0.65 em’ per em3 of solid. So the shrinkage from pFl to air-
dry amounts to 0.13 cnd

55, recalculated to 100% clay 0.69 cm3 per em’ clay (Table 56). This means

of solid or, using the clay content given in Table

that a strong and wide biopore
the difference in pore volume

line and water line). But this

system 1s present, as is demonstrated also by
detected at pFl. (difference between kerosene

pore system 1s also contracting and expanding

so some loss 1in volume and moisture content 1is shown (vold ratio has
decreased from 0.83 cmd per cnd of solid to 0.70 cmd per cm® of solid after
rewetting to pFl; moisture content has decreased from 0.73 em? per cm> of

golid to 0.68 cmd per em?

of solid after rewetting to pFl). This loss may be
caused by the fact that during the determination of the rebound curve the
soil was not allowed to swell in free water. Tt 1s therefore regarded as
hysteresis. The backswelling indicates that the pores are not caused by a
rigid skeleton of sand grains. The micromorphology has demonstrated that the
soil constituents are very well mixed by earthworms; the clay fraction Is
uniformly distributed. The comparison of the water line and the mercury line

(Fig. 47) indicates that 0.1 cm3 of water per cmd of solid is stored in
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pores with diameters between 100 and 300 um.

At pFl the Fwijgk material from arable land (e = 0.84 cm’ per cm? of solid)
has about the same total pore volume as Kesteren (Figs. 44 and 47), but it
is water saturated. The moilsture content and the void ratlio decrease almost
identical so that at pF3 the material is stfll almost saturated and only
then air enters the pore system. The shrinkage continues to pF6 where the
void ratio ends at 0.43 cm’ per cm® of solid. So the total shrinkage from
pFl to air-dry amounts to 0.41 cm’ per em? of solid or, recalculated to 100%
clay (Table 55) to 0.87 cm? per em® of clay (Table 56). Because this soil
materfal contains 46.9 % of clay (Table 55) 1t can be physically regarded as
a clay soil with a continuous clay plasma with embedded silt and fine sand
particles. This is confirmed by the micromorphology. The properties of the
clay fraction thus govern the behaviour of the Ewijk soil material, so the
explanation of the water relations should primarily be based on 1ts swelling
properties. With a specifiec surface area of 320 m2 per gram clay this ylelds
a mean plate thickness of 2.3 nanometre. A rough calculation of the half
distances, assuming 1/3 of the water as occluded, yields 2.8 nanometres for
pFl; 2.5 nanometres for pF2; 2.2 nanometres for pF3 and 1.9 nanometres for
pF 4.45. Comparison with theoretical values (Koenigs, 1961) indicate that at
tensions higher than pF3 the watercontent is higher than predicted by the
theory. The rebound curve from pF6 to pF? and pFl, determined on aggregates
from 6-8 mm (Van Oort, 1980) confirms the notion that this soil material has
never been afr-dry before i.e. that alr-drying of such a material 1is
identical to forced ripening. The losses in volume and moisture adsorption
caused by internal rearrangement are considered to be permanent. The
comparison of the water line and the mercury line (Fig. 47) indicates that
0.18 cm3 of water per em? of solid is stored in pores with diameters between
100 and 300 um.

At pFl the Heumen material from arable land (e = 0.55 cm>

per em> of s011d)
is much less porous than the Kesteren and Ewijfk materials (Figs. 44 and 47)
but it is nearly watersaturated. The loss In moisture towards pF3 is small
(0.07 cm? per cmd of solid) whilst the decrease in void ratio 1s nearly
absent. The packing is far denser than those from the Holocene soils as
demonstrated in the micromorphology. At pF6 the void ratio ends at 0.43 cm3
per em3 of so0lid. So the total shrinkage from pFl to alr-dry amounts to 0.12
emd per cmd of solid or recalculated to 100% clay (Table 55) ta Q.45 cad per

em?  of clay (Table 56). Comparing the shrinkage values of the Late
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Weichselian and Holocene materfals (Tahle 56) two conclusions can be drawn:
1) The difference in shrinkage between the Holocene materlials 1s not very
large, in view of the fact that Ewijk has never experienced drying as far as
Kesteren. i{) The shrinkage of the Heumen material is much smaller than that

of the two Holocene soil materials.

Table 56. Total shrinkage from pFl to air-dry of the
three investigated scll paterials.

Sample Shrinkage
cnd per o solid em? par e’ clay
Late Weichselian Heumer (MB) 0,12 0.45
Holocene Ewifk {Cal) 0.41 .87
Holocene Kegteren (Cal) 0.18 .69

It is further seen that the backswelling 1s nearly complete so the soll has
ripened completely. This means that the Heumen soil materfal at least up to
the sampled depth (50-60 cm) did become alr-dry (freeze-dried) since
deposition. The soil constituents have slided into a position of minimum
energy, i.e. a parallel position of the clay flakes as confirmed
micromorphologically  (section 3.1.2). Together with the aluminium
interlayering (section 3.2) this may cause the high internal load
observed. The comparison of the water line and the mercury line (Fig. 47)
indicates that all water is stored in pores with diameters <100 um.

The differences in physical properties between the three spil materials are
clear and can not only be related to variations in volumes of pores present,
but also to variations Iin pore size distribution.

For 1nstance, the Kesteren material has a high and continuous porosity. Upon
a change to pF3 thls material reacts by an important loss of water, whereas
1ts change 1in pore volume is moderate. Its loss of stored water is even
greater than the loss of water observed in the Ewijk material which has a
much higher c¢lay and silt content. Furthermore, the loss of water in the
case of Bwiik {s accompanied by an important iInternal reorganization of the
pore system. Flnally, the pores in the Heumen material are few and very
rigid: a moderate volume of water Is lest without any change in the pore
system.

Optical analysis was employed to reveal the pore geometry and its

variability in relation to changing moisture contents.
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Optical analyses

The physical research methods revealed informatfon about pore size up to
300 um in diameter (equivalent pore diameter at pFl and, by inference, some
statements about the porosity with diameters > 300 ym . These pores can also
be seen using optical methods, and smaller pores can be studied too.
Scanning electron microscopy (S.E.M.) allows pores down to diameters of
about 0.0l pm to be studied, micromorphology can study pores with diameters
down to about 10 ym and micromorphometry can quantify pores down to
diameters of 30 pym . The upper 1limit of observations of pore dlameters,
depending on the sample size, covers a range up to several millimetres.
Micromorphology (Fig. 48).

The study of the micromorphology at magnifications of 1 to 100 yields
results both on the internmal organization of the solid phase in the form of
domains with their functional inter- and intra-domain pores, and on the
number and shape of the the inter- and intra—aggregate pores in field-moist
and irn oven-dried material.

The recent calcarecus Holocene s8o0il material (Kesteren) shows a highly
biogenic, very porous microhomogeneous groundmass, having wmoderate
proportions of calclum carbonate crystallites with a particle size
distributlion similar to that of the sediment, whether field-moist or oven-
dry. The plasmic fabrie 1s calclaseple (Mulders, 196%). Total visible
porosity is high; interconnected irregular and planar voids predominate. All
pore diameter classes are well represented, notably the class with sizes
larger than 3 mm in both the field-moist and the oven-dried samples (Fig.
48, photos 1 and 2).

The decalcified Holocene soll material (Ewijk) has a lower blogenic
porosity, a moderately dense microhomogeneous groundmass which is weakly
seplic and has relatively few reorientations, considering the high clay
content {insepic plasmic fabric - Brewer, 1964) in both moisture states.
Total wvisible porosity 1s moderately high, the pores are variable in
diameter and there are clear planar voids when the material is field-moist,
because of the high clay content. These planar voids widen considerably and
new ones are generated when of the sample dries (Fig. 48, photos 3 and 4).
The Late Weichselian soil material (Heumen) has a dense, strongly
microheterogeneous groundmass with appreciable reorientation in the form of
an omnisepic plasmic fabric (Brewer, 1964) in both moisture states. Total

visible porosity 1s low, with irregular and round pores of small diameter
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Fig. 48. Thin sections of oven-dried and field-moist impragnated soil samples from Kesteren {Holocene-
Cat ), Ewijk {Holocene-CaD) and Heumen {Late Weichselian-MB). Thin seclions used as film
negatives: voids are black. White palches in Heumen result from iron-manganese moaitles.

field-moist sven-dri

Cal

predominating iIn both the field-moist and the oven-dried samples. The few
planar volds are wider in the oven—dried sample (Fig. 48, photos 5 and 6).
Mieromorphometry (Fig. 49).

The Quantimet 720 analyses of the thin sections provide quantitative
information on the area, size and shape classes of pores within a diameter
range from 30 ym to > 3000 m .

In the intercept (I/625) versus area (A) graphs (Fig. 49), the results from
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scanning 72 fields of 6$25x625 pixels are plotted for the field-moist and the
oven—dried materials. Relatively low T1/625 wvalues with a high A value
correspond to large pores. This type of representation distinguishes between
the very porous soil materifal of Kesteren, with many pores larger than
1200 ym , and the less scattered values for Ewijk and Heumen. Moreover,
these graphs 1llustrate the natural anisotropy of such medium-textured
soils.

The intetrpretation of the pore size distribution is based mainly on pore
classes, defined by Jongerius et al. (1972) and Ismaill (1975). The latter

author stresses that certain I/625 versus A values may be indicative for

Fig. 49. Quantimet 720 results {1/625 plotted against A} of scanning of the contact prints from field-
moist and oven-dried soil materials.
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more than one possible combination of pore shapea. It is generally accepted
that wvalues T/625 » 2 indicate planar voids {Schoonderbeek, pers. com.).
Using the form separator, the field-moist Ewijk sample, for instance, has 98
planar volds, and the oven-dried sample has 184 planar voids (A,"(PE)2 3
0.013), corresponding to 37% 1/625 values > 2 1in the fileld-moist sample
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and 653% 1/625 values » 2 in the oven-dried sample.
Using this information, the void pattern In thin sections of field-moist and
in oven-dried material can be interpreted. Murphy (1982) has done similar
comparisons of soil materials. In all cases, drying the samples increased
the percentage of planar voids; this is particularly true for the Heumen and
Ewijk materials. There was only a minor increase in the Kesteren material
(Table 58). The contribution of the pores of > 30 ym diameter to the total
porosity is smaller for Heumen; Ewijk is next, and Kesterea is by far the
highest.
The relative pore size distribution of the pores with dilameters
» 30 um remalns about constant upon drying for each of the three soil
materials {Table 57). However, In all cases and in both moisture states, the
total percentage of these pores » 30 ym diameter represents only a
relatively small part of the total porosity as calculated from bulk density

measurements carried out on core samples.

Table 57. Pore diameter class discribution f{n field-molat and oven—dried
samples (I - Quantiwet 720 weasurements with chord sizing) end

relative changea { & -X).

KESTEREN EWLIK HEUMEN
Cal Cal0 HB
pore diameter fleld oven- A fleld oven- A fleld oven- &
classes{ pu} wmolst dried molac dried molse dried
30-100 0.7 0.2 =4% 0.4 0.5 -1% 0.5 0.6 ox
100-300 2.1 2.7 ox 1.8 2.0 O 1.4 1.% +2%
300-500 1.5 1.% +23 1.2 1.6 +2% 1.0 1.2 +1%
500-120¢ 1.3 1.7 +2X 1.3 1.8 +37 1.1 1.3 -1X
1200-3000 2.5 2.6 -37 1.0 1.1 —2% 0.8 0.8 -3
> 3000 1.0 1.5 43 0.2 0.1 -2 0.1 0.2 HZ
Total
porosity 9.3 + 10.7(=+15%) 5.7 + 7.0(=+23%) 4.9 + bl (=+24X%)

8 1s the difference between the propertional contribution of each pore
diameter clasg to the fotal aress percentage in [fleld mofet and oven-—
drled samples.
example:

HEUMEN, 1200-3000 ym; Eleld moist 0.8/4.9= 16%; 0.8/6.1 = 13X: A ==3%
The telative (Increase (X} In total porosity ls Indiceted between

brackete.
The analysis of the pore shapes (Table 58) in fleld-moist conditions, shows
that planar voids {craze planes) are most abundant ip Kesteren, followed by
Ewiik and Heumen. Upon drying, the Heumen and Ewifk materials show a very
strong Iincrease 1n planar volds. In Kesteren round voids Increase at the

expense of irregular volds.
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Table 58. Pore shape distribution in fleld-moist and aven—dried samples (%)

and relative changes ( & -X).

KESTEREN BWIJK HEUMEN
Cal Cal MB

pore shape field oven— A field oven—- A field owven- a

moist dried moist dried moist dried
ROUND 1.3 2.8 +13% 1.3 1.3 -7 1.9 1.6 -13%
IRREGULAR 4.0 31.3. ~11% 2.4 2.0 ~18% 2.5 2.4 -14%
PLANAR 4.1 4.3 -2% 2.8 3.5 -25% 6.7 2.8 +27%
Tatal
parosity 9.4 + 10.4 (=t112%) 5.1 » 6,7(=+31%) 5.1 » 6.8(=+33X)

A is the difference between the proportional contribution of each pore
shape c¢class to the total area percentage In fleld-meist and oven—dried
samples.

The relative increase (%) ian total porosity 1s 1indicated between

brackets.

Seanning Electron Mieroseopy (Fig. 50 and 51).

The micromorphological observations enable the changes in the pore geometry
for pore diameters » 10 pm to be described. $.E.M. with magnifications of
100 to 10,000 was used to study pores of sizes from about 0.01 to 10 m
and to reveal the modifications in the internal organization in the solid
phase. Observations were carried out on soil samples subjected to various pF
values, and after rehydration from pFé to pFl using Cryosan equipment. The
observed features will be described, using some of the terminology proposed
by Tessier and Quirk (1979) and Tessier (1984.

The S.E.M. photographs show a remarkable anmalogy with the mercury intrusion
results, especially in the case of Fwijk, the most clayey soll material. At
pFl (Fig. 50, photo 2; Fig. 51, photo 11) this material 1s characterized by
an organization 1in microdomains of about 5 to 10 um thickness. On an

Increase to pF) this materlal reacts by aggregating, forming domains with a
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thickness of several tens of upm , while pore dlameters decrease from about
1.5 to about 0.5 um (Fig. 50, photo 5, Fig. 51, photo 14).

The Kesteren material shows a very loose groundmass, with pore sizes varying
because of the arrangement of the (silt) particles (Fig. 50, photos 1, 4 and
7; Fig. 51, photo 10). The influence of an increase in pF (as suggested by
the physical measurements) is less apparent than in the case of Ewijk,
because of the masking effect of the high porosity.

The Hewmer material, on the contrary, shows a very dense groundmass with
large domains, between coarse sand grains (Fig. 50, photos 3 and 6; Fig. 51,
photo 12). The lack of porosity is clearly visible and an increase in pF
does not appear to I1nfluence the internal organization of the solid phase.
Photos 7, 8 and 9 (Fig. 50} show the pore system and the organization of the
solid phase of the soil samples upon rehydration, at low magnifications.
Ewljk reacts by a very strong aggregation of the material in large clay
domains of some hundreds of microms. The Heumen material, in contrast, shows
no apparent changes in the solid sail organization at this scale of
observation. The Kesteren material does not demonstrate the changes
indicated by the physical measurement (Fig. 43; Fig. 44) bacause of the
masking effect of the high porosity. At magnifications of 2000 x (Fig. 51,
photos 16, 17 and 18) the influences of desiccatlion are much less obvious,
as at this scale short-range variation causes very different plctures.
Summarizing: the S5.E.M. micrographs show that some of the soil materials
react to varying pF values by changes In the organlzation of the solid
phase. These changes are very clear, in particular at low magnificatién

(200 x) for the Ewijk material, whereas no changes occur for the Heumen
material. No changes are visible in the Kesteren material because of the
masking effect of the high porosity.

Conelusion

Research was focussed on the microstructure of the soll materials, which
required undisturbed field samples and a special sample treatment to prevent
irreversible changes. Alr drying caused irreversible changes, as shown for
the Holocene Ewijk material. The Late Weichselian Heumen material remained
unchanged (Fig. 43; Fig. 44). This is probably because of to the extreme
drying experienced under natural fleld conditions during the periglacial
circumstances of the Late Weichselian period. The Holoeene soils have never
been subjected to such conditions because they have never experienced any

climate other than a temperate one. It would appear to be sensible to keep
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Fig. 50. SEM micrographs {200 X} of Kesteren {Cal), Ewijk {Ca0) and Heumen (MB) scil samples at
pF1, pF3, and rehydrated to pF1. Voids and mineral grains are biack or dark grey.
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Fig. 51. SEM micrographs (2000 X) of Kesteren {Ca1), Ewijk {Ca0) and Heumen [MB] soil samples
at pF1, pF3, and rehydrated to pF1. Voids and mineral grains are black or dark grey.
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soll samples within the ranée of moisture contents experienced under natural
conditions. The same conclusion was reached by Tessier (1975; 1978; 1984),
Tessier and Berrier (1979) and Tessier and Quirk (1979), pertaining to the
behaviour of the clay fraction of solls.

The results obtained from the studies of the three soll materials clearly
demonstrate the differences between them and are In complete agreement with
the natural behaviour of the soils.

The Kesgferen material has a high porosity with strongly wvarylng pore
diameters and many of large pores (> 3000 ym ). The strong continuity of the
pore system as judged from the intercomnection of the pores in the
vertlcally oriented thin sections, resulting in the loose packing of the
dominantly silt sized particles, characterizes this young calcareous
Holocene Cal soil material. Consequently, a considerable range in moisture
content is passed during desiccation, whereas water saturation does not even
occur at pFl. This explains why the tillage period of the Kesteren soil
material is so long. The Ewijk material, with a considerably higher clay
content, also shows a high porosity. Pore diameter range 1s much more
limited, with a relative abundance of pores sizes of 0.05 - 3 ym . The
continuity of the large pores is strong, judging from the interconnection of
the pores 1in the vertically oriented thin sections. Despite the high clay
content, this material is not very densely packed, and desiecation results
in an iamportant reorganization In domains. Consequently, a large range in
moisture content is passed when pF Increases, and this is accompanied by
important volume changes. This explains why the Ewijk material also has a
favourably long tillage period. Compared with Kesteren, this older
decalcified Holocene Cal material has a somewhat denser microstructure.

The Heuhen material shows a low porosity in all pore diameter classes, with
a relative abundance of extremely fine pores (<0.05 ym }. The continuity of
the pore system is limited, judging from the thin sections. The rigid
organization of the solid phase shows no volume changes on desiccation. The
abundance of reorientation features favour puddling under pressure, at or
near water saturation. A small loss of water corresponds to large pF
changes. This explains the rapid change from moist to dry conditions and the
narrow range in moisture content to produce a desirable tilth, in agreement
with farmers expierence. Compared with the two Holocene materials, this Late
Weichselian MB soil shows a dense microstructure that has largely been

inherited from periglacial conditions in the Late Weichselian period.
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4.6.54 UNCONFINED COMPRESSICON TEST

field that the Late
This

although the

As mentioned in Chapter 1 observations revealed

Weichselian material had a larger 'stugheid' than Holocene material.
be

resistance to deformation is alsc estimated iIn the consistency tests by

property cannot easily connected to e.g. consistence,

squeezing soil material between thumb and fore finger. Depending on the
moisture content at determination terms like loose, friable, and firm (moist

testing) and loose, soft and hard (dry testing) are used in the profile

description. Schrdder (1979) uses the term 'Gefiige festigkeit' which
corresponds closely to our 'stugheid'.
In an attempt to quantify this 'stugheid' natural aggregates at various

moisture contents at a range of suctions were shaped into cubes of varying

sizes with 1-2 cm long sides. The air-dry material was dry—ground Into

cubic shapes, the moist material was shaped using a knife (Jacobs, 1981).

Tahle 5%. Regression Formulas for yield value of uncenfined compression

test with molsture content (V= Xw/w; 8- %v/v).
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The cubes were placed on a halance and pressure was applied manually via a
flat wooden bar which was placed over the sample. The driler the material,
the smaller the cube (otherwise they could not be broken). The yield value
at failure was recorded and related to the clay and organic matter contents
of the samples at given pF values (pFl, pF2, pF3, pF4.2 and pF6). This
yielded generally a rather low correlation (R generally below 0.6) which
Improved when topsoils and subsolils were separated. Yet, the number of
significant correlations at 957 confidence level is low. A much better
relationshlip was found between the yield wvalue (P) (more particularly log P)
and the moisture content {weight %~V and volume %X & for each of the three
investigated soill subgroups (Late Weichselian - mainly MB; Holocene - C(Cal
and Holocene - Cal). The regression formulas are given in Table 59. The
given values are all significant at 95% confidence 1imits. The graphical
presentation of the results is shown in Fig. 52.

As expected the yield value 1increases with decreasing moisture content,
which is indicated by the negative correlations. The graphical presentation
suggests that the Late Weichselan and Holocene subgroups behave similarly.
In this graph the measured data are plotted, not corrected for clay or humus
content. If the difference in clay content is eliminated by dividing both
the yield walue at failure and the moisture content by the clay content, the
graphs are quite narrow above pF3 widening towards lower suctions. This is
to be expected as other factors besides clay such as structural ones exert
their influence. Yet, alsoe with this approach no differences could be
established between the groups.

It should be noted that near the hygroscopic point no bend is apparent 1like
with the condensates {section 4.4.2). The individual samples demonstrated a
variety of patterns (stralght, bended, double bended) which could not be
interpreted.

However, the moisture characteristic of the Late Weichselian material is
different from that of the Holocene material (section 4.6.1.); therefore
Late Weichselian material with a lower moisture content has to be compared
with Holocene wmaterial with a higher moisture content. Viewed from this
perspective, the field observation that the Late Weichselian material is
drier even under saturated conditions would imply higher yield wvalues
because of corresponding lower moisture contents, and thus a higher
'stugheid' (resistance to deformation). This also agrees with the firm to

very flrm consistence noted in the profile descriptioms.
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Conelusion

Because of lower moisture contents at a given pF value the Late Weichselian
material has a larger resistance to deformation ('stugheid') which agrees
with the field observations and is {n 1line with the firm to very firm

consistence as noted in the profile descriptions.

4.7, PHYSICAL BEHAVIGQUR OF NATURAL AGGREGATES

4.7.1. STRUCTURE STABILITY

Structure stability tests were carried out on air-dried and re-moistened
(pF2) natural aggregates. The test included wet sieving (4.7.1.l1l.), end-
over-end shaking (4.7.1.2.), raindrop resistance (4.7.1.3.) and slaking
susceptibility (4.7.1.4.). The number of investigated samples varied from
n=101 for the wet sieving of alr-dried aggregates to n=13 for the end-over-
end shaking. The characteristices of all subpopulations with regard to the 5
basic explanatory varilables are considered to be equal to these of the whole
population of 101 samples (Table 46). Details can be found In the reports of
De Krey (1976}, Klein Hesselink (1978), Kilig¢ (1979) and De Groot (1981).

4.7.1.1, WET SIEVING

The breakdown of air-dried and pF2 moist natural aggregates (6-8 mm @) on a
set of sieves subjected to destructive forces (Immersion in water) was
measured after a standardized treatment of distributing the fragments by
underwater sieving. The parameters used to characterize the breakdown are
mean weight diameter (m.w.d.) in mm indicating the diameter of the fragments
above and below which 50% of the total weight after treatment occurs, the
relative elod surface area (r.c.s.a.)} which demonstrates the increased
specific outer surface area after treatment compared with that before
treatment, and the fraction smaller than 0.3 mn (£f03) ia % (being the
material lost through the sieve with the flnest gauge). Large m.w.d.,
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corresponding small r.c.s.a. and small £03 indicate stable material.

The wet sieving test on air-dried natural aggregates was done on all 101
samples physically characterized in section 4.6. The characteristics of the
5 basic explanatory variables can be found in Table 46 as means and standard
deviations. A subpopulation (n=38) was subjected to wet sleving after
careful re-moistening and desorption to pF2 to exclude the effect of alr
explosion which 1s very effective in destroying aggregates. The results for
m.w.d., r.c.s.a, and f03 are presented in Table 60 as means and standard

deviations. Results of ANOVA are presented in Table 61.

There were significant differences between the Late Weichselfan and Holocene
groups and subgroups with regard to the results of the wet sieving test, but
the differences were only clear and consistent in the case of the test on
air-dried natural aggregates. They largely disappeared when the natural
aggregates had been carefully to a pF2 moisture content. The stability of
such pF2 moist aggregates for both Late Weichselian and Holocene samples is
much higher than that of alr-dried aggregates (higher m.w.d., lower r.c.s.a.
and f03); this has also been established for loess aggregates (Kecenigs,
1975).

Table 60. Means and standard deviaticne (30) for m.w.d. (mm), r.c.a.a. and FO3{X} resulca of wet sleving of air-dried

and woist {pF2) natural aggregates.

GROUFPING FLUVIAL WEICHSELIAN HOLOCENE He MB LG Ca0 Cal

nusber of samples n=10l tesp. 38 n=61/24 n=40714 n=21/3 n=32/11 n=6/3 n=17/4 n=23/8
wean SD mean SO mean  SD mean SO tesn  SD mean SO mean 5D mean 8D

VARTABLE

m.ot.d. air-dry 2.25 1.75 1.76 1,51 3.00 1,86 1.37 1.45 1.68 1.41 2.62 2.01 3.96 1.61 2.29 1.713

r.c.5.a. ale~dey  19.03 11.64 22.93 11,55 13.08 9.04 25.98 12,71 21.44 1C.48 19.22 11.69 9.02 6.90 16.07 9.39

O3 air-dry 26.13 15.2% 26.92 15.98 12.82 10.62 ZB.58 18.64 23.06 14.09 20.73 14.12 8.79 8.31 15.80 11.31

mow.d. pF2 6.12 0.4d b.02 0.532 6.28 0.10 5.75 OC.68 6.08 0.44 6.31 0.0% 6.30 0.04 6.27 0.13

r.c.a.a. pF2 2.05 1.16 2,40 1.33 1,46 0,36 2.7 1.58 2.43 1.36 1.80 O0.83 1.48 0.46 1.44 0.29

£03 pF2 1.04 1.34 1.45 1.51 0.34 0,53 1.64 1.86 1.56 1.50 0.94 0.94 Q.40 0.74 0.29 0.35
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Table 61. Resulta of ANOVA of wet sleving results of air-dried and moist {pFl) natural aggregates.

GROUPING H B Fteat Probability HE MR 15 Cal  Cal Ftest probability
VARIABLE

wow.d. atr-dey Al 3 13.5 w2} A A AR B A T wk

t-c.a.a. alr-dry B A 0.8 *% [ BC ABC A AB T4 AW

£63 air-dry B A 17.7 #* [ BC ABC A AB 5.8 %%

a.w.d. pF2 A A 3.5 A A A A A 2.6

T.c.9.a. pF2 B A 6.7 * A A A A A 2.2

£03 pFZ B A T.1 4 AB B AD AB A 2.0

n A, B, C etc. Indicate aignificant differences at 95% confidence limita, A indicates tha loweat mean values.
2) Probabiliey: #*% p<{ 0.01
* p< 0.05

The lowest structure stability is found in the sandy HB subgroup and the
highest structure stability iIin the clayey Cal subgroup for the air-dried
samples, whercas the samples at pF2 of both the Ca0 and Cal subgroups had
high structure stablility. The results of correlating of wet sieving data
with the 5 basie explanatory variables (Appendix D) demonstrate positive
correlations of wm.w.d., especially with OC(and CL), for Dboth Late
Welichselian and Holocene samples in case of air-dried samples and for Late
Weichselian samples at pF2. Negative correlations exist of 0C(and CL) with
r.c.s.a. and f03 being strongly reciprocal to the m.w.d. (high m.w.d. causes
low r.c.s.a. and low f03). The correlation with CA 1is only significant in
the Cal subgroup: in the air-dried samples there 1is a strong negative
correlation with m.w.d. and hence positive correlations with r.c.s.a. and

f03. Depth trends camnnot be ruled out (decreasing clay content with depth,
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increasing CaC04q content) but in no way can a positive influence of CaC04q on
the structure stability be established. At 957 confidence limits almost all
cotrelations for at pF2 samples are not significant, with the notable
exception of 0C, as mentioned previously.

Table 62 presents the variance explained (%) by multiple regression of the
wet sieving results, using 5 and 9 basic explanatory variables. Multiple
regression demonstrates that only the variatfion in m.w.d. ailr-dry can be
explained largely by the 5 basic explanatory variables and no contribution
of of the dummy variables concerning group or subgroup effects is noted. OC
is the main factor in the explanation of the m.w.d. alr-dry. For the data
determined at pF2, only results for Fluvial, Weichselian and Holocene are
presented, because for further division the number of samples 1is too small.

Considerably less 1s explained for m.w.d.-pF2 than for the air-dry data.

Table 62. WVeriance explained (X) of wet sleving results by stepwise multiple regresgien with % and 5 basic
explanatory variables.

9 variablea 35 varlables

GROUPING FLUVIAL FLOVIAL WEICHSELIAN HOLOCENE HB MR Lc Ceal Cal
varlance exp)aineﬂl) R? 2 Rz Xt %% r® &2 & Rl
number of samples N " 1 N ¥ ] N N N
VARIABLE

a.v.d. ale-dry w71 01 n 6l &4 40 74 23 7% R 62 & - 17 69 23 7%
r.c-s.a. ajir-éry w01 5 101 53 61 42 40 70 23 56 32 18 6 - 1 - 3 8z
€03 atr-dry 101 43 101 43 61 31 40 538 23 4l 2 g [ 17 - 3 85
w,w.d. pF2 38 32 38 32 24 25 14 - * * * * *
r.c.g.4, pF2 38 43 38 42 24 43 14 34 * * L * *
£03 pF2 38 43 AR 43 PR} 145 35 L] £l * & *

1) variance explained at 95% confldence liwite
—-: no variance explained at 351 confidence iimita

* oo few samples

Classification results of stablility data, based on discriminant analysis,
are given in Table 63. They are based on the results presented in the
sections 4.7.1.1., 4.7.1.3, and 4.7.1.4. (wet sieving, raindrop reslstance
and slaking susceptibility) of samples subjectéd to all the mentioned tests.
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Table 63. Classification results of stabilicy data (wet sleving, raindrop, slaking),
based on discriminant analysis.

Predicted Group

Actual group number cf cases Weichselian Holocene  carrect classification
number I vcueber X number X

Welchselian 14 11 79 3 21

Holocena 13 2 15 11 85

Total 27 13 14 22 81

The results of slaking, wet sieving and raindrop resistance data on air-
dried aggregates dominate the function discriminating the Late Weichselian
and Holocene groups. Data on aggregates at pF2 are subordinate in that
function. Stability data discriminate well hetween the Late Weichsellan and

Holocene groups, with scores of 80-85% correctly predicted group membership.

4.7.1.2. EKD-OVER-END SHAKING

In the previous section the breakdown of natural aggregates was illustrated
by the size and distribution of the resulting fragments. No infarmation is
available about the amount of released very fine fraction other than its
inclusion in the f03. Natural aggregates (air-dried —~ with air explosion),
pre—wetted natural aggregates and alr-dried condensates were subjected to
end-over—end shaking with water. The very fine fraction (< 40 im) released
was determined after a number of revolutions. With this relation it 1s
possible to determine a stability index (Fig. 53), using a modified form of
the method described by Koenigs (1976). Very few samples were investigated
{(n=13), and therefore the conclusions must be tentative (Martens, 1980).
Also, the prerequisites for a proper application of the method {(random
distribution of clay in the aggregates and also random distribution of iron
in the aggregates) are violated in the Late Welchselian samples (clay
distribution inhomogenecous — section 4.3; iron distribution only homogeneous
in the HB subgroup) and in the Holocene samples (notably inhomogeneous irom
distribution). The results are summarized given in Fig. 33. It is clear from
this figure that the HB subgroup can be differentiated from the other

subgroups because it has a high 1iron content which 1s homogenecusly
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distributed. Stability of all subgroups strongly decreasés when the natural
structure is destroyed, as in the condensates. With increasing clay content,

stability increases.

undastroyed

aggregates Holecene - Cal Stability index

100~ 200

% HB

¢ measurement 1 160 8 j

? X measurement Z
. //‘ // stability index 120 4
5 | A AL -_Z‘_‘z\\
x
i \ 80 -
—
X'\___L . - B
] 40 1 — natural aggregates

air-dry
---- condensates air-dry

T T T 1 T 1
¢ H 4 [ 8 10 12 14 16 0 1 20 30 40 50
revolutions x100 %< 2 pm

Fig. 53. Determination of the stability index with-end-over-end shaking and stability index as function
of clay content.

4.7.1.3. RAINDROP RESISTANCE

Air-dried (n=6%) and pF2? re-moistened {(n=38) natural aggregates (6-8 mm @)
on a sieve with a 6 mm square mesh were subjected to standardized
destruction by raindrops (Low, 1954). The number of ralndrops needed to
reduce the size of the aggregate so that 1t fell through the sieve was
recorded. Fach measurement is the average of 5 - 10 iterations. When more
than 1000 drops were needed the value 1000 1s used. High wvalues indicate
stable material.

The results of the ralndrop test are given in Table 64 as means and standard
deviations. Results of ANOVA are presented im Table 65.

There 1s a significant difference between Late Weichselian and Holocene
groups and subgroups with regard to the raindrop resistance of air-dried

natural aggregates. Late Weichselian aggregates are less stable than
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Table 64. Means and standard deviations (SD)} of ralndrop resistance data {nuwber of ralndrops)

GROUPING FLUVIAL WETCHSELTAN HOLOCENE HE MB 16 Cal Cal

aumher of samples n=69/38 n=32/24 n=317/14 a=3/8 n=27/11 n=2/5 n=17/% n=20/8
nmean SD mean SD mean 5D mean SD mean SD wean SD wmean SD  mean SD

VARTARLE

raindrops air-dry 346 344 215 244 459 e 16 6 229 251 36 259 633 334 312 359

raindrops pF2 744 369 669 407 871 258 632 404 697 425 669 45% B85S 282 861 258

Table 65. Results of ANOVA of raindrop resistance data.

GRIUPING W H Freat probability HB MB LG Ca0 Cal  Ftest probability
VARIABLE

raindrops afrdry Al) B 9.8 #x2) A B ABC C BC 5.7 ¥
taindrops pF2 A A 2.8 A A A A A 0.7

D A, B, C ete. ladicate significant differences ar 951 confidence limits; A indicates lowest mean values.
2) Probablility: #% p< D.01
* p< 0.05

Holocene aggregates. When the aggregates are carefully re-moistened and
desorbed to pF2 the groups and subgroups are no longer significantly
different, wmainly because of large standard deviations. The increased
stability of all groups and subgroups 1is noteworthy and is particularly
spectacular for the HB subgroup: this agrees with the results of the wet
sieving (section 4.7.1).

The correlations with the 35 basic explanatory wvariables are given 1n
Appendix D. The correlation data show wvery few significant wvalues, despite
the occasionally high R wvalues which result from the small sample numbers
{especially for raindrop pF2 results).

Nevertheless, it 1is clear that the results, for raindrop afr-dry in the
Welichselian group correlate positively and significantly with CL, SI and OC,
and significantly and negatively with SA. For the Holocene group, there ate
significant positive correlations with €L and O0C, whereas SA and CA
demonstrate significant negative correlations. The negative correlation with

CA is the result of the Cal subgroup and demonstrates that a positive
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influence of CaC04 on structure stability cannot be established: this agrees
with the results of the wet sieving. For the subgroup the overall picture is
not very different, although the small number of samples further reduces the
number of significant correlations. For the ralndrop pFZ data, OC
demonstrates a significant positive correlation (tagether with SI) which can
also be traced in the subgroups. No statistically significant correlations
are present for the Holocene group.

The varfance explafined is glven In Table 66. Because the number of samples
becomes very small in the subgroup division, only the results for the groups
(Weichselian, Holocene) are indicated, together with those of the fluvial
sanmples.

Table 66. Varisnce explained (X} of the ralndrap resistance raewlta by stepwise

multiple regression wich 9 and 5 explanatory variables.

% variables 5 variables

GRCUPING FLUVIAL FLUVIAL HEICHSELIAN HOLOCENE
variance explalnedl) RZ Rr2 R2 ®2
number of samples a n n n
VARTABLE

raindrop air-dry 69 79 69 7 32 76 37 76
raladrop pFZ i 27 8 27 2% 29 14 -

1) vartance explained at 95% confidence liuits
~; no varlance explained at 957 confidence limita

The variance explained is high {(about 75%) for the results obtained on the
alr-dry material with similar results for the Weichselian and WHolocene
groups. CL and OC are the wvariables involved and the dummy wvariables VO
{Weichselian, Holocene)} and V13 (Ca0/Cal) add omnly a small contributien
(5%). For the results measured at pF2 the variance explained is much lower
(25-30%) with 0C as varlable invelved, and no contribution of the dummy
variables 1s detected. The wmorphological result of raindrops on alr-dry
natural aggregates is shown In Fig. 54 for Late Welchselian and Holocene
samples of different textures. Crusting occurs in all three solls when the
s0ll contains 15-20% elay; in the Late Welchselfan and the Cal subgroup
still at 25-35% eclay and Iin none at 40-45%7 clay. The experiment shown
consisted of rainfall simulation for four days with a rainfall intensity of
25 mm petr day on air-dry aggregates in sample tins (with a perforated
bottom). After each day the sample was dried overnight under a burning
radiator. The samples were 1impregnated after the 4-day treatment and the

thin section studied.
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Fig. 54. Crusting after raindrop test.
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4.7.1.4. SLAKING TEST

This test records the reaction when natural aggregates (6-8 mm @) are
submerged in water (Janse and Koenigs, 1963). The susceptibility ta structural
desintegration on sudden wetting was grouped In 6 classes, with 1 being the
most susceptible class. The test was carried out with air-dry aggregates
(n=69) and with carefully re-moistened and desorbed aggregates at pFZ (n=38).

The results are given in Table 66 as means, and standard deviations. Results
of ANOVA are given in Table 67. The classification group numbers are used in

the calculations.
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Table 67. Means and atandard deviations (SD) of slaking test results (mean class number).

GROUPING FLUVIAL WELCHSELIAN HOLOCENE HB MB L6 Cal Cal
nupber of samples o=69/38 n=32/24 n*37/14 n=3/8 n=27/11 n=2 {5 ol7/6 n=20/8

mean SD mean SD wean 5D mean SD mean SO mean SO mnean SO wean SD
VARIABLE

slaking class alr—dry 3.6 2.0 2.7 2.0 4.4 1.6 1.0 0.0 2.8 2.0 3.5 2,1 5.1 1.4 3.8 1.5
slaking class pE2 5.7 0.7 5.5 0.9 6. 0.0 51 t.4 5.6 0.5 6.0 0.0 6.0 0.0 6.0 0.0

Table 68. Results of ANOVA of the slaking test teaults.

GROUFING W H Ftest probability HB M8 LG Cal Cal Frest probability

VARIABLE 2
*%
slaking class air-dry al) B 16.6 * A 3 ABC C 6.7

slaking class pF2 A ) 3.7 AB A B B B 0.7

1) A, B, C ete. indicate significant results at 95% confidence limits; A indicates the lowest mean values.
2) Probability: ** p< 0.4l
% p< 0.05

It is clearly possible te discriminate between the Late Weichselian and
Holocene groups on the basis of the results of the slaking test on air-dry
aggregates, but not significantly on the pF2 aggregates. The Late Weichselian
samples are less stable (more susceptible to slaking) than the Holocene
samples, particularly for the air-dry aggregates. The HB subgroup 1is most
susceptible to slaking whereas the Cal subgroup is least susceptible to
slaking: this agrees with the sandy and clayey character of these respective
subgroups. The susceptibility to slaking diminishes strongly when the
aggregates are molst.

For the 'slaking class air-dry' the correlation data (Appendix D) demonstrate
a stgnificant positive correlation with CL and OC and a significant negative
correlation with SA for both Weichselian and Holocene groups and subgroups. In
addition, a correlation (positive) with SI for the Weichselian group and with
CA(negative) for the Holocene group was found. The latter significantly
negative correlation with CA is the result of the Cal subgroup and once more
sheds doubt on the supposed positive influence of CaC0q on stability. In the
case of the 'slaking class pF2', only the significant positive correlation
with OC remains for the Weichselian group; the correlations for the Helocene

group cannot be calculated because all Ca0 and Cal samples score class 6.
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The variance explained (%) 1is given 1in Table 69. Because the number of
samples becomes very small in the subgroup division, only the results faor
the Weichselian and Holocene groups are Indicated next to those of the

fluvial samples.

Table 69. Varlance explained (%) of the slaking class results by stepwise

tegreasion with 9 and 5 basic explenatory variables.

9 variables 5 variables
Grouping Fluvial Fluvial Welichaelian Holocene
Variance explained!) RZ R? R2 R2
numbér of samples n n n n
VARIABLE
slaking class air-dry 69 87 69 2 032 % 37 81
slaking class pFl a8 32 38 32 24 21 14 L

1} variance explained at 95% confidence limits

#*% no variance

The varlance of the slaking class alr-dry results is largely explained (70-
80Z) by CL and OC in both the Late Weichselian and Holocene groups. Dummy
variables account for another 15% of the variance (VO: Weichselian/Holocene
and V1l: MB/HB + LG). In the case of the slaking class pF2 results, the
variance explained i1s much lower (about 30%) and no influence of the dummy

variables 1is found.

Conelusions based on structure stability tests

— The structure stability of Late Weichselian natural aggregates 1is lower
than that of Holocene natural aggregates when the tests are done on air-
dried material. The effect of alr explosion 1s primarily responsible for
the observed differences. The air explosion in the Late Weichselian
natural aggregates results from the virtual absence of organic wmatter
within the aggregates, the dense heterogenecus and reoriented
microstructure and the non-continuous pore system. Even aggregates from
Late Weichselian topsoils, having organic matter contents similar to
aggregates from Holocene topsolls demonstrate a lower structure stabilirty
presumably because of the differences iIn distribution of the organic
matter. Alr-dry conditions have frequently occurred 1In the periglacial
Late Weicheelian climatic conditions after deposition of the Late

Weichselian braided river sediments.
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- The structure stability of the Late Weichselian and Holocene natural
aggregates 1Is not significantly different anymore when tested after
careful 'remoistening and desorption to pF2. Care was taken to keep
structure intact during the remoistening and thus this testing
demonstrated the structure stability without the effects of alr explosion.

- The wvariance in the structure stabllity testing results can be largely
explained by OC and CL sometimes In reverse order. The inherent
differences in CL and OC between Late Weichselian and Holocene soil
materials, notably the low organlc matter content, the poor quality and
the inhomogeneous distribution of the organic matter after addition, thus
explain the observed differences between the Late Weichselian and Holocene
groups.

- A positive effect of CaCO3 on the structure stability has not been
observed. On the contraty, within the Holocene Cal subgroup unegative
correlations were observed between CaC03 and m.w.d., raindrop resistance
and slaking susceptibility.

- Effects of differences between Late Weichselian and Holocene groups and
subgroups contributed to the varlance explained In case of the alr-dry
raindrop resistance (some 5% extra variance explained) and the air-dry
slaking test results (some 15% extra explained variance). This may be due
to microstructural aspects. It has to be remembered that other sources of
variation (land-use, regional differences, depth) have not been taken into

account, however.

4.7.2. TILLAGE TESTS

Natural aggregates (3.4-4.8 mm @) at various molsture contents were been
subjected to simulated tillage. In the micro-tillage test (Roenigs, 1976) a
hammerhead is moved over the aggregates in a standardized way. It allows the
determination (Fig. 55) of the wmaximum moisture content for succesful
tillage (the Upper Tillage Limit -UTL) based on the tractive force per cem
thickness, visual inspection and the relative clod surface area (r.c.s.a. -
section 4.7.1). In all, 45 samples were analysed (Late Weichselian MB
gamples n=13; Holocene Ca0 samples n=12; Holocene Cal samples n=20)} (De
Krey, 1976 b; Klein Hesselink, 1978; Broekhuizen, 1980). For a Ilimited
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number of samples (n=9) the results of the micro-tillage test were compared
{Broekhuizen, 1980) with results obtained using the test of Perdok and
Hendrikse (1982) which subjects cores with aggregates at various moisture
contents to various pressures and then measures the vresulting air
permeability. A critical value of the resulting air permeability determines
the wet workability limit (WWL). Both methods were calibrated against each
other and against field conditions in the Nederlands. Statistically very
similar results between these two tests over a certaln range of textures
(R=0.88) are reported by Terzaghi et al., (1987) which agree with our
results. The micro-tillage test seems to be succesful for a wide range of
soils (e.g. In Uruquay - Terzaghli et al., 1987, and in Kenya - Kauffman,
1975).

The results for the 5 basic explanatory variables are presented as means and
standard deviations in Table 70. The results of ANOVA are presented in Table
71. In Table 72 the results of the micro-tillage test are presented as means
and standard deviations of the molsture content (X w/w) at UTL (WW- UTL) and
the corresponding pF value {(pF-UTL) and also, using the known aggregate bulk
dengities (BDa, section 4.6) as volumetric moisture content (VV-UTL~Zv/v).
The results of the ANOVA are presentad in Table 73. The basic explanatory
variables demonstrate significant differences solely in silt and calcium
carbonate. Only the €al subgroup contains calclum carbonate: it also
demonstrates the highest silt content. The micro-tillage test parameters do
not demonstrate significant differences other than for the bulk density of
aggregates, which was noted already 1in sectlon 4.6. The systematic
differences (lower molsture content - % w/w and % v/v - and the highest pF
value at UTL for the Late Weichselian samples) do not lead to statistically
significant differences, because of the large standard deviations. Generally
speaking, the Late Weichsellan samples must be drier if the result of
tillage is to be acceptable.
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Fig. 55. Example of the determination of the UTL of the micro-tillage test.
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Table 7). Heans and standard deviations (SD) of the 5 basic explanatory variables of samples

investigated in the micro-tillage test.

GRAUPING FLUVLAL WEICRSELIAN (MB) HOLOCENE Cal Cal

number of samples n=45 n=13 n=32 n=12 n=20
VARIABLRES mean 8D mean sD mean SO mean  SD mean So
Clay (CL}Y ¥ 30.7 11.3 32.8 10.0 29.8 11.%8 3.3 15.0 21.2 8.9
Silc (SI) % 43.1 1:.9 35.2 10.1 46.3 11.2 40.5 10.6 49.8 16.3
Sand (Sa) X 26.2 17.7 32.0 16.2 23,9  18.0 25.2 20.3 23.0 16.9
Org. Carb. (OC) X 0.96 0.92 0.83 0.79 1.02 0.98 1.32 0.70 D.84% 1.09
CaCoy {caAY ¥ 3.7 5.1 0.0 0.0 5.2 5.3 0.1 0.1 8.3 4.4

Table 71. Results of ANOVA of the 5 basic explanatory variables of samples investigated in

the micro-tillage test.

GROUPING °) B Frest Probabtlicy: HB Cal Cal Ftest Probability
VARIABLE
1
cl. al) A 0.6 A A A 1.8
sI A B 9.5  #xl) A AB B 8.3
84 A A 2.0 A A 1.0
oc A A 0.4 A A 1.2
CA A B i2.1 * A B 42,4 **

L A, B, C etc. indicate significant differences ar 95X confidence limits; A indicates lowest mean values

2) Prabability: ** p < 0.0G1 - * g < 0.03

Table 72. Means and standard deviations (SD) of micro-tillage test parameters.

GROUPING FLOVIAL WEICHSELIAN HOLCCENE a0 Cal

nuzber of samples a4 s n=13 n=32 =12 n=20
VARIABLE mean  SD mean 5D mean  SD mean 5D mean SD
W-UTL (X w/w) 20,0 5.9 18,5 4.1 20.7 3.9 2l.6 5.8 20.1 6.1
VV=UTL (¥ v/v) 35.4 9.4 33.B 6.9 6.1 10.2 39.3 10.1 34.1 6.1
pF UTL 2.9 C.4 3.1 0.4 2.9 0.4 2.7 0.5 3.0 0.3
8oa (kg/n’) 1776 100 1840 85 1745 95 1830 85 1695 60

Table 73. Results of ANOVA of micro-ctilliage teat paramecerd.

GROUPING W R F test Probabllicy MB Call Cal F test Probability
VARIABLE

WW-UTL, Wb A T A A A 1.0

YV-UTL A A 0.5 A A A 1.5

pF-UTL A A 2.1 A A A 3.7

BDa B A 9.5 *x2} ] B A 18.,9%%

1 A, B, C erc. indicate siganificanc differences at 951 confidence limits; A indlcate lowest mean values
2) Probabilicy: ** p < 0.01
* p < 0.05
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Correlations with the 53 basic explanatory variables (Appendix D) show that
for the fluvial soils there are significant positive correlations hetween
moisture content (% w/w and Z v/v) at UTL and 0C, CL and SI and there is a
significant negative correlation with SA (% w/w) and SA and CA (% v/v). The
pF only correlates significantly (and negatively) with OC. For the Late
Weichselian samples the correlation with CL is no longer significant and SI
dominates (% w/w); furthermore, there is no significant correlation with pF-
UTL. In contrast, for the Holocene samples the correlation with CL dominates
and 81 is not signiffcant (% w/w), and the correlation between pF and 0C is
significantly negative whereas that between pF-UTL and CA 1s significantly
positive. The strongly negative correlation of BDa with CA, caused by the
Holocene samples is, as mentioned earlier, a depth effect of both PVa {which
influences BDa) and CA. The Holocene Ca0 subgroup only differs in the
absence of significant CA correlations, and the Holocene Cal subgroup
demonstrates very high positive correlations with OC and CL (both % w/w and
%Z v/v) and negative correlations between OC and pF-UTL.

The variance explained Is presented In Table 74 based on stepwise multiple

regression with 5 basic explanatory varlables.

Table 74. Variance explained (1) of micre~tillage test parameters by

stepwise multiple regressicn with 5 basfic explanatory variables.

GROUPING FLUVIAL WEICHSELTAN (MB) HOLOCENE Cad Cal
nurber of samples n=45 n=13 n=32 n=12 n=20
varlance explalnedl) g% 2 RZ Rz Rz
VARTABLE

ww-UTL 89 a7 91 90 93
vv-UTL as 85 9 $0 93
pP-UTL 24 - 33 - 40
BDa 72 54 12 44 63

1) variance explained at 951 confidence limits

= mno varlance explained at 951 confidence liuits

The variance in moisture content at UTL (X w/w; % v/v) is largely explained
(85%-95%) by CL and OC, sometimes in reverse order. In the Late Weichselian
samples, texture components other than CL predominate (S5I, SA). The variance
explained of the pF value of the UTL 1is much less (25-40%) and wholly
attributable to the Holocene Cal samples, with OC as the only contributing
variable. Variatiom 1in bulk density has already been mentioned {(section
4.6), notably the influence of CA which is, in reality, a depth effect.
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Coneluaion

In conclusion, it can be stated that the micro-tillage test of samples of
Late Weichselian and Holocene materials that are identical except for silt
content and CaC03 content revealed systematic differences between the two
groups that were uot statistically significant at 95% confidence level
because of the large standard deviations. The Late Welchselian materlal must
be drier 1f the result of tillage {s to be acceptable at the critical
moisture content on the wet side. Differences in tillage behaviour are

largely attributable to differences in clay and organic carbon.

4.8. SATURATED HYDRAULIC CONDUCTIVITY

The saturated hydraulic¢ conductlvity was measured In the field using the
calumn methed and the crust test in undisturbed columns of soil with a
diameter of 30 cm and a length of 30-40 cm (Fig. 56). The methods used were
those described by Bouma (1977, 1983, 1984). The measurements were done with
the c¢olumns in their natural position {(attached) and detached from the
underlying soll (Fig. 56), both without and with a crust of 25% gypsum mixed
with sand. In all, 56 columns measurements were carried out (Late
Weilchselian n=28; Holocene n=28) at different depths. Details are reported
by Du Bois and Wijntje-Bruggeman (1977), Jacobs (1978) and Van Dis and
Robben (1978).
More recently, specific research on the effect of subsoil cracking on
moisture deficits of Pleistocene and Holocene fluvial clay soils has been
reported by Kooistra et al. {(1987): Fig. 57 is derived from that
publication, 1llustrating the K-h relationship including the K-macro and K-
micro measurement. K-macro expresses the effect of horizontal cracking on
upward flow of water, K-miero is valid for the soil between the macropores
and characterizes downward flow. The effects of subsoil cracking on moisture
deficits of Late Welchselian and Holocene fluvial (Rhine) clay soils were
discussed in that paper and the conclusions reached were:

i) Moisture defiecits In Uolocene fluvial clay solls (Ca0) occur earlier
during the year and are more pronounced during the summer period as
compared with the deficits in Late Weichselian (MB) fluvial clay soil.

ii) Differences In moisture deficits are primarily due to more pronounced

formation of horizontal planar voids 1n the Holocene subsoil upon
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Fig. 56. Salurated hydraulic conductivity measurement and worm holes as conducting macropores.

A. Fleld column measurement in its natural position prior 1o gypsum encasting. Note worm activity (near
Ag - MB - grassland)

B. Simuitaneous measurement of 2 columns [near A17 - Ca0 - arable lang}

C. Detached field column with gypsum casing (MB - Azewijn area)

D. Worm holes as conducting macropores dyed with methylene - blue (MB - Azewijn area)

E. Conducting womm holes at 100 cm depth in a MB soil (near A5 - MBE - grassland)

F. Worm activity in Late Weichselian MB soils with recently improved drainage (Asbroek area)
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desiccation, as indicated by a morphological staining test. These
rlanar voids impede upward fluxes of water.

The absence of well-developed horizontal planar voids in the Late
Weichselian subsoils is assoclated with lesser swelling and shrinking
of the undisturbed soll material that has a very dense groundmass with
stress features (sections 4.3 and 4.4). After disturbance, the soil
naterial of Late Weichselian ands Holocene subsoils have 1identical
swelling and shrinkage characteristics (needs to be amended slightly:
a slightly lower linear extensibility for the Late Weichselian
material, associated with clay mineralogical differences has been
found - section 4.4).

This study combined physical and morphological techniques to provide
basic data for a similation iwdel of the soll water regime. Both types
of techniques are needed to characterize water movement in soils with
macropores. Data on soil morphology were used to focus physical
measurements in terms of sample location and sampling volumes and aid
in explaining differences in swelling behaviour and pattern of wvoid

continuity.

Fig. 57. K-h relation for a Late Weichselian MB soil and a Holocene Ca0 soil.

i (em

d M
Late Weichselian-MB yLate Weichselian-MB Holocene-Cal
soil 1: 40-90 cm ] soil 1:>9) cm soil 2

log k

The results for the measured columns are given In Table 75 in subdivisions

based on age groupe (Late Weichsellan and Holocene, as usual} but also depth
elasses (D1-D3) dirrespective of age (0-30/50 em; 30/50-60/80 cm; 60/80-
90/110 cm) and Zand use (LU1l, LU2) irrespective of age (arable; grassland
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including orchard) and land use (only for samples from depth 1: 0-30/50 cm;
LU3 and LU4).

Table 75. HMeans and standard deviations (SD) of Feat coluwn messutements (o day'l).

GROUE ING FLUVIAL WEICASELIAN (MB} HOLOCENE(Ca0) mb D2 D3 Ll Lz Lu3 4
ﬁ&’of =it n=28 n=28 n=21 n=24 n=11 n=13 n=3) n=8 n=13
VARTAFLE mean 5D gean o mean SO mean 50 mean SD mean 5D mesan S0 mean S0 mean 5D mean 5P
Kest 1.6 1.3 1.1 0.9 2.0 1.4 1.5 1,4 1,7 1.3 .4 0.91:..2 1..01.8 1.40.9 0.8 i.9 1.5

b Abbrevintions: see text.

Table 76. Reaults of AKOVA of Ksat data.

GROUPING W H Fteat Probability D1 D2 D3 Ftest Probabilicy LUL LU2 Fteet Probability LU3 LU4 Ftest Probability

VARLABLE
Ksat A A 6.4 # A A A 0.2 A A 3.4 A A 2.9

* pd.0%

From Table 76 it 1is clear that the Ksat of Late Welchselian and Holocene
columns differs significantly (p<0.05) although at 95% confidence level the
values are not mutually exclusive. Late Weichsellan solls have a lower Ksat
than Holocene soils.

But the difference In land-use irrespective of age is also important, as can
be seen from the means (LUl wversus LU2) especilally for the topsoils (LU3
versus LU4). Because of the large standard deviations this 4is not
statistically significant at 95% confidence limits, however. Nevertheless,
the Ksat of grassland/orchard soils is higher than that for soils under
arable land (especially topsoils). Comparison of certain individual values
{Appendix E) indicates striking differences. The measurement in reference
profile Aaldonk (A9-arable land} resulted in a saturated hydraulic
conductivity of 0.4 m/day in a column from 5-30 cm depth and a Ksat of 0.2
m/day in a column from 30-55 cm depth. In an adjacent grassland with a soil
of exactly the same texture, the measurements of a column from 5-40 depth
demonstrated a saturated hydraulic conductivity of 1.4 m/day and a column
from 30-60 em depth had a Ksat of 2.4 m/day. This difference is largely
because the soil in the grassland parcel had many worm holes which conducted
large quantities of water (with methylene hlue dye - Fig. 56} to depths of
some 100 cm (Fig. 56).

Such differences were recorded frequently, but because the levels of Ksat
are so different there are large standard deviations in the subdivision

based on land use. Also, short-range variability is very important, as




184

demonstrated by a measurement in an orchard near reference profile Randwi jk
(A19), where Ksat from columns from 5-35 em, 35-65 c¢m and 65-95 cm depth
were determined in two profiles only 50 cm apart. The recorded Ksat values
were, respectively, in m/day: depth 5-35 cm: 4-2.4; depth 35-65 em: 5.5-3.6
and depth 65-95 cm: 2-1.4, corresponding with the differences in number of

worm holes >5 mm/700 cm?

counted (respectively 0-0; 8-5 and 13-10 for the

measured depths). In contrast, the Randwijk reference profile (Al9~ arable

land) gave l.1 m/day, 0.8 m/day and 2.1 wm/day for the same depths, and
arable land with more than 10 years zero tillage gave 1.5 m/day, 3.3 m/day
and 2.7 m/day, demonstrating the effect of continuity of the macro pore

system. Results from this site are also discussed in Boone et al. (1976).

In many cases, detached columns gave almost unmeasureable high values (>10

m/day) if macropores (notably worm hcles) were continuous over the length of

the column (Appendix E). If that was not the case, the values remained close

to that recorded for the column in its natural position. With a crust of 25%

gypsum and sand the hydraulic conductivity dropped, because large macropores

could no longer contribute: reductions to 10-50% of the Ksat were commonly
recorded and the hydraulic conductivity dropped to levels classed as low to
very low. No differences occur between detached columns and columns in situ.

Separate measurements on 1individual structure elements (K micro) to

determine the Influence of the intra-pedal system demonstrated results equal

or higher than the measurement obtained in soil columns with a crust. The

Holocene Ca0 samples demonstrated systematically higher values; this may

indicate a better continuity of the pore system (more biological activity

because of the higher levels of organic wmatter). This conclusion is
tentative, however, because of the small number of samples investigated.

Conalusion

In conclusion it canm be stated that:

- Late Weichselian (MB) columns demonstrated a lower Ksat than Holocene
Ca0 columns, although the lowest recorded Xsat value (0.2 m/day) is not
critically low.

- Land use differences strongly influence the Ksat, especially when
individual measurements are considered. Grassland (orchard) has a
markedly higher Ksat, because of the abundance of continuous macropores
{worm holes).

- Measurements on Individual peds suggest that peds of Holocene material

have a more continuous pore system than those of Late Weichselian
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material.

- Late Weichselian (MB) soils demonstrate fewer horizontal planar wvoids
than Holocene (Ca0) soils because of packing density and
swelling/shrinking. This influences the moisture deficits through its
effect on upward fluxes of water. Holocene (Ca0) sofl demonstrates more

pronounced moisture deficits and these occur earlier in the year.

4.9, CONCLUSIONS

From the many results on physical characteristics and behaviour, the
differences hetween Tate Weichselian soils and soil material (HB, MB and LG)
compared with Holocene soils and soil material (Ca0 and Cal) are summarized
in Table 77. In this table it is also indicated whether any differences

Table 77. Suwmary of phyasicsl characteristics and behavieur of Late Weilcheallan

and Holocene golls and soil marerial

Sample: Columns{peds) Cores Apgregates Condengatea Ground fine earth
VARIABLE: Ksat BD(PV) pF AM Ki TV BD{PV) pF AM Pore TV Scab. UTL LE Atc. TV PD
system ty
GROUPING
Weichsellan — - - 0 90 0 - - - = o - 0 -y - - - 0
Helocene + + + 0 0 © + + + + a + @ {+)+ + + )
signific- * R wE 1y 1) 1) ok # & pd., nd M O 0 xk Ax nd O

Key: Abbreviations
Ksat ~ = saturated hydraulic condyctivity (m/day)
BD = Bulk density (dry - kg/m”)

PY = Pore volume (¥ w/v)

D = Particle density (kglm3)

pF = Moisture characteristic (X w/w; % w/v)

AN = Available molsture (wa/l0 cm)

ki = Air permeabilicy (10712 g2)

ks = strength (kPa)

Scab. = wet eleving, raladrop test, slaking test (dry and at pF2)
UTL = Upper Tillage Limit microtillage test (X wiw; X wiv; pF)
LE = lipear extensibility ac pFl and pfF2 ()

Att. = Atrerbarg limits (¥ w/w)
Pore system = Mlcromorphology, micromorphemetry, Cryoscan, meccuty porosimetry

Significance: ** p<0.01
p<0.05

0 p>0.05
Coding: + more favourable (+) eystematic difference, more favourable
- less favourable (-} systematic difFerence, leas favourable
0 no difference
1) in subgroup division significant
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should be described as favourable or unfavourable. Furthermore, their
statistical significance 1s given. Late Weichselian soils and soil material,
notably the truely Late Weichselian members HR and MB, are in many respects
physically less favourable than Holocene soils and soil material (with LG in
intermediate position, but more clesely related to the Holocene materials).

The partiele density 1s not significantly differenmt between the TLate
Welchselian and Holocene groups and is mainly a function of clay and organic
carbon. This peints alse to a similar mineralogical composition. In some
subgroups the specifie character is revealed (e.g. HB~ very sandy: particle
density close to that of quartz; MB with frequent iron and manganese
mottles: particle density higher than expected from CL and OC contents). The
linear extensibility 1s mainly a function of clay together with organic
carbon. Linear extensibility discriminates well between the Léte Weichsellan
and Holocene groups and subgroups. The 1linear extensibility of the Late
Weichselian soil material is slightly lower than that of the Holocene soil
material. This corroborates the differences found in clay mineralogy. The
swelling and shrinking of the Late Weichselian soil material of natural
aggregates and certainly in {ts field structure is hampered by the extremely
dense packing as described and demonstrated in the micromorphology and the
5.E.M. studies. The echear sctrength of condensates demonstrated that the true
Late Weichselian materials (HB and MB) need to be wetter in order to have
the same shear strength than the Holocene materials {and LG). The Attgrberg
limite are a funetion of clay and organic carbon and demonstrate a smazller
range in plasticity (UPL-LPL) for the Late Weichselian soil material than
for the Holocene s0il material. Besides, the Late Weichselian soil material
remains sticky at moisture contents equal to or below the LPL. As this LPL
signifies the maximum water content for succesful tillage, this differences
is also important for agricultural practise. The bulk density, pore volume
and moisture characteristic determined on core samples discriminate well
between the Late Weichselian and Holocene groups, notably between HB + MB
and Ca0 + Cal (+LG). These properties are a function of clay and organic
carbon for the Holocene group and of sand and organic carbon for the Late
Weichselian group. Available moisture between pF2 and pF4.2 only
discriminates on  subgroup level. The Late  Weichsellan  physical
characteristics on core samples are very specific as they lead to a correct
prediction (c¢lassification) in almost 90% of cases, based on discriminant

analysis. The Holocene physical characteristics on core samples are mch
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less specific. Air permeability and Torvane shear strength measured In cores
at pF2 do not allow statistically significant conclusions because of high
standard deviations. Nevertheless the results, especially for some
subgroups, are quite clear. The Holocene Cal subgroup is highly porous with
a pronounced continuity, yielding a very high air permeability and the HB
and Cal subgroups demonstrated a very low air permeability. The Torvane
shear strength of notably the MB subgroup was very high and the Late
Weichselian samples demonstrated a more pronounced Increase in yleld value
than the Holccene samples with decreasing moisture contents. The bulk
deneity, pore volume and moieture characteristic determined on air-dried
natural aggregates demonstrated anm even better discrimipation between the
Late Weichselian and Holocene groups than the core sample characteristics.
dvailable moisture between pF2 and pF4.2 discrimlinates well between the Late
Weichselian and Holocene groups. The differences between core sample
determinations and natural aggregate determinations point to the fact that
the differences between Late Welchselian and Holocene soll material in its
origical structure are caused principally on the microstructure level. That
is also demonstrated by the pore system behaviour studles using
morphological and physical methods. The extremely dense, highly reoriented,
rigid and microheterogeneous microstructure in the Late Weichselian causes a
high bulk density, a low pore volume and consequently a low water retention.
The Holocene solls are characterized by a high to moderately high continuous
porosity and a seml elastic to elastic microhomogeneous microstructure
resulting in low bulk densities, high pore volumes and a high water
retention notably for the Holocene Cal subgroup. The 'stugheid' or
resistance to deformatiom of the Late Welchselian material is greater
because the moisture content at a given pF value is lower and the resistance
to deformation increases with decreasing moisture content. This is in line
with the consistency description of the profile deseriptions. The struecture
stability tests on air-dried natural aggregates demonstrated a clear
diserimination between the Late Weichselian and the Holocene group. The
stability of the Late Weichselian soll material is lower because of air
explosion. This air explosion results from the wirtual absence of organiec
matter within the Late Weichselian aggregates with their dense, highly
reoriented and microheterogeneous microstructure and their non-continuous
pore system. Afir-dry conditions have frequently occurred in the periglacial

Late Welchselian climatic conditions after deposition of the Late
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Weichsellan braided river sediments. The LG subgroup may not have
experlienced such conditions or not as frequently. The low structure
stability already then has caused the above mentioned microstructure. The
Holocene meandering river sediments have never become alr-dry during their
history. The structure stability 1Is largely a function of 0C and CL,
sometimes 1n reverse order. For the Holocene Cal subgroup the combined
effect of CL and OC (in the form of the inseparable clay/humus complex or
mull humusform) has been documented. The frequently described positive
influence of CaC03 on the structure stability has not been observed. On the
contrary, within the Holocene Cal subgroup negative correlations of CaC0j
with m.w.d., raindrop resistance and slaking susceptibility have been found.
The micro-tillage test revealed that there are systematic differences
between the Late Weichsellian and Holocene groups although they are not
statistically significant at 95% confidence limits because of the high
standard deviations. Nevertheless the Late Weichselian soil material must be
drier if the results of tillage are to be acceptable at the critical
moisture content on the wet side. This corroborates the Atterberg limits and
combined with the moisture characteristic explains the narrow range in
moisture contents permitting acceptable tillage results {'Minutenbdden').
Finally, the hydraulic econductivity which was reported to be very poor for
the Late Welchselian soils proved to have benefitted considerably from the
recently improved drainage during reallotment schemes of large areas with
Late Weichselian solls. The saturated hydraulic conductivity 1s =still
significantly lower for the Late Welchsellian soils but never falls below 0.1
m/day. The effect of land use is very marked and the effect of conducting
macropores (worm holes) is also spectacular. An interesting result from the
hydraulic conductivity studies pertains to the land quality water
avatlability. Previously 1t was established, based on core samples and
aggregates, that the amount of moisture that could be stored between pF2 and
pF4.2 was lower for the Late Weichselian soils. Alse capillary rise plays an
important role in the land quality moisture availability, however. The less
pronounced formation of horizontal planar volds because of the extremely
dense packing of the Late Welchselian soll material in its undisturbed field
structure allows a less interrupted supply of capillary moisture and thus
moisture deficits in the Late Weichselian soils occur later in the season
and are less severe than in the Holocene fluvial clay soils. Almost all of

the mentioned physical characteristics depended strongly on CL and OC,
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sometimes Iin reverse order and for the Late Weichselian soils frequently SA
instead of CL. The differences 1in particle size distribution and organic
matter content, quality and distribution between the Late Weichselian and
Holocene fluvial Rhine soils are largely responsible for the observed
differences in physical properties and behavicur. For agricultural use the
differences in wmicrostructure, the dense, rigid character, the chemical
characteristics and the strong lateral variation of the Late Weichselian
deposits add to thelr inferlor quality compared with the Holocenme fluvial

soils.




190

5. DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

In the previous chapters, data on differences and similarities between Late
Weichselian and Holocene Rhine soils have been presented. Aspects covered
included differences in stratigraphy, caused by the sedimentation history
(age and sedimentation mechaniem). Late Weichselian bralded river sediments,
predominantly of pre-Allergd age, occur in the abandoned floodplains of the
former wnorthern branch of the Rhine {around Montferland) and of the former
southern branch of the Rhine (Niers valley south of the Reichswald}.
Palynological age determinations (Koenigs, 1949; Schelling, 1951; Pons,
1957; Teunissen and Van Oorschot, 1967; Teunissen and De Man, 1981 and own
results), plus the absence (even micromorphologically) of Allerdd volcanic
fragments 1in the reference profiles except for some topsoils, corroborate
the conclusions concerning age of the sediments of Schelling (1951) and Pons
(1957). In the present day Rhine floodplain, Allerdd volcanic pumice
fragments have been found in reference profile Alé (Millingen - West
Germany) throughout the upper metre of 'Hochflutlehm' and in the underlying
sand. Pumice fragments have been reported as far south as Bonn by Schrider
(1979) and Verbraeck (1970, 19853) mentioned pumice layers covered with
Holocene sediments as far west as map sheet 38 E (Garinchem). In Germaay,
Brunnacker (1978) and Thoste (1974) investigated the formation and
degradation of the Late Weichselian Low Terrace; Verbraeck (1985) has
documented 6 phases in the Kreftenheye formation, of which the last three
pertain to the Weichselian and Late Weichselian period. The non-caleareous
Holocene reference solls investigated 1In this thesis can be assigned to a
pre-Roman sedimentation phase that occurred some 2000 years ago (Pons 1957,
Havinga 1969; Havinga and Op 't Wof, 1975, 1984). The calcareous Holocene
solls investigated can be identified as young Rhine sediments (about 500-200
years old). However, in the fluvial area the scarcity of datable sites makes
exact dating of the deposits very difficult, especially im the vicinity of a
terrace crossing, where also landscape morpholegy is of little help.

The etratigraphy of the Late Weichselian deposits generally demonstrates
fining upward (Reineck and Singh, 1973: Leeder, 1973). Stratified gravelly
deposits (I) are overlain by stratified coarse sands (IIa) without gravel,
in turn overlain by fine sands with or without clayey laminae (IIb). The
overlying ‘'Hochflutlehm' deposits (III) are generally finer-textured and
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abruptly overly deposit II. Deposit III forms the surface layer in the
abandoned floodplains or 1is covered by a thin veneer of Holocene clayey
deposits (IV) near the terrace crossing.

The textural characteristics of deposit III show a bimodal particle—size
frequency distribution, less silt, coarser sand, a higher clay/fine silt
ratio and a worse sorting than the calcarecus Holocene solls. The organic
matter content 1s very low below the topsoil and its quality is poor, being
dominated by aromatic hydrocarbons. In contrast, the organic matter content
below the topsoil in calcareous Holocene soils 1is higher and of a better
quality, dominated by carbohydrates (Halma et al., 1978).

Carbohydrates also dominate 1in topsoils of both Late Weichselian and
Holocene soils, because of recent organic manuring. Presumably, the Late
Weichselian sediment contained little organic matter (Schrider, 1979); this
implies that recent additions of organic matter envelop microaggregates,
whereags 1In Holocene so0lls mineral materfial and organic material are
sedimented in combination, giving rise to intimate mixtures with the organic
matter even between primary elements like clay platelets.

Mapping of the Late Weichselian deposits even at very detailed scales is
extremely difficult, because of short-range variation im texture
horizontally and with depth, caused by the sedimentation wmechanism (see
cross sections). The legend was based on present—day hydromorphic features,
because they correspond best with the visible topography and
microtopography. This leads to well-drained coarse- to medium—textured soils
(HB); imperfectly drained mottled to strongly mottled medium to fine-
textured soils (MB), and poorly—-drained medium to fine-textured soils (LG).
This corroborates the distinctions of Schelling (1951) and Pons (1957). The
recent soil maps of the Dutch Soil Survey Institute and the 'Geologisches
Landesamt Nordrhein-Westfalen' also use hydrology, but at a lower level
and/or as part of the recognized soil formation (Paas et al., 1984); Rosing,
1984). Even on very detailed soil maps the variation within the mapping
units remains considerable and influences the agricultural sultability on
farm level. In order to c¢over these variations many Late Weichselian
profiles were investigated and reported in this thesis.

To ascertaln the gofl formation of the various soils, morpholegical
observations were made from the macroscale {profile descriptions with
observations on macrostructure, macre porosity, hydromorphic features,

consistency and human activity) to the microscale (micromorphology, thin
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sections) and even submicroscopically {(S5EM). The soil-forming processes
inferred from profile descriptions and thin section studles included:
weathering of silicate minerals; physical recrientations resulting from
stress and friction; decalcification; c¢lay and groundmass illuviation;
gleying and pseudogleying; blological activity, and human activity. A study
of the clay mineralogy (clay minerals, Al-interlayering and total chemical
analysis of the clay fraction) and of the chemical aspeete (CaCOy content,
pH-KCl, organic wmatter content and composition, cation exchange capacity,
base saturation, complex composition and extractable iron and aluminium) in
combination with the soil morphological aspects enables the recognition of
differences and similarities between processes operative in Late Weichselian
and Holocene soils and their s'ﬁbgz"oups.

Although the Late Weichselian soils are more weathered than the Holacene
solls, the mineralogy of the parent material 1s similar. This 1s also
illustrated by similar particle densities. This corroborated the data of
Schrder (1979), Verbraeck (1970, 1985), Van der Meene {1978) and Berendsen
(1982). Micromorphologically, the most Important differences between Late
Weichselian and Holocene soils are found in the microgtructure: Holocene
soils have dominantly an asepic or in case of the Cal soils a erystic
plasmic fabriec, which results in a friable consistence, whereas Late
Weichselian soills have abundant plasma reorientations in those parts that
have not been biologically reworked, leading to a firm to wvery firm
consistence. The reason for the microstructure of the Late Weichselian solls
is thought to be the periglacial circumstances during the Late Weichselian.
Melting and freezing alternated and plastic flow patterns followed the
melting of the frozen topsoil. Such features have been described by authors
such as Fitzpatrick(1956), Van Vliet-Lano¥ (1985), Van Vliet-Lano& and
Langohr {1981), Langohr and Pajares (1983), Langohr and Van Vllet-Lano#
{1979), Fox (1979, 1984) and Fox and Protz (1982) as leading to fragipans or
fragipan—-like densities in sofl horizons (Payton, 1983; Smalley and Davin,
1982). The Holocene and Late Weichselian hydromorphic conditions which
transformed several Late Weichselian soils with reasconably good drainage
into the present—-day mottled or even grey solls has doubtless added to the
density, but are not primarily responsible for the density because the
microstructural features are also still recognizable in present—day well-
drained brown solls, despite thelr continuous strong bilioturbation. The Late

Weichselian soils have been completely decalcified (synsedimentarily) and
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have low to very low pH-KCl values except for some local occurrences of
CaCO03. Jongmans and Miedema {1986b) concluded that there was FLate
Weichselian decaleification and bioturbation 1in Late Weichselian Rhine
deposits. A similar age 1s postulated for lime gyttjas Iin coversand (Van de
Westeringh, 1978, Buurman, 1970) and in Late Weichsellan Rhine deposits (Van
der Meene, 1978). Lime gyttjas of Late Weichselian age were also found in
the palynologlcally analysed profiles (section 2.5.). The Holocene non-—
calcareous soils have been decalcified completely or to great depth, partly
synsedimentarily 1In the finer—textured wvariants or through the annual
rainfall surplus in autumm, winter and spring.

Clay 1lluvigtion occurs to a similar extent in hoth well-drained brown and
imperfectly~drained mottled Late Weichselian soils. This has been documented
by Miedema et al. (1978) for the Rhine soils, sometimes even in seils that
are at present poorly-drained. For the Meuse solls the same was documented
by Miedema et al. (1983). The subsequent pseudogleying and gleying covers
the clay illuviation features and may even lead to ferrolysis (Brinkman,
1970, 1979). No clay 1lluviation features are found in Holocene solils of the
Meuse {(De Bakker, 1965; MWiedema et al., 1983) and the Rhine (this thesis).
The reported clay flluviation features in the older deposits of the 'Kromme
Rijn® by Van der Voorde {1963) belong to groundmass illuviation phenomena.
The Late Weichselian deposits contained hardly any organic matter. Reduction
of mineral deposits can only start after introduction of organic matter. The
source of this organic matter must be the vegetation growing on these soils.
As previously argumented these deposits data from the pre-Allerdd period. In
the Alleréd period vegetation could develop on these soils thus providing
sufficient otganic matter for reduction of the topsoils of the mineral
deposits in the Late Dryas period. In this Late Dryas period the
periodically melted and watersaturated topsoll underlain by frozen soil in
the finer textured variants caused pseudogleying illustrated by a strong
reduction In the topsoils (compare the observed albic E horizon, Fig. 36 and
along the periglacial polygonal pattern , Fig. 13). When no organic matter
is present, the mineral material remains oxidized even In watersaturated
conditions as {s 1illustrated in the subsoil of reference profile A7
(Siebengewald - Fig. 14B). The Holocene sediments result from deposition of
riverloads consisting of erosion products mainly of topsoils contalning
organic watter and mineral particles. In the flowing water the suspended

material, with organic matter adsorbed to the clay fraction and is oxidized.
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After deposition in well-drained positions the initial reduction is followed
by oxidation and ©biological activity homogeneously distributes the
ironhydroxides, In case of deposition in poorly-drained positions intense
reduction causes grey colours and oxidation(gleying) follows upon entering
of air through pores resulting from vegetation.

The occurrence of the strong pseudogleying (albic E horizon, polygonal
pattern- Fig 13; Fig. 36) thus points to Late Weichselian conditions, and
hence clay illuviation Is also Late Weichsellan and fossil. This hypothesis
was also put forward by Langohr and Pajares (1983) and Van Vllet-Lano& and
Langohr (1983) for silt deposits in Belgium and narthern France. Hoeksema
and Edelman (1960) postulated. this hypothesis for the loess soils of South
Limburg. Miicher (1986) considers the argillic horizon in West European loess
as a Holocene soil formation following Holocene decalcification. As
previously argumented it is 1likely that a large part of the decalcification
is of Late Weichselian age. Schrider (1979) reports argillic horizons in
Late Weichselian to Preboreal solls, but documents the lively controversy in
German literature between the proponents of a Late Weichselian or a Holocene
process of clay i1lluviation. Worldwide, a similar discussion has taken
place: it has been reported iIn review articles on c¢lay d1lluviation
{McXeague, 1983; Fedoroff, 1972). Studies on soil formation in river-
terraces are very common, because of the possibilities of relating soil
formation to an established chronology. Comparisons are often hazardous
because parent material and/or present or previous climatic conditions may
be completely different. Yet, some recent investigations from Europe
(Torrent, 1976; Chartres, 1983; Bornand, 1978; Cailler, 1977; Chrétien,
1986; Schréder, 1979) and WNorth America (Thompson, 1983) document the
presence of an argillic horizon in the low terrace deposits of Late
Welchselian (Deveaslan, Wisconsin) age. Holocene datings of clay illuviation
using archeological evidence are given by Van de Broek (1%66) and Beckmann
et al. (1986). Care should be taken, however, in interpretating the latter,
as human influence may have stroungly altered the original conditions (Slager
and Van de Wetering, 1977). Sehgal et al. (1976) and Gombeer and d'Hoore
(1971) demonstrated that a low dispersible clay content as well as a very
low effective clay wmobility occurred in udie soils in contrast to ustic
soils. More such experimental pedogenetic research {is needed to settle this
argument. However, the farmer is not interested in knowing when the dense,

reoriented microstructure was formed and the clay i{lluviation occurred.
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He faces the problem of dealing with them.

The clay mineralogy of the Llate Welchsellan soils demonstrates smectites and
vermiculites strongly interlayered with aluminium in the HB and the topsolls
of the MB soils; such Al-interlayering is virtually absent in the LG and the
Holocene Cal and Cal subgroups. These differences 1In clay mineral
composition are reflected by the Bal contents of Ba-saturated clay
separates, which are a measure of the CEC of the eclay Fraction.
Significantly lower 3Ba0l contents also testify to the strongly Al-
interlayered clays of the HBE and MB subgroups. Base saturaticn 1ls strongly
variable, but averages below 80% for the Late Weichselian soils. Very low
base saturations occur {(below 50% or 35%) 1in the HB and MB solls. In
agreement with the low pH-KC1 values in the Llate Welchselian soils,
exchangeable ut and ALttt may attain high values. Holocene solls are nearly
saturated, with no exchangeable o' and AT*Y, Chemical analysis of the clay
fraction substantiates the differences in clay mineralogy, CEC and base
saturation. Calcareous Holocene Cal solls are characterized by high Ko0, Mg0
and Ca0 contents, low Al;03 contents and a high S1/Al atomic ratio (also for
the Holocene Ca0). The Si/Al ratio is low for the Late Weichsellan soils.
The HB soils have high Al503 contents and low Ba® contents.

Extractable FesOz and Alg0z contents do not allow a differemtiation to be
made between Holocene and Late Weichselian soils, as Schrider reported in
1979.

The eo0il elassification (Soil Taxonomy, 1975; FAO-Unesco, 1974) clearly
brings out the differences in soil formation. The Late Weichselian HB and MB
solls are Alfisols (Luvisols) with occasionally even Ultisols (Acrisols).
With hydfomorphic features they belong to the aquic subgroups or even to the
Aqualfs (Podzoluvisols) in case of strong pseudogleving. Most Holocene soils
are Inceptisols (Cambisols); some are Mollisols (Phaeozems). Plapggen
epipedons are found in Late Weichsellan solls in moderately to well-drained
positions, but mnot all sandier topsoils can be considered as plaggen
epipedons (Jongmans and Miedema, 1986a; GLA, 1975 - gheet L4502 Geldern).

The physical characteristice and behaviour of Late Weichselian and Holocene
soils and so0il material demonstrate similarities and differences.
Undoubtedly similar is the particle density, which corroborates the
preceding conclusion of basically identical parent wmaterial. Clay
mineralogical differences are responsible for the slightly lower Iinear

extensibility (measured at pF2 and pFl on condemsates) of Late Weichselian
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soil material. In natural structures (aggregates, cores, columns) the volume
changes are strongly subdued in Late Weichselian solls because of their
extremely dense packing as demonstrated by their microstructure (thin
sections, SEM), resulting in low moisture storage at pF2. This effect was
substantlated quantitatively for soil columns, in the significantly poorer
development of horizontal planar volds 1In Late Weichsellan soils, which
positively influences the land quality moisture availability through
uninterrupted capillary rise (Kooistra et al., 1987). This contrasts with
another property of Late Weichsellan seils in their natural structure
(aggregates/cores), where the extremely dense, rigid microstructure,
reflected In a high bulk demsity and low pore volume agrees with the
macroscopically observed firm to very firm consistence. This dense
microstructure with a low porosity leads to a low molsture storage at pF2
for the Late Weichselian materidl. This micrestructure is considered to be
the result of the Late Weichselian conditions (freezing and thawing) as is
indicated by Fitzpatrick (1956), Smalley and Davin {1983}, Payton (1983),
and others mentioned in the excellent review of Van Vliet-Lano# (1985). This
very dense microstructure at micro aggregate level contributes to lower
moisture contents at various pF wvalues for the Late Weichselian material,
which lead to lower amounts of available moisture {AM) being stored between
pF2 and pF4.2. High bulk densitles have also been reported by Schrider
(1979) from West Germany from well-drained Welchselian Rhine soils. These
differences are very strongly discrimipnating, especlally at the level of
aggregates, and this points to the importance of microstructural aspects.
When the volume of material investigated {s increased (core samples) this
difference 1is 1less striking, because additional 1influences such as
blological activity and macro structural aspects influence the moisture
characteristics. The improved drainage since about 1950-1960 of areas with
dominantly Late Weichselian MB soils has resulted in increased worm activity
and deeper rooting as well as in the development of a macrostructure as a
result of stronger and more frequent drying. Although the saturated
hydraulie conductivity of Late Weichselian scils measured in situ in fileld
columns is still significantly lower than that of Holocene soils, the level
of hydraulic conductivity in Late Welchselian solls 1s no longer critical,
as described by Koenigs (1949), Schelling (1951} and Pons (1957).

The differences In 'stugheid' (resistance to deformation — Koenigs, 19%49;

Schelling, 1951 and Pons, 1957) are no doubt related to the dense
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microstructure and firm consistence. The described difference has not been
proved unambiguously by tests (shear strength, unconfined compression tests)
quantitatively hecause of the small numbers of samples analysed and a 1lack
of suitable methods to measure such a complex property. Yet, the true Late
Weichselian members (HB and MB) demonstrated a certain shear strength of
condensates at higher moisture contents than the Holocene materials (and
LG)}. Additional research and improved methodology are required.

The measurements of the structural stability of natural aggregates (wet
sleving, end-over-end shaking, raindrop resistance and slaking test)
demonstrated very convincingly that Late Weichselian aggregates, when air-
dried,are strongly susceptible to destruction. This is because of the effect
of air explosion (Janse and Koenigs, 1963; Bolt and Koenigs, 1972; Koenigs,
1961, 1972; Strocsnijder and Koorevaar, 1972; Brewer and Blackmore, 1956;
Lafeber, 1964, 1974) which is caused by a high degree of reorientation and
the high aggregate bulk density, the low pore volume and the absence of
sufficient amounts of stabilizing organic matter of a pgood quality and
favourable distribution (Emerson, 1959; Halma ef al., 1978). When the
aggregates are carefully moistened and desorbed to pFZ without structural
deterioration, then the results of the same tests are no longer
significantly different. This agrees with experimental results on the
susceptibility to slaking and subsequent ercosion of loess soils (Xoenigs,
1975), The extreme drying experlienced by the Late Welchselian solils In the
Late Weichselian period and the repeated freezing and melting caused the
extreme density as well as the reorientation patterns observed in the
microstructure (Fig. 29). Methods to improve the poor structure stability
inelude the application of sufficient organic matter of good quality but
also, and equally importantly the thorough incorporation of mineral and
organlc materlal to great depth. This cannot be done mechanically, but only
biologically (e.g. by earth worms - Hoeksema, 1953; Hoogerkamp et al., 1983,
and Van de Westeringh, 1972). The farming system thus has to maintain
adequate levels of populations of the meso— and macrofauna, but this should
also be supplumented by regional measures such as improving the drainage.
The role of CaC03 is questionable. For the Late Weichselian soils, liming is
needed to raise the low pH and to improve the cation composition on the soil
complex and on the organic matter. In the Holocene calcareous soils, higher
levels of CaC03 did not correlate with Iimproved structure stability; this
agrees with the result obtained by Kemper and Koch (1966).
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The soil tillage tests (micro-tillage test, Atterberg limits) on aggregates
did not all yield statistically very significant results. This is because of
large variety in measurements (the result partly of differences in land use
and partly of other wvariables, such as depth, which have not been analysed
fully). Also, toc few samples were investigated. The field situation needs
to be monitored by field experiments, to wvalidate the following tentative
conclusions. The Atterberg limits indicate significant differences between
Late Welchselian and Holocene soil material. The plasticity range for Late
Weichselian material is narrower and in contrast with the Holocene soil
material, this material lacks a non-sticky plasticity range. The micro-
tillage test revealed systematic differences between Late Weichselian and
Holocene natural aggrepates which were not statistically significant at 9%5%
level, however, because of the large standard deviatlions. The Late
Weichselian material must be drier for acceptable tillage results at the
critical moisture content on the wet side. Higher moisture contents cause
puddling related to the highly reoriented microstructure. Statictieal
analyees confirmed the existence of significant differences between the Late
Welchselian and Holocene so0il groups and subgroups. The 5 explanatory
varlables {clay, silt, sand, organic carbon and CaC04) were found to
contribute strongly to the varlance explained. Clay and organic carbon,
sometimes in alternate order and sometimes with sand instead of clay,
explain 70-90% of: the variance in particle density; linear extensibility,
moisture characteristic from pFl through pF4.2, stability data (mean weight
diameter, raindrop resistance, slaking class of air-dried samples); and the
result of the micro-tillage test (moisture content at UTL). In general, the
Holocene samples have a higher wvariance explained than the Late Weichselian
samples. The level of variance explained in the bulk density and pore volume
data of cores and aggregates 1s wmuch lower (40-60%), and the difference in
variance explained between Late Weichselian and Holocene samples is much
larger (10-30% and 45-75%, respectively). This is the result of other
factors not taken into account, e.g. level of bilolegical activity, drainage
position, depth, land use. The findings for the stability data on pF2
samples were similar. The striking differences in variance explained with
regard to available moisture between pF2 and pF4.2 for core samples and
aggregate samples 1illustrate that the material characteristics are most
clearly expressed in the case of the smaller aggregate samples i.e. result

from particle to particle interaction (Van Oort, 1979, 1980).
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This corroborates the results of the discriminant analyses (Table 78), where
discrimination between the Late Weichsellan and Holocene groups based on the
physical characteristics is best for the aggregates (AGGR.DAT). Aggregate
stability (STAB.DAT) and linear extensibility of condensates (SWELL.DAT)
also discriminate very well. The Atterberg limits (ATT.DAT) discriminate the
Late Weichselian group better than the Holocene group. The core sample
characteristice of the Late Weichselian group is very characteristic in

contrast to that of the Holocene group (CORE.DAT).
Table 78. Correct classtfication (X} according to disceiwinant analyais of

the physical daca sets.

GROUPING Weichselian Holocene
DATA SET

SWELL .DAT 77 88
ATT.DAT &7 50

AGGR ,DAT 95 85
STAB.DAT 82 77
CORE.DAT 89 3

In conclusion, it 1s clear that the Late Weichselian soils and soil material
differ in many aspects from the Holocene soils and soil material. Late
Weichselian soils and soil materials have less favourable properties for
agriculture than Holocene soils and soil material because of differences in
textural characteristice, and the quantity, quality and distribution of
organic natter.

Advanced polygenetic soll formation 1is responsible for differences in clay
mineralogy and chemical properties such as CEC-clay , pH-KC1l and base
saturation. The very dense, rigld wmicrostructure and highly reoriented
plasmic fabric of the Late Weichsellan deposits also result from soil
formation, and negatively affect the bulk density, pore volume and water
retention characteristlics. These naturally compacted soils are beyond the
acceptable limits of compaction (Boone, 1986). This alsc holds true for
basal tills (Schwan et al., 1977) presumably through similar mechanisms. The
argillic B-horizom in the Late Weichselian soils contributes only slightly
to the differences in physical properties. The structure stahility ({slaking
susceptibility) is weak in the Late Weichselian soils, especlally after
prolonged dry periods and under arable land. Tillage properties of Late
Weichselain so0ils are less favourable as regards a narrower range in
moisture content for acceptable tillage vresults, a 1lack of non-sticky
plasticity and at higher woisture contents puddling because of the highly

reoriented plasmic fabric.
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To 1improve the Late Weichselian seils it 1is imperative to supply organic
matter of good quality and maintain high levels of biological activity
(meso— and macrofauna) to incerporate mineral and organic matter thoroughly
to great depths. Liming is needed to ralse the low pH and restore a
favourahle complex composition. Grassland wuse is recommended, either
permanent grassland or ley in the crop rotation for the MB soils. The HB
s0olils have the best potential for arable cropping, as {is well known and
practised. Field experiments and monitoring of field situations are needed,
to validate the abowve conclusions and to obtain data on the impact of the
limitations of relevant land qualities for different land wutilization

systems.
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6. SUMMARY

Late Weichselian braided river deposits and Holocene meandering river
deposits of the Rhine in the Netherlands are studied and compared. The
sedimentation profile demonstrates four different deposits: stratified very
gravelly coarse sands and sandy gravels (I) from a gravelbar system are
overlain by stratified coarse sands without gravels, passing into stratified
finer sand sometimes with clayey laminae (II), in turn overlain by loamy
sand to clay=-textured deposits (III). Deposits I, II and III are Late
Weichselian. The lateral and vertical variations point to braided river
sediments, dated palynologically as Late Weichselian.

Detailed soil wmapping (1:10,000) i1is very difficult because of these
variations; the best results are obtained with a legend based on hydrology.
This enables a distinction to be made Into well-drained brown soils (HB),
imperfectly drained mottled sofls (MB) and poorly drained grey soils (LG) of
varying textures in the Late Weichsellan deposits. The Holocene -clayey
deposits (IV) overlie the Late Welchselian deposits close to the terrace
crossing as a thin veneer, further West this deposit from a meandering river
shows lateral variations between levees and backswamps, plus vertical
variations, notably within the levee soils. The Holocene soils have been
subdivided into somewhat older non calcareous s80ils (Ca0) and young
calcareous soils {(Cal) varying in texture and hydrology. Based on the field
investigations, 16 Late Weichselian reference profiles and 6 Holocene
reference profiles are studied. For Late Weichselian soll material, particle
size distribution demonstrates a bimodal frequency distribution of particle
size, less silt, coarser sand, a higher ratio of clay to fine silt, and a
worse sorting than in the Holocene soil material (Chapter 2).

Conclusions on soil formation are drawn from macro- and micromorphology,
clay mineralogy and soil chemistry. The intensity and chronology of seoil-
forming processes like weathering, decalcification, clay illuviation and
groundmass 1lluviation, pseudogleying and gleying, biological activity,
human activity and physical reorientations resulting from stress and
friction are documented and discussed for the Late Weichselian and Holocene
reference profiles. The c¢lay mineralogy of the Late Weichselian soils
demonstrates aluminfum—interlayered smectites and vermiculites in the HB
profiles and in the upper layers of the MB profiles, in contrast with the LG

ptofiles and the Holocene profiles. The Late Weichselian solls demonstrate
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lower pH-KC1 values (around 4.5) than the Holocene soils (6.0-7.5), low
amounts of organic matter which 1s of poor quality and differently
distributed, lower CEC and base saturation, and appreciable amounts of
exchangeable MM and WY, The advanced soil formation in Late Weichselian
s0oils thas produced soils with an argillic thorizon (HE and MB:
Alfisols/Luvisols) with occasionally low to very low base saturation
(Ultisols/Acrisols) with strong expression of pseudogleying in the MB soils
(Aqualfs/Podzoluvisols). The LG solls are Aquepts/Aquolls or Eutrie
Cambisols/Gleysols. The Holocene solls are Inceptisols/Cambisols or
Mollisols/Phaeozems (Chapter 3).

Data on the physical characteristics and behaviour of ground fine earth,
natural soll aggregates, core samples and soil columns are discussed. Late
Weichselian and Holocene soll material have the same particle density; this
agrees with their essentfally similar mineralogy. The difference noted in
clay mineralogy 1s also reflected in the slightly lower linear extensibility
of the Late Weichselian samples. However, the very dense, rigid
microstructure and very firm consistence limits the volume changes and thus
the elasticity of the so0il; this is concluded from the measured and
calculated linear extensibility of condensates and natural aggregates. In
the field this leads to a better capillary rise because of less horizontal
eracks and therefore the land quality molsture availability 1is better for
the Late Weichselian solls than for the Holocene soils despite their lower
avallable water content between pF2 and pF4.2. There are very clear
quantitative differences between Late Weichselian and Holocene soil
materials in their natural structure. Aggregates and cores of Late
Weichselian material have high bulk densities, low pore volumes and low
moisture contents at the various pF values. The differences are more marked
in the natural aggregates than In the cores and relate to particle to
particle interaction {microstructure). The low available moisture between
pF2 and pF4.2 for the Late Weichsellan aggregate samples 1s strongly
discriminating in contrast to that of core samples. Data on structure
stability indicate a lower structure stability for the Late Weichselian
samples when determined from air-dried material, but hardly any difference
when structure stability 1is determined at pF2. Air explosion has been and
still dis an important mechanism in the structural deteriocration of Late
Welchselian soils. In the periglaclal conditions of the Late Welchsellan

extreme drying {(freezing) commonly occurred followed by sudden wetting
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(melting). Soil tillage characteristics demonstrate the absence of a non-
sticky plasticity range and a narrower plasticity range for the Late
Weichselian material, in contrast to the Holocene material. The results of
the microtillage test indicate that Late Weichselian soils have to be drier
to give a desirable tilth, but the large standard deviations preclude
statistical significance at the 95% confidence level. Such large standard
deviations are also noted for measurements of soil strength and air
permeability; these also showed the less favourable character of the Late
Welchsellan material. The quantified differences in physical characteristics
and behaviour between Late Weichselian and Holocene samples are
statistically highly significant, and the varlance can largely be explained
by textural characteristics and organic carbon. The linear extensibility,
Atterberg limits and aggregate characteristics strongly discriminate between
Late Weichselian and Holocene fluvial Rhine soils, and the results from core
samples are very characteristic for Late Weichselian soils as demonstrated
by discriminant analysis. Saturated hydraulic conductivity is significantly
recorded are no longer critical, because of the strongly increased earthworm
activity following the recent improvement of the drainage of large areas
(Chapter 4).

The longer perlod of soll formation and, even more the dramatic processes in
the Late Weichselian period mean that the Late Weichselian soils have
advanced soil formation {(clay mineralogical changes, chemical changes,
microstructure changes, clay 1illuviation). Their less favourable physical
characteristics and behaviour (structural stability and tillage behaviour)
compared to Holocene soils are caused by the differences 1im texture,
quantity, quality and distribution of organic matter and the very dense
highly reoriented microstructure. The MB soils should be used for permanent
grassland or ley is recommended in the crop rotation, to iIncrease levels of
biological activity, organic matter and incorporation of mineral and organic
material to greater depth. This seems the only way to lasting lmprovement of
these imperfectly and poorly drained Late Weichselian MB soils which are
compacted by natural soil-forming processes that have mot been counteracted
by biological activity. Very recently improved drainage of large areas of
Late Weichselian MB solls has already increased the saturated hydraulic
conductivity to non—critical levels through Increased worm activity to 1-2

metres depth (Chapter 5)}.
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7. SAMENVATTING

Rijnafzettingen in Nederland van een verwilderd riviersysteem uit het Laat
Weichselien en van een meanderend riviersysteem uit het Holoceen zijn
bestudeerd en vergeleken. Dwarsdoorsneden demonstreren 4 verschillende
afzettingen: gelaapde grindige grove zanden en grofzandig grind (I) van een
grindbanken systeem zijn overdekt door gelaagde grove tot fijne zanden
zonder grind soms met dunne kleilenzen (II} met daarboven zandige tot
kleiige afzettingen (IIT) uit het Laat Weichselien. De laterale en verticale
variaties wvan de afzettingen I, II en TIII duiden op een verwlilderd
riviersysteem dat via pollenanalytisch onderzoek als Laat Weichsellen is
gedateerd. Bodemkartering zelfs op een schaal wvan 1:10.000 van deze
afzettingen uit het Laat Weichselien 1s zeer moeilljk vanwege deze laterale
en verticale variaties. De meest bevredigende resultaten zijn berelkt met
een legenda gebaseerd op hydrologie. Op die wijze kan men goed gedralneerde
hoge bruine gronden (HB), imperfect gedraineerde middelhoge gevlekte of
bonte gronden (MB) en slecht gedraineerde lage grijze gronden (LG) wvan
verschillende zwaartes onderscheiden binnen de gronden wuit het Laat
Weichselien. Dicht bij de terrassenkruising 1liggen dunne Holocene
afzettingen (IV) op de afzettingen ult het Laat Welchselien. Verder naar het
Westen wordt het Holocene pakket dikker en vertoont het de laterale
differentiatie tussen oeverwallen en kommen die kenmerkend 1is voor
afzettingen van een wmeanderende rivier. Binnen de stroomruggronden treden
ook verticale varlaties op. De bemonsterde Holocene gronden zijn te verdelen
in oudere kalkloze pgronden (Cal) en jonge kalkhoudende gronden (Cal) met
variaties in zwaarte en hydrolegie. Op basis van veldonderzoek zijn 16
referentieprofielen van de afzettingen uit het ZLaat Weichselien en 6
referentieprofielen van de Holocene afzettingen bestudeerd en vergeleken. De
afzettingen wuwit het Laat Weichselien demonstreren een tweetoppige
korrelgrootteverdeling, minder silt, grover zand, een hogere lutum/slib
verhouding -en een slechtere sortering in vergelljking met de Holocene
afzettingen (Hoofdstuk 2).

De conclusies wvan de bodemvorming zijn gebaseerd op macro— en
micromorfologisch, kleimineralogisch en chemisch onderzoek. De intensiteit
en chronologie wvan bodemvormende processen als verwering, ontkalking,

kleiinspoeling en grondmassa inspoeling, pseudogley en gley, biologische
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activiteit, activitelt wvan de mens en plasma herorientaties ten gevolge van
fysische processen van druk en frictie in de referentieprofielen uit het
Laat Welchselien en het Holoceen =zijn beschreven en besproken. De
kleimineralogie van de gronden uit het Laat Weichselien toont smectiet en
vermiculiet met aluminium tussenlagen in de HB profielen en de bhovenste
horizonten wvan de MB profielen, In tegenstelling tot de LG profielen en de
Holocene profielen. De gronden uwit het Laat Weichselien worden daarnaast
chemisch gekenmerkt door lagere pH-KC1l waarden {rond 4,5) dan de Holocene
gronden (6,0-7,5), lagere gehalten aan organische stof van een slechtere
kwaliteit en een ongunstiger verdeling dan in de Holocene gronden, een
lagere CEC en basenverzadiging en aanzienlijke hoeveelheden uitwisselbaar
aluminfum en waterstof. De intensieve bodemvorming Iin de HB en MB gronden
uit het Laat Weichsellen heeft geleid tot gronden met een briklaag (argillic
horizon). Daardoot worden deze profielen geclassificeerd als
Alfisols/Luvisols, soms met een zo lage basenverzadiging dat het
Ultisols/Acrisols zijn en met in de MB profielen uitgesproken pseudogley
invleed (Aqualfs/Podzoluvisols). De LG profielen =zljn Aquepts of
Aquolls/Eutric Cambisols aof Gleysols. De Holocene profielen =zijn
Inceptisols/Cambisols of Mollisols/Phaeozems (Hoofdstuk 3).

Data over de fysische eigenschappen en het fysisch gedrag van gemalen grond,
natuurli jke bodemaggregaten, ringmonsters en bodemkolommen zijn besproken.
De dichtheld van de vaste fase verschilt niet tussen bodemmateriaal uit het
Laat Welchselien en het Holoceen; dit 1is in overeenstemming met de
vergeli jkbare mineralogische samenstelling. Het wverschil in kleimineralogle
uit zich in een iets kleinere lineaire zwel van de monsters uit het Laat
Welchsellen. De zeer dichte, nilet elastische microstructuur en de specifieke
consistentie ('firm to wvery firm') verhindert dat volume veranderingen tot
uitdrukking komen. Dit kon worden afgeleid uit de gemeten en berekende
lineaire zwel van condensaten en natuurli jke aggregaten. In het veld leidt
dit tot een betere capillaire opstijging door minder horizontale
scheurvorming, waardoor de wvochtbeschikbaarheid van de gronden uit het Laat
Weichselien beter is dan van de Holocene gronden, ondanks de geringere
hoeveelheid beschikbaar vocht tussen pF2 en ©pF4,2. Materiaal met een
natuurli jke bodemstructuur uit gronden van het Laat Weichselien en het
Holoceen vertoont quantitatief duideli jk aantoonbare verschillen in fysische

eigenschappen. Natuurlijke bodemaggregaten en ringmonsters van het Laat
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Welchselien hebben in vergelijking met Holocene monsters een hoge dichtheid
van de grond, een laag porienvolume en lage vochtgehaltes bij de
verschillende pF waarden. De verschillen zijn uitgesprokener naarmate het
bemonsterde volume afneemt (aggregaten t.o.v. ringmonsters) en zijn een
gevolg wvan iuteracties op deeltjes niveau (microstructuur). De hoeveelheid
beschikbaar wvocht tussen pF2 en pF4,2 van monsters uit het Laat Weichselien
is voor aggregaten duidelijk kleiner dan van monsters uit het Holoceen,
terwijl een dergelijk verschil niet overtuigend kon worden aangetoond in
ringmonsters. Structuurstabiliteits karakteristieken wvan aggregaten uit
gronden uit het Laat Weichselien tonen alleen een geringere
structuurstabiliteit in vergelijking met Holocene aggregaten indien deze
bepaald is aan luchtdroge aggregaten. Voorzichtig voorbevochtigde aggregaten
(pF2) vertonen nauwelf jks wverschillen. Luchtexplosie 1is een belangrifke
porzaak veoor het structuurverval van gronden ult het Laat Weichsellen reeds
in de periglaciale omstandigheden van het Laat Weichselien. Extrene
vitdroging door vorst en plotselinge herbevochtiging bij het smelten kwam
geregeld voor in de periglaciale omstandigheden van het Laat Weichselien. De
afwezigheid wvan plastische vervormbaarheid =zonder kleef en een nauwer
vochttraject wvan plastische vervormbaarheid bij materiaal wuit het Laat
Welchselien dan blj materiaal uit het Holoceen 2zijn wvan belang wvoor de
grondbewerking. De resultaten uilt de 'micro tillage test' suggereren dat het
materiaal van gronden ult het Laat Weichsellen verder moet ultdrogen om een
aanvaardbaar grondbewerkingsresultaat te geven dan Holoceen materiaal. Door
grote standaardafwijkingen kon dit echter niet met 95% betrouwbaarheid
worden geconcludeerd. Door het voorkomen van grote standaardafwijkingen
konden de minder gunstige eigenschappen van de gronden wuit het Laat
Weichselien met betrekking tot afschuifweerstand em luchtdoorlatendheid niet
met 95% betrouwbaarheid worden geconcludeerd. De quantitatieve verschillen
in fysische eigenschappen en fysisch gedrag van monsters van gronden uit het
Laat Weichselien en ult het Holoceen zijn statistisch zeer significant en de
variatie kan grotendeels worden verklaard door textuur karakteristieken en
organische stof. De lineaire zwel, Atterbergse waarden en aggregaat
eigenschappen discrimineren sterk tussen fluviatiele Rijnafzettingen uit het
Laat Weichselfen en het Holoceen, terwijl de resultaten wvan de
ringbemonstering zeer karakteristiek zijn voor de gronden uit het Laat
Weichselien  zoals bleek  uit diseriminant analyse. De verzadigde

waterdoorlatendheid, gemeten aan ongestoorde grondkolommen, van de gronden
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uit het Laat Weichsellen 1s significant lager dan die wvan de Holocene
gronden, hoewel de gemeten minlmum waarden niet meer problematisch zijn. Dit
komt door de sterk toegenomen wormactiviteit na grootschallige verbetering
van de ontwateringstoestand tijdens ruilverkavelingen in gebleden met

imperfect gedralneerde (MB) gronden ult het Laat Weichselien (Hoofdstuk 4).

De langere periode van hodemvorming en met name de dramatische processen in
het Laat Welchselien verocorzaken de Intemsieve polygenetische bodemvorming
in de gronden ui het Laat Weichselien (veranderingen in kleimineralogile,
chemische veranderingen, veranderingen in microstructuur, kleiinspoeling. De
ongunstiger fysische eigenschappen en het ongunstiger fysisch gedrag
vergeleken met Holocene gronden worden vercorzaakt door verschillen in
textuur, hoeveelheid, kwaliteit en verdeling van organische stof en de zeer
dichte, niet elastische microstructuur met veel herorientaties. De MB
gronden uit het Laat Welchselien zouden gebruikt moeten worden als permanent
grasland of als bouwland met regelmatige kunstweide ter bevordering van het
niveau wvan blologische activiteit, het gehalte aan organische stof en de
menging tot grote diepte van mineraal en organische materiaal. Dit 1lijkt de
enige manier tot blijvende verbeting wvan deze 1imperfect en slecht
gedralneerde MB gronden uit het Laat Weichselien die door natuurlijke
bodemvormende processen verdicht zijn, terwijl bhiologische regeneratie niet
heeft plaatsgevonden. De recentelijk verbeterde ontwateringstoestand van
grote gebleden met MB gronden heeft door een verhoogde wormactiviteit tot 1-
2 meter diepte de verzadipgde waterdoorlatendheid al verhoogd tot niet langer

problematische waarden. (Hoofstuk 5).
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APPENDIZX A

REFERENCE PROFILES

a. Profile description (according to FAQ, 1977)

b. Parcicle size disrribution

c. Chemical datz (according to Begheifjn, 1980)

d. Total chemical composition of the clay fraction (according to Beghel jn,
1980)

e. Physical characteristics (horizon averages and averages of core samples)

f. Micromorphological observations (according to Brewer, 19%64; Bullock et

al., 1985 was not yet available at the time of description).

Climatic data for all reference profiles.

Climatfic data De Bilt (average 1951-1%80)

i f ® a m i i a 8 © n d year
temperature (“C) 2.0 2.3 4.8 8.0 12.1 15.2 16.6 16,4 14,0 E0.3 5.8 3.2 9.2
precipitation (mm) 66.6 50.3 51.3 52,3 54.1 69,5 76.8 88,2 64,9 68,9 4.7 T78.6 T96.2
evsporation (mm} 2 13 42 71 105 119 111 90 57 25 7 1 642

Key to seml quantitative micromarphologlcal presentatlon

Syabal ctera Group of features

— —=— falnt gkelecon gralna, plasma

— discinet reorlentatlons, pedorelicts

= prominent sedlmentary rellces

- === few volds

——=  Comwon tedlstributions, cencentratlons, biefilchorellects
many except {lluviaclon phenomena

- = — - weak (0.3-1.0% v/v) i1lluvlacion phencmeaa of

—_—— medium (1.0-4.0% v/v) £lay and groundmass

— strong (4.0-7.0% v/v) components (quantifled by polat countlng)

B very scrorg (O 7.0X v/iv) quantitative llalta ¢f. Mtedema and Slager (E972)
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A.1, BEUMEN 1

aa

Profile description

General data

1.

2.
3.
4,

Location: Topographical map of the Netherlands, scale 1:25,000
(1967), sheet 46A, coordinates: N 420,740; £ 186.150.

Date of description: 26-8-1974,

Described by: Th. Pape and E. van Engelen.

Mapping unit: HL 1.

S50il site characteristics

1.

G.

Classification:
a. according to FAO-Unesce (1974): Orthic Luvisol,
be according to the.Soil Taxonomy (1975): Plaggept.
c. according to De Bakker and Schelling (1966): Tuineerdgrond.
Land use: fallow during the previous month, preceded by winter
barley.
Geology: coarse-textured late Weichselian Rhine depesit.
Physiography: higher part of a weakly undulating landscape of a
braided river system,
Relief: subnormal.
Slope: level to nearly level, class A,
Altitude: 10.5 m + NAP (Amsterdam Ordnance Datum}.
Hydrology:
a. S0il drainage class: well drained
bs Groundwater level:
presumed highest: 100 em below the soil surface
presumed lowest : 250 cm below the soll surface
actual : 250 cm below the soil surface
c. Artificial drainage: none
d. Flooding: none
Evidence of human activity: charcoal, baked loam and pottery sherds
from 0~70 cm

Description of the soil horizons

Ap

Ahl

Ah2

0-30 cm: loamy sand; 10 YR 3/3 (moist); few charcoal, baked loam

and pottery sherds, weak very fine to coarse subangular
blocky structure; few large and few to common fins
biopores; many very fine and few fine roots (0-10 em),
common very fine roots (10~30 cm); friable; gradual and
smooth to:

30=-55 cm: sandy loam; 10 YR 4/4 (moist); few charcoal, baked loam

and pottery sherds; small dark spots {(end of biopores,
containing organic matter); very weak very fine to medium
subangular blocky structure, tending to a sponge
structure; common large and many fine biopores; common
fine roots; friable; few fine gravel; high biological
activity; plough pan in the upper part of the horizon;
gradual and smooth to:

55=70 cm: sandy loam; 10 YR 4/4 (moist); few charcoal, baked loam

and pottery sherds; small datk spots {ends of biopores,
containing organic matter); very weak very fine to medium
subangular blocky structure tending to a sponge
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70-95 cm:

2Btg  95-130 cm:
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structure; common large and meny fine biopores, common
fine roots; friable; few fine gravel; high biclogical
activity; gradual and smootbh to:

loamy sand; 10 YR 4/4 (moist}; light and dark parts
(biclogical activity); small dark spots (ends of
biopores, containing organic matter); very weak very fine
to medium subangular blocky structure tending to a sponge
structure; common large and many fine biopores; common
fine roots; friable; few fine gravel; high biclogical
activity; clear and wavy to:

stratified (partly), both sedimentary and due to clay
illuviation; 10 ¥R 5/6 (moist); many medium to coarse
faint irregular 7.5 YR 5/4 (moist) parts {presumed clay
illuviation); common fine to medium faint to distinct
irregular 7.5 YR 5/6 iron mottles; few fine prominent
irregular 10 YR 2/] Mn concretions; sponge structure;
many fine biopores; few fine roots; firm; gravel and
coarse sand at 160 cm.

b. PARTICLE SIZE DISTRIAUTION

Ssapie  Depth Horizoa Parzicla aize classes in W 50
[ =T LT ST I R T RS TSN i R i v S aand
= X H 105 150 210 100 420 (1] 850 1200 1700 C1bim traction
75184 - 30 ap 9.1 9.8 B0.% 9.3 6.7 3.1 Lo 2.9 9.3 1e3 161 4n.7 LS &8 1.9 - 0.58 274
7S/85 30~ 55 anl 0.8 10 760 10,5 8.5 43 30 w@ 1L 2. 163 19 LS 1.7 0.7 - a.58 208
75/86 55 10 AR 9.7 127 77.6 9.7 7.6 5. 3.9 &0 1T 0.4 180 116 3.2 0.8 0.3 - 9.56 196
IS8 T0- 95 e 7.6 125 19.9 7.6 7.6 5.1 3.5 49 1% 25.0 198 103 2.4 0.5 - - 9.51 196
T5/88 95130 2Beg 1.4 30,4 50.2 19.h 131703 7.8 7.% 5.8 120 4.2 L9 0.6 - - - 0.60 i3
i i 1 1 i 1 1 Ly | ll1
. %< gm
sampla / deposit L
1,2,3,4,5 = 111 =1
- 5
- 10
- 20
q - 30
%> L] - a0
S0 - 50
40
304
1
204 —
10 2
— 3
5 :::::4
" .,."/5
25 8
T T T T T —T T |
300 pm 42Q particle size 300 21d 150 105 75 50 35 16 42
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Senple

Bepth

Husus CeCOy

pi-

CEC/moll CECfclay Exch.

Each, schdity

Lzcatt 1iamp?t mat

waol/kg  moolfkg

[

o sua 173 a3t

W

73784
7583
75186
75407
73188

EuwEw

e talnis

50 5% 43
22 (3 4
19 196 -
13 121 -
(3] 3% [1]

Reerm

1z
3

1"n2

d. TOTAL CHEMICAL COMPOSITION OF THE CLAV FRACTTON

Saaple

Depth

S100 Al,0; PeyOy Fed

MnG  Mg0  CaC

o0

T40,

ax0*™* n20* CEC/clay®

75/84
153/85
?5/86
2582
73/88

- X
30~ 53
55 70
0= 35
95-130

6.1
&1.80 21.21
4%.A2 21.66
44.89 2l.30
a3, 72,75

17,17

.33 1,00 0.3
0.5 130 O.i4
0.90 L.37 037
472 hLal 0,47
.13 2.08 0.0%

0.5

13,50 16.29
8.26 10.2)
.55 9.5
7.8 0.29
Loab 8.66

e, PHYSICAL CHARACTERISTICS {horizon aversges

**** and averages of 5 core esmples

wakh

l

Pepth  Horizon Tewture ( pm } Homu Bulk Farticle FPore Molsture content Avgiisble eclsture
4 2-50 350 denmgty volume F1g] PFT  pré.3 VpFi-VpFe.3 .2
o kgin 1 Kutu iy ron/ 10cm
0- 30 Ap 1510 500 41.B 15.3 it.s ] 3.8 2%.0
- 55 M 5% 2660 42.4 164 17.0 3 2.5 4.9
55~ 70 Ah2 M» 2660 46.4 12.2 17.4 3 11.9 0.9
70- 95 & 1500 2610 44,0 1.9 1.9 7 13.2 9.
95-130 g 1580 220 42.0 [L3%:] 2.0 0 2.8 3.0
I w140
5 10 1490 2600 4.6 15,6 3. 8 10.3 9.2
15~ 20 1330 2600 4.0 14,4 2.0 8 2.1 18.0
- 30 1520 2600 41,7 13.0 6 ] 6.8 23,1
35— 40 153 2660 42.4 11,1 .0 .5 3.5 5.4
53 40 L1440 2660 45.8 12.2 -5 5 1.1 28.2
65 7% 1410 2660 A7 12.2 2 5 1.7 29.9
B3> 90 L5300 2670 44,0 n.s .9 7 13.1 6.1
95-100 1530 2720 43.8 "n.a .9 L 4.9 5.9
105~-250 1540 2120 )5 e o4 1] 2.5 2.2
113-120 1670 720 38.7 12.3 9 ¢ 15.9 9.3

"
ans

celculasced Erom adsorbed yoel®

wum over profile depth
Ba0) Flguren exceptionally high, due o poor washing sfrer Ba—naturatfon (7).
#A%% Colculstione with rounded average may cavee JLEfarences of some decloals.
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f. MICROMORPHOLOGICAL OBSEiﬁATIONS

GROUNDMASS

Skeleton grains
basic distribution

pattern....... e

Plasma

plasmic fapric............

basic distribution

pattern...... T

Voids
type....

SPECTIAL F

- Heumen I

depth below surface (cm)

H 50 190

horizon

B | AT [ Ahz] 7E 2Bty

thin section |74

L2ar] 242 ] 243 2441245 [ 2461 247 ] 2487

random
clustered
banded

asepic
sepic
crystic

random
clustered
banded

packing voids {simple)
vughs
channels

planes leraze)

T URES

Concentrations
cutanic features

cutans....... er e

subcutanic features

neo-cutans,,......

quasi-cutans............

gtaebules

nodules ..oooeeaee...

PapUIES (v rieiaaes

crystallaria

crystal tube/sheet...

Regrientations.................

Redistributions

pedotubules..................

fecal pellets...........

Inherited features

Vithorelicts...............

biorelicts...............

pedorelicts

sedimentary relicts

free grain ferri-argillans
fres grain argillans

void ferri-argiltans

void argillans
matri-ferri-argillans
matrans

calcitans

free grain ferrans

neo ferrans
neo mangans
neo cal¢itans

quasy ferrans
quasi mangans
quasi ferri-argililans

ferric nodules
manganic nodules
calcitic nodules

ferri-argillic papuies
argillic papules

calcite {€aC0,)
pyrite (FeSE)

skelsepic
qlaesepic
vosepic
insepic
onmnisepic
masepic

granatubules
aggrotudbules
{sotubules

organic fecal pellets
matric fecal pellets

volcanic fragments
pumice tuff

plant remains
charcoal

snail shells
calcite

anthropic fragments
sugar sludge Time

v e mn e ————O e

- . ——————
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A.2 HFUMEN II

a., Profile description

General data

1. Location: Topographical map of the Netherlands, scale 1:25,000
(1967), sheet 46A, coordinates: N 421.010; E 186.070.

2., Date of description: 2-9-1974,

3, Described by: Th. Pape and A.G. Jongmans,

4, Mapping unit: ML 2.

Soll site characteristics

1, Classification:
a. according to FAG-Unesco (1974): Eutric Podzoluvisol
b. according to the Sc¢il Taxonomy (1975): Aeric Ochraqualf.
c. according to De Bakker and Schelling {1966}: Kuilbrikgrond.
2. Land use: fallow during the previous month, preceded by winter
wheat,
3. Geology: medium—textured Late Weichselian Rhine deposit
4, Physiography: lower part of a weakly undulating landscape of a
braided river system.
5. Relief: flat or concave,
6. Slope: level to nearly level, class A.
7. Altitude: 9 m + NAP (Amsterdam Ordnance Natum}.
8. Hydrology:
a. Soil drainage class: imperfectly drained
b. Groundwater level:
presumed highest: 30 c¢m below the soil surface
presumed lowest: 130 cm below the soil surface
actual: 130 cm below the surface
c. Artifical dralnage: none
d. Flooding: none
%, Evidence of human activity: pieces of coal in the ploughed laver,
caused by earlier manuring with city refuse.

Description of the soil horizons

Ap 0=-25 cm: clay loam; 10 YR 5/3 (meist); few fine to coarse
prominent irregular black coal fragments; few fine to
coarse distinct parts of material from the underlying
horizon; strong coarse to very coarse compound
prismatic subdivided into weak fine angular and
subangular blecky; many large and common fine biopores;
abundant fine (0-5 cm) and common fine roots (5-25 cm);
firm; few gravel; worm holes, coated with darker
material (10 YR 3/3); clear and smooth to;

Eg 25=40 cm: sandy clay loam; 10 YR 6/3 (moist); many coarse,
prominent, {irregular (locally vertically elongated) 7.5
YR 5/8 iron mottles, locally 'channel neoferrans'; few
fine distinct irregular black manganese mottles;
moderate to strong medium to coarse angular blocky;
many to abandant large and common fine biopores; few
fine roots, mainly concentrated in worm holes; firm;
few gravel; big worm holes coated; clear and smooth to;



Btgl 40=50 cm:

Btg? 50-90 cm:

Btg3 90~115 cm:

2Btg4d 115-130 cm:
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sandy clay loam; 10 YR A/3 (moist); many coarse
prominent irregular (locally vertically elongated) 7.5
YR 5/8 iron mottles, locally 'channel neoferrans'; few
fine distinct irregular black manganese mottles;
moderate to strong medium to coarse angular blocky;
many to abundant large and common fine blopores: few
fine roots, mainly concentrated in worm heoles; firm;
few gravel; big worm holes coated; gradual and smooth
to:

clay loam; 5 YR 5/8 (moist) and partly 7.5 YR 5/6
{moist); 'neoferrans' locally along channels and
cracks; common to many medium to coarse prominent
irregulatr and partly elongated 10 YR 7/1 reduction
parts; few fine distinct irregular black manganese
mottles, locally on ped faces; moderate very coarse
compound prismatic subdivided into moderate medium to
coarse angular and subeangular blocky and some smaller
prisms; many to abundant large biopores and common fine
biopores; few fine roots mainly in worm holes; coarse
dead roots; firm:; few gravel; worm holes coated with Ap
material and biopores, filled with groundmass material
(7.5 YR 6/4); gradual and smooth to:

sandy leam; 10 YR 6/1 (wet); few, 7.5 YR 5/8, 'channel
neoferrans' and few medium faint irregular 10 ¥R 8/6
iron mottles; macrostructureless; common large and few
fine blopores; few fine roots and common dead roots;
non-sticky and nor~plastie; gradual and smooth to:
loamy sand; disturbed stratifiecation; below 130 cm
alternating layers of gravel and coarse sand.

1 1 L 1 1 | I
.l

sample / deposit B
1,2,3,4,5,6 = 111 F 1
7 =11b
% > um
50
40—
30
20
Hlu
5._‘
1,4
14
1)
25 8
T T T T T T T T T 7T tr-l
500 pm 420 particle size 300 210 150 105 75 50 35 16.42
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b. PARTICLEZ SIZE DLSTRIBUTION

Sampla  Depth Hotlzon facticle aize classen in L
< P L] 2 Z-16 16-5¢ 30-75 15~ 105- i;‘& 700~ 300 Ri-  G00- E50- 1200~ Qm sand fraction
105 150 210 300 420 SDD 850 120D 1700 <o p-
] T

75489 - 25 Ay 7.1 29.6 830 .1 5.7 9.9 8 A7 107 (LY 5.0 35 L 10 0.7 0.2 .58 162
75090 13- 40 % 21,1 26,8 321 204 157 1L 5.0 5.8 148 12,5 55 &3 .7 L2 o2 - 0.37 152
5091 §0- 50 Brgl 22.6 28.3 &9.1  22.6 6.8 10.5 &, S.40 1.6 12.9 5.1 &8 32 L2 Q.6 - 0.%7 163
15/92 50- 70 Beg? 3.8 9.0 3.1 318 6.4 107 36 LB 104 9.9 4.0 3.5 2.4 L1 063 - 0.63 181
75/93 70- 90 Ergh 31,0 25,8 42,2 M0 10D B 3B A4 12,0 162 35 L8 05 o - - 0,55 153
I5/94 S0-1i5 Begd 18,3 17.0 €4.7 8.3 %.8 7.2 6,2 7.6 W6 21.0 7.5 L& 0.3 - - - 0.6% 147
1535 1S-130 2hegh 6.4 5.8 87,8 6.4 N2 2.6 2.2 2.3 7. 2.0 3B 134 £.2 - 0.57 23
. CHEWICAL DATA
Ssmple Depth  Morizon Clay Wumua CacDy  pH- CEC/Eoll CEC/clay Bxch. bases Exch.uetdicy Feoly ALyDy
1204t 1zt wat kY sen tamH ur BS  ox dith dith
o T x r [ — mwalikg weol/kg X rox
75789 0 25  Ap 27,1 &0 - %9 91 %% 37 It] T ] E] E) 15 0.7 1.6 13
75/90 25- 40 g 2.1 9.] - 3.9 % 74 37 (U] - 1 48 n ] 61 .8 2.1 0.6
75451 8- 50 Begt 6 0.0 - 1.3 82 363 3 15 - s 1 7 821 1 & L)
75192 30- 70 Brg? e 01 - 3.7 124 90 40 31 - 1 12 15 7 58 1.1 5.7 1.6
715/93 70- %0 Breld 30 B0 - 1.6 146 458 3t 7 - 5 a3 23 6 57 1.2 3.7 i.6
75/94 30115 Beg3 8.3 0.0 - 6l s 464 23 33 - 5 8@ 3 5 706 L1 8.8
75795 115-130 FLITTY 6.4 0.3 -~ L) u L1.0Y 5 13 - 2 0 3 [ 65 6.2 0.5 0.3

d. TOTAL CHEMICAL COMFOSITION OF THE CLAY FRACTINN

Sample  Depth  Hochzon  Clay S10; A1yD; PagDy TeD M  Mab  CaD  Naj0 K0 0, Py05 Wb W0t cRe/elay”

o 1 mea V TRE

73788 =T A T7.5) 14,72 .51 7.3 0.9 0,49 5.2F I0.60 64D
15790 23- 40 B 46.R0 22,61 §,34 2.52 Q.96 0,31 62 BT BGD
75741 s~ 50 Azl 41,61 22.79 16.98 2,66 0.67 0.59 506 9,61 750

?3/92  50- 0 meg?
ERTLE] To- 90 bigl
75494 90-11% begd
75/95 13=130 WBgé

40,37 22.05 13,49
45,17 12,67 11, N
49,45 25.3% 6,83
47.15 15,49 6.4

2.6T 0.61 C.28 5.6 11.02 44
275 N.67 0,25 6.06  9.9% 0
1,62 0,72 0.3 5.63 8,93 144
372 .67 D40 5.60 Do) ne

&. PHYSICAL CHARACTERISTICS (horizon sverspes "% mnd awarspas of 5 core ety

bepth  Worizagn Testure { ym Hump Ptk Farticle Pore Molsture coptent Auelizble wolatuse Mg volune

<T 2-50 >50 densiy  densicy wolume PFZ  prh.? W1 pa.z VpF2-UpFd. 2 pEE N
cm T kg xa/n I Kwiw  Ivlv tenfLaca) x
025 A 7.1 29.6 43,3 4,1 1360 2570 47,1 6.1 13,4 35.0 1.0 16,0 12,2 6.1
25- 40 Tg 21.1 26.5 32.1 0.3 15% 1670 42,7 18.2 B4 27.7 12.9 16.8 13.8 29.8
43~ S0 Begl  72.6 JA.3 49,1 0.0 1620 e 40.4 17,6 107 8.2 189 9.3 12.2 H
S0~ 70 Beg?  31.A 29,1 3904 0. 1720 2750 0.7 LT 47 23R 17.9 9.0 26.9
70- 90 heg?  32.0 25.8 41,2 D0 lé1n 2700 W71, 20,6 14,1 §0.1 0.2 n,1 1.8 7.7
20-115  Begd  18.1 7.0 647 0. 1550 2690 42,5 3.3 6 36.2 9.8 2.4 6.4 2.7
115190 2Begs .4 5.4 B 0,3 1480 2660 is.r 0.7 5.3 16.6 A8 7.8 7.6 .

L
- 3 1250 2570 5004 M 154 7.9 210 16.9 13.5 25,1

13- 20 1470 2570 az.9 21,8 15.4 EENE T .1 10.8 2.1
2%- 10 1450 2670 45.6 0.0 R 29.2 109 16,3 184 9.8
15~ 20 L6in 2670 .9 16.3  Aud 26,2 12,9 12,1 12,6 9.8
45- 50 1620 710 40,4 17,4 11,7 2.2 16,9 9.1 12.2 21.5
83= 7D 1370 2190 50.7 Wk ATk 4.7 2.8 17.9 9.0 6.8
15 80 1510 2700 41,9 2.6 14.3 413 0.2 0.1 1.6 2.7
95-100 1530 2690 0.2 3.7 6.2 16,3 9.8 .56 6.9 12,7
105-115 1570 2690 Q1.8 1.9 6.3 360 9.8 26,2 5.8 3.y
15120 1480 2660 44.2 2.7 59 .6 B 22.8 2.6 5.4

= calculaced fram adsorved 3 paft
e aum over proflle depch
a%s Calculatlans wich rounded averags may csuse diffarences of sond declmsls
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f. MICROMORPHOLOGICAL OBSERVATIONS

GROUNDMASS

Skeleton grains

basic distribution
pattern ......coiiiieiiianann,

Plasma

plasmic fabric.............

basic distribution
pattern.................

Voids

LY PE . vt e

S PECTIAL

A? - Heumen 11

depth below surface (cm)
50 190

horizon

T T fa [Bral Bz | Bia3 Johtel

thin section

72

] 249 f 250 [ 251 ] 252 { 253 [ 254 | | 255 [ 236

random
clustered
banded

asenic
sepic
crystic

randam
clustered
banded

packing voids

vughs

channels

planes {craze}

TURES

Concentrations

cutanic features

subcutanic features

neo-cutans

quasi-cutans............

glaebules

nodules ............

papules............

crystallaria

crystal tube/sheet...

Reorientations...........

Redistributions

pedotubules...........

fecal pellets

Inherited features
lithorelicts.........

bicrelicts.....cc....

pedorelicts

sedimentary relicts

free grain ferri-argiilans

free grain argillans
void ferri-argillans
void argilians
matri-ferri-argillans
calcitans

free grain ferrans

neg ferrans
f20 Mangans
neg calcitans

quasi ferrans
quasi mangans
quasi ferri-argillans

ferric noduies
manganic nodvles
calcitic nodules

ferri-argil1ic papuies
argillic papules

calcite (CaC04)
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snaii shells
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Profile description

General data

Location: Topographical map of the Netherlands, scale 1:25,000
{1967), sheet 46A, coordinates: N 421.,200; E 186,360,

Date of description: 17=-9-=1974

Describted by: Th., Pape and A.G. Jongmans

Mapping unit: kLL 2

Soil site characteristics

9.

Classification:

a. according to FAO~Unesco (1974): Eutric Gleysol.

b, according to the Soil Taxonomy (1975): Typie Haplaquept.

c. according to De Baskker and Schelling {1966): Poldervaaggrond.
Land use: grassland.

Geology: fine-textured Late Weichselian Rhine deposit, overlain by
22 cm fine-textured Holocene BRhine deposit.

Physiography: border of a channel

Relief: flat or concave.

Slope: level to nearly level, class A,

Altitude: 8.5 m +NAP {Amsterdam Ordnance Datum),

Hydrology:

a, Soil drainage class: poorly drained

b. Groundwater level:
presumed highest: 6 c¢m below the soil surface (fossil?).
presumed lowest: 100} cm below the soil surface

actual :

100 cm below the soil surface

c. Artificial drainage: ditches
d. Flooding: none
Evidence of human activity: none.

Description of the soil horizons

0-8 cm:

8-22 cm:

22-40/52 om:

clay loam; 10 YR 4/2 (moist); few fine faint irregular
5 YR 5/8 iron wottles and 'neoferrans'; moderate very
fine to fine angular and subangular blocky; abundant
large and few fine biopores; many fine roots; firm;
abrupt and smooth to:

clay loam; 10 YR 4.5/3 (moist); common fine to coarse
distinet irregular 7.5 YR 5/8 iron mottles; common (5-
10%) fine to coarse distinct irregular, 10 YR 7/2
reduction parts; some charceoal; weak coarse compound
prismatic subdivided into moderate very fine to medium
angular and subangular blocky; ahbundant large and
common fine biopores; common fine roots; firm; very
few gravel; organic faecal pellets or aggrotubules in
worm holes; clear and smooth to:

clay loam; 10 YR 5/2 (moist); common fine to coarse
prominent 10 YR 4/8 ‘'channel quasi- and neoferrans’;
common coarse distinct irregular 10 YR 6.5/2 reduction
parts; strong very coatrse compound prismatic
subdivided into weak medium angular blocky; rootprints



2Bug 40/52-70 cm:

2Cg 70-90 em:

3Cr 90-120 cm:
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on prism faces; abundant large and common fine
biocpores (on and in peds); few fine roots within peds
and common fine roots on peds; firm; few gravel;
faecal pellets and aggrotubules in worn holes; abrupt
and wavy to:

clay loam; 10 YR 6/1 {wet); common fine to medium
prominent 5 YR 5/8 and 2,5 YR 5/8 'channel neo=- and
quasiferrans'; moderate very coarse smooth prismatic;
many to abundant large and common fine blopores; few
fine roots within peds, somewhat more on peds and in
worm holes; slightly sticky and plastic; few gravel;
very few welded faecal pellets in worm holes; with
increasing depth increasing amounts of coarse dead
roots; gradual and smooth to:

clay leam; 10 YR 6/1 (wet); common fine to medium
prominent 5 YR 5/8 and 2.5 YR 53/8 'channel neo- and
quasiferrans'; half ripened macrostructureless
material with some worm holes and root remnants; many
to abundant large and common fine biopores; few fine
roots, in worm holes somewhat more; slightly sticky
and plastic; few gravel; very few welded faecal
pellets in worm holes; with increasing depth,
increasing amounts of coarse dead roots; clear and
smooth to:

sand; 10 YR 5/1 (wet); completely reduced; undisturbed
stratification} common gravel.

3,45 = I
6 = IIa

% = Jm
50
40
304

20+

sample / deposit
1,2 = vt

500 pm

T
420

25 E-l

T ] T T T T roTrm
pirticle size e 210 150 105 75 50 35 16 47
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b. PARTICLE SIZE DISTREBUTION
Semple  Bepth Korkzen Porcic Mg 50
<2 1-15 »30 ] 2-16 16-50 50-15 i 2. sand fracilon
o z ) 105 150 210 300 600 1700 e W
?5(86 o a Ahg 38.9 5.9 25.2 3.9 23,2 2.7 2.4 2.6 6.2 5.2 11 e Lé 0.6 0.5 0.2 0.63 163
15457 &2 g 38.8 330 28.2 3.3 231 §.9 10 33 62 6.8 35 22 L5006 0.6 - G.63 160
T5/$8  22-40/52 AN 3.7 35 27,9 367 24.8 106 3.1 2.9 62 5.0 37 L4 2.2 L2 0.3 - B0 15
15/8%  L0/52-70 3 W5 2.0 22,5 .5 2.1 6.9 &2 1.9 5.3 53 42 48 30 1D 05 - 0.64 180
25/100 76~ S0 ity .5 134 181 28.5 18.3 151 3.9 L0 45 21 3.6 %E 5T 2.1 0.6 - 0.61 285
IS/10L $0-120 3r A 2.0 93 Wi 14 B4 03 0.4 1.2 99 24,9 28,9 164 8.1 3.0 1.4 0.2 S
c. CHEWICAL DATA
Sacple  Dapth Horizon Clay Humus Cally  pH-  CEG/sotl CEC/clay  Exch bages Exch,acid ity Teuly ALzl
¥cL 172ca2t 1ong?t et kY sum 173MLYT W B8 ox  dich dith
ca T % x caol/kg  wmol/kg wmolicg aaol/kg X T
75496 0- B Ahg 3.9 a1 - 5.0 160 il 8l n - - W .3 3 127 1.4 3.9 1.2
75797 B- 22 Adg #4826 - 4.3 150 87 103 1z - - 5 6 ¥ 1.6 3.0 1.2
75/98  22-40/52 2Ahg 3.7 1.7 - 3.9 130 354 57 1€ L2 % 22 € E 0.7 Lz 1.0
73/99  40/52-7C 28wy 8.5 0.0 - 3.8 136 51 30 b1 2 918 27 5 56 0.3 L4 1.4
75100 T0- 90 20y 4.5 0.1 - 1.8 111 389 15 n Lo 6y 21 H 82 0.4 11 L0
isflor 90130 Ice Ll 0.6 - 4. 25 &10 12 13 - o 0.6 4 &8 0.1 0k 0.1
d. TOTAL CHEMICAL QOHPOSITION OF THE CLAY TRACTION
Sample Depth Horizga  Clay 5102 A1203 |r.zuJ FeO Hn0 Mgd Tal  Hagd Kzn uzm CEC,’cllr'
<a z T mmol/kg
75/96 0 8 ang 8.9 45.03 24.84 7,67 O.66 - L.22 0,22 0.3 2.44 0.72 0,52 5.3 11.88 700
75/97 6- 22 Alg 3.8 45.06 24.24 5,53 0,99 0.02 .23 0.30 .27 .51 0.73 0.40 4.83 1077 630
T5/98  22-40/52 Iahg 36.7 45.38 26.38 5.37 0.3 0.0L .17 0.3Z 0.3Z 2.4 (.74 0.27 5.8 J0.62 790
75/98  40/%i-70 ZBug 185 46.96 24.56 6,20 0.41 0.01 K63 0,09 C.37 46 0.71 0,23 5.39 5.8 00
Ti/00 70~ S0 20g 28.5 50.92 21.99 5,15 4.4 0,01 1,61 O.10 0.32 3.83 0.8 0.21 385 7,99 500
73101 30-126 X 4.1 46.98 25.72 6.20 ©0.56 -  1.82 0.04 0.21 361 0.58 0,36 5.03 B.96 660
ok wnx
®. PHYSICAL CHARACTERISTICS (norizon averages' = and averages of 5 vore camplem )}
Depth Morlzen _ Texture{ % ) Hugus Bulk Farticle Pore Holsgure coucent Available sodacure Ar voluoe
[ T T denafry  deasjry volums FZ P pr2 Pra.2 VpFZ-VpFa.2 PF PFE.T
ca T (T gt fuiv Zefv = 10cm H
- B ang 3.9 35.9 25.2 8.1 1190 2490 32.4 4.4 24,4 0.9, 29.0 1.8 1.3 23.4
8- 22 ABg 38.8 3.0 20.2 1.6 1240 2580 52.0 g 2.9 9.6 21.6 12.0 12.4 24.4
22-40/52 2ahg 6.7 I5.% 279 L7 1280 2620 SL. 8.9 15.8 .6 25,3 1.3 14,4 2.0
40/52-70 23wg  36.5 29.0 32.5 0.0 140 2680 45.6 7.9 18,7 Y 366 [EN 6.9 0.0
T %0 265 28.5 13.4 38.) G.1 1500 2680 44,2 7.4 13.1 £1.0 196 21.4 3.z 24,6
90-120 3ce 4.1 2.0 92,90 0.6 no daca 2610 no data nao daca 2.1 na data 3. na dats a6 dats RO aATR
ANU30 m
5=10 190 2490 52.4 3.4 2.4 0.9 234 1.8 1.5 23.4
15-20 1240 2580 3z.0 3.7 22.3 39.§ .. 2.0 12,4 24.4
153 1w 2620 35.2 34 19.3 7.9 24.0 12.6 1.9 24,0
3340 1390 2620 47,1 25.3 13.8 By 2.0 9.9 1.9 4.0
4550 1430 2680 458 24.6 18.7 352 20,0 8.5 10.7 2000
5460 1440 2680 6.2 27.3 8.7 8.2 20,0 12.6 7.0 0.6
€5-70 1400 2680 a7.0 32.¢ .7 4y 20,0 18.2 3.0 0.0
7580 1450 2680 46.0 9.8 13.1 432 4.6 3.5 2.8 4.6
85-50 1550 2680 [y X} 25.0 1. 8.8 4.6 1%.2 3.5 4.6

* calculated Exom adsorbed b RaZ'
*%  gum over profile depth

®kid Cilculations with rounded averages sy cauvde dlfferésces of scas decicals
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f. MICROMORPHOLOGICAL OBSERVATIONS

A3 - Heumen III depth below surface (cm)
A AL L
GROUNDMASS horizon Ahg] ABg{ 2Ahg N\ 2Bwg | 2Cg e |
Skeleton grains thin section |74]257{ 258 [259 [ 260 2517 262
basic distribution
pattern.........c.iieeieeao.. random _——
clusterad -—_—
Plasma banded ————
plasmic fabric............. asepic —
5epic —_—-——
basic distribution crystie
pattern.........ccoieint viaye. random
clustered
Voids banded
L8 T packing voids
vughs
channels
pTanes —— = -

SPECTITAL FEATURES

Concentraticns
cutanic features

CUTANS....cveiviavnreensss. Free grain ferri-argillans
free grain argillans
void ferri-argillans
void argitlans
matri-ferri-argillans ——
calcitans
free grain ferrans

subcutanic features

neo-cutans............... nec ferrans
nec mangans
nea calcitans

guasi-cutans..,......... quasi ferrans
quasi mangans
gTaebMes quasi ferri-argiilans
nodules voevveeeeiiiniannn. ferric nodules

manganic nodules
caleitic nodules

papu1es.4..........4...... ferri-argillic papules
argillic papules -

crystallaria

crystal tube/sheet... calcite (Caco.}
pyrite (FESZ)
Reorientations............. veee. skelsepic -
glaesepic
vosepic — e ———
insepic = -—e———
omnisepic . —_— e
masepic
Redistributions
pedotubu1es ......... [T granotubules e m e e, ——— ———— -
aggrotubules e e _ =
isotubu’les —-—
fecal peﬂets [ PPN organic fecal pellets
matric fecal pellets —— ——
Inherited features
lithorelicts...... cvierees. volcanic fragments [ Uy U Vs g
pumicge tuff -—— -———
biorelicts .ooooiieeiiiaiai, plant remains

charcaoal e o ———
snail sheils
calcite -——
anthropic fragments

pedorelicts I
sedimentary relicts | e mmm—————
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Profile description

General data

Location: Topographical map of the Netherlands, scale 1:25.000
(1964}; sheet 41C; coordinates; N 435,250; F 220,750,
bate of description: 11-7-1975.

Descri bed

by: R. Miedema and N.G. Vlaanderen.

Mapping unit: MLl.

Soil site characteristics

I.

9.

Classification:

a. according to FAO-TUnesco (1974): Orthic Luvisol.

b. according to the Soil Taxonomy (1975): Typic Hapludalf.

c¢. according to De Bakker and Schelling (1966): Daalbrikgrond.

Land use:

grassland, former arable land.

Geology: medium—textured Late Weichselian Rhine deposit,
Physiography: higher part of the weakly undulating landscape of a
braided river.

Relief: Subnormal.

Slope: level to nearly level, class A.

Altitude:
Hydrology:

13,5 m +NAP {Amsterdam Ordnance Datum).

a. So0il drainage class: Moderately well drained.
bs Groundwater level:
presumed highest: 45 cm below the so0il surface
presumed lowest: »170 em below the soil surface

actual:

at 170 ¢m below the soil surface

ce Artifical drainage: Tile drains and widely spaced ditches;
drainage considerably improved since 1968 (reallotment scheme)

d. Flooding: none.

Evidence of human activity: Ap-horizon teo 18 cm with impurities
from nearhy ditch and liming with sugar sludge lime,

Description of the soil horizons

0-18 cm:

18-40 cm:

40-80 cm:

loam; 10 YR 4/3 (moist): few fine faint round 7.5 YR &4/4
iron mottles; many spots of greylish and bhrownish mottled
clayey material from neighbouring ditch; moderate fine
subangular blocky structure (0-10 cm) and moderate fine
rough prismatic structure; many fine and very fine
roots; firm; slightly calcareous (fertilizer); clear and
smooth to:

sandy loam; 10 YR 5/6 (moist); few fine éistinct round
10 YR 5/8 iron mottles and common fine and medium round
5 YR 2/! iron—manganese concretions; weak fine
subangular blocky structure, tending to sponge
structure; common large and many fine biopores; some
large mole holes; common fine and very fine roots; firm;
clear and smooth to:

sandy loam; 10 YR 6/4 {(moist); many medium distinct
irregular 7,5 YR 5/8 iron mottles and many medium
prominent round and irregular 5 YR 2/2 rather soft iron—
manganese concretions; weak medium and coarse subangular
blocky structure; common large and many fine biopores;
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few fine roots;-very firm; clear and smooth to:

Btg2 80-100 cm: sandy loam; 10 YR 7/2 (moist)}; many medium and coarse
prominent round and irregular 7.5 YR 5/8 iron
concretions and common medium and coarse prominent round
and irregular 10 YR 2/2 iron-manganese concretions with
an outer rim of Iron; macrostructureless; few large and
common fine blopores; very few fine roots; friables
abrupt and wavy to:

2Btg3 100-120 cm: loamy sand; 10 YR 5/6 (70%, moist) and 6/6 (moist); many
coarse horizontally elongated cemented laminae of iron-
manganese with an iron rim, a 2.5 YR 3/6 centre and
cemented manganese concretions; few medium distinct
round 7.5 YR 5/8 iron mottles; macrostructureless,
locally single grain; few large and fine biopores; no
roots; very friable; very hard and cemented.

b. PARTICLE $1ZE DISTRIBUTION

Sauple Depth Horizon Particle wize claameg tn Hd 50
<2 z-50 %0 <z 2-& &8 B8-15 16-25 35-35 35-50 5075 7% 105 150~ 2i0- 300~ 420- 400~ B30~ 1200- £2)m  sand Eracrion
z x

ca 105 150 210 300 420 S00 850 1200 1700 ém =
757307 018 ap 0.3 30.1 49.5 20.3 5.4 5.1 5.8 4.6 5.0 4D 2.5 2.3 7.6 15.0 IL® 6.6 2.3 0.7 5.3 D2 035 195
75/308 13- 40 Ex 18.4 25.3 55.3 18,4 3.4 8.0 5.1 4.0 &6 3.2 2.2 2.0 8.2 149145 9.013.3 0.8 0.2 - 0.3k 21l
78/109 40~ 50 Btgl  19.6 25.) 55.3 19.h 4.5 L6 A3 &0 RO 3§ T4 2.9 Bk IS8 136 7.7 3.0 09 0.6 - 061 70
%/310 60- B0 Bexl 17,0 24.5 58.5 17.0 4.1 3.5 4.0 4.0 5.0 39 2.7 2.9 $,8 14.8 Llé.5 9.7 2.1 0.9 0.5 - .59 205
I3/311 B0-110 Btg2 15,3 25.6 59.1 15.3 4.0 36 &2 4.1 5.3 6.4 2.6 2.2 9.1 6.4 34.2 8.3 32 1.1 0.0 0.3 0.5 202
75/312  100~120 Imeg) S.4 K086 9.4 L7 0T 0.2 0.7 G5 0.5 0.3 0.8 7.4 27.3 209120 3.9 37 2.6 0.1 0.8l FEY)
s ] 1 1 1 1 Lol
% < m
sample / deposit "I
1,2,3,4,5 = 111
&= 1lla
% pm
50
40
30
20
10+
51 2,3.4
1
25 sJ
U T

T L T — T T T T T LI
500 pm 420 rarticle size 300 Z 150 106 75 S0 35 15 42
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e, CHEMICAL DATA

Sample  Depth Horizon Clay FRumus CaCfy pf- CEC/eail CEC/clay Exch.bases Each.acidity Feg0y
¥cl 1r2ca?t it et 1t sum 1f3 MY wt s ox. 4ith
o T 2 1 mol/kg  wmol/kg ol fhg w0l fig 2 X
754307 - 18 Ap 203 4.4 L1 1.0 108 m 9 10 - - - - 100 0.7 L9
7I/E 13- W0 Eg 16.4 1.6 0.1 6.2 B3 454 7 6 - - 8 - - woe 0.7 1.9
iS008 G0 60 Brgl 19.6 0.5 - 65 10 361 58 4 - - & 0.2 2.3 9 0.5 1.7
754310 60— 80 acgl 17.0 0.7 - 4.2 50 94 9 5 - - 3B 2.2 3.9 10 0.4 1.8
757311 80-100  Beg? 153 0.1 - st 11 2 6 - - 15 1. 3.4 69 03 1.8
75/312 100120  23egd 9.4 0. - 6.3 68 43 s - - 4 0.8 2.6 109 05 L7
. TOTAL CHEMICAL COMPOSITION DF THE CLAY FRACTION
Semple  Depth Nortzon Clay Si0; Alp0y Fep0s FeO WO HgD Cal Koy Kp0 TI0; Py0s Bal  Wp0* CEC/clay”
cm S T wie mwolfkg
757307 - 18 Ap 20.3 47.51 22.59 8.0 ©0.9% 0.11 (.83 0.17 0.30 3.0 1.06 0.66 4,21 3.64 350
75/308 18- a0 g 18,4 47,23 22.00 £.17 0.86 0.30 181 0.19 0.27 2.74 1.09 0.64 .19 9.01 550
757309 40- 60 meg) 1904 47,83 76,25 &.18 0,77 027 173 0.0 0.27 2.67 1.0) D.54 3.92 B.73 510
13/310 €0~ 90 Begl 17,0 47.34 24.3) 7.9% O.B7 0.06 Q.64 0.05 0.20 2,78 1.02 ©0,i7 391 B.TI 510
75/311  BO-10C  Brgz 15.) 47.86 24.27 6.35 0.81 0.09 L.64 0.054 0.21 100 1.0) 0.41 3.35 8,2 500
78/312  100-120  2megd 9.4 &3.81 7415 9.4) 0.5) 0.28 174 0.01 0.15 2.99 0.83 0.60 4.56 8.97 90
wer i
€. PHYSICAL CHARACTERISTICS (horizon averages and averages of ) core sazples bl
DepLk Harizon Texture ( pm } Humod Bulk Particls Pore Hoistura content Avalleble moisture Atr voluss
<2 -3 30 Ly voluss pFZ pFL.7 pF? Pie.T VpFi-VpFa.Z PEZ
ca h ¥ H Inlu Iefv /10 ca x
o 16 Ap 20.3 30,1 49.6 4.4 Lé70 2660 [TW 26,9 i1 39.5 16.3 2.1 5.3
18- 40 5§ 18,4 26,3 5.1 L.6 1450 2680 46.1 21.8 6.7 3.8 9.7 FIn 145
40~ B0 Brpl 16.2 24,9 56.9 0.4 1580 2700 41.3 17.0 6.6 26.3 0. 154 14.7
80-100 Brg? 15.3 25.6 9.1 0.3 1690 2710 3.5 15.3 6.0 25,3 10.1 15.8 1.6
100-120 7Bcg) 9.4 4.0 B6.6 0.2 1590 2630 0.8 1.2 2.8 210 4.8 17,5 19.9
w220 an
- ? 1670 2660 4.8 26.9 a9 16.3 ).z 5.1
2w 123 1450 1680 as.1 1.8 6.1 3.6 3.7 5.9 14,5
40~ 88 1530 2590 43.1 1.1 6.8 2.7 10.1 12,6 15.4
60~ 65 1620 2700 39.9 15.9 6.5 25.8 10.7 151 TN
a0~ 85 1650 rie 37.5 15.3 6.0 25.9 0.1 V5.6 1.6
100-10% 1620 2630 .5 13,6 .8 2.0 4.5 17.5 17.9
15-120 1560 2680 41,9 12.6 1.6 20,0 4.4 15.6 1.9

* caleulated [rop adaorbed § Balt
4% sum over profile depth
*#h Calculatlon with rounded sverages cay cause diffecence of sove decimels




f. MICROMCRPHOLOGICAL OBSER%&EI

GROUNDMASS

Skeleton grains
basic distribution
pattern ..............

Plasma
plasmic fabric........ vees

basic distributicn
pattern

Voids

SPECTAL f

243

ONS
- Gendringen I depth below surface (cm)
0 o SP ) 100 .
horizon Ap -] Eg | Btg1 Btg2 | 2Btg3 |
thin section | 75{]263]:264{] 2651 266 [ 267 [ 268 ] 259 |

random
clustered
banded

asepic
sepic
crystic

random
clustered
banded

packing voids
vughs
channels
planes

TURES

Concentrations
cutanic features
cutans

subcutanic features
Ne0=CULANS, .\ viieennnen

quasi-cutans.....

glaebules )
nodules......... s

papules............

crystallaria
crystal tube/sheetf...

Regrientations............

Redistributions
pedotubuties.......... eeeens

facal pellets ......

Inherited features
lithorelicts.......... e

biorelicts

nedorelicts

sedimentary relicts

free grain ferri-argillans
free grain argillans

void ferri-argillans

void argillans
matri-ferri-argillans
calcitans

free grain ferrans/mangans

neo ferrans
NED mMangans
ngp caf¢itans

quasi ferrans
quasi mangans )
quasi ferri-argillans

)

ferri-arqillic papules
argillic papules

ferric nodules
manganic nodules
calcitic noduies

calcite (CaCD3)
pyrite (FeSZ)
skelsepic
glaesepic
vosepic

insepic
omnisepic
masepic

granotubules
aggrotubules
isotubules

organic fecal pellets
matric fecal pellets

volcanic fragments
pumice tuff

plant remains
charcoat

snail shells
calcite

sugar sludge lime

-

—— —— - —
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A5, (GENDRINGEN 11

A

Profile description

General data

Location: Topographical map of the Netherlands, scale 1:25,000
{1964); sheet 41C; coordinates: N 429,410; E 222.560,

Date of description: 2i=-7-1975.

Described by: R, Miedema and N.G., Vlaanderen.

Mapping unit: kML2,

Soil site characteristics

le

9-

Classification:
a. according to FAC~Unesco (1974): Orthic Luvisol.
b. according to the Soil Taxonomy (1975): Aquic Hapludalf,
c. according to De Bakker and Schelling (1966): Daalbrikgrond.
Land use: grassland, former arable land.
Geology: fine- to medium—textured Late Weichselian Rhine deposit
overlain by 28 e¢m fine-textured Holocene Rhine deposit.
Physiography: higher part of the weakly undulating landscape of a
braided river.
Relief: subnormal.
Slope: level to nearly level, class A,
Altitude: 15,0 m +NAP (Amsterdam Crdnance Datum).
Hydrology:
a., Soil drainage class: imperfectly drained
b. Groundwater level:
presumed highest: 40 cm below the soil surface
presumed lowest: 120 cm below the soil surface
actual: 120 cm below the soil surface
ce Artificial drainage: widely spaced ditches
d. Flooding: none.
Evidence of human activity: Ap horizon to 28 ¢m and liming with
sugar sludge lime.

Description of soil horizons

Ap

2Eg
2Btgl

2Btg2

0-28 cm: clay loam; 10 YR 4/3 (moist); few fine distinet round
iromr-manganese concretions; strong compound fine smooth
prismatic structure subdivided into moderate medium
angular blocky structure and from 0-10 cm strong medium
angular blocky structure; few large and common fine
biopores; common fine and very fine roots; firm; very
few gravel; slightly calcareous (fertilizer); abrupt and
irregular to:

2840 em*: clay loam; 10 YR 6/3.5 (moist}; common medium distinct
40-70 co®  round and irregular 7.5 YR 3/8 iron mottles and many

medium prominent round 10 YR 2/1 iron-manganese
concretions; moderate compound fine smooth prismatic
structure subdivided into moderate fine angular blocky
structure; common large and fine biopores; few fine
roots; firm; gradual and smooth to:

70-90 em: sandy clay loam; 2.5 Y 7/2 {wet); abundant coarse

irregular 7.5 YR 5/8 iron mottles and few fine distinct
round 10 YR 2/]1 manganese motties; very weak very coarse
smooth prismatic structure; few large and common fine




3Btg3 90-120 em:

biopores;

tot

sandy loa
irregular

manganese
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slightly sticky and plastic; clear and smooth

; 10 YR 7/1 {wet); common coarse distinct

10 YR 5/8 iron mottles and 7.5 YR 2/1
mottles; undisturbed stratification to
macrostructureless; few fine blopores; slightly sticky
and plastic.

% Subdivision based on micromorphological investigation.

b. PARTICLE SIZE DISTRIBLTION

Sewple Dupth  Horizen Pacticle slee classss to_jm W 50
ST 1-50 30 T 14 4-B 6-16 16~25 1534 35-30 S0-75 75~ 105- 190~ Fip~ J00- 420~ 600~ B85S0~ 1200~ < sand fraction
o 1 168 150 210 300 420 600 850 1200 1760 CiGpm
IS/ 0= 28 Ap 3.5 36,5 3.0 32,5 9.5 6,9 A5 48 32 L§ 0.8 0.9 LT 9.2 8.5 45 2.0 0.7 0.8 D.2 0.55 28
T3/16 28 40 Mg 32.2 45.4 22.4 32.2 9.7 9.9 10.6 2.3 5.8 2.1 L0 0.6 2.6 4.7 5.0 2.9 1.7 L& Lb 0.9 0.52 251
75/11S &0- 70 2Wtpl 7.9 29.1 33.0 2.9 8.0 6.7 5.7 39 32 b6 0.9 0.9 &35 109 £.7 39 b6 0.8 0.6 0.2 .65 206
75/316 70~ 90 IBcg?  29.6 18.6 SLB 29.6 5.2 1.7 3.3 2.5 Lk 1.3 L2 1.0 8.2 157 Ll Tk 2.8 08 0.6 - 0.70 209
757317 90-120 Begd  1e.0 Bl TT.4 14,0 2.3 1.5 L& bz B3 09 1.0 2.0 14,5 29,9 18,2 T.A 29 0 0.3 - ¢.73 193
1 1 1 [ ] L I AT
sample / deposit %< pm
1 =1I¥b
2,54 =11
5 = 1Ib
% > pm
50
40+
304
4
10
5
1
25 8
T T

500 pm

420

particle size

T T
30¢ 10

T
150 105

1 LU
5 80 35 16 42
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Sagple  Depen Horlzen Cley Humus CeCly  pM- CEC/soll  CEC/clay Exch.bases Exch.actdicy Feoly A1,05
KCL 1726a2* 172Mg?t wat wF sue 173wt gt s ox. dich  dich
n T T 7 mol/kg  amalfke awal/kg oma) fkg T z
N3 08 Ap 125 2.7 - 5.9 154 474 161 14 - -7 e 0.5 1 LS
PSO14 M- 40 2Eg 3.2 0.5 0.1 5.4 153 475 18 1 - 1 8 0.7 40 L6
75/3%5 40~ 0 IWegh N9 0.0 0.1 5.4 172 454 L9 u - - um 99 0.4 4.5 L6
15/316 70~ g2 9.6 0.0 0.1 5.5 [EL] 453 117 18 - - 1% 101 0.3 3.8 1.4
ISP 90-120 Idegd 1.0 0.7 0.1 5.6 a2 586 72 1 - - B 06 0.3 1,7 0.
d. TOTAL CHENICAL GOMPGSITION OF THE CLAY FRACTIGN
Saaple  Depth Hortzon Clay 510y Aly0y Fag0y FeO Hi0  ¥g0  Ga0  Map0 K0 110, B0 Bad M0 cZC/clay’
cu H T w/w wnolfkg
754313 o- 28 Ap 32.5 46,87 22,97 7.84 0.69 0.22 1,79 0.18 0.20 3,18 L.11 0.5 4,53 B.99 3390
15/314 8- <0 2% 3.7 48.20 24.06 7.67 0.79 0.19 1.66 0.06 0.23 3.00 1.l& 0.35 .64 B.82 a7e
I5/315 40~ 70 23cgl 37.8 47.67 23.427 8.03 0.73 0.12 1.65 0.0 0.23 3.4 0.94 0.27 4.20 8.28 350
54316 10— 90 2Big2 29.6 46,02 22,24 10,01 0.53 O.3F 1,69 Q.01 0.19 31 Qb4 0.1 472 8.7 620
75/317 90-120  IBegd 16.0 46,88 24,09 8.9 0,40 O0.1F 1,63 0,03 0.23 2.59 0.84 0.40 5.39 5.9 690
a. PEYSICAL CHARACTERISTICS (borizon wverages™ " and sverages of ) cors saoplus”*™)
Seprh  Horizea _ Taxture { yo ) Husue Bulk Parcicle Pora HMolsturs content Avallable molsture ar volune
T 2% >50 densjiy dens ey valune vE2 PEGT pFT FFA.1 WpFI-vpTa.Z PF2 FFL.2
o z /o glw z Xufw Tufe aa/10 ca S
o 28 ap 32.5 16.5 3i.0 2,7 1560 2690 al.y 24.5 12.0 18.2 10.7 19.5 1.7 232
8- 40 26 32.2 43.4 22.4 0.5 1590 2750 42.0 21.3 13 33.9 18.3 15.6 .t 1.7
40- 70 Z0egl 37.9 29.1 33.0 0.0 1530 2780 8.2 25.8 129 39.5 19,7 19.8 5.6 25.4
70- S0 IBeg2 29.6 18.6 51.8 0.0 1430 2760 a1 L. 1.0 35,2 17.9 7.3 5.9 2.2
40-120 ibeg) 1.0 .6 P74 0,2 1660 2690 8,2 15,8 6.9 2.7 LS 13,2 13.5 6.7
34 205 o
- 02 1563 2690 0.8 4.5 12.6 3.2 8.7 9.5 3.7 2.2
12- 37 1590 2750 42.0 2.1 1.5 39 18.3 15.6 8.1 0.1
S1- 56 1530 2780 4501 5.8 12.9 9.5 19.7 19.8 5.6 25.4
75~ 60 1630 2780 41,1 21.6 116 35.2 17.% 12.3 5.9 2.2
90~ 95 1650 2690 387 7.4 6.9 8.7 i 12.3 10,8 2.3
0-11% 1870 680 it 12.4 6.9 0.7 1.5 8.2 1.1 26.3

* Caleulated Erom adsorbed § Be?*

 gum

aver profile depth

a8 Calculation with rounded averages may cause diffareace of some decimals
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f. MICROMORPHOLOGICAL OBSERVATIONS
A5 - Gendringen II

GROQUNDMASS

Skeleton grains

basic distribution

pattern..............

Plasma
plasmic fabric....

basic distribution

pattern.......... [T

Voids

type..iiciinens eeerraaeiaees

SPECTAL

F

E A

0

depth below surface (cm}

50 100

horizan

N

28taT | 2tez] 28te3 |

175

thin section

Pzl zn]

272 ] 273 | 274 ] 275 | 276 |

. random

clustered
banded

asepic
sepic
crystic

random
clustered
banded
packing voids [simpie)}
vughs

channeis

planes {crazel

TURES

Concentrations
cutanic features

cutans... ..o

subcutanic features

neo~cutans........

quasi-cutans............

glaebules

Nodules coeeerseeerieannn.

papules............ Meveeas

crystallaria

crystal tube/sheet...

Reorientations..................

Redistributians

pedotubules...........

fecal peliets ......o.evns

Inherited features

Tithorelicts...... ....o.....

biorelicts

pedorelicts

sedimentary relicts

free grain ferri-argiflans
free grain argillans

void ferri-argillans

void argillans
matri-ferri-argillans
calcitans

free grain ferrans

neo ferrans
neo mangans
neo caicitans

quasi ferrans ]
quasi mangans
quasi ferri-argillans

ferric noduies
manganic nedules
calcitic nodules

ferri-argillic papules
argillic papules

calcite (CaC03]
pyrite (FeSzl

skelsepic
glaesepic
vosepic
insepic
omnisepic
masepic

granotubuies
aggrotubules
isotubules

erganic fecal pellets
matric fecal pellets

volcanic fragments
pumice tuff

plant remains
charcoal

srail shells
calcite

sugar sludge Time
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A.6. OTTERSUM

a, Profile description

General data

1, Location: Topographical map of the Netherlands, scale 1:25.000
(1967), sheet 46B + E; coordinates: N 413,630; E 196.360,

2, Date of description: l14-6-1978,

3. Described by: A.E.C. van Dis and J.J.R. Robben,

4, Mapping unit: HLIl.

S0il site characteristics
1., Classification:
a, according to FAO-Unesco (1974): Luvic Phaeozem.
b. according to the Soil Taxonomy (1973): Humic Wapludult.
ce according to De Bakker and Schelling (1966): Radebrikgrond.
2. Land use: grassland, former arable land,
3. Geology: medium= to coarse-textured Late Welichselian Rhine deposit,.
4, Physiography: plateau bordered in the north by a major channel and
in the south by the Niers valley.
5. Relief: subnormal.
6. Slope: level to nearly level, class A,
7. Altitude: 13,5 m +NAP (Amsterdam Ordnance Datum),.
8., FHydrology:
a, Soll drainage class: Well drained.
be Groundwater level:
presumed highest:>150 cm below the soil surface
presumed lowest: >150 cm below the soil surface
actual: > 150 cm below the scoil surface
c. Artificial drainage: none
d. Flooding: none
9., Evidence of human activity: Ap-horizon to 26 cm with some
anthropogenic relicts,

Description of the so0il horizons

Ap 0=26 cm: sandy loam; 10 YR 3/3 {(moist); few fine and wedium
distinet irregular 10 YR 4/4 spots of the underlying
horizon; weak fine subangular blocky structure; in worm
holes locally granular structure (aggrotubules); few
large and many fine biopores; common fine roots; firm;
very few fresh gravel and very few brick fragments;
abrupt and smooth to:

E 26=55 cm: loam; 10 YR 4/4 {(moist); common medium distinet totally
and/or partly filled up worm heoles with 10 YR 3/3 Ap-
material; few fine faint 10 YR 2/] manganese mottles;
weak very fine subangular bloecky structure tending to
sponge structure; many worm holes coated with Ap-material
and in worm holes sometimes granular structure; common
large and many fine biopores; few fine roots; friable;
very few gravel; gradual and smooth to:

Btl 55-72 em: loam; 7.5 YR 4/4 (moist}; few fine distinct 10 YR 2/1
round manganese mottles; weak fine subangular blocky
structure tending to sponge structure; many worm holes
coated with Ap-material and in some a granular structure;
many large and many fine blopores; few fine roots;



Bt2

72-98 cm:

2Bt3 98-120 cm:

2CB120 - 135 cm:

A6t OTTERSUM
b. PARTICLE $1ZE DISTRIBUTION
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friable; gradual and smooth to:

sandy loam; 5 YR 4/8 (molst); few fine and medium
distinct round manganese motties; weak subangular blocky
structure tending to sponge structure; common large and
common fine blopores; very few fine roots; friable; clear
and smooth to:

loamy sand/sand (banded); matrix colour is an alternation
of 5 YR 4/6 (loamy sand, Bt + 802) and 10 YR 6/7 (sand, C
+ 20%); undisturbed stratification; sand: lcose and loamy
sand: friable; slightly hard and cemented; no biopores;
no roots; clear and smooth to:

coarse sand; I0 YR 8/4 (moist); undisturbed
stratification; some thin laminae of loamy sand (Rt);
loose.

Ssmple  Oepch Horlzon Particle mime cligoes in _gm ™5
@ 2-50 o8} T2 3% 48 €16 16 25 35 50- I3~ 105 150- ZI0- 300- #Z0- 600- 850- 1200- <2us wand fractiom
o H 25 35 S0 73 105 130 ZID 300 420 600 450 1200 1700 lbm e
0i2E 0~ 26 Ap 10.4 23.5 66,0  30.4 3.0 3.6 4.0 4.0 3.6 5.3 31 26 9.5 15,2 15.0 10.8 5.3 2.2 1.0 0.1 0.49 w
THi24G  26- BV E 7.6 33,2 4904 17N 4.0 5.0 5.2 5.0 6.5 7.4 3.9 3.8 8.3 0.6 [1.0 7.2 3.1 0.8 0.2 0.1 0.5 198
707250  55- 72 Rkl 181 32,5 496 38,1 4.0 4,9 5.4 5.0 5.4 2.8 3.8 L9 B0 112 0.8 7.1 3.2 1.0 0.3 - 0.5 198
70/251 13- 98 Bo2 19.2 236 56,7 19.7 25 b 5.8 45 6.5 0 003 0.9 12 7.0 113 10,6 6.3 5.4 3.8 Tk Qu61 %5
70£252 98120 2803 @) Ll 932 €.70.1 0.1 0.3 0.5 0.8 0.3 0.4 1.3 5.6 14.5 2.3 3.7 12.7 L.2 0.5 0.8 0.90 3L
) 1 1 1 1 1 1141
%< gm
sample / deposit Ly
1,2,3,4 = III
§ = Ila
- 5
10
- 20
- 30
% > pm § 4 40
50 -1 - 50
40 - 4
30 4
1
20
2,3
10 4
5
14
5 8
¥ T T T T T T T YT —l
500 ym 420 perticle size 3co 2n 150 105 75 S0 35 16 42
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€. CHEMIGAL DATA

Sswple Depeh  Hortzon  Clay Wumus CaCOy  pi- CEC/wofl CEC/clay Exch. bases Exch. scldity [IRN A0y

' et gt mat K sua 3 ¥ w B5  ox dith  dlch

o 1 14 X waol/kg  mmolifkg apalfhg waolikg % % H

W4 - 2% ap 0.4 34 - 5.1 &7 64 56 16 - - e 2 I 9 0.5 1.3 §
19/269  26- 35 B 7.4 1.0 - 3 M 247 ) 6 . - 2 2 B/ 0.5 47 1.1
26/21%0 3% 72 el B 07 - 50 30 s 7 I - -9 28 a 18 0.51.2 1.2
/L 1 9 ez 9. 0,3 - 36 50 50w 2 BT % 5 2 00 LY 15
MW/5T S0 2Bt) 4.7 0.3 - 4.1 k) a7 il 2 - - 31 n 1 8k 0.2 1.1 -6

d. TOTAL CHEMICAL COMPOSITION OF THE CLAY FRACTION

Sample  Dupth Horizen {lay 510, ALjDy Feg0y FeQ M0 Mgd Ca0  Kad K0  Ti0, Pydy had 800 CEC/elay”

. 1 T nmoliug
78728 0 26 Ap 104 48.64 22,89 S.10 D.74 O.iB E.51 0,10 0.28 2,82 1.07 1.5% 4.08 A.55 530
70/249 26~ 55 ¢ 17.4 4B.03 24,72 9.07 0.62 0.30 1.80 0.03 0.28 2.84 1.03 0.5 2.44 A.30 120
18/250 55 72 wel 161 47.42 25.35 8.91L 0.78 0.78 .86 0.0z 0.24 2.85 .01 0.2 2.71 8.5 3%0
78/251 72- %8 2 19,7 4T.86 25.26 B.74 0.83 Q.17 2,01 0,01 0.18 X7 .99 0.26 .62 8.16 340
13/252 98-120 ZBc3 4.7 44,66 25.56 10.45 0.60 Q.16 2.31 0.07 0.8 3,33 §.76 0,09 3.2 9.04 150

8. PHYSICAL CHAANCTERISTICS (hortaon averages™'* and averagen of 5 core s
Depth Horizon Textur m ) Huous Bulk Particle Pare Hoieture contenc Avgilsble molsture Adr volums

_“ﬂq IO 340 dznni:y dznns(y voluae oF2 pF4. 2 pFZ PFh.2 VpE2-VpFG.2 [353 PFA2
cm H kg/m kg/w z /v Tviv n/le t
0 26 Ap 10.6 23.6 66.0 3.4 1610 2630 33.8 1.3 7.2 28.5 1.6 16.9 10.4 27.3
I~ 55 E 12.4 33.2 é9.4 1.0 1360 2660 9.4 18.1 1.2 .8 9.8 16.8 4.5 5.3
55- 72 Bel 18.1 32,3 é9.8 0.7 1370 2680 48.7 18.0 [T 1.0 1.7 24,0 7.7
T~ 92 B2 19.7 23.6 5.7 0.3 1340 2200 50.2 11.2 1.5 23.0 10, 13,9 2.2 M6
SE-120 2Be) “.7 2.0 932 0.3 170 2670 3.6 8.9 .2 12z a6 7.8 3.8 442
an 160 ma

10 15 1590 2630 9.5 17.6 1.2 8.0 16.6 1.5 28.1
18- 23 1620 2630 38,3 17.7 1.2 287 .7 .0 9.6 6.6
32- 3 160 2660 3.1 8.1 1,2 Ih.6 . 14.8 24.5 38,3
35 60 1370 2680 8.7 18.0 8.0 25.7 11.0 1.7 26.0 3.7
&0- 85 1340 2100 50.2 17.2 1.5 inp 0.1 12.9 21.2 3.6
100=105 1370 270 8.6 8.9 32 B2 i 1.8° 8.8 a4.2

* Calculated from adsorbed § Bl
“*  Sum owar prafile depth
dke Caleulazions with rounded averages may cause difference of soee decimals
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f. MICROMORPHOLOGICAL OBSERVATIONS

A6 - Ottersum depth below surface {cm)
0 SIG 190
GROUNDMASS norizon Ap | B [ Bt1] 8t2 | 28t3 [2CB
Skeleton grains thin section }781 220} 221] 222 | 223 | 224 [ 2251 226 [ 227 | 228
basic distribution
pattern ....................... random
clustered | e m——— —
Plasma banded ——————————
p]asmic fabric............. asepic -————
sepic. 1 meee— ==
basic distribution erystic
pattern. .o e random ———
clustered | ece;emee-———=
Voids banded ===
type ............................ packing voids —
vughs
channels —————— - —_————
planes {eraze) | eaememmm——
SPECIAL FEATURES
Concentrations
cutanic features
cutans.....ieiiiiiiiiaaa free grain ferri-argillans —— e —

free grain argilians
void ferri-argillans
void argillans
matri-ferri-argillans
matrans

calcitans

. in ferra
subcutanic features free grain Terrans

neo-cutans. . ... neo ferrans

neg mangans

neo calcitans
quasi-cutans............ quasi ferrans

quasi margars

g]aebu]es quasi ferri-argiilans

NOAUTBS ceieeeiiiiae e ferric nodules

manganic nodules

caicitic nodules
papules .. ..oveeiinenns ferri-argillic papules

argillic papules
crystallaria

crystal tube/sheet... calcite {CaCo,}

pyrite (Fes,)
Reorientations...........c..-... skelsenic
glaesepic
vasepic
insepic
amnisepic
masepic

Redistributions
pedotubules.........ccoeeesn.

granotubules
aggrotubuies
isotubules

fecal pellets

organic fecal pellets
matric fecal pellets

Inherited features

lithorelijcts...... .ooeeene. volcanic fragments

pumice tuff

bigrelicts plant remains
charcoal
snail shells
calcite

anthropic fragments

pedorelicts
sedimentary relicts
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A.7. SIEBENGEWALD

8

Profile description

General data

1.

2.
3-
4,

Location: Topographical map of the Netherlands, scale 1:23,000
(1967), sheet: 46G; coordinates: N 407.600; E 204,220,

Date of description: 23-6-1978,

Described by: A.E.C. van Dis and J.J.R. Robben.

Mapping unit: ML1.

Sol)l site characteristics

9.

Classification:
a. according to FAO-Unesco (1974): Gleyic Luvisol
b, according to the Soil Taxonomy (1%75): Aeric Ochraqualf.
¢. according to De Bakker and Schelling (1966): Daalbrikgrond.
Land use: arable land. ' '
Geology: mediuvm— to coarse-textured Late Weichselian Rhine depesit.
Physiography: plateau bordered by depressions (infilled former
shallow channels).
Relief: subnormal.
Slope: level to nearly level, class A,
Altitude: 15.9 m +NAP (Amsterdam Ordnance Datum).
Hydrology!
a. Soil drainage class: Imperfectly drained.
b. Groundwater level:
presumed highest: 25 em below the seoil surface
presumed lowest: 120 cm below the soll surface
actual: 120 e¢m below the soill surface
c. Artificial drainapge: widely spaced ditches and tile drainage
d. Flooding: none
Evidence of human activicy: Ap-horizon to 25 cm.

Description of the soil horizons

Ap

Eg

Btgl

0=-25 cm: sandy loam; 10 YR 4/3 (moist); few medium distinet 10 YR

5/6 spots of material from the underlying horizon; few
fine distinct iron and manganese mottles} weak medium
subangular blocky struecture; few large and common fine
bliopores; few fine roots; friable; very few gravel;
aprupt and wavy to:

25=30 cm: sandy loam; !0 YR 5/6 (moist); few fine distinct black

manganese mottles; many medium and coarse prominent 7.5
YR 5/8 iron mottles; common medium distinct spots of
material from the overlying horizon; strong medlwum
subangular blocky structure; few large and common fine
biopores; few very fine roots; firm; very few gravel;
clear and smooth to:

30-60 em:  sandy loam; 7.5 YR 5/8 (70% moist) and 10 YR 7/1 (30%

moist); few medium distinct patches of material from the
overlying horizon; abundant medium distinct iron mottles;
few fine and medium prominent Mn-mottles; strong coarse
subangular blecky structure; firm; few very fine roots;
slightly gravelly; clear and smooth to:

2Btg2 60-84 cm: sand; 7.5 YR 5/8 (70%, moist) and 10 YR 7/1 (30%, moist);

macrostructureless; loose; few medium roots; slightly
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gravelly; abrupt and smooth to:
remark: below the Btg2 a gravel layer of + 2 cm thickness
occurs followed by a 2 cm-thick gravelly iron pan.

3Btg3 R4~105 cm: gravelly coarse sand; 5 YR 3/5 (moist);
macrostructureless; loose.

b. PARTICLE SIZE DISTRIBUTION

Sample Depth  horlzoo Parcicle size classea in Md 50
1 2-50 >3 ¢] 7<% 4-8 B-15 10-25 25— 35 50 J& 105~ | 0~ 1200 2 vand freccion
- X 2 35 30 75 105 150 210 300 420 600 850 1100 1709 <loym ry
/283 0- 28 Ap 14.0 16.0 68.0 14,0 2.5 3.9 é 2.5 3.3 3.9 1.8 2.3 .38 260
J8/T% 23 )0 Eg 16.1 13,3 6E.4% 6.1 2.6 2.9 3.3 7.5 2.7 1.7 1.4 3.9 0.64 242
78/255  J0- 60 Begl 15.3 19.0 65,7 13,3 L§ 3.5 2.7 28 45 2.0 1,9 4.3 0.58 253
6/2% 6D~ Bh JArg? 6.4 4,5 B85.) B.4 0.6 0.7 0.6 0.2 1.0 2.9 1.5 0.8 q.77 189
787257  B4A-105 1Begd .l 1.0 959 3.0 0,y 0,2 0.1 0.2 0.2 6.4 7.3 1.7 G.B9 457
L L I i ' 1 I AR T
sample / deposit %< pm
1,2,3 =111 -1
4 = Ila
5 af
% > pm
50
40
304
204
40
5 -

25 8~]

T T T T T 1 L LLRL
$00 um 420 particle size 300 210 150 105 75 50 3% 16 42
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<. CHEXICAL DATA

Saaple  Depth Mortzon Clay humus CaCOy  pH~ CEC/oil CEC/clay Exch. bases Exch. geidic) Py, A1,0,
> s VeCaTt 1/ BHgt Wat ¥ Sum UF A1 3 (sl o dten I
o x z H amolikg  maolikg w01/ kg omol/kg x H b3
78/251 D~ 35 A 4.0 31 - 4.9 106 43 4 - - W & 0.3 L4 0.9
78254 25- W g 16,0 0.8 - 4.8 56 e a2 4 ] 82 0.2 1.5 0.9
787255 30~ 60 megl 15.3 0,3 - 6.9 50 ETe B 4 - - a7 % 0.2 1.9 1.0
787256 60- B4 2Beg 5.4 0.4 - 4.9 31 84 28 ) - -3 103 0.2 0.4 0.3
78/257  B4-105  3Begd 30 0z - 5.0 2 g6 28 4 - -3 128 0.1 0.4 0.2
4. TOTAL CHEMICA. COMPOSITTON OF THE CLAY PRACTION
Sample Depth Horlzon  Glay 810 ALy nzn] ®eG  HpD HgdD  Cal Hay0 K0 T10, 1'205 Bal nzl)+ CEC!:I-,'
< H T ala mmal/kg
187253 0~ 25 Ap 4.8 50.19 4.4 6.84 0.77 0.09 1.46 0.05 0.25 2.64 1.08 0.42 1.50 B.08 440
8/1 - X g i6.1 49,30 24.65 8,33 079 0.09 1.64 0.03 0.2l Z.91 0.98 2.81 B.63 03
18/255 0~ €0 gl 15,3 50.86 25.14 7.24 0.64 0.25 1.71 0.62 0,27 319 1,05 2,41 1.8 o
18/356 40— B4 brgl? 6.4 47,91 25.49 7.95 0.62 D.0) 1.90 G.04 0.25 3.00 0.82 0.17 3.42 B.67 450
78/257  84-105  3brgd 3.1 47.80 26.15 7.23 0.43 C.11 2.40 0.02 0.i2 3.23 0.38 0.20 3.43 E.92 450
+. PHYSICAL CHARACTERISTICS (horlion averspes™' ™ and aversges of 3 core samples’ ')
tepth  Horizon __ Texturs ( ue ) Mmua  Bu! Farcicle Fore Moisture conteme Available moletucs At volume
2 1-50 550 densfty volune pra PES.2 gF2 ¥Fe.1 VpPZ-VpFa.Z BT PR
o ] kg/m ¥ Tufy Tely -/10 cn H
- 25 4p .G 8.0 68.0 3.2 ¥ 2540 45.¢ t7.2 7.5 .8 0.7 13.9 2.0 3.9
25- 30 Eg 16.1 15.3 48.6 0.8 1850 7860 3.2 13,8 6.2 24,2 1.y 12.7 6.0 18.7
30~ 50 Bugl 5.3 19.0 65.7 0.3 1770 2650 .2 13.) 6.5 215 1.5 12.0 10.7 22.7
8O- 84 23tgl 6.4 4.5 89,1 0.4 1670 2680 7.8 2.5 1 209 5.2 15.7 15.9 3.6
Bh-105  38tg) 31 1.0 95.9 0.2 1700 570 5.3 (%] 2.0 13,1 & 1.7 252 32.9
140w
1015 1510 2640 50.3 1.4 7.5 228 9.8 1.0 .8 40.5
13- 23 1350 2630 40,9 16.9 152601 1.6 15,8 14.8 29.9
-0 1860 2660 .7 13.6 6.2 M, 1.5 12.7 0 18.7
40 45 1119 2690 36.1 11.3 6.3 105 "3 12.0 ? 22,7
70- 75 167D 2680 37.8 12,5 1.1 0.9 5.2 15.2 9 2.6
83~ 90 1700 2670 36,3 8.9 2.0 151 14 1.1 32.9

# Calculated Fou adeocbed {Ba2t
*% Sum over prafile depth
*&4 Calculation with Toundeé aversges may ceupe differences of gome decimalu




f. MICROMORPHOLOGICAL OBSERVATIONS
A7 - Siebengewald
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A.8. MILSBEEK

Qa

Profile description

General data

1.

2.
3.
4

Location: Topographical map of the Netherlands, scale 1:25,000
(1967}, sheet 46B + E; coordinates; W 416,530; £ 194,590,

Date of description: 20-6-1978.

Described by: A.F.C. van Dis and J.J.R. Robben.

Mapping unit: LLZ.

Soil site characteristics

1.

9.

Classification:
a. according to FAO-Unesco (1974): Mollic Gleysol.
b. according to the Soil Taxonomy (1973): Fluvaquentic Haplaquoll
c. according to De Bakker and Schelling {1966): Leekeerdgrond
Land use: grassland. .
Geology: medium—-textured Late Weichselian Rhine deposit.
Physiocgraphy: lower part alluvial plain near shallow infilled
channels. :
Relief: flat or concave
Slope: level to nearly level, class A,
Altitude: 11.R m +NAP (Amsterdam NDrdnance Datum).
Hydrclogy:
a. 801l drainage class: Imperfectly dralned.
b. Groundwater level:
presumed highest: 40 cm below the soil surface
presumed lowest: 70 c¢m helow the soll surface
actualt 70 cm below the soill surface
¢e. Artificlal drailvage: ditches
de Flooding: sometimes in winter.
Evidence of human activity: soils in the area have been used for
making pottery.

Description of the soil horizons

Ahg

Bwg

Cg

2Cr

0-25 cm: loam; 10 YR 3/3 (moist); few fine distinct sharply

bounded 5 YR 5/8 fron mottles; moderate strong fine
subangular blocky structure; firm; few fine to ceoarse
biopores, many very fine biopores: many very firne to fine
roots; clear and smooth to:

25-38 cm: loam; 10 YR 4/1 (meist); few fine distinct round and

vertically elongated 5 YR 5/8 iron mottles; strang
coarse, smooth prismatic structure; few fine to coarse
biopores, many very fine blopores; common very fine to
fine roots; clear and wavy to:

remark: the horizon contains many coarse dead roots,

38-65 cm: loamy 5 Y 5/2 (wet); common medium distinct to faint {iron

mottles; weak medium subangular blocky structure; non—
sticky, slightly plastic; few medium to coarse biopores,
common very fine biopores; clear and smooth to:

remark: the horizon contains many coarse dead roots.:

65-90 cm: loamy sand, with laminae of sandy clay: 5 YR 5/1 (wet);

macrostructureless; non-sticky, non-plastic.
remark: the horizon contains many coarse dead roots.




b. PARTICLE SIZE DISTRLBUTLOH
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Sscple  Depth Morfaon Fareicle M 50
W30 »% 2 kg o186 18-I3 2535 3550 o 105~ 00— R0~ 50-" 21 £?ym  ‘yand Erection
L * 75105 150 ZI0 0 420 600 850 1200 [700  <lbum  pm
v
787258 O- 15 Ahg 22.3 35,6 44,8 223 4.2 5.0 7.3 5.1 62 B0 0.6 01 - 0.57 170
18/259 75~ 33 Meg | 22.0 35.4 2.6 720 4.8 3.0 7.2 4.9 4.9 8.6 0.3 - 0.5 174
78/260 38~ 65 oy 19.1 3L6 49.3 19,1 A3 &8 6.2 5.9 35 7. 0.2 0.1 0.56 183
78/261 B3 50 3k 5.0 1.0 8L 5.0 1.1 1.9 0.6 2.0 2.2 3.2 0.2 0.1 v.52 172
v
I L L 1 i " Y I T
. LRI Y
sample / deposik #
1,53 =1l F
4 =1
- §
I 10
% > 1L
504
10+
10-4
201
104
5
14 =
25 a_l
! . ! I f T y T T T
500 pm 420 particle size 300 e 163 105 75 50 35 6 42
©. (HEMICAL TATA
Semple  Depth Horizon Glay Husus CaCDy ph- CEC/scil GEC/cley Exch. beses Exch. geldit Fey0y AlyDy
xel THcTr tFmgtt W R S 173 A Gl Bs  ox dith dith
=Y % ] T mmolfky  wwolikg oot lkg osalfes T T T
T3/256 0~ I3 Ang 223 3.5 - W5 135 595 85 kL - 3 82 0.2 0.9 1.1
78/25% X5- M 3w 2.0 0.9 - o 1 539 56 s - s uz 9 0.z L1 1.1
¥8/260 I8~ 65 g 91,3 - 4.5 7N A6 58 3 4 & a0z 12 0.0 0.5 0.9
18/261  §% 90 20r 5.0 13 LD oy EH] 00 40 6 - - 131 0 0.4 0.
d. TOTAL {MEH]CAL COMFOSITION OF THE CLAY FRACTION
Sample  Bepth Horiron Clay 810, Alp0y Fep03 Fel M0 Wg0  Cal  Ray0 kg0  Ti0; @,05 Ba0 0" cEc/elay”
(1] x T wiv mmalfkg
78258 0I5 Ahg 22,3 50,39 25,08 5.36 0,92 0,02 .18 0.20 0,21 2,63 0.80 0,1z 4.96 8.09 650
707259 13- 3 pug 72.0 69,30 24.79 5.5 .06 0.0 .25 0-34 0-16 2.42 0,73 0.09 5.08 8.iD 660
8/ 260 33 65 <8 19.0 51.13 24.%6 5.71 1.1& 0,03 2.54 0.18 0.20 2.85 .81 0.07 4.4 F.HD 580
187261 65~ 90 Ce 5.0 49,70 22.55 5.41 1.32 0.02 2,90 0.1% 0.23 J.461 0.84 0.14 5.56 7.62 730
. PHISICAL CHARACTERISTICS Chorizon aversges'™* and evereges of § core nemples®*™)
bepeh Horizon _Texturse - ) Tumus bulk Particle Pare Holature content Availabla woistura Alr volume
. -50 >50 deasfrs  denagey valuze oFZ PFA.L pF PP VpFI-VpEh. 1 el
cn 1 X gfn xg/a Tutw Tvfv /10 cm %
0- 25 Ang 2.3 35.8 §1.9 3.5 1160 2590 55.2 .1 7.6 39.6 0.4 19.2 15,6 3.8
25 M Bug 22.0 ¥5.4 42.6 0.9 1380 2660 48.1 3.9 IJ.U_ nB.7 1.9 17.8 1.6 W.2
8- 65 Cg 191 31.6 §9.1 1,2 1460 1700 b1 26.6 9.97 38.0 345 6.3 1.3 .8
63~ 90 ICr 5.0 14.0 B1.0 1.3 1360 2680 9.3 25.8 7.0 35.1 9.5 e INE 14.2 9.8
. 200 w
10- 15 1170 2670 555 35.7 17.6 1.8 0.6 21.2 17 3.9
18- 23 1150 1500 55.8 3.5 17,6 37.4 20.2 172 18.4 5.8
- 3% 1380 2860 8.1 25.9 1.0 35.7 17.9 17.8 12.4 30.2
42~ 47 1530 2700 61 5.1 9.9 8.4 15.1 23.3 w9 .2
36- 53 1380 7700 48.9 28.2 9.9 38.9 1.7 3.2 10.0 35.2
53- 23 1350 2680 4%.3 13.8 T.0  35.1 L] 15.8 Ta.2 ».3

* Galculaced from sdwocbed jBal*
4k Sua over proflle depth

#44 Cglcularions with reunded sverage woy couse differences of moge decimals




f. MICROMORPHOLGGICAL OBSERVATIONS
A8 Milsbeek

258

depth below surface (¢

50 100

GROUNDMASS horizon

Arg Tewa] g | zcr

Skeleton grains thin section

T7

229 | 230 | 2311232 | 233 | 234

basic distributicn

pattern ... ........cc.cc....... random
clustered
Plasma banced
plasmic fabric............. asepic
sepic
basic distribution erystic
pattern...........coevvunis., random
clustered
Voids barded
LY i packing voids (simple)
wughs
channels
planes (craze)
SPECTIAL FEATURES

Concentrations
cutanic features

cutans.........ooiie., free grain ferri-argfl
free grain argillans
void ferri-argillans
void argitlans
matri-ferri-argillans
calcitans

free grain ferrans

subcutanic features

neo-cutans............... nee ferrans
neo mangans

nec calcitans

quasi-cutans............ quasi ferrans
quasi mangans
glaebules quasi ferri-argilians

nedules...... femeeemaeann ferric nodules
manganic nodules
calcitic nodules
papules .......c...ouev.... ferri-argillic papuies
argillic papules

crystallaria

crystal tube/sheet... cateite {CaC0,)

pyrite (Fes,)
Regrientations..... skelsepic
glaesepic
VoSEpIC
insepic
amnisapic
masepic

Redistributions

pedotubules....... granotubules
aggrotubules

isotubules

fecal pellets............. organic fecal pellets

matric fecal pellets

Inherited features
1ithorelicts
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A.9 AALDONK

a. Profile description

General data

1. Locatfon: Topographical map of the Netherlands, scale 1:25.000
(1976), sheet: 468 + E, coordinates: N 414,680; E 197,510

2, Date of descriptiaon: 14-7-1977.

3. Deseribed by: J. Wijntje and 6. du Rois,

4, Mapping unit ML2,

$o0il site characteristics
1. Classification:
a. according to FAO~-Unesco (1974): Gleylc Podzoluvisol
bs according to the S0il Taxonomy (1975): Aeric Ochraquult
c. according to De Bakker and Schelling (1966): Kullbrikgrond.
2. Land use: arable land - potatoes.
3. Geology: medium— to fine-textured Late Weichselian Rhine deposit,
4, Physiography: lower part of a weakly undulating alluvial plain of a
braided river system.
5. Relief: flat or concave
6. Slope: level to nearly level, class A,
7. Altitude: 12.7 m +NAP {Amsterdam Ordnance Natum).
8, Hydrology:
ae. Soil drainage class: imperfectly drained
bs Groundwater level:
presumed highest: 70 ¢m helew soil surface
presumed lowest: 120 cm below the so0il surface
actual: 120 cm below the soil surface
ce. Artificial drainage: neone
d. Flooding: none,
%, Evidence of human activity: Ap to 20 cm,

Description of soil horizons

Ap 0-20 em: loam: 10 YR 4/3 (moist); weak fine subangular blocky
structure; firm; common large and fine biopores; common
fine roots; abrupt and smooth to:

Btgl 20-52 em: clay loam: 10 YR 5/3 {(moist) on ped faces, 7.5 YR 5/8
{moist} in peds; few fine faint Mn-mottles; strong medium
compound rough prismetic structure, subdivided into weak
coarse subangular blocky structure; common medium
distinct 2.5 Y 7/2 reduction spots; many rootprints;
firm; few large hiopores, many fine pores in peds, common
fine pores on ped faces; few fine roots; gradual and
smooth ta:

Btg? 52-69 cm: sandy clay loam; mottled 2.5 Y 7/1 (45%), 7.5 YR 5/8
(40%), 7.5 YR 5/4 {10%), and S5 YR 5/8 (5%) {(moist);
moderate medium compound rough prismatic structure,
subdivided into weak coarse suhangular hlocky structure;
friable: common vootprints; on ped faces 10 YR 5/3
material; common fine biopores in peds, few on ped faces;
few fine roots; gradual and tongued to

2Rtg3 69-94 cm: loamy sand to sandy loam; mottled 2.5 Y 7/2 (A40%), 7.5 YR
/8 (30%), 5-YR 4/8 (10%) (moist); single grain
structure; very friable; very few fine blopores; no




2Btgd  94-130 cm:
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roots; clear and smooth to

loamy sand; stratified 2.5 Y 7/2, 7.5 YR 6/3, 7.5 YR 6/8
(wet), undisturbed stratification; loose; non-sticky,
non—-plastic.

b. FARTICLE BIZE DISTRIPUTION

Sample  Dspth Horlron
<2

Particie slza classss in

Ha 50
2 Y CE 32 =35 1515 35-50 50~ 75— T50- 115~ 300- %30~ & $6- 1200~ (m  sacd Eraction
e x x ¥S 105 150 210 300 420 600 330 1200 1700 dom  pm
TN 00 Ap 2.4 W8 0.8 244 T2 7.0 8.4 T2 6.0 B.6 4.0 0.3 3 7.0 6.4 3. L2 0.6 0.1 - 0.51 174
77572 20-52 Begl 333 42,4 218 118 6.0 6.8 .1 7.8 4B 8.9 4540 5.9 3.2 3. 1.80.8 0.2 - - 0.62 11
THST 52-69 Beg? 2.2 25,1 537 2.2 7.3 3.3 1.2 k6 0 6.5 4243 T.B I1T.6 156 6.9 2.0 Db~ - 0.58 200
THSe  49-9% 2Btgd 10,9 B9 802 109 0.7 L6 2.0 Le6 1.2 48 L2 13 3.2 136 26.0 16 6.3 48 2.0 - 0.7z 5
i — 1 1 1 ] } Ll by
*® <
sample / deposit L
1.2,3 = Il L 4
4 = b
]
— 0
20
4 - 30
LR ] - 40
56 -1 - 50
40
30+ 3
20
1
10
2
5
1
25 8
T T T T T T T T 7T 71° .—l
500 pm 120 particle gsize 300 Z10 150 165 78 0 38 16 47




. CHEMICAL DATA
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Sample  Dapth Horizon Clay Mumua Caf0y pH- CEC/eoll CEC/clay Bach. getdif Fea0y A0y
—’—1';‘-[7—20_-*-*1-—-
xeL 72 ng-T Ha K Suw /3 AL B8 ox dith dith

= H 1 4 wrolfkg  mmodfkg amol/ke molikp £ x x
13/75L -2 Ap 2.4 1.3 - 5.7 126 516 55 7 - - n 1 2 57 0.5 L.& 0.8
W5 20-52 Byl 2.8 0.9 3.8 142 420 - 12 - - n 56 1} 1.3 0.6 3.5 ¢ 1.1
WIS 5E-69 Big2 2.0 0.0 - 3.7 110 319 - 8 - - B 56 * 5 0.5 2.3 0.2
TR E9-94 2bexs 10.9 6.0 - 3.9 55 505 - 4 - -k F L] Foom2 0.3 0.2

d. TOTAL CHEHICAL COMPOSITION OF THE CLAY FRACTION
Semple  Dapth Horizan  Clay $i0; Aly0y Fegfly fed  Hn0  MR0  €al  Hagd &0 Ti0; PO Ba0 0% cec/elsy”

am X Fulw wnol/kg
AN 02 Ap 244 &8.24 25.67 6,52 0.3 ©.07 .82 0.12 0.32 3.11 0.98 0.42 3,13 B.8% 410
17/572 0-52 Begl 33.8 46.75 74,435 11.03 0.47 0.0 1,88 0,05 0.2 3.28 0.81 4.2) .80 &7 500
75?3 52-69 Bra2 1.3 46.55 2h.70 9.29 0.32 0.01 1.85 Q.05 0.21 )18 0.7 0.18 430 8,37 560
THOTA E9-94 FLLY X} 10.% SC.t7 26.39 5.45 0.25 0.02 1.0 0.0% 0.22 3.3 0.80 0.1¢ 3.68 3.28 68D

- ANSICAL CIARACTERISTICS {horlzon aversges and sverages of 3 core asmples)
Bepth  Horizon _ Temture { pm ) Bumuse  Bulk Pazclcle - Pota Molsture content Available molature AlT valume

T TWoOW denafry  deaniry volumn [ T3l FLLY [LrErin W i
o X X kale ' X Tufu Aviy /18 o H
0-20 Ap 4.4 44,8 0.8 1.5 1560 2650 42.0 1.2 6.6 33.8 16.5 17.3 8.2 25.3
20-31  Bepl 33,8 42,4 2.8 0.9 N 2710 4.1 2Z.4 2.1 K5 0.0 16.35 3.6 0.1
52-69  Brg: 21.7 5.1 53.7 0.0 1610 10 41.0 1.4 0.4 2.7 16.7 21.0 3.3 24.3
69-94  20rg) 10.9 5.9 80.2 0.0 30 2670 41.6 .o .0 22.0 9.4 12.4 9.8 2.1
)53 ma

=10 150 2690 A2.0 a7 0.6 118 15.5 17.3 .2 15.3
20-25 1840 60 36.3 20.8 12,3 34.5 20.4 lé.1 1.3 1.9
5-40 1590 273 41.9 21.9 k2.1 18.0 9.5 18.4 3.9 22.1
40-55 16io 220 4o 23.4 B U LT T %) 16.7 21.¢ 3.3 4.3
-85 1510 W70 b6 4.0 -0 13.0 .4 12.6 19.4 1.2

s Calcolacad from advarbed §3a2*

sy

profile depeh

And Salgularions uich roundad svarages may cduee differcnces of some dacisele
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. MICRCMORPHOLOGICAL OBSERVATIONS
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AJ1O AZEWIIN T

a., Profile description

General data

1.
2,
3.
4

Location: Topographical map of the Netherlands, scale 1:25.000
(1966) sheet 40H, coordinates: N 433,820; F 219.520.

NDate of description: 2-5-1977

Nescribhed by: Th. Pape.

Mapping unit: KML2

Soil site charactertstics

1.

ql

Clagsification:
a, according to FAG-Unesco (1974): Gleyic Cambdisol
b. according to the Soll Taxonomy (1975): Thapto Ochraqualfic
Dystric ¥luventic Eutrochrept
c. according to De Bakker and Schelling (1966)}: Poldervaaggrond
{Kuilbrikgrond)
Land use: grassland near clay excavation.
Geology: flne-textured Late Weichselian Rhine deposit overlain by
50 c¢m fine-textured Holocene Rhine deposit
Physicgraphy: basin area with some microlief.
Relief: flat or concave
Slope: level to nearly Ievel, class A.
Altitude: 14.0 m +VAP (Amsterdam Ordnance Datum)
Hydrology:
as Soll drainage class: imperfectly drained
b. Groundwater level:
presumed highest: 4C cm below soil surface
presumed lowest: 180 cm below soil surface
actual: 140 cm bhelow soil surface
cs Artificial drainage: ditches
ds Flooding: none
Fvidence of human activity: somewhat compacted topsoil; clay
excavation.

Description of soil horizons

Ahg

ARg

Buwg

0-15 em: silty clay; 10 YR 4/2 {moist); few fine faint 10 YR
5/8 iron mottles; weak to moderate very fine to
medium angular and subangular blocky structure; very
firm; distinct very fine rootprints; few very fine
biopores; many very fine roots; gradual and smooth
tot

15-40 cm: silty clay; 10 YR 4/3 (moist); few fine faint 10 YR
5/6 iron mottles, few 10 YR 2/l manganese mottles and
concretions (hard); strong coarse rough prismatic
structure subdivided into weak medium subangular
blocky structure; firm; distinct very fine
rootprints; few large and few very fine biopores;
common very fine roots; gradual and smooth to:

40-50 cm: clay; 10 YR 3/4 (moist); common fine distinet 10 ¥R
5/8 iron mottles, few fine prominent hard manganese
concretions; strong coarse rough prismatic structure
subdivided into weak medfum angular and subangular
blocky structure, sometimes fine prismatic; firm; few
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fine rootprints; few large and common fine and few
very fine blopores; few very fine roots; clear and
smooth to:

2Btg 50=110 em:  silty clay; 10 YR 5/2 (moist); common to many fine
and mediuvm distinct 10 YR 5/8 iron mottles, comman
fine prominent 10 YR 2/1 manganese mottles; moderate
coatse rough prismatic structure; very firm;
prominent wvery fine rootprints; common fine and few
very fine bicopores; few very fine roots; clear and
wavy to:

2Cegk/2Ce 110-130 cm: clay loam; 10 YR 5/1 (molst); common fine distinct 10
YR 5/8 iron mottles, many fine distinct 10 YR &/2
CaC0, mottles; macrostructureless; firm; few
prom?nent rootprints; few fine biopores, few fine
dead rootrests (fossil?); strongly calcareous from
110-120 em, from 120-130 cm weakly calcareous.

b. PARTICLE SIZE DISTRLBUTIGN

Semple Depth  Horlsen Farclicle size clessss in M 50
€2 2750 3507 {2 4 a-8 E-1E 16-25 25-35 130 50— 15 10> l# ZI0- 300- 20~ 500 B30~ 1200 {(Zm wand fraczian
4 3

- 5105 i%0 210 KO0 420 600 B30 1200 1700 (lEm =

TI/552 0~ 15 Ang 41,1 6.9 2.0 &i.1 9.3 12.3 13.9 6.3 EN S 2.0 Lab LD 1 2.8 ®3 ol - 18- 1) 163
71553 13- 40 abg $2.0 41.2 6.8 52.0 12.7 0.0 9.7 5.1 2.0 1.& 0807 1.8 2.5 6 - - 0.2 156
TI/55%  40- 50 Bug 45.6 35.7 18.7 5.6 8.0 7.0 8.1 4.5 W6 41 1.6 1.6 44 3.4 i.1 0.8 0.2 0.66 131
T2/355 50~ 70 7hcgl  46.2 41.9 109 46.2 8.6 B.1 10.1 9.7 8.3 &3 1200 1.5 2.2 0.8 0.5 0.2 063 181
I7/556 0~ BS 2pegz 433 60,0 9.4 433 2.0 9.1 9.2 8.9 A3 58 LI Ll LG 2. .2 0.1 - .83 148
TI(357 83110 2hig)  36.6 4.8 16,6 6.6 6.1 9.0 §.77.3 6.9 %3 L& L5 &7 5.8 62 01 - L. 163
T2/356 110~120 2Cpk  I0.§ 26,4 S1.7 .9 36 hu 6.0 47«6 N1 L4 2.0 13.210.7 0.8 0.2 - 0.6} 177
777559 120-130 1Cg 35.3 3.0 27.7 35.3 5.8 T.3 9.05.2 5.2 4.3 1.635 3.4 10.0 0.4 0.2 0.1 0.6} 170
1, L 1 1 L 1 1. | S R
m
sample J deposit ) _"
1,2,3 » 1% '
4,5.6.7,8 » II1
5
10
- 20
30
% > pm
50
04
304
20
10+
5
1‘!
3
T T T T T T T LI -]
S00 ym 420 perticle size 300 210 150 105 75 50 35 16 42
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€. CHEMICAL DATA

Saapls  Depeh Korlzon  Clay Huaue CaCOy pi- CBC/eotl CEC/cley [Exch. bames Exch, geldit Fey0; AL,

* 3 :L‘l ’ 1/ 2Cs 17/2Mg Ha St A BS o dis dl%ha

= r  r ox meol kg vmalfkg - ewol/kg X H %

227552 0 15 Ahg ALl 6.8 - 4ah 298 725 166 a8 - - 10 1.0 4.0 1.5
727553 15— 40 abg $2.0 1.8 - 4,8 256 W96 195 5 - -2 H 0.8 4l 15
THSH 40~ 50 Bwg 4.6 0.9 - 5.1 236 516 194 i - - w2 103 0 5.0 L5
17/555  50- 70 begl §6.2 0.0 0.1 5.4 e WL 178 a7 - - s 9 WS 49 14
THSE 70 85 2meg? 3.3 0.0 - 5.5 253 ses 215 3 - - 2 We 0.2 4.3 12
TIST By1NG derg 3.6 0.0 - 5.7 211 s17 198 25 - - 106 0.3 3.% 1.2
FI/558  LI0-120 2egk .8 07 125 7.5 183 Ts 150 13 - - 18 180 0.2 2.2 0.t
14559 120-136  2s 5.3 03 6.8 7t 2id 518 194 20 - - us 16¢ 0.2 3.3 1.2

d. TRTAL CHEMICAL COMPOSITION OF THE CLAY FRACTION

Sanple  Depth Horlren Clay 5""2 .U.zrnJ Taghy Fe W0 Mgt Ca n.z{l !20 Tlﬂz Pyly Bl Illl‘r‘ C!cl:l-y“

o H Fufs nmol/kg
AT 0- 15 Ay AL ORI 13.68 795 0.72 N.11 2.50 0.26 0.25 1,01 n3Y 0.6 306 879 500
1435 15 60 Amg SE.0 49,32 24.48 8,29 0.42 0,06 2.0 D2 0,20 2,39 0,42 021 19 A.04 55D
13755 40- 30 Bug £5.6 4930 20,32 3.40 0,37 D0 230 5,00 022 3,41 086 N6 430 B2 560
774355 SO~ PO 2Bcal A&7 A8.68 201 9.05 D.0% 0.39 2.1 0.07 0023 Z.eb 0.7 LI .07 B35 5i0
P7I356 I B3 2Rcpd 403 AZ.OT 22.99 9.07 Q.22 0,03 2,20 D07 D21 306 MI3 008 600 7.6 54N
T/557  BS-118  2Wtg) 6.6 4B.69 1,80 9,31 0,3 009 7,34 0,07 .22 119 0.70 0.0% 416 .59 54D
TTIS8 11G-120 0k 209 §9.14 22.9% 9.00 0,36 0,64 2,29 0,13 0,20 2.8 0.88 0.13 304 T34 650
IS 120-100 20 45,1 48006 2297 982 0,18 NIS 236 D.0S 0.2 206 0.6F B3 433 7.83 560
#. PHYSICAL CNARACTERISTICS (horlzon evarages'®™ ard averagas of 5 cors sampler®*™)
Depth  Horizon _Textare { ;e )_Wmus  Balk vartlcle rore Hotwture Content #val table mofstuce Alc_volune
a 3 desofey  demaity volune 7 LI P2 VePiUpFAE o TR m
o ¥ x nfo ky/m z Ewiv Tnlv /10 cm H
015 ahg™™t 41 46,9 120 66 1200 2460 34,9 7.3 174 2.0 20,3 261 9.9 3.0
15~ 80 kg 55,0 412 68 LK 180 i 568 . 194 35.0 27,9 2.1 1. N
i 30 Mug W56 35,7 INT 0.9 1290 2730 52,0 30.2 1.4 309 25.0 13.9 13,8 Feot)
50~ 70 Zhegl 6.2 41,9 119 0.0 1880 70 ek 4.6 16,5 3.3 .4 34,9 7.3 1.7
I0- RS IMcgr AN K60 140 0.0 1470 70 6.9 9.5 163 3.4 . 19.1 .5 12,6
[URTI
2% 2 1180 710 6.0 8.1 9.4 45.0 2.9 Fr 118 3.9
- 45 1790 730 s2.0 0.2 194 30,9 5.0 X 138 2.1
55- &0 1480 ni V.6 2.5 16,5 19 b4 16,9 7.3 222
70- 75 1470 2770 6.9 1.3 16.5 &34 w3 19,1 23 2.6

* Calewlsted frow adsarbed phe’*

42 Sum ouer prollte depth,
bes Calguintlon with rounded svarapes may couse dLEfevances of soma decimals
4443 bats hased on reaults [rom slmilar profile
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A1D - Azewijn I depth below surface (c
. L L
GROUNDMASS horizon Ath ABg Bwq 2Btg 2Cgk/2Cq
Skeleton grains thin section f78{61[} 162 { 163 {164 [ 165 {166 | '67 | 168 | 169

basic distribution

pattern ....c..ceeoieveien.... random
clustered
Plasma banded
plasmic fabric............. asepic
sepicl
basic distribution erystic
pattern....coiviieeiic s e random
clustered
Voids banded
tYPe. i packing veids (simple)
vughs
channels
planes
SPECTAL FEATURES
Concentrations
cutanic features
CUtANS. .. et free grain ferri-argillans

free grain argillans
void ferri-argillans
void argillans
matri-ferri-argillans
calcitans

free grain ferrans

subcutanic features

neo-cutans............... neo ferrans
neo mangans
neo calcitans
quasi-cutans............ quasi ferrans
quasi mangans
g]aebu]es quasi ferri-argillans

NOdUTes covvvrvanarsreas.. ferric nodules
mangaric nodules
calcitic nodules
ferri-argiliic papules
argillic papules

papuies

crystallaria

crystal tube/sheet... calcite (Caco

3)
pyrite (FeSZ)

Reorientations.................. skelsepic
glaesepic
vosepic
insepic
omnisepic
masepic

Redistributions
pedotubules

granotubules
agyrotubules

isotubules

fecal pellets

organic fecal pellets
matric fecal peflets

Inherited features

lithorelicts................ volcanic fragments

pumice tuff

plant remains
charcoal

snail shells
calcite

anthropic fragments

piorelicts cooceiiiiinan..

pedorelicts
sedimentary relicts
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A.11 AZEWIJN IV

a. Profile description

General data

1. lLocation: Topographical map of the Netherlands, scale 1:25.000
{1966) sheet 40H, coordinates: N 432.840; E 219.820

2. Date of description: 15~7-1977

3. Described by: R. Miedema.

4. Mapping unit: kHL3.

So0il site characteristics
1. (Classification:
a. according to FAO-Unesco (1974): Orthic Luvisol
b. according to the Scil Taxonowy (1975): Mollic Hapludalf
¢. according to De Bakker and Schelling (1966): Daalbrikgrond
2. Land use: grassland near clay excavation
3. Geology: medium—textured Late Weichselian Rhine deposit overlain by
30 com medium-textured Holocene Rhine deposit.
4. Physiography: small summit in basin area with some microrelief
5. Relief: flat or concave .
6. Slope: level to nearly level, class A
7. Altitude: 14.3 m +NAP (Amsterdam Ordnance Datum)
8. Hydrology:
a. S0ll drainage class: moderately well drained
b+ Groundwater level:
presumed highest: 75 cm below the solil surface
presumed lowest: 180 em below the soll surface
actual: 180 cm below the scil surface
¢. Artificial drainage: ditches
d. Flooding: none
9. Evidence of human activity: compacted topsoll; clay excavation.

Description of soil horizoms

Ahg 0=10 cm: loam; 10 YR 5/2 (moist); many fine red Fe-mottles
around roots; strong fine to medium angular and
subangular blocky structure, tending to weak medium
rough prismatic structure; very firm; few large and
common fine pedotubules; common medium and many fine
roots; few quartz gravel; clear and smooth to:

Bw 10-30 cm: loam; 10 YR 4/3 (woist); common fine hard Mn-
concretions; moderate medium rough prismatie structure,
subdivided into moderate subangular blocky structure;
firw; common medium and fine biopores; common large
pedotubules; common medium and fine roots; few quartz
gravel; clear and smooth to:

2Bt 36~40 cm: sandy clay loam; 7.5 YR 4/4 (moist); many medium hard
Mn—concretions, few fine faint red Fe-mottles; weak
fine compound rough prismatic structure, subdivided
into moderate very porous subangular blocky structure;
slighely firm; many medium and fine biopores; common
large coated worm holes; common fine roots; few gravel;
clear and smooth to:

2Begl 40-60 cm: sandy loam; 7.5 YR 4/6 (moist); common fine faint
irregular Fe-mottles, many medium distinct slightly
hard round Mn—concretions; sponge structure; friable;




2Btg2 6080 cm:
3Btg3 80-110 cm:
3Btgh 110-130 cm:

b. PARTLCLE SEZE pISTR|BUTION
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many medium and fine biopores; common large coated worm
holes; common fine roots; gradual and smooth to:

sandy loam; 7.5 YR 5/6 (moist); few medium distinct 7.5
YR 5/8 Fe-mottles, common medium distinct Mn-mottles;
sponge structure; friable; common medium and fine
blopores; common large coated worm holes; few fine
roots; clear and smooth to:

stratified sand to loamy sand; 10 YR 5/8 (moist);
common medium and fine Mn-mottles 7.5 YR 5/8 Fe in
bands (<1/2 em), c¢lay-illuviation band at about 105 em
(7.5 YR 4/4); macrostructureless; friable; few large
and many medium and fine pores; few fine roots; abrupt
and smooth to:

stratified sand; 10 YR 7/3 (moist); single grain
structure; loose.

M 50

Sacpls Dapth Horizon Pavticls sice classes In
[3 =% >0 TS T e TET S0 s T The 155 TT Y60- 10 645° B30~ TI06 <o  sind fracedon
- 3 T 75 105 150 216 300 A20 400 B50 1200 1700 <iém  m
TI{560 D= |0 Ahg 25.6 2%.0 454 25.6 6.3 .6 2.8 2.6 1.3 2.4 1.5 1.4 7.9 107 10.¢ 5.6 2.6 0.7 0.) 0.3 0.3% (1]
T7/36t  10- 30 Bu 25.8 29.7 44.5 258 7.8 7.0 8.0 2.0 2.5 2.5 1.6 2.1 8.7 IL.6 10.4 6.3 2.6 0.8 Ok~ 0.5} 201
777561 I0- 40 20 27.6 0.8 5.6 27,6 3.3 8.7 &8 1.0 2.3 A7 5528 M6 159 106 52 2.00.4 0 - 470 184
TN 40— 60 Zmgl 19,0 £ T 190 L5059 1,7 LS k2 LS 1.2 2.0 12,7 M. 183 T 2404 - - 0.2 193
73/566 6D~ BO 2brg? 14,7 7.6 7.7 14,3 Lé 04 L1 3.8 D6 L7 1.2 20 9.7 10.0 22,8 168 3.8 3.1 0.2 - D79 134
77/565  B0-110 I3tg3 7.5 L9 6B.6 7.50.8 0.5 0.7 0.4 0.6 0.6 0.7 1.3 9.7233.228.310.4 3.501.1 0.4 - 0.76 209
37/566 110-130 Begd 1.6 3.9 94.5 1.6 1.4 0.4 0.6 0.4 G.3 0.8 0.8 1.7 6.8 15.5 13.1 23.9 160 4.8 L7 0.2 0.0 290
1 ] 1 1 1 1 1 Ll 1 II‘
%< M
sawple / deposit »
2 = 1
34,5 = III
6,7 = 1IIa
s
10
20
30
%> um - 40
50 - 50
40
304
20
10
54
14
% B
A T

T
420

particie size

T T T—T T 1T
300 21¢ 15 50 35 16 42
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e+ CHEMICAL DATA

Semple  Depth  Wortaon  Clay Humus Cacy pH- CEG/woil CEC/clay Exch. pases Exch. geidic Tay0 Aigly
1 ka Tt gt T T T M 5 on dith diit
cm X S T kg oaollkg amalikg macl/ky X b X
117360 0 L Abg 5.6 4.1 0.1 5.3 143 35 g 17 - - 13 94 0.8 2.6 1.0
/561 1~ 10 B 5.8 17 - L ITH PETRT) 1t - - 7 o617 [
/%2 10- WD e 7L 06 - P 124 e T T - - 9 0222 Lt
71791 40 60 2begl 1.0 08 - 4.3 108 47 80 19 - - % 95 0.2 2,1 1.0
775386 60+ B0 2Wg2 147 0.3 - 4.5 n 748 45 13 - - N0 k4 0.?
721565 BO-110 3B 7.5 0.5 - 4.3 5 bl n 8 - - &7 1z 0.2 1.1 [ )
i /556 (10-130  iBigh Lé o5 O 5.8 n 2600 12 - - - 22 11 ol 0.4 0.2
. TOTAL GHEHLGAL GOHMPOSITION OF THE GLAY FHACTION
Sample  Depth  Horiton  Clay 940; ALyDy FagOy FaD WD WgD Ca0  MagD K0 TiDy #y05 D0 B0 CEG/clay®
ca H Tul= mmol/kg
177580 0 10 Ang 23,6 46,44 23,45 B.25 Q.70 0,18 2,44 Q.20 0.25 2,97 .85 0.39 4.15 B.69 540
70361 10- 0 Wy 25,8 4B.17 23.32 6.2) 0.6% 0.2z 2,45 0.14 0.23 3.09 0.87 0.33 118 &.08 %0
Wil - a0 23 27.6 47.53 24.60 8.70 0.61 0.10 2.2% 0.09 0.23 2.95 0.75 0.30 1.5z 4.9 310
Y7/56]  A0= 60 2Bgz  19.0 A6.70 25.07 $.08 0.54 0,15 2,32 Q.08 .21 2.80 0.46 0.31 .28 .07 360
23/564 60- B0 2Brgd Le,? 46,43 24,92 0.97 0,50 0.1 2.4 O.11 G.2) 1.2 D.5& 6,37 4,54 AL 590
717565 B0+110 g3 7.5 46.38 25.GE 9.71 DA% 0.15 2.4 0.05 0.23 2.78 D.64 D.4% 4.26 .66 360
77566 110-130 gh 1.6 0o daca
i
a. PUYSLCAL CHARACTERISTICE (horizoe avecages™**" ond aversges of & core mamplas™* ")
Depch  Morlzon __Textura { i ) bumas  Balk Farttcle Pare Molsture content Availzhle motstuta A volose
<z 7-30 350 denafty  densjcy volume r5E] P61 prd BIN: VgEd-ugFAT [ AL
P 1 z e/n kels H Tfw aule w10 cn 1
B0 whg 254 29.0 454 4.3 o date
10- 30 By 3.8 2907 665 20 1450 2680 5.9 2.8 5.4 35,9 2.9 13.0 0.0 3.0
0+ 40 28t 2.6 0.8 51.6 0.6 ro data
40 60 eyl 1800 A1 7.7 DA re duta
60— BO 8Ly 14,7 7.6 27,7 0.8 1330 W0 42,9 17.4 7.1 26,6 109 13,7 16.) .o
30-110 JBegd 7.5 3.9 EE.6 0.5 s dare
10-170 3Btgd 1.6 3.9 94,5 0.5 o dria
15+ 20 (profile 36 33 15 2.9 1390 2700 .5 .0 17.7 3.5 2.6 12.9 1.0 2.
30~ 35 DAAS LII)+ W 32 38 1A 1350 1730 .8 19.8 1.0 383 21,3 10.2 10.3 0.5
45- S0 " 4 I LT 0.9 1620 1710 40.2 8.0 1.9 3.5 19.3 1.2 9.1 20.9
60~ 83 " 2 18 6 0.5 1590 1100 e 20.5 .5 3.0 15.1 17.9 Iy 6.0
13- 0 ¢ 1 oe 1 03 1820 2600 9.6 8.2 t.0 1.3 9.3 19.8 0.1 1.9
s0- 95 v Foirosz 03 1570 2650 0.8 15.% 4 3.0 T 15.8 3.4

17.6
A% 145 En

* resulte from a neszhby, @ r but somewhat [iner teatured profile.

** Calculazed from advorbsd |bel*
had fum of proille DAAS 1IL 111l U0 ca depch.
#A8A C3lculations wirh rounded averages may cause differénces of some declms
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f. MICROMGRPHOLOGICAL OBSERVATIONS

GROUNDMASS

Skeleton grains
basic distribution
pattern

Plasma
plasmic fabric

basic distribution
pattern

Yoids
tYDe. e

SPECTAL F EA

A11 - Azewijn IV

0

depth below surface (cn

50

190

horizon

Rng| Bw  28t| 2Btel]2Btg2 | 3Bta3 |3Btch

thin section |77

151 [152: |153: 154 ] 155 ] 156 ] 157 158 | 159

random
clustered
banded

asepic
sepic
crystic

random
clustered
banded

packing voids {gimple}
vughs
channels

planes (craze)

TURES

Concentrations
cutanic features
cutans

subcutanic features
nec-cutans

quasi-cutans............

glaebules
noduTes cvererieereeiaaan,

papules

crystallaria
crystal tube/sheet...

Reorientations.......c.cevienn.

Redistributions
padotubules......... .

fecal pellets

Inherited features
Tithorelicts......... e

biorelicts

pederelicts
sedimentary relicts

free grain ferri-argillans
free grain argillans

void ferri-argillans

veid argillans
matri-ferri-argillans
matrans

calcitans

free grain ferrans

neo ferrans
nec mangans
nec calcitans

quasi ferrans
guasi mangans
quzsi Ferri-argiilans

ferric nodules
manganic nodules
calcitic nodules

farri-argillic papuies
argillic papules

calcite (CaCOJ)
pyrite (FeSZJ

skelsepic
glaesenic
vosepic
insepic
amnisenaic
masepic

granotubules
aggrotubules
fsotubules

organi¢ fecal pellets
metric fecal pellets

voleanic fragments
pumice tuff

plant remains
charcoai

snail shelis
calcite

anthropic fragments
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A.12 WOEZIK

-

Profile description

General data

1.

Location: Topographical map of the Netherlands, scale 1:25.006,
sheet 40C (1966) coordinates: N 428,420; E 181,680,

Date of description: 18-5-1977

Neseribed by: J. Wijntje, G. du Bois,.

Mapping unit: kML2.

Soil site characteristics

9.

Classification:
a. According to FAO-Tnesco (1974): Gleyic Luvisol
b. according to the Soil Taxanomy (1975)}: Aquollic Hapludalf
c. according to De Bakker and Schelling (1966): Xuilbrikgrond.
Land use: grassland.
Geology: medium— to fine—textured Late Weichsellan Rhine depesit
overlain by 30 cm fine-textured Rhine deposit,
Physiography: basin area with some microrelief.
Relief: flat or concave.
Slope: level to nearly level, class A.
Altitude: 7m HNAP {Amsterdam Ordnance Datum)
Hydrology:
a, S0il drainage class: poorly drained
b. Groundwater level:
presumed highest: 40 cm below soll surface
presumed lowest: 120 cm below soil surface
actual: 110 cm below soll surface
c. Artificial drainage: ditches
de Flooding: none
Evidence of human activity: Ap-horizeon

Description of soil horizoms

Apg

Rwg

2Btgl

2Btg?2

2Btg3

0-10 ecm: eclay; S YR 3/2 (moist); few irom mottles along roots;

weak medium angulatr blocky structure; firm; common fine

blopores; common fine rootsy clear and smooth to:
10=30 em: eclay; 2.5 ¥ 4/2 (moist); common fine distinct Fe-

mottles, few fine hard round FeMn—concretions; mederate

coarse prismatic structure; firm; few large and very
fine blopores; few medium and common very fine roots
along ped faces; gradual and tongued to:

30-50 em: clay loam; mottled 10 YR 5/3 and 7.5 YR 4/6 {moist);
atundant medium hard round FeMn—concretlons; moderate

very coarse angular blocky structure; firm; common very

fine biopores; few very fine roots; few round quartz
gravel; gradual and wavy to:
50«73 cm: clay loam; 7.5 YR 5/8 (moist); common fine distinct 10

YR 6/1 (molst) reduction parts; moderate coarse angular

blocky structure; friable; common fine blopores; few
very fine roots; few round quartz gravel; clear and
wavy to:

75-110 em: sandy loam; 2,5 YR 5/2 (wet); few medium faint 7.5 YR
5/6 Fe mottles; macrostructureless; very friable,
glightly sticky, slightly plastic; few very fine

blopotres; common coarse dead roots.
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b, PARTICLE SIZE DISTRIBUTION

Sample  Depth Herizon Paccicle siza classes in |» M 30
{77250 >80 i 35 &8 B-16 16-23 23-33 3550 30- 75 105 150 210- I00- 420~ 600~ 850- 1200~ <Clpm sand fractlon
-

e % x J5 105 130 1D 300 A0 600 850 100 1700 {iGm
/567 010 dpg 56.5 28.0 15.%  56.57.26.3 57 %4 17 27 LI L0 25 333 23 L2 0.5 03 - 0.2 202
71568 10-30 Bvp 6L.4 27.7 10,9  GE.4 7.0 5.6 5.8 2.7 2.8 1.0 L4 0.9 2.1 2820 1.2 0.5 0.2 - - 0.7 1
717563 30-50 gl 19,3 40.8 1,93 29.9 2.4 6.5 0,9 5.8 5.0 7.2 1.0 2.3 5.3 6.7 4.7 20 2 L2 05 0.1 037 [L1]
774510 5075 2Beg? 29,2 1.9 6.9 29.2 4,1 3.0 6.5 5.2 % 0.0 4L 2.7 70 100 31 30 L0 1.4 1S - 0.85 178
I t 1 1 )\ L RS BT
. -
sample [/ deposit % L
. = IVt -1
3.4 = 111
|- 5
10
t 20
ko]
% = m 40
50 -1 ’_ 50
40+
]
q
20 3
10-] 1
2
5-
4 -
25
v ¥ T T T T T T T
500 pm 420 particle size 300 z10 150 105 75 50 35 16 42
€. CHEWICAL DATA
Sawple  Depth Horlzon Clay Humus €aC0y  pH- CEG/woll CEC/cley fxch. Exeh. acldit: Feyly AL0.
> et 0 gt K B 173 i [ B on eIcE enfn’
e« H z H wmol/bg  weolfke nol/kg molfkg I S ]
277567 -0 Apg 56.% 6.6 - 4.6 52 62) 20 9 - - 1 91 1.3 36 L.3
17/368 1K By sL.4 0.9 - 'S 383 624 251 43 - - 7 0.3 3.9 3.5
Tiis8% W0-5% gl A 0.8 e 5.1 ] €99 175 0 - - 145 93 0.6 &7 L2
17510 SO-75 2beg? n.: 8.6 - 5.0 189 (7 BT FE) - - 19 103 0.5 &7 1.2
d. TOTAL CHEMICAL CSMPOSITION OF THE CLAT FRACTIOH
Sawply  Depth Horizan  Clay 510, Aly0y FeyBy FeO  mnh  tgh  Gob  Hagd K0 Tihy Py Ba0  w0* CEC/clay®
= H Ewfw nmalikg
77/567  0-10 Apg 56.3 49,70 26,32 6.95 0.50 0.06 1.78 0.28 0.23 192 0.B1 0.22 A.51 8.9 590
77/568  L0-30 Py 6l-4 50,20 5.3} 6.B7 0.45 0.09 .91 0.15 0.21 Z.08 O.77 0.3 4.3% 8.33 590
7563 Y0-50 2mrgl 9.9 472.91 25.05 10.36 0.23 0.48 2.01 003 L2 .91 0.82 0.23 )76 7.8 50
TIHSI0 50-73 2Weg? 9.2 45.10 2274 13,64 0,07 2.1 806 0.21 1.94 O.7L 0.1 400 7.68 50
Lrn are
©. PHYSICAL CHARACTERISTICS (horizon averages  mnd swefigea aof 4 coTe Bamples )
Depth  Forizoc Textur Humua Bulk Farticla Fors Molature content Available wofsturs Alr volume
X1 250 )'gu deonpey  denayey voluwe [i3] oF4.2 il PIN.Z VpFE TpFa.2L pre pre .2
- x x kg/w rgio H Twiw Tviv i 10 cm H
0-10  Apg 56.53 2.0 13.5 6.6 1350 2550 9.1 5.3 24.9 479 33.6 1.3 1.2 1
10-30  Bug 61.4 27.7 10.9 0.9 1350 750 49.5 31.9 0.8 444 8.9 15.5 5.1 2
30-50  28ezl 29.9 40.8 2.3 0.3 1400 2760 9.1 4.0 10,4 3106 0.2 11.4 15.7 2
50-75  2Beg? 29.2 33.9 369 0.6 1259 270 58,9 28.1 145 382 18.0 1.2 18.7 3
#4115
510 13%0 2650 49.1 35.3 .9 413 33.6 14,2 1.2 15.5
72-27 1390 2750 9.3 3.9 0.8 443 8.9 15.5 5. 20,8
33-38 1460 sy 6.9 F38 ) A 369 2.8 13 1. 35.9
45-50 1340 2770 3.6 6.0 1.4 2.1 18.3 12.8 19.5 2.3
55-60 1250 2116 34.9 8.1 La.é 35,1 18.0 17.2 19.7 3.9

® Caleulated from adsorded iBalt
A4 Sum over proflle desth
#%% Calculstions with rounded aveToges nay cause dlfferences of some decimals
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f. MICROMCORPHOLOGICAL OBSERVATIONS

GROUNDMASS

Skeleton grains
basic distribution
pattern

Plasma
plasmic fabric

basic distribution
pattern

Voids
EYPE . ittt

SPECTAL F EA

Al2 - Moezik

depth below surface

0 50 100

"

(cm)

horizon

fpa] Bwg | 2Btal| Ztez | 2Btar |

thin section |78

035 | 036 | 037 | 038 ] 039 | 040 | 0411

random
clustered
banded

asepic
sepic
crystic

random
clustered
danded

packing voids (simple)
vughs

channels

planes

TURES

Concentrations
cutanic features
CUtans....oieeiiiiiaenn,

subcutanic features
neg-cutans

guasi-cutans............

glaebules
nodules

papules

crystallaria
crystal tube/sheet...

Regrientations......coceveeunns

Redistributions
pedotubules................

fecal pellets ........c.....

Inherited features
Tithorelicts

biorelicts

pedorelicts
sedimentary relicts

free grain ferri-argiilans
free grain argillans

void ferri-argillans

void argillans
matri-ferri-argillans
catcitans

free gratn ferrans

neo ferrans
neo mangans
neo calcitans

quasi ferrans
quasi mangans
quasi ferri-arqiilans

ferric nodules
manganic nodules
calcitic nodules

ferri-argillic papuies
argillic papules

calcite (CaCOs)
pyrite (Fesz)

skelsepic
glaesepic
vosepic
insepic
omnisepic
masepic

granrotubules
aggrotubules
{sotubules

grganic fecal pellets
matric fecal pellets

valcanic fragments
pumice tuff

plant remains
charcoal

snail shells
calcite

anthropic fragments
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A.13 ASBROEK

de

Profile description

General data

1.

2.
1.
by

Location: Topographical map of the Netherlands, scale 1:25.000
(1966), sheet 440; coordinates: ¥ 430,370; ¥ 221.850,

Nate of description: 10-11-1978.

Described by: A.G. Jongmans, J. Rroekhufzen, G.F, Fpema,
Mapping unit: HLI.

Soil site characteristics

1'

3.
&l
5.
6.

8.

9.

flassification:

a. According to FAG-Unesco (1974): Chromic Luvisol.

b. according to the Soil Taxonomy (1975): Typic Hapludalf

c. according to NDe Rakker and Schelling (1966): Radebrikgrond

Land use: grassland.

Geology: medium-textured Late Weichselian Rhine deposit.

Physiography: the profile Is situated on a small ridge.

Relief: subnormal

Slope: level to nearly level, class A,

Altitude: 15 m +NAP (Amsterdam Ordnance DNatum)

Hydrology:

a. Soil drainage class: well drained

be Groundwater level:
presumed highest: >120 cm below the soil surface
presumed lowest: >120 cm below the soil surface
actual: >120 cm below the soil surface

ce Artificial drainage: none

d. Flooding: none

Evidence of human activity: 0-33 e¢m Ap-horizon.

Degcription of the soil horizons

Ap

FB

Bt

0=30 cm: sandy loam; 10 YR 4/3 (moist); few charcoal, few

patches of the underlying borizons; moderate very fine
subangular blocky structure; common large and few fine

blopores; many fine roots; few ortho agprotulules,

(granular structure); very few gravel; clear and smooth

to:

30-50 cm:  sandy loam; 7.5 YR 5/4 (moist); very few very fine
faint sharply bounded round 10 YR 2/1 FeMn mottles;
firm; weak very coarse rough prismatic structure
subdivided into moderate fine angular to suhangular
blocky structure; common fine roots; very firm; worm
holes plastered with Ap material; few ortho
aggrotubules (granular structure); very few gravel;
clear and smooth to:

50-83 em: loam; 5 YR 4/4 (moist); common very fine distinct
sharply bounded 10 YR 2/1 FeMn mottles; firm; few

medium diffusely bounded Fe-mottles {n the lower part

of the horizon; moderate smooth very coarse compound

prismatic subdivided {nto medium and fine angular and
subangular blocky; cutans on ped faces; many large and

many fine biopaores; worm holes plastered with Ap
material; few ortho aggrotubules; few flne roots;
extremely firm; diffuse and wavy to:



2Btgl

2Btg2
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83-110 em: sandy leam; 5 YR 4/6 (moist); common fine distinct FeMn

mottles Inside peds; vertically elongated tongues (7.5
YR 6/4) of 2-10 cm wide, surrounded by an iron band (5
YR 5/8) with a diffuse boundary; weak very coatse
prismatic structure; extremely firm; few worm holes
coated with Ap material; in worm holes only few fine
roots; gradual and smooth to:

110-140 cm: loamy sand; 7.5 YR 6/4 (wet); common reduction spots

(<2-20 cm diameter, 5 YR 7/2) surrounded by iron band;
from 135-138 cm sedimentation band of loam (10 ¥R 7/1,
moist) with few fine blopores and surrounded by iromn

band; macrostructureless; slightly sticky, non plastic.

b. PARTICLE S5I1ZE DISTRIBUTION

Sample Dapth  Horizon

Particle sire claswea in M 30
<T 130 50 €T 2% &8 B-16 16-25 1535 35-30 50- 7% 105~ L50- 210- 300- 420~ GO0~ 630~ [700- <Iym  wand Ersction
] 1 b4 73105 150 0 X0 AX 600 B30 1200 170 <Ibhum wa
/285 O~ 30 Ap 16,8 251 60.0 148 6,3 4.9 4050 2.8 4l L6 L7 43 9.6 166 168 T.0 LS O3 - 0.5) 217
18,7 15.2 $4.1 18.7 4.0 4.2 5.6 3,3 4.4 3.5 03 1.8 N6 8.3 06,3 15.7 6.4 15 D3 - a.58 6
24.6 0.4 45.0  Z4.6 3.9 6.2 6.6 3.0 6.5 42 L7 L1 2.9 5.7 11,4133 6.8 4.3 0.6 - 0.60 298
234 0.0 46,6 23.4 5.0 4.9 3937 3.5 4.9 L4 1.5 2.6 6.0 12.013.4 1.3 2.0 0.4 - Q.60 98
15.2 8.8 76,0 152 L% 0.4 LOLL 2.0 L& 0.8 07 1.6 4.3 22.039.4 12,7 3.6 0.9 - 0,78 ERH
6.7 13,9 19.4 6.7 0.5 b1 2.0 2.6 1.5 4.2 20 1,7 0.3 6.3 2006 M.l ML LS 0.4 - 0.65 in
L 10.% 4.3 248 20,9 0.9 0.3 L4 0.2 0.4 0.9 0.5 0.5 5.0 1.6 26.3 W4 14T 18 04 - 0.80 315
16,4 3.6 32.0 16,6 3.3 3.5 104 8.7 7.7 19.0 4.9 2.8 1.6 3.7 AT TS 2.2 0.4 - - 047 39
78/293 110-14D Ipeg 7.3 42 6885 130 03 0.5 04 1.3 L3 0.0 2.5 A 17,0 27.5 249 5.0 2.2 0.6 0.2 0.8% 275
L i, 1 1 L 1 1 I
% < pm
sample / depasit 1
1,2,3,4,5,6,7,8 = 111 B
9= 1ta
S

x>
50-1
40

30

204

pm

40

¥
0 un 420

T T T T T T
particle size 300 210 150 105 75 50 15 15 4
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. CHEMICAL DATA

Sample  Depth Hortzon Clay Humus Cally W CEC/aotl C&t/clay Euch, bases Inch. getdicy Fe,0
kGl l;ZCI l;ilﬁz Ha Ktz 1 AL by oA Slﬂl
o t % b mool/kg  wmclfkg weolikg amolikg X

Ta/283 - 30 a.1 5.4 I “B0 41 B8 - s 56 0.8
18/186 30- 50 - 31 52 278 41 [¥] - - 35 ws 0.8
T8/287 50- 20 - 4.9 (3] 264 B 16 - - 101 (374 0.6
18288 70- 83 - 5.8 16 e 86 18 L) 0 0.5
18/189 83-110 - 4.7 59 382 43 10 - - 53 9 0.3
18200} 83-lio - I no dara

78."29[2 83-110 - &2 24 220 3 & - - 5 104 0.3
18]19!3 43-1i0 1, - &7 46 280 43 1z - - 335 1 0.4
78/293  110-140  2Beg? - ) 7L 93 6 12 - - 2 107 0.1

4. TOTAL CHEMICAL COMPOSITION OF THY. CLAY FRACTION

Sanple  Pepth Hetizon  Clay 8103 AJg0) Taglly FeO  Hod 3 fe0  Kxy0 Ea0 TI0; Py0g Ral  Myot CEC/elay”
3 A130) Tegly 2 7 P2l Fl

o X —Yulw wael fhg
FLILE Ap 16,8 S4.50 2326 A3 0,19 0,14 2,00 0,07 .35 141 D84 105 5.72 9.2 150
ELYELLY En T8.7 66,23 24,66 8,62 0,43 0.23 .02 0.0 0.39 .33 DAS 076 4.7 BRI 610
8207 Bt k.6 AE06 24,66 RAG ORS N.2] 2.06 D04 D24 3,25 DA RSS2 BLST 520
7e/3mm L1 2.5 AE.NA 24065 393 0LA7 M2 2.0t4 0002 023 D16 0,73 Maa3 0T BL22 320
78} 203 2anegl 15,2 4&,75 24,93 9,48 D6 DL 2008 002 0227 3.4 0.6 55 1,95 R84 50
70/230) hor. ts 6.7 AE.N§ 23.07 2.A 0.7% G008 Z.27 .05 004 D32 6.7 0.0 600 8,48 3J0
2912 vert b, 10,9 A6.AK 23,91 7,70 D42 NOA 3,00 406 6,3 )09 6,06 0,38 5.5 8,48 &70
7077297 sed. 1. 16,4 48,70 25,20 6.8 0.70 0,05 2,06 0.05 0.26 1.28 ©0.A7 0.48 498 2.99 san
TRr29 2Ren To3 4692 5.0 9.8 NES 025 2.4 002 0,29 .00 0,39 0.57 3.9 9.27 w0
Ak wak,
&, PHISIGAL GUARACTERISTICS {horlzon everapes and wveragea of § core asmplen )
bepth  Worfzon _ Teature ( pw 3 Huwus  Pulk Tarticle Pare Hofstute concent _ _Avallable eoiatare
<7 2-30 230 delssly dznl!l’ volume (1] pFA.1 pF2 PER.2  W¥pFd-vprh.l
o T % kp/w xg/m T Twhu Aviv wh i1 cm
- X Ap 18,8 25.1 6N.1 2.6 o 2670 Y 3.2 e 27.8 21.5 5.0
30— 50 em 18.7 25.2 56.t 0.9 1590 2670 3.7 (L3} 0.6 27.3 17.9 9.6
50= 0 Bel 24,6 30,4 45,0 0.3 1700 00 7.0 15.6 M. 24,5 7.5 9.0
70— 83 B2 2.4 1.0 6.6 0.) 1700 210 »n.4 15.6 0.3 263 17,5 9.n
B3-110 2hegd 15.2 A8 768 0,0 1740 2690 3%.3 130 4.2 1.6 14.1 L]
A 490 om
10- 15 18100 %70 na2 13,2 1,9 215 1.5 6.0
5~ 40 1690 W0 35.1 16.) o6 21.% 17.% 9.6
b0 63 1100 27n0 .0 15,5 10,3 26,3 17.5 9.0
a5 90 1TRD 700 3h.R 14.n (2.0 26.0 il 4.9
1n0-105 179 600 35,1 11,2 4.4 1%.2 7.5 1.7

* Caleulated lrom adsorbed Jna®

#% Sum over proflTe depth.

a4a Calculations wich rounded sverages may cavss ALfferances of some dectmals
horfeonts| conguas

% yarticsl tangues

wedinentation lanina
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f. MICROMORPHOLOGICAL OBSERVATIONS

A13 - Asbroek depth below surface (cm)
il 50 190
GROUNDMASS horizon Ap EB Bt [ 2Btal 2Btg?
Skeleton grains “thin section  [79]745 | 146 | { 147 | [ 148 [ 145 J[ 150 J{ 151 [ 152
basic distribution
pattern ......ccocevveeiiiiau. random
clustered ——
Plasma banded
plasmic fabric............. asepic ————
sepic _———— -
basic distribution erystic
pattern.......lil i random
clustered
Voids banded
LYDe. it ceeaaeaae, ... packing voids {simple) -
vughs - -——
channels - - -
pianes L aamaaa -
SPECTITAL FEATURES
Concentrations
cutanic features
CUtans. ..o free grain ferri-argillans F . |
free grain argillans
void ferri-argillans -
void argillans
matri-ferri-argillans —_———- —_——— e m - —
matransg -_—
calcitans e mm e ————
subcutanic features free grain ferrans
nag-cutans......... e neo ferrans b e m——— -————— - e
neg mangans
nec calcitans
qQuasi-cutans............ quasi ferrans
quasi mangans
g‘iaebu‘ges quasi ferri-argillans —_————-
nodules........ erraeanens ferri¢ nodules - —
manganic nodules
calcitic nodules
PAPUTES L cvirie e eaes ferri-argillic papuies
argiilic papules
crystallaria
crystal tube/sheet... calcite {Cacd)
pyrite (FeSz)
Reorientations.................. skeisepic —_————
glaesepic _———— e ——
vosepic
insepic - —
omisepic !  ————— -——
masepic
Redistributions
pedotubules......... T, granotubules
aggrotubules -
isotubules
fecal pellets ... erganic fecal pellets
matric fecal pellets p—— — = = ——

Inherited features
lithorelicts............ e

biorelicts

pedorelicts
sedimentary relicts

volcanic fragments
pumice tuff

ptant remains
charcoal

snail shells
calcite

anthropic fragments
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A.l4 MEGCHELEN

e

Profile description

General data

lI

2I
3.

A.

Location: Topographical map of the Netherlands, scale 1:25.000
(1966); sheet 41C; coordinates: N 427.520; ® 225.080N,

Nate of description: 08-11-1978,

Described by: R, Miedema, J. Broekhuizen, G.F. Fpema, J.J.R.
Ro blﬂno

Mapping unit: HL2,

S0il site characteristics

1.

Classification:
a, According to FAO-Unesco (1974): Orthic Acrisol.
b. according to the Soil Taxonomy {1975): Typic Wepludalf,
¢s according to De Bakker-and Schelling (1966): Daalbrikgrond.
Land use: not used, grass and weeds (thistles and Urtica dicica).
Geology: medjum—-textured Late Weichselian Rhine deposit.
Physiography: the profile occupies a shallow depression area within
a high ridge.
Relief: subnormal
Slope: level to nearly level, class A
Altitude: 17 m +NAP (Amsterdam Ordnance Datum)
Hydrolagy:
a. 801l drainage class: moderately well drained.
bs Groundwater level:

presumed highest: 55 cm below the soll surface f{due to
pseudogley)

presumed lowest: 300 cm below the soll surface

actual: 300 cm below the soil surface.
c. Artificial drainage: none
d. Flooding: none
Evidence of human activity: of abrupt Ap—boundary indicates
rloughing; very dense topsoll caused by tractor traffic and
addition of human garbage (coal, charcoal, bricks, stones, scrap
iron, plastic).

Description of the soil horizons

Apg

0-25 cm: sandy loam; 10 YR 3.5/3 (moist); strong medium angular
blocky tending to a medium platy structure; few medium
faint Fe-mottles around roots and on ped faces due to
man—induced very dense character of Ap-horizon; few
fine and very fine biopores, few coated and partly
excrement=£filled worm holes and occasional mole holes;
very few medium roots (concentrated on ped faces), few
fine and very fine roots; firm; many anthroplc coarse
fragments {coal, charcoal, bricks, rubble, plastie,
scrap iron); non calcareous matrix with some strongly
calcareous anthropic coarse fragments; abrupt and wavy
(due to human influence) to:

25-35 cm: sandy loam; 10 YR 4.5/4 (moist); weak medium subangular
blocky structure tending to sponge structure; few fine
faint Fe and Mn mottles; common fine and very fine
biopores, common to many large coated and partly



Bt 35=55 cms

Btgl 55-80 cm:

2Btg2 80-100 cm:

2Btg3 100-110 cm:

2Rtgh 110-130 cm:

2Btg>  130-135 cm:
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excrement-filled worm holes; few fine roots; friable;
gradual and smooth to:

loam; 10 YR 5/6 (moist); weak subangular blocky
structure tending to sponge structure; few fine faint
Fe and Mn mottles; many fine and very fine biopores,
many large coated and partly excrement-filled worm
holes; few fine roots; friabhle; clear and tongued to:
sandy clay loam; 10 YR 5/6 (moist) tongues of material
from overlying horizon; 10 YR 5.5/4 (moist) with
irregular and tonguing 10 YR 6/3 (moist) material,
irregular round and rectangular 7.5 YR 5/5 (moist)
material with a clear concentration of Mn mottles
malnly in lower part of horizon; sponge structure; many
medium irregular round 7.5 YR 5/8 {moist) Fe mottles;
atundant fine and very fine biopores, common large
coated and partly excrement-filled worm holes and
occasional mole holes filled with material from
overlying horizon; few fine roots; slightly firm and
hard to very hard when dry; clear and smooth to:
Remark 1: the percentual distribuetion of the various
colours in this horizon along the wall of the
excavation differs.

Remark 2: near the boundary with the sand lenses
described in the next horizon, series of thin brown
horizontal bands sometimes occur.

sand; 10 YR 5/7 (moist); occurs as lenses and is
locally absent; thin horizontal laminae of Fe and Mn;
single grain structure; very few coated large worm
holes

loam; 10 YR 6/2.5 (moilst); weak medium subangular
blocky structure; at top horizontal laminae of Fe; at
the bottom horizontal laminae of Mn; many medium
distinet 7,5 YR 5/8 Fe mottles; common fine blopores;
very few large coated worm holes; friable; frequent
decomposing root remains of a former vegetation;
continuously occurring along wall; abrupt and smooth
to:

sand; 10 YR 6,5/6 (moist); undisturbed stratification
{thinly bedded); few medium distinct Fe-mottles around
ald root channels and bordering the overlying horizon a
thin horizontal band of Fe; occasional worm holes
(large biopores); abrupt and smooth to:

Remark: in the same position underlying the grey silt
loam layer various sedimentary structures have been
observed (bed sets, scour marke) indicating a fluvial
sediment,

sand; 10 YR 6/4 {moist); undisturbed stratification;
occasional Fe-mottles around old root channels and a
browner laver from 135-137 em depth; loose

Remark 1: on other parts of the wall in this horizon
occasional bleached tongues (old tree roots) with a
lining of Fe,.

Remark 2: round caompletely filled dung-beetle holes
occasionally observed.
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EARTICLE SI2E DISTRIBUTLOM

b.

Me 50

ia

150- 210~ 300- &420- 600~ 850-

Pareicle wize cla

2-4 4~8 E-16 16-1% 15-33 35-30 30- 5~

Horizon

Sample Depth

asod fraccion

1200~ <2

1700

4

[<]

=50 >S50

<2

w

-

<

g
2
E:
§
2
5
g
2
3

5

fasEoug .
IOTE2EEA

fegnena.
334349534

qensta=a
angacsc o

e

345
« BESLT
EPFEEEL
RRRZE2RR
taidbis
58295888
SEELEERE
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Ila
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=
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particle size o0
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©. CHEMICAL DATA

Ssmpls  Depth Hockron Clay Humus Cal0y  pl-  CEGIwotl CEC/elay Bwch. bases Exch. peldit; Fa, 0 Al304

kel IFZCA! Uﬁl' Fa' K’ Sun 1/3 M! ] B ex dich  dith

o T H T amolfky  wwsl/kg maol/kg m—clikg I z H

87217 0 2% Aps 9. 4.3 0.2 8.1 B 913 55 e - ? 84 190 0.6 L.7 a.7
87278 5 1 R 15.2 23 0.3 8.0 1) w0d 21 3 - 10 « 0.3 1.7 0.9
wj39 35~ 3% B 18.2 0.9 - 4.0 B (1> 21 3 - - n 0.31.9 1.0
787180 55- 80 Mgl 10.2 0.8 - a.l 52 L]0 2l 4 - - 2 A8 0.3 0.4 9.7
87281 a0-100  ZBcy2 2.6 0.4 - a.r 192 3 1 A - - 63 0.2 0.7 0.4
784282 100-110  2mcgd M. 0.8 - L} &b 404 n 8 - - 40 8 0.5 b 1.0
787283 LI0-130  2Bigh 1.4 0,3 - 4.7 1 929 n % - - 3 10 0.& 0.7 0.3
87284 130-15% 2Beps 2.3 0.6 - A% 1 170 1n 2 - - 13 10 0.2 0.3 .5

d. TOTAL GHEHICAL OOMPOSITION OF THE CLAY FRaCTioN

Semple  Depth  Horizon Clay 818, Alp0p FegOy a0 Mo0  Mg0 Ca0  HapD Ky  TiD, P05 Bad  H0" CEC/clay

o= H 77 ol fkg
st G- 25 Apg 9.2 44,15 23.45 B.6) 0.08 1.8 0.30 4,07 300 0.81 1,95 4,95 3.04 630
7B/278  25- 35 & 15,7 46,42 23,71 8.65 .15 2,82 0.04 G.4b 2.9 0.91 0.51 4.50 8.22 590
18729 1% 33 ke 18.2 43,39 25,23 4.5 Q.86 0,17 2,06 0.02 0.3 3.0L D86 0,38 371 8.4 480
187280 55- 80 m«gl 0.2 4339 10.05 .91 0,15 206 0.0 0.3 LIL 087 0.3 3,59 8,67 10
787281 80-100  arg? 2.6 4445 10.65 0.6 0.30 2.07 0.04 0.37 2,86 O.70 0,86 3.90 9.57 510
78/282  10C-110  ZR:gl 1.4 48,69 £.8% 0.39 0.17 2.06 0.02 0.31 3.48 0.82 0.22 3.39 T.20 *“o
/203 110-130 Z8egh L4 42.23 16.43 0,60 0.8 1.3 0.05 0.23 &.65 0,82 0.58 3.69 9.4 %80
70/2084  130-155  20cgS 2.7 AbL2M 11.26 0,91 0.08 196 0.09 0.3% 2,80 O.86 066 341 .55 470
. PHYSICAL CHARACTERISTICS (horlon sveesyes”*" wnd evecrsges of 3 core semples*™)
pPepth  Worizon _ Teature | Humup Bulk Particle Pota Heisturs contant Avallable molstury Alr volums
= denafey  deasjty wolume FEE . pFA.Z I pRA.2 VpFi-Upih.Z pFl pTA.Z
o x z kgie P x Tufv Tviv -(10 1]
O 25 Apg 4.3 1500 2619 42.5 5.0 55,3 37.5 7.3 14,2 5.0 9.2
15- B E 1.3 1520 2666 A1.9 .8 4.5 33.2 22.2 1.0 5.7 0.7
15+ 55 Bt 0.9 1370 2670 4,9 19,4 7.8 8.3 1.3 17.0¢ 164 1.4
S+ 80 megl 0.5 1570 2680 4.4 7.1 6.5 26.8 10.2 16.6 14,6 L2
80-100 Zerg2 0.4 no date
100-110 28ty 0.6 1610 2690 40.1 [T ] 5.8 6.2 8.9 7.3 13.9 .
"4 173 wm
10 1500 210 42.5 5.9 15,3 3.5 23.3 14.2 5.0 19,2
30~ 35 1520 2660 &2.9 1.8 Le.d 33,2 2.1 t.o .7 0.7
50- 35 1470 2670 4.9 19.4 1.8 W5 11.5 17.0 6.4 FIN)
10~ 73 1370 2580 A4 7.1 6.5 26.8 10.2 16.6 14.5 n.2
100-103 1619 2690 40,1 16.3 5.5 26.2 8.9 17.3 13.9 n.z

+ Calculated From adsorbed iaat
#AA Sum over proflle depch.
**% Calculetlons with rounded avecsges may csuse differences of some decinala
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f. MICROMORPHOLOGICAL OBSERVATIONS

GROUNDMASS

keleton grains
basic distribution

pattern.........oenneee

Plasma

plasmic fabric.......

basic distribution

pattern..........oiee

Voids

SPECTAL F

A14 -Megchelen

50

depth below surface (c

100

horizon

Apg. [E

thin section [79

| 433134

135 [ 136 [[ 137 | 138 [139 [ 140] 14

Bt | Btql izstgz 2Btg3 zétg4]2|

random
clustered
banded

asepic
sepic
crystic

randam
clustered
banded

packing voids (simpie)
wighs

channels

planes

TURES

Concentrations
cutanic features

subcutanic features
neg-cutans.........

quasi-cutans......

glaebules

nodules......ocunens

papules.............

crystallaria

crystal tube/sheet...

Recrientatiaons............

Redistributions

pedotubules............

fecal pellets ........

Inherited features

lithorelicts...... ...

biorelicts...oveeiiiiainns

pedorelicts

sedimentary relicts

free grain ferri-argillans
free grain argillans

void ferri-argilians

void argillans
matri-ferri-argillans
matrans

calcitans

free grain ferrans

nec ferrans
nee mangans
rec calcitans

quasi ferrans
quasi mangans
quasi ferri-argillans

farric nodules
manganic nodules
calcitic nodules

ferri-argillic papuies
argiilic papules

calcite (CaCOS)
pyrite (FeSZ)

skelsepic
glaesepic
vosepic
insepic
omnisepic
masepic

granotubules
aggrotubules
isotubules

organic fecal pellets
matric fecal pellets

volcanic fragments
pumice tuff

plant remains

charceal

snail shells

calcite

anthropic fragments {CaCQ,)
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As15 VEN-ZELDERHEIDE

ae

Profile description

General data

1.

2.
3.
4,

Location: Tepographical map of the Netherlands, scale 1:25.000
(1967); sheet: 46B+E; coordinates: N 413,970; E 199,150,

Nate of description: 10-5-1979.

Described by: A.G. Jongmans

Mapping unit: HL1.

Soil site characteristics

le

9.

(Classification:
a. According to FAO-Unesco (1974): Orthic Acrisol.
h. according to the Scil Taxoncmy {(1975): Typle Wapludult
c. according to De Bakker and Schelling (1966): Radebrikground.
T.and use: grassland
Geology: coarse-textured Late Weichselian Rhine deposit.
Physlography: river terrace forming a broad ridge near a former
major channel of the braided river system
Relief: subnormal
Slope: level to nearly level, class A.
Altitude: 13.8 m +NAP (Amsterdam Ordnance Datum)
Hydrology:
4. Soll drainage class: well drained
be Groundwater level:
presumed highest:>2 m below the soil surface
presumed lowest: >2 m below the soll surface
actual: >2 m below the soil surface
cs Artificial drainage: none
de Flooding: none
Evideace of human activity: Ap to 30 cm.

Description of the so0il horizong

Ap

r

Btl

0-30 cm: slightly gravelly sandy loam; 10 YR 4/2 (moist); few fine
bricks, few charcoal; few fine and coarse patches of the
underlying horizon, sharply bounded; moderate fine
subangular blocky structure changing with depth Into weak
fine angular blocky structure and common strong granular
structure, matric aggrotubules # 1/2-1 cm; common large
and fine blopores; many fine roots; friable with depth
changing into slightly firm; very few round gravel;
abrupt and smaoth, locally broken to:

30-50 cm: slightly gravelly sandy loam; 7.5 YR 4/4 changing with

depth into 7.5 YR 5/6 (moist); few very fine sharply
bounded FeMn nodules, in the upper part common medium
patches of the underlying horizon; sponge structure;
cutans consisting of Ap-material along worm holes, common
meta aggrotubules with strong granular structure in
clusters; many large and fine biopores; common fine
roots; friable; very few round gravel; diffuse and smooth
to:

50~107 em: coarse sandy loam changing with depth into loam; 5 YR 5/6

(moist); few fine irregular FeMn nodules; few fine
channel neomangans; sponge structure; cutans consisting
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of Ap-material along worm holes, locally meta
aggrotubules partly filled; common large and many fine
bt opores; few fine roots mainly in worm holes; friable;
gradual and smooth to:

2Bt? 207-170 em: this horizon consists of an alternation of bands of leoamy
sand {5 YR 4/4, moist) and sand (10 YR 7/6 (moist));
loamy sand bands + 3 cm thick decreasing with depth to +
1 em mainly parallel to the scll surface following the
geogenlc stratification, locally bands inclined to the
soil surface not following the geogenic stratification;
macrostructureless; few fine blopores; friable; common
round gravel}
sand bands: undisturbed stratification (single grain
structure); loose, common round gravel; gradual and
smooth ta:

iCcsB 170-200 cm: very gravelly coarse sand; few loamy sand bands of 1/2 -
! em thick (5 YR 4/4, moist); undisturbed stratification
{single grain structure).

i 1 1 1 1 i ]

¢ / depasit
= 11
= la

% > il
50 4
40

30
20

4
10+ 3

25 8
T T T T T T T 11 1
500 pm 420 particle size 300 210 150 105 75 50 35 16 42
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b. PARTICLE 8YzR LISTRLBUTION

Sample Depth  Herlzon Parcicle afze cl in K 50
{3 1-50 >S54 <1 2-4 4-8 B-16 16-23 2533 35-30 50- 7%= 105~ 150~ 210~ 300 430~ GO0~ B30- 1200 Qe sand fraccion
] x X 75 105 150 210 300 420 600 B30 1200 1700 <lbms ™
19132 O 30 Ap 1%3 21.1 63.8 15.1 2.6 4.5 0.2 3.6 2.7 7.3 40 36 10.7 13.0 13.4 10,1 5.0 .7 1.0 0.4 Q.07 213
19/133 30~ SDE 17.5 29.2 532 17,6 5.2 2.6 3.2 &7 3.5 3.0 A0 5.6 9.6 134 105 6.2 2.5 L.é - - 0.56 18é
TIF136 50— BO ML 16.6 19.4 bZ.0 1B 20 L7 27 A5 1 6 A2 6.0 0. 162 N6 T4 2.3 L1 0,2 - . 0% 195
797131 80-107 Bil 22.2 28,0 A%.3 2.2 2,9 3,) Aa 39 3B 7.7 A3 53 97003 42 4.9 1708 0 g0 Q.4 173
73/135  107-12¢ 23c2 10,6 | .6 19,6 0.2 0.2 0.3 0.2 0.6 0.3 0,2 0,3 1.2 A.B 25,3 22,3 15,9 9.0 2.9 0,9 0,0 30
7913 120-170 2Be2 1.6 1.0 92.4 1,6 0.2 0.2 0.1 0.2 0.2 0. 0.2 0 1.6 12.3 40.7 22.2 15,3 3.7 0,7 0.2 076 e

cs CHEHLCAL DATA

Sampla  Depth Hortaoa  Clay lluaus CocOy pi- CEC/anil CEC/clsy Exch. bases Exch. geldic Fe 0. alg0,
* ko 7 lhww i T T B e Ao atin]

@ H ] X aaolfkg  emal/kg aucl/kg aaolfkg I z ]
o713z & 30 Ap 5. 7.4 - [3%] 50 EETIRCE] [y = 2 & 04 1.3 T3
797133 30- 50 % 16 1.5 0.8 5.4 50 284 7 i - ) % 0.9 1.6 19
79/13%  50- &) Bcl 186 0.7 - L1 Y] 06 14 4 - -1 32 0319 2.1
79137 80-107 Bl 2.1 0.6 - 4.7 57 51 5 - - m 56 Ok 2.4 2.3
79/138  107-120 22 0.6 8.3 - 4.0 i a5 1 H - -1 % 09313 1,5
197136 120-120  18a2 ne 0.0 - ius [ Wl i - -5 250 0.4 L) 1.3
d. TOTAL CWEMIGAL COMPOSITION OF THE CLAY FRACTION
Sample  Depth Norfzan Clay 510, Aly0; PayDy Fed Mn0 g0 a0 Heg0 X,0 Ti0, PO Eal  Kp0* CEC/clay”
cm X Tufu maollkg

797132 -0 ap 1
19/133 30~ S0 E 1
P13 30~ 80 Ak 1
19/137  80-107  Bcl H
19/133  107-1%  26r2 I
19/136  120-170  2me2

.08 0.4)
.36

13 1 9.3 540
6 2 0 9.15
2 0.1§ 3.00 0.60 0.28 .19 10.06 350
2 3, 0. 9.36
1 3 o 4.8

t
1 87,901 23,21 B.73 0.67 0,17 LGl O
W€ 47.90 73,30 8,17 0.80 O.1) 166 O
6 &4.%4 24.47 9.99 0.67 Q.09 2.16 O.
2 46,35 .42 §.34 0,83 Qo2 2,07 0 0.21
6 @3.67 25,19 10.99 §.58 Q0,14 1.08 O 0.14
b

"o data

L0 0.3 ).88

PHYSTCAL CHARACTERISTICS
No determfoations of this profile, but slmilar ko profile OTTERSIM (Appendix A.6.)

* Calculatud fron mdsorbed § Be?*
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f. MICROMORPHOLOGICAL CBSERVATIONS

A15 - VYen-Zelderheide depth below surface {«
0 50 190
GROUNDMASS horizon Ap | E Bt | eBt2
Skeleton grains thin section {80 lo7rsfore] 013 ] 314 Jors JIoe: Tors]
basic distripution
pattern...........s ... random RS
clustered —
Plasma banded ————
plasmic fabric............. asepic -
sepic e ————
basic distribution crystic
pattern........ e ceeevs Tandom
clustered ———
Voids banded ——— e —————
LYPe . iieiieiiea L. packing veids (simple) — o ——
vughs
channels _
planes
SPECTLAL FEATURES
Concentrations
cutanic features
cytans........... wirerenn,. free grain ferei-argillans ———— —

subcutanic features
Neo-CcUtans, ....cceeeeene.

guasi-cutans............

glaebules

nodules.......... e

papules.........

crystallaria

crystal tube/sheet...

Reorientations............

Redistributions

pedotubules............

fecal pellets........

Inherited features

lithorelicts..........

bigrelicts

pedorelicts

sedimentary relicts

free grain argillans
void ferri-argiilans
void argillang
matri-ferri-argillans
calcitans

free grain ferrans

neg ferransg
neo mangans
neo calcitans

quasi ferrans
quasi mangans
quasi ferri-argillans

ferric nodules
manganic nodules
calcitic nodules

ferri-argillic papules
argillic papules

calcite tCac03)
pyrite {FESZJ
skelsepic
glaeseapic
vosepic
insepic
omnisepic
masepic

granotubules
aggrotubules
isotubules

organic fecal pellets
matric fecal pellets

volcanic fragments
pum¢e tuff

plant remains
charcoal

snail shells
calcite

anthropic fragments
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A.16 MILLINGEN

s

Profile description

General data

]'

2.
3.
4,

Location: Topografische Karte Nordrhein-Westfalen 1:50,000 (1978),
Blatt L4104 (Bocholt), W 57.420; E 25.280.

Date of description: 17-4-1980,

Described by: R, Miedema and Th. Pape.

Mapping unit: HLI1,

Soil site characteristics

1.

9.

Classification:
a. According to FAO-Unesco (1974): Chromic Luvisol
be according to the Soil Taxonomy 1975: Typic Wapludalf
¢. according to De Bakker and Schelling 1966: Radebrikgrond.
Land use: former arable land, now grassland (hlilding site).
Geology: medium— to fine-textured Late Weichselian Rhine deposit,
Physiography: river terrace plateau
Relief: subnormal
Slope: level to nearly level, class A,
Altitude: 17.0 m +NAP {Amsterdam Ordnance Natum)
Hydrology:
a, Soil drainage class: well drained
b. Groundwater level:
presumed highest:>150 cm below the soil surface
presumed lowest: >150 cm below the soil surface
actual: »150 cm below the soil surface
c. Artificfal drainage: none
d. Flooding: none
Evidence of human activity: Ap-horizon from 0-27 cm.

Description of the soll horizonsg

Ap

E

Btl

Rt2

0-27 em: leam; 10 YR 4/3 (moist); moderate medium subangular
blocky structure, locally granular in common pedotubules
{worm holes and mole holes); friable:; commen large and
fine bliopores; many fine and medium roots; common
anthropogenic reliets as coal, cbarceoal, brick fragments,
gravel; clear and smooth to:

27=40 em: clay loam; 10 YR 4/4 (moist); moderate medium and coatrse

subangular bloeky, locally granular in common pedotubules
(worm holes); friable; many fine and common large
biopores; many fine and common medium roots; gradual and
smoath to:

40-50 em: silty clay; 7.5 YR 4/4 (moist); strong medium angular

blocky; common pedotuhules (worm holes); slightly firmg
many fine and many large bicpores; clear pedcutans {moist
shiny faces}; common fine roots; gradual and smooth to:

50-64 cm:  silty clay; 7.5 YR 5/6 (moist); strong medium compound

smooth prismatic subdivided into moderate to strong
medium angular blocky; common pedotubules {wormholes);
firm; many fine and many large biopores; clear pedcutans
{moist shiny faces); common fine roots; common fine
distinct black mottles (concretions) of Mn/Fe; pradual
and smooth to:
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Bt3 64-90 cm: silty clay loam; 7.5 YR 5/6 {moist); strong to moderate
coarse compound smooth prismatic subdivided into moderate
coarse angular blocky; few pedotubules (worm holes);
firm; many worm holes and mole holes); friable; common
large and fine biopores; many fine and medium roots;
common anthropogenic relicts as coal, charcoal, brick
fragments, gravel; clear and smooth to:

2Bt4  90-120 cm: sandy loam; 5 YR 4/4 (moist) illuviation bands with 7.5
YR 4/4 (moist) loamy sand interlayers 1-2 cm thick
occasionally also finer textured thin sedimentation
laminae; macrostructureless; friable; occasional
predotubules (worm holes); common fine biopores and few
large biopores; very few fine roots; clear and smooth to:

2CB 120-150 cm: sedimentary stratified sand with thin gravel layers and
occasional thin illuviation bands (<1 cm thick).

1 4 ] ] 1 1 ) N Y . T
% < p!l
sample  / deposit

1,2,2,4,5 = 111
6= b
T=1la

5

7

10

20

e

% > JIL] 2410

50 50

40+ 1)

10-4

204

to-]

5-
Y

particle size

T
oo
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. PARTLCLE SIZE DISTRIBUTLON

Saaple Dapth Horlzom Farcicle aize classes La Bd_50
< 2-50 30 T7  2-4 58 E-16 16-23 25-35 35-50 S0 73 105 150- 700~ J00- &20- &00- B50- 1200 ¢luw  sabd fraction
o T 75 103 150 210 300 420 600 850 1200 1700 (l&m e
807588 0- 17 Ap 18,1 36.6 43.3  1B.1 5.6 7.1 6.7 6.0 &7 6.5 1.8 1.9 A6 8.6 9.5 2.8 5023 LI - 0.4 253
807589 27- 40 E 30.1 42,2 22,7 0.1 7.6 B.7 9.4 6.0 k3 b0 1.3 L8 34 6.8 6.5 &1 2,30.6 0.5 - 0% 25
80/390 40~ 50 Bel 44.9 43.5 11.6 Wk, B6 9.3 10,2 0.0 LY 54 LT L0 2.2 29 L¢ D 0B 05 - - 0.62 18l
BO/391 50~ 64 Be2 %0.8 49,2 10,0 40,8 7.1 6.8 JL.59.2 6. 6.5 1.4 1.3 2.6 28 0.8 G5 0,302 0.1 - 0.60 145
807392 B4- 90 Bel 3.3 4.3 1.4 6.3 6.0 4,7 1.3 8.2 5.2 69 2.0 24 6.4 &6 1) 0.5 0I0 - - 0.0 12
207593 90-120 26ch 136 10,7 727 13,6 L3 04 L9 1.5 0B )8 2.4 3B 1L.3 2046 20.7 B.) 4000 0.5 - 005 205
30/5%4  120-130 2¢8 1.1 0.7 9.2 L1300 d10.0 €2 0.0 0.0 Ol 0.6 5.327.0 4.1 2.0 7.3 L7 0.6 G.69 306
T
¢. CHEMICAL DATA
Ssmple  Depch Horlzon  Clay Humcs CaCo, pi-  CEC/eeil CEC/cley s Exch. asidit; Feq0: AloG.
ok 172 i /gt Fat £ S 7_“_,—"_| T AT ) s wC AR ek
c T x % weclikg  mmol/kg owol/kg acolfky 1 T T
20/538 0~ 37 Ap 1.0 L7 - 4.8 59 3% 60 ? - 1 8 ns 6.6 L8 0.7
80/589  22- 40 B 0.1 0.4 - 4.0 Th W6 58 0 - 1 e 9 0.8 2.5 1.5
BO/3%0 40~ SO Bel 44,9 0.0 - 3.4 121 274 81 1] - 1aa B) 0.5 3.6 2.3
807591 30~ 64 B2 0.8 b2 - 1.8 162 397 it n - - 1y 85 0.6 1.9 2.2
BO/592  ba- 50 BC) 3%.1 0.1 - 3.4 145 399 L34 Y - - 102 0,4 2.4 2.1
80593 90-120  2B:k 134 0.2 - 4.0 69 507 a1 13 - - &0 a7 0.2 .3 1.1
80/5%%  120-150  2CB [V I [N 5 453 3 1 - 1 s 100 0.1 0.3 0.2
d. TOTAL CHEMICAL SOMPOSITLON OF M CLAY FRACTION
domple  Depth - Horluen  Glay 50, Al,05 Fegly FeU  Hal  MgD a0 KayD Ky0  Tidy 2505 Bad  Hy0* cEg/cray”
o b1 Xwlv walfg
07588 0~ 27 Ap 18,1 50.29 23.04 7.55 1.C3 0.06 4.08 0.06 0.26 3.79 1.08 0.33 L.68 B.13 I
807389 - 40 & 30.1 48,36 23.24 2.46 1.03 0.05 1.98 0.06 0.25 3.7 1.00 0.3l 2.28 7.3% 300
80/5%0 &0~ 50 Bzl 44,9 49.07 23.78 €.26 0.9 0.05 2.07 0.02 0.23 3.5 0.91 0.z7 2.69 8,39 350
807591 50— b4 Bl 40.8 47.59 24.00 8.82 0.B2 0.0 2.00 0.0 0.2 346 D.86 0.10 3,05 8,81 400
807592 &4- S0 Bt 36.3 #7.65 24.48 9.0¢ 0.71 0.05 2,12 6.01 0,21 342 0,74 0.31 .38 .48 &40
807593 90120 ek 13.6 48.11 23.05 &,16 D.J0 0.06 2.08 0.0 0.20 3.2 O0.87 0.22 .85 9.10 e

807594 120-150 Pl 1.1 oo dacs

e. PHYSICAL CHARACTERISTICS
Ha deiecminations of thin prafile.

* Calculated from adaorbed §Bal+




f. MICROMORPHOLOGICAL OBSERVATIONS
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Al6 - Millingen depth below surface (¢
o . .. 30 X 4o
GROUNELCMASS horizon Ap | £ [BtyBt2| Bt3 [ 2Btd 2(B
Skeleton grains thin section |8C) [ 136 § 137 [ 138 | 139§} 140 [ 141 ] 142 [ 143 |
basic distribution
patiern ... .i.iiiaisaieaaeee. random
clustered === |ev caemcmcm e a.
Plasma banded e ——e——————
p]asmic fabric,,“.".“._ awpk —————————————
sepic  |e==—-
basic distribution crystic
pattern. ... random
clustered === |Jemecmmmm i naa
Voids banded e —————
EYPE.. e packing voids (simple) — = ——————
vughs
channels —_——————
pianes {craze) _———
SPECIAL FEATURES
Concentrations
cutanic featuras
cutans.....cc.ooieeivvee.. free grain ferri-argillans — = o R —

subcutanic features
necg-cutans

quasi-cutans............

glaebuies
nodules

papules

crystallaria
crystal tube/sheet...

Recrientations......oeveiaaen

Redistributions
pedotubules.. . .....oceeene.

fecal pellets ....cvveeeene

Inherited features
lithorelicts

bigrelicts

padorelicts
sedimentary relicts

free grain argillans
void ferri-argiilans
void argillans
matri-ferri-argillans
matrans

calcitans

free grain ferrans

neo ferrans
neo mangans
neo calcitans

quasi ferrans
quast mangans
quasi ferri-argiilans

ferric nodules
manganic hodules
calcitic nodules

ferri-argillic papuies
argillic papules

calcite (Cacug)
pyrite (Fes,)

skelsepic
glassepic
vosepic
insepic
omnisepic
masepic

granotubules
aggrotubules
isotubules

organic fecal pellets
matric fecal pellets

volcanic fragments
pumice tuff

plant remains
charcoal

snail shells
calcite

anthropic fragments
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A.17 EWIJK

aae

1.

24
3'
4.

Profile description

General data

Location: Topographical map of the Netherlands, scale 1:25.,000
(1966), sheet 394, coordinates N 430.780; F 179.620.

Date of description: 1-10-1975%,

Described by: R, Miedema and C, de Kreij.

Mapping unit: KMLZ,

Soil site characteristics

1-

9,

Classification:
a., according to PAO-Unesco (1974): Eutric Gleysol
b, according to the Soill Taxonomy {1975): Thapto Hapludalfic Aerie

Haplaquept

¢+ according to De Bakker and Schelling (1966): Poldervaaggrond
(Daalbrikgrond)
Land use! harvested maize field
GCeoclogy: medium= to fine-textured Wolocene Rhine deposit overlying
redeposited (7) medium— to fine-textured Late Weichselian Rhine
deposit.
Physiography: flat levee,
Relief: subnormal
Slope: level to nearly level, class A.
Altitude: 7 m +NAP (Amsterdam Ordnance Natum)
Hydrology:
a, Soil drainage class: imperfectly drained
bs Groundwater level:
presumed highest: 45 ¢m below the scil surface
presumed lowest: 130 cm below the soil surface
actual: 120 cm below the soil surface
ce Artificfal drainage: ditches round the parcel
d. Flooding: none
Evidence of human activity: Ap N=25 cm

Description of soil harizons

Apg

Bwgl

Bup?

0-25 cm: loam; 10 YR 3.,5/3 (moist); few fine faint round 10 ¥R 5/8
Fe-mottles; few fine distinet round N 2/ Mn-concretions;
moderate compound fine smooth prismatic structure,
subdivided intc medium subangular and angular blocky
structure; common fine and common large biopores; common
fine roots; friable; local concentrations of organic
material and silt spots; clear and smooth to:

Remark: the layer 23~-28 cm below the soil surface is more
dense {plough pan) than rest of Apg and Bwg

25-47 em: loam; 10 YR 4/3 (moist); mottling and concretions see Ap}

medium moderate subangular blocky structure; few large
biopores (some fi1lled with worm excrements) and many fine
blopores; common {to few) fine roots; friable; few
coatings on ped faces; gradual and smooth to:

47-64 em:  clay loam; 10 YR 4/2 (moist) ; common fine distinct round

7.5 YR 5/8 Fe—mottles and common fine distinct round Mn-
concretions; strong compound fine smooth prismatic
subdivided into strong, medium angular blocky structure;
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few large biopores and many fine biopores Inside peds and
common fine biopores on ped faces; few fine roots; firm
locally some coarse fragments; few coatings on ped faces;
clear and smooth to:

2Btgl  64-87 em: clay leam; 10 YR 5/2.,5 (moist); many medium distinct
round 7.5 YR 5/8 Fe-mottles and many medium distinct
round N2/ Mn—concretions; moderate single medium smooth
prismatic structure; biopores see Bwg; very few fine
roots; firm; few coatings oun ped faces; clear and smooth
to:

2Btg2  87-99 cm: sandy loam; 10 YR 5/3 (moist); many medium distinct round
7.5 YR 5/8 Fe-mottles; macrostructureless; common fine
biopores; very friable; clear and smooth to:

3Btg3 99-120 em: sand; 10 YR 5/3 (wet); few fine faint round Fe-mottles;
single grain structure; non sticky, non plastic; many
gravel, '

b. PARTICLE 5122 DISTRIBUTION

Sample  Depth Horizon Farilcle size clasaes ln jm M50
< 1-30 %0 €2 25 5-8 B-1€ 16-25 25-35 15-50 %5~ J5 10% 1%0- Fi0- 300~ 420- 600- BSO- 1300 <2y  sand frsctien
E) % x 105 150 210 300 420 600 850 1200 1700 Tlfm  m
757450 0~ 25 apm 17.7 8.2 36,1 17.7 16 3.0 B3 5.5 1A 9.4 8.0 7.1 9.1 4.8 47 20 1.2 0.5 0.5 0.5) 120
Th/a42 25 &7 Begl 26,9 8.0 0.1 289 4.5 4.3 B.b 2.7 16.0 7.5 6.9 6.1 7.6 3.3 2.0 1.7 1.106 0.8 061 13
73/48)  &7- B4 Beg2 1.0 D17 M3 L0 &7 &3 Tl 6.3 9.0 5.9 k6 42 5.7 4.8 43 3.8 LA L2 0B 63 0.66 185
P5/ak4 64— 87 Brgl  36.5 37.5 6.0 36.5 4.8 5.1 6.0 &k 8.6 6.6 5.9 55 $.82.5 1.8 1.8 0.80.4 0.4 - o.58 115
?5/445  &7- 97 2mig2 20.4 23.8 S3.4 20.4 2.1 5.1 1.2 A 6.1 6,3 7.1 8.2 1L.89.5 7.0 6.8 1203 G5 0.3 070 155
I5/446  97-120 deex) 7.0 2.8 90.1 7.0 0.3 0.6 1.1 06 0.0 01 L6 2,3 5.B 8.3 8.8 27.7 14.8 6.5 3.0 1.3 0.78 s
1 1 Il 1 -l 1 | S [ I Y
% < m
sample / deposit il
1,23 =1 .
1,5 =1l
& = lla
- 5
- 10
* > jiLg
501
40
10
20-|
104
5
2
1
i
26 8
T i - T T T T T T T T |||_l
300 pm 420 particle size 00 210 150 105 ™50 35 16 42
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c. CHERICAL DATA

Sample  Depen Horlzon Clay Huouw CaCOy  pH= CEC/soll CEC/clay Exch. hases Exch, geldie Ee.0.

xcl 17262 17 FaT K Suw 173 L " 3 ox TR

ca T H X wolfkg  wwolfkg amollky acol/kg %

73 O 28 .7 1.0 5.1 sr 548 s 27 [T ] - - % 0618
157441 25- 47 26.9 0.4 - 0.7 162 602 80 % 2 s am - - 5 0.0l
15/44) 43— 6k e 0z - 45 195 629 10B 3 - 6 152 - - LCE- R X ]
75/é4h G4- 0T 8.5 DO - 5.2 238 652 153 % - o - - 0 0.6 LB
757445 BI- 97 0.4 0.0 = 5.3 107 125 81 H - 1 10 - - 9 0 2.1
73/445  97-120 00 0. 5.6 n 521 2 7 - 1 x 1 1 8% 0.2 1.0

O
LowLoo

d. TOTAL CHEMICAL QOMPOSITICON OF THE CLAY FRACTION

Sample Dapth Hogirzan  Glay mn2 Allﬂz Fe 0y Fed MaD Np0 Cal ann 120 119, bad Illl)+ Clc!:lly‘

e z Tufw —o L%y
ISPl 0 25 Apg 177 43,00 20,31 B.89 0.60 0,3 .71 013 0.5) 354 0.87 0.79 5.36 B2 700
is/aez 23 47 Bupl 6.5 58.65 21.38 9.27 .43 0.32 L.77 0.37 0.96 J.31 Q.81 0.60 35.90 T.83 70
15/483  41- B4 Bupz 310 49.3Z 22.39 8.84 0.35 0.13 179 0.07 .91 215 0.8l 0.0 5.41 B.56 710
15746k G4- B7  28cgl 36,5 43.06 72.96 8.90 .38 0.07 174 0,05 0.98 3.08 ©0.79 0.29 4&.B7 B.59 540
I5/445  82- ST 2megl 20,4 23,31 22.07 8,84 0.47 .07 1,79 0,06 0.83 316 0.7l Q08 565 T.62 740
757646 92-120  3Brg) J.i 47.27 21.67 9.26 0.5¢ .17 177 0.6 1.16 3.30 0.6 0.58 5.51 .74 720
&. PHYSICAL CHARACTEXISTICS (horfion mvecages® ™ and sverages of § core saaples*™)
Depth  Horizon Texture ( pw ) Humus Bulk Parcicle Pore Halglura content Avallable molwture
T 130 550 deoniey  densjiy volune §F 2 PFE.Z pEZ PFi.3 VpFl-UpFa.2
I - x kefo kifm S vt vl =afib cu
O 25 Apg 17.7 46,2 W.1 2.0 1490 2620 43,1 8.5 4.4 120 n.7
25~ &7 Bugl 26,9 41,0 M.l 0.4 480 2100 43.2 0.6 32.1 15.7 1o.4
47b 64 Bwp2 3.0 3.7 3L 0.2 1510 Mo 44,3 L.y 2. 1.7 16,3
b4- B7 Ibegl 36.5 37.5 26.0 C.0 1850 2760 A8 13,5 343 0.9 13.4
B2~ 61 2%l 0.4 1.8 5.8 0.0 1699 700 3.4 21 298 12.0 1.4
90-120 iBegh 7.1 2.8 %0.1 0.} 1650 2670 38.2 8 aE 1.0 .
o a5 m
- 10 1490 2620 4.1 B.5 4.4 12,7 0.7
= 40 1480 200 45,2 Ww0.s 2a 15.7 16k
5% 60 is10 2710 462 ,7 3.0 1.7 16.3
70- 7% 1550 760 4.8 11,5 3.3 0.9 13.4
#0- 95 1590 700 Al .96 12.0 (3]
@510 [£3:1] 870 382 [T L.e 11.1 N0 a.

* Caleulured from adverbed fBal®
44 Sum owas profile dapch.
2+ Calculazion with Tounded averaged msy cause differencen of sooe deciosls
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A.18 WEURT

-1

Profile description

CGeneral data

Location: Topographical map of the Netherlands, scale 1:25,000
(1966), sheet 40C, coordinates: N 429.700; ¥ 183,920

Date of description:t 7-10-1975

Described by: R, Miedema and Th. Pape.

Soil site characteristics

1.

9.

Clagsification:
a. According to FAO-Unesco (1974): Futric Cambisol
b. according to the Soil Taxonomy (1975): Fluventic Futrochrept
c. according to De Bakker and Schelling (1966): Hofeerdgrond.
Land use: grassland
Geology: coarse- to medium—textured Holocene Rhine deposit
Physiography: flat levee
Relief: subnormal
Slope: level to nearly level, class A.
Altitude: 9 m +NAP (Amsterdam Ordnance Datum}
Hydrology:
a. S0il1 drainage: moderately well drained
be Groundwater level:
presumed highest: 60 cm below the soll surface
presumed lowest: 120 ¢cw below the soil surface
actual: 120 em below the soll surface
ce Artificial drainage: none
d. Flooding: none
Evidence of human activity: pieces of charcoal, haked loam from 0~
40 cm

Description of secil horizons.

Ap

Bw

Bwg

Bwgkl

N=25 am: sandy loam; 10 YR 3/3 (meist); weak medium subangular
blocky structure; common large and common fine
biopores; common fine roots; friable; few round gravel
(¢ 1-2 em); few charcoal; slightly calcarecus
{spotwise); clear and smooth to:

25-56 cm: sandy loam; 10 YR 4/3 (moist); weak medium subangular
blocky structure, tending to sponge structure; common
to many large and many fine biopores; common fine
roots; friable; few round gravel (¢ 1-2 cm); few
charcoal; slightly calcareous (spotwise); clear and
smocth tao:

56-83 cm: loam; 10 YR 4,5/3 (moist); common fine distinct very
coarse compound rough prismatic structure subdivided
into moderate medium subangular blocky structure; many
large and many fine blopores; few fine roots; firm;
slightly calcareous; c¢lear and smooth tot

83-99 cm: sandy clay loam; !0 YR 6/3 (moist); common fine
distinct round 10 YR 5/8 Fe-mottles, common fine
distinet 2.5 Y 8/3 mottles of secondary CaCOs; hole
structure tending to sponge structure; many large and
many fine blopores; friable; strongly calcareous
(primary and secondary); gradual and smooth tot:
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Bugk2  99-120 cm: sandy loam; 10 YR 5/8 (moist); common fine distinct
round 10 YR 5/8 Fe-mottles, common fine distinct round
N2/Mn-mottles; common fine distinct 2,5 Y &/3 CaCi04~
mottles ; sponge structure; few large and many fine
* biopores; friable; strongly calcareous (primary and
secondary); layered; clear and smooth to:
2Cg 120-13D cm: leamy sand; 10 YR 6/3 (moist); many coarse horizontally
elongated Mn~ and Fe-mottles; undisturbed
stratification; loose; strongly calcareous.

b, PARTICLE STZE GISTRIBUTLON

Saaple Depth  Morlzen Factfcle slzg clasees in = . d 50
T 250 >58 &2  I-4 4-8 C-16 16-25 25-35 35-30 50- I35~ (D5~ 150- 210- 300- 410- 600- 650~ V200~ <im  sand fraction
o % 3 75105 150 210 300 420 60D B30 1200 1700 (iSm  m
75/447 OG- 25 Ap 12,9 19.9 62,2  IL9 20 1.5 A0 32 33 3B 13 0 6.7 T.B 146 0.1 9.0 32 LY 07 0.57 293
157498 25~ 35 Bw W7 30 62,2 1A 27 20 A 14 5.5 A0 36 4.0 b.S B.5 23,8 43 6B 2.3 1.0 07 039 264
75/449 56— B3 Bug 21,0 416 5.4 2010 10,6 5.3 8.6 70 7.0 A5 13 203 3.0 3.6 T.l 1005 4.3 OB O.) - 0,46 7%
I5/450 B} 99 Wwgkl  21.3 25.0 53,7 1.3 b6 4.6 5.0 2.9 6.6 4.3 1.8 2.9 4 7.6 12.8 15,6 5.6 0.8 D.1 - 0.66 267
757431 99-120 Bwgkl  11.9 16,8 69.3 139 2.0 2.0 3.0 1.2 49 6 3.6 L&  S.6 13.8 20.2 16.6 5.1 O.6 0.1 -~  0.66 5
75/452 120-130 20g 6,8 12,9 80,1 6.8 0.9 1.6 2.4 2.0 0.7 3.3 5.7 8.6 12.4 1.8 357 B.7 2.2 0.3 0 - 0.53 193
] 1 i 1 1 1 | I Ly
sampl / deposit %o L
1,2,2,4,5 = IV ‘S
6 = va
- 5
10
20
- 30
% > pa - 40
504 - 50
40
304
20
104
5
i
25 8 3|
T " - T T T T J —r Ty
500 ym 420 particle size 300 210 154 W05 7S 50 35 16 42
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. CHEMLCAL DATA

Sampla  Depch Horizon Clay Humus CaCOy pH- CEC/osil CEGfclay Exch. buses Exch. getdic Eey0: Aly0y

Keh 17202 g W R Sum U3 i Cl B3 ox dith  ditn

o 1 2 HY wmolikg mmolfhg amelihg wmolfkg £ x H

755447 - 25 Ap 1.5 36 0.3 6.7 3 28 3] 13 [ 1 W06 0.4 1.5 [
TS/4i8 25- 56 B 4.7 1.2 0.1 6.9 5 H 44 1 - s T WY 0.4
I5/449 56 8] Mg 2.0 L1 0. 6.4 152 e 116 2 - 1% 9l 0.7 2 1.6
75/450 83 9% Bugki .3 0.6 0.4 7.2 155 B 1R it -1 W 0.5 1.} 1.3
257451 99-120  Bugkl 13.9 0.2 46 7.6 65 468 ® 13 1 [ 1} 100 0.1 1.4 0.9
734452 126-130 g 68 0.5 8.5 7.8 1] 2 1 6 i1 9 0 0.30.9 0.3

d. TOTAL CHEMICAL COMPOSITION OF THE CLAY FRACTION

Saaple  Depth Worfron Clay 510, Aly0; Feg0y Fa0  Hn0  MgD  Ce0  Begd kg0  Ted; Byby Ba0  Hp0* CEG/clay”

cm 4 Twiw ol /g
757487 0 25 Ap 12,9 46.20 0.9} 9.18 D.68 0.i7 1.93 0.39 0.41 4.00 0.85 1.36 5.6% 8.2l 40
757448 25 56 B 6.7 47.3% 2131 9019 0,60 Q.31 L.76 0.26 D.42 3.85 0.83 0.80 6.01 8.27 280
23/449 56- 83  Bbwg 21.0 &B.71 23.13 9.36 0.43 0.2 L.&4 0,09 .32 335 078 0.7 5.1 8.1 670
754450 43- 9 pwgkl 2.3 #7.82 22,00 9,15 057 .07 LLE6 004 0.36 3.3 D72 OL34 476 8.2 420
757451 99-120  Bugk2 13,9 47,35 21.96 9,13 0,55 0.12 1.88 O.14 0.33 31,52 O.Bk 0.4% 4.87 A.11 $40
57452 120-130  2¢g 6.8 A5.05 20,66 1l.«2 0.60 O.40 1.24 0.38 Q.43 3.39 0.9 0.89 5.33 8.90 100

€. PUYSICAL CHARACTERISTICS (hurizon averoges and mverages of 5 core samples)

Depth  Horizon _Texcure Huzus Bulk Facticle Fare Hotsture content Avallable woiscurs Alr voluse
<z 2-50 Ejo denagey  densjcy volume (i) pFa.Z pF? FF.2 VpF2-Wpra.2 Pl CY]
o 1 H “g/m kgin z Tuie Tufv /10 o=
G= 25 Ap 12.9 19.9 62,2 3.4 1450 1620 44,3 w.9 4.1 130.3 1.7 18.6 JEN ) 2.0
2% 50 Bw 4.7 23,1 b2.2 1.2 1500 2870 41,8 L5.1 6l 22,7 %2 13.5 21.1 3.6
36~ B) Bug 21.0 §3.8 35,4 L.t 1510 2710 4.3 19.2 1.2 29,0 16,9 12,0 15.3 3.2
83~ 99 Bugk) 21.1 25.0 530 0.4 1560 2700 42,2 8.7 b7 29.2 13.6 15.8 13.0 8.6
99130 Bugk? 13.9 16.8 49.3 0.2 L540 1100 4).0 14.9 5.5 2.9 &5 b 0.1 .5
120-130 2Cg 6.0 1.9 8.3 0.3 (L3 1] 2670 44.9 16.6 hd 264 6.5 17.9 26,3 8.8
K0 am

10~ 1% 1450 %20 4457 20.9 B.l 30,3 .7 18.6 14,4 3.0
43 48 LS00 2670 418 15.1 a1l 22.7 9.2 13.5 139} 3.6
- 15 1510 2710 44.3 19.2 1.2 29,0 16.9 Th 15.3 3i.1
8r- 1560 2700 42.2 L] 8.7 29.2 13.6 15.6 11.0 8.6
103-110 1540 700 §Lo (L] 3.5 22,9 6.3 La.& 20.1 3,5
122-)23 1420 2670 .5 a6 bk 2h4 6.3 2.9 26.5 3.4

* Calculnted Prom advorbes $3a2% .
% Suw avaz profile dapth.
*%4 Calculssions with rounded averages may cawee differences of wone ducinale
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¥. MICROMORPHOLOGICAL OBSERVATIONS
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A+19 RANOWIJIK

da

1.

2.
3.

Profile description

General data

Location: Topographical map of the Netherlands, scale 1: 25,000
(1966%Y; sheet: 39 F, coordinates: W 439.850; F 176.750.

Date of description: 9-10-1875

Described by: R. Miedema and C. de Kreij.

Soll site characteristics

1.

2

4
5,

7.
8.

9.

Classification:
a. according to FAO-Unesco (1974): Eutric Gleysol
b. according to the Soil Taxonomy {(1975): Typic Haplagquept
c. according to Ne Bakker and Schelling (1966): Poldervaapgronde.
TLand use: harvested potato field
Geology: fine-textured Holocene Rhine deposit
Physiography: backswamp-levee transition
Relieft flat or concave
Slope: level to nearly level, class A
Altitude: 7.5 m +NAP (Amsterdam Ordnance Datum)
Hydrology:
a. S0il drainage class: imperfectly drained
be Groundwater level:
presumed highest: 30 c¢m below the soil surface
presumed lowest: 120 cm below the soll surface
actualt 70 cm below the soil surface
ce Artificial drainage: tile drainage
d. Flooding: none
Evidence of human activity: Ap 0-30 cm.

Description of soil horizons

Ap

Rwg

0-30 cm: silty clay loam; 10 YR 4/3 (moist); few fine distinct Fe—
concretions; weak medium angular blocky structure; few
fine blopores; few fine roots; friable; slightly
calcareous patches; clear and smooth to:

I0-70 cm:  silty clay; 10 YR 5/2? (meoist); common fine and medium
distinct irregular 5 YR 5/8 Fe-mottles and common fine
distinct round N2/ Mn-concretions; moderate single medium
smooth prismatic structnre; few fine biopores; few fine
roots; firm; non-calcareous.




b. PARTICLE 5SIZE DISTRIBUTION

300

Semple Desth Harizon Farticle aiir classnd in |m [P
2 2-50 >%0 {f i%4 &F B-16 16-25 253-35 35-30 50- J5- 105- I50- 210~ 20D- 420- 600- 850~ 1700~ <2y  eand fractfenm
< 3 % 75165 150 210 300 420 600 850 1200 1700 <lhm
73/833  0-30  Ap 3.2 32.3 8.0 9.2 7.0 9.1 1L.5 10,2 8.8 62 3.0 LS L.l 0.6 0.5 0.5 0.3 0.5 - - 0.8 1]
754454 30-50  Dug 45.7 6.3 B.O 45.7 8.6 9,5 11,3 T 57 4 2.5 13 0.8 0.4 0.6 0.5 0.6 0.6 0.7 0.2 D.6I 1ns
¥S/A35 50-70  Beg 65,0 45,3 9.8 45.1 6.2 2.8 10} 7.0 %8 5.5 3, 1.8 L6 6.4 0.3 0.5 0.7 &8 0.8 4.3 G482 106
1 L 1 { 1 1 | T
Ty
sample / deposit R
1,23 = -
- 5
- 10
| 20
- 30
%> pm L
50 50
40
30
20-
2
161
3
5_
3
2
1 "___"'_—’—'—__-I
25
! . © T T T T T UL
500 pm 420 particle size 300 210 150 10% J& 50 35 16 42
<. CHEMICAL DATA
Saaple  Depth Horizon Clay FRumus CaCOy  PH- CEC/soil CEC/clay Exch. bases Exch, poidlt Fe,0 A1,0,
? ? Y ¥ K Vs Wgtt WT u._n_!"'_l T s wl g ks
o % 3 9 molfkg  mmollkg nmot kg wmolikg X 4 z
75/451 -0 ~ %2 L1 0.2 6.6 227 5% 1% ;1) - & % L33 2.4
75/456  30-50 g §5.7 0.2 0.2 6.5 292 839 232 41 - -9 g6 0.7 2.7 2.4
157455 50-70 g .1 0.2 0.2 6.3 85 32 109 a7 - - 2% 90 0.5 4.0 2.4
d. TOTAL CHEMICAL COMPOSITION OF TAE CLAY FRACTION
Sanple  Depth Forizon Clay 810; Al0; Poj0; Fe0 Wm0 WgD CaD  Ra,0 Kg0 TiD, F,0; Bad W,0" CEC/elay
ca H T maalfhg
750653 -3 Ap M.z 46,92 22,06 9,22 0.65 0.12 172 0,02 0,27 1.a1 0,86 0,36 4,82 8.8 630
I5/a56  30-30 By 45,7 4B,75 23.13 8.71 0,43 9.30 172 G.04 0.7 312 0.93 D21 5.37 8.33 650
15/435  30-70 Bug 45,1 @7.B9 22.52 8.41 0.5 0,05 1.70 0.05 0.27 1.20 0.9 0.23 5.12 4.7 670
o, PRYSICAL CHARACTERTSTICS (horizon aweragas™® gnd averagea of 3 core samples’™)
Depth  Horlzom _Tasture ! e E Humus  Bulk Particle Pore Mogsturs content Avyilable moleture AT voluma
<t 4-50 % derapey  desejty volums pr2 pF4. 27 PT4.2 VpF2-VpFa. PEA.2
o 4 X kg/n gfe X Tulw vty /10 ¢m -
0-30  Ap 39.2 52,8 8.0 1.} 1420 2140 46,4 25.3 13.9 7.2 20,4 16.8 9.2 26.0
0-10 By 45.4 &5.8 0.8 0,2 1450 2190 48.0 0.2 16.5 43,8 2.9 19.9 G2 24.1
%0 m
12-17 FTE] 2740 46,4 25.3 13,9 3.2 20,4 6.8 9.2 2.0
50-55 1450 2750 8.0 0.2 16.5 438 218 19.9 0.2 2.1

# Calculstad from adeorbad ja’”
%4 Sum ower praklle depch.

+4 Calulations with rounded averages may ciuda diffsrances

of wome decimila
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f. MICROMGRPHOLOGICAL OBSERVATIONS

A19 - Randwijk depth below surface (cm)
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A.,20 KESTEREN

a. Profile description

General data

l« Location: Topographical map of the Netherlands 1:25.000 (1966);
sheet 39 B; coordinates; N 439,200; F 168,160,

2, DNate of description: 29-10-1976.

3. Described by: R, Miedema and A.G. Jongmans

Soil site characteristics
1. Classification:
a. according to FAO-Unesce (1974): Calcaric Phaeozem
b. according to the Soil Taxonomy (1975): Fluventic Rapludoll
cs according to De Bakker and Schelling (1966): Hofeerdgrond.
2+ land use: harvested sugarbeets field.
3. Geology: coarse— to medium—textured Holocene Rhine deposit
4, Physiography: slightly undulating river levee
5« Relief: subnormal
6., Slope: level to nearly level, class A,
7. Altitude: 7,0 m +NAP (Amsterdam Ordnance Datum)
8. Hydrology:
as Soil drainage class: moderately well drained
b. Groundwater level:
presumed highest: 50 c¢cm below the seoll surface
presumed lowest: 130 em below the soil surface
actual: 130 cm below the soll surface :
ce Artificial drainage: ditches around the field
d. Flooding: none
9., Evidence of human activity: Ap 0-26 cm

Description of soil horizons

Ap 0-26 cm: loam; 10 YR 3/2 (moist); weak very fine subangular
blocky, locally angular blocky structure; few fine and
few large biopores; few fine roots; friable;
calcareous with shells and some biocgenic calcite; few
gravels, bricks and coal; abrupt and smooth to:

Buw 26-50 cm: 811t loam to silty clay loam; 10 YR 4/4 {moist);
strong fine subangular blocky, locally granular (mole
holes) structure; few fine and common large blopores
in the plowpan (26-33 ¢m); many to abundant fine and
many large biopores below: commou fine roots; firm in
plough pan, below slightly firm; calcareous with
shells and some biogenic calcite; clear and smooth to:
Remark: clear dense plough pan from 26-33 c¢m;
pedotutules and coated (10 YR 3/2) worm holes

Bwg 50-81 cm: loam; 10 YR 7/4 (dry); sponge structure locally
disturbed stratification; common medium distinct
irregular, in lower part horizontally elongated 5 YR
5/8 (mainly} locally 2.5 YR 3/4 Fe-mottles (some
distinct neoferrans), few fine distinct round Mn-
mottles; many fine and large blopores; few fine roots;
hard; calcareous with shells; clear and smooth to:
Remark: pedotubules; mole holes sometimes with sandy
filling; coated worm holes,
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cgl 31-87 cm: loam; 10 YR 7/2 (dry); disturbed stratification;
common medium and coarse distinct irregular and
horizontally elongated 2.5 YR 3/4 and 5 YR 5/8 Fe-
mottles (some distinct neoferrams); few fine distinct
round Mn—mottles; common fine and large biopores; few
fine roots; hard; calcareous with shells; abrupt and
smooth to:
Remark: lower boundary locally perforated by worm
holes.,
Cek 87-90 cm: clay loam; 10 YR 6/3 (dry); sponge structure; common
. fine distinct irregular 2,5 YR 3/4 Fe-mottles; few
fine distinet Mn-mottles; many fine and few large
biopores; common fine roots; slightly hard; calcareous
with shells, secondary lime (neccalcitans} and hard
caleitie nodules; abrupt and smooth to:
2Cg 90-120 cm: sand; 10 YR 7/4 (moist); undisturbed stratification;
few coarse distinct frregular and horizontally
elongated 7,5 YR 53/8 mottles; loose; calcareous.
h. PARTICLE 5I2E DISTRIBUTION
Sample Deprh  Horkeon Particle_ el clasges in _im M 50
<2 2= »50 «Q 2-4 4-8 @-16 16-25 2%-1% 35-50 50~ ?5- 105 150- 210- 300~ 420- 500~ 830- 1200 Slpm ‘cand Erection
Y 1 13 105 150 200 300 420 500 830 1200 J70D Llomm -
17213 0= 26 Ap 20.2 A.3 4l.0 20.2 4.7 5.9 6.4 5.6 %.2 &.8 5.5 6.2 12.7 7.% 5.8 2.0 0.9 0.3 0.1 - 0.54 13
T4 % S0 B 27.0 S1.4 214 27.0 6.4 7.2 9.2 8.8 0.5 $.2 6.4 5.6 4.4 3.0 1.3 0.4 5.2 0.0 - - 0.5 58
115 30- Bl Bwg 16.0 5.2 37.8 6.9 2.9 4.6 5.0 3.5 12.3 12,5 7.7 A0 13,9 5.6 L% 0.4 .2 0.1 - - 0.33 115
irhe 21- 47 cg) 20.4 40.3 9.3 20.4 3.7 4.7 5.9 T.6 10.6 2.8 6.4 7.3 ML 104 2.8 0.5 0.2 DO - - 0.59 128
g e7- N Cgk 29.2 &0.% 29.9 9.2 5.0 6.1 2.4 7.) 9.1 6.2 4.1 3.7 6.4 11.0 3.7 0.7 0.3 - - - 0.6l 154
78 9010 2Cg2 2.4 1.2 96.% 2.4 0.1 0.1 0.7 0.4 o.2 0.2 0.3 1.2 22.% 15.4 26,2 21.7 7.1 1.6 Ok Q) 0.86 241
1 1 L 1 i i 1 111 Jj
]
sample  / deposit %< pym
1,2,3,4,5 = Ivh 1
6 = Iva
- 5
10
- 20
- 30
% > pm [-40
50 - 50
40 -1
30
20
10
1
1+
% &
T T T i T T 4 T
5 420 particle size 300 210 150 105 75 50 35 16 42
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€. CHEMICAL DATA

Saaple  Depth Horizon Clsy Humus Cacl- Each. geldity Fe0 Al
* 73 JLI! Lil 5 ox AT ath’
S I 4 4 mwollky  mmalfhg el Thg mmolfky X I
173 02 ap w2 e 33 ta 132 631 1la IH o2 R 100 0.6 1.2 1.0
T %N B .0 1.2 %6 13 145 537 e 2 [ T 100 0.8 2.7 1.3
S 50 81 Bug 16,0 0.9 139 1.5 63 394 ] 21 t 1 8 100 0.7 2.0 0.%
316 Bi- 81 Cgl .6 0.8 159 7.3 31 1aL 4 2 T3 ow 100 0.6 1.8 0.8
BT A= 00 Ggk 2.2 1.0 1.4 7.4 1] 299 [t} 25 T 5 100 0.3 2.2 1.1
73718 90-120 G52 2.6 0.4 5.3 13 9 375 I 4 R I | e 0205 0.2
d. TOTAL CHENMICAL COMPOSTTION OF THE GLAY FRACTLOM
Saapla  Daprh Hosicon  Clay $10; Aly0y Fep®y Bel  Mal a0 Nup0 K0 TID; P05 #e0  H,0* CEC/clay
o X Toifu oRal/Kg
7 0- 26 Ap 20,2 %6.39 21.B5 9.36 0.8 0.4} 2.78 0.37 0.3) 3.89 0.B& 0.3% 600
204 26~ 50 b 2.0 46,36 22,2t 8.52 0.70 0.6 208 0.7 0.2F LI .85 03¢ 380
1713 -8 g 16.0 45.20 21.91 9.24 0,69 0,14 2,76 0,25 0.31 .65 5.86 0,42 4.68 6.83 510
/6 Bi- 37 gl 0.4 47,24 22.60 8.75 0.80 0.1} 2.88 Q.46 0.22 1.J5 0.85 D.A2 &.42 R.19 s80
N/ A= 90 Cgk 29.2 48,51 22.40 7.57 0.76 0.10 2.96 0.38 0.22 3.80 0.3 0.1 4.42 B.0S 80
718 90~120 Wl 2.4 0o data 877 Q.21 w.d. 177 nd. 0.22 ac doca
€. FHVSICAL CHARACTERISTICS (horiron mvecages and aversges of 5 carc nsmples)
Depth  Horizon Texture { pm ) Humun Bulk Particle Pore - Holsturs content Available molsture AT volume
<1 2-50 >56 densjsy  denagey voluse pFd pra.2 pFi pFE.1 YpPi-vpFe.z 83 pre.2
cm % ] kpiw kgiw x fuiv Tvlv /10 em T
016  Ap 0.2 30,8 410 2.5 L340 2650 LI% 2.9 %.2  3h3 14,2 .1 6.6 7.7
2%6-50 b 27.0 514 21.6 1.2 130 2300 50,6 5.5 9.9 38,7 12,7 1.5 16.2 n.7
30-81  Bug 16.0 46.2 3.8 0.9 1320 718 51,3 6.0 1.7 3.3 24.1 .0 al.1
175
5-10 1540 2650 L1} 128 9.2 253 14.2 u. 6.6 27.7
27-32{ plovpan} 1540 2700 £3.0 20.7 $.6 OL9 4.8 17.1 il m.2
40-43 1340 2700 50.4 5.3 9.5 .2 1.7 1.5 6.2 7.7
50-55 1320 2110 51,3 26.0 LT T 0.2 241 17,0 ALl

* Calewlated from adssrbed §3al*
A4 Sum over profile depth (80cw).
A8 Caleulacions with rounded averspes cay cauee differences of sows declmals
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f. MICROMORPHOLOGICAL OBSERVATIONS

A20 - Kesteren depth below surface {(cm)
0 o 50 - 100 )
GROUNDMASS horizon Ap | Bw IBwa CgT [{Cok 2Cqg |

thin section

177

Skeleton grains

034 J[ 035 [T 036 { 037 | [ 038 J[ 039 [ 040 ]

basic distribution

pattern ... ....ieiiiiien.n. random
clusterad
Plasma banded
plasmic fabric............. asepic '
sepic
basic distribution crystic
pattern............cvevvveius. random
clustered
Voids banded
LAY T ve.... packing voids {simple)
wvughs
channels
planes

SPECTIAL

Caoncentrations
cutanic features
cutans,....

FEATURES

free grain farri-argillans
free grain argillans

void ferri-argillans

void argillans
matri-ferri-argillans
matrans

calcitans

free grain ferrans

subcutanic features
neo-cutans........

neo ferrans
neo manyans
neo caicitans
quasi-cutans............ quasi ferrans
quasi mangans

g1aebules quasi ferri-argilians

nodules......iveveerveaen. ferric nodules
manganic nodules
calcitic nodules
papu1es .. ferri-argillic papules
argillic papules

crystallaria

crystal tube/sheet... calcite (CaC0

5
pyrite (Fe$,)

Recrientations......... skelsepic
glaesepic
¥Osepic
insepic
omnisepic
masepic

Redistributions

pedotubules......cocuviinnnns granotubules
aggrotubules

isotubules

crganic fecal pellets
matric fecal pellets

fecal pellets .........c....

Inherited features

Tithorelicts............ .... volcanic fragments

pumice tuff

plant remains
charcoal

snail shells
calcite

anthrepic fragments

bicrelicis...

pederelicts
sedi.mentary relicts
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A.21 LIENDEN

a. Profile description

General data

1. Location: Topographical map of the Netherlands, 1:25.000 (1966);
sheet 39 E; coordinates; N 440,340; E 165,530,

2. DNate of description: 28-10-1976

3. Described by: R, Miedema and A,G. .Jongmans,

S0il site characteristics
ls Classification:
a, according to FAO-Unesco (1974): Caleic Cambisol
bs azccording to the Sell Taxonemy (1975): Fluventic Futrochrept
ce according to De Bakker and Schelling (1966): Ooivaaggrond
2. Tand use: harvested maize-field
3. Geology: medium~textured Holocene Rhine deposit
4, Physlography: river levee,
S+ Relief: subnormal
e Slope: level to nearly level, class A,
7. Altitude: 7.0 m +NAP {(Amsterdam Ordnance Datum)
8. Hydrelogy:
a, Soil drainage class: moderately well drained
be Groundwater level:
presumed highest: 50 cm below the surface
presumed lowest: 150 cm below the surface
actual: 120 cm below the surface
ce Artificial drainage: ditches around the field
d. Flooding: none
9. Evidence of human activity: Ap 0-30 cm

Description of soil horizons

Ap 0-30 cm: clay loam; 10 YR 4/3 (moist); moderate fine angular and
subangular blocky structure; few fine and very few
large biopores; common fine and medium roots; firm;
calcareous with shells and some bicgenlc carbonate; few
gravel brick fragments coal; abrupt and smooth to:
Remark: rather dense

Bw ° 30 - 50 cm: clay loam; 10 YR 4/4 (molst); very weak compound coarse
rough prismatic structure subdivided into strong fine
angular blocky structure, locally granular structure in
mole holes and pedotulules; many fine and abundant
large blopores; common fine and medium roots; friable;
strongly calcareous with shells and some biogenic
carhbonate; clear and smooth to:

Bwgl 50=-80 cm: silt loam; 10 YR 5/3 (moist); very weak compound coarse
rough prismatic structure subdivided into weak medium
angular blocky structure; common medium faint irregular
7.5 YR 5/8 Fe-wottles with diffuse boundaries; few fine
faint soft Mn-nodules; many fine and large biopores;
few fine and wedium roots; friable; strongly calcareous
with shells; clear and smooth to:

Remark: some pedotubules.

Bwg2 80~95 cm: silt loam; 10 YR 6/3 (molst); sponge structure; common

medium distinct irregular 10 YR 5/8 Fe-mottles with
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diffuse boundaries; few fine distinct soft Mn-nodules;
many fine and common large biopores; few fine roots;
friable; strongly caleareous with shells; clear and
smooth to:

Cg 95=-130 cm: stratified loam/sandy loam; 10 YR 6/2 (wet); disturbed
stratification; many medfum and coarse distinct
irregular 7.5 YR 5/8 Fe-mottles with diffuse
boundaries; common medium distinct soft Mn-nodules;
common fine and few large blopores; slightly plastic
and non-sticky; strongly calcareous.

b, PARTICLE STZF PISTRIPUTION

Sample  Tepth Forlren Tarticle s1ze clnases fn_ gm #4 50
3T 330 o8 < =L &-8 R-1% TA-15 I5-35 J3-50 0= 13- 150- 210~ Eﬁﬁ—‘!m— ROD- FSO- 170N~ <iuw  ennd Fraccion
o * 75103 IS0 210 300 AZD ANO ASO 1240 1700 Tibym  um

714 0- 30 Ap 27.8 49,9 22,3 MR 6.2 9.0 9.8 N 9.3 60 5.0 5.0 S5 30 LR LD 05 0.2 60 - 633 14
719 30- 50 tw 21.7 48,2 2.l N7 6.0 7. 0.6 807 A9 B A3 %4 6.9 2.4 12 0B 03 02 D - 055 17
THIO 50- R0 mugl 23,7 59,4 4.9 25,7 5.2 6.A 10,0 128 1A J0.A 5.4 3B 1.6 L IL5 0.4 0.7 - - -0 [
PP 80— 95 Bwrd 23,0 32,9 26,3 23,0 5.0 5.3 8.4 B 1Dl M2 T3 6B 6.l L 24 0 O M - - o5 108
/12 9%-130 g 0.4 82,5 WL 0.4 5.1 5. 6,6 T.2 9.6 BB 7.3 10.6 12,6 5.0 1.3 0.2 0,¢ - - Gs3 w7

1 I 1 1 1 i 11 1 1 )i

pm

H

5

- 10

20

30

% > 4t

50 r 50
10-
Kl
20
10
L
1l

a
7]

500 pm
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€. CHEMICAL DATA

Sample  Dapth Merfzon Flay Yumus CaC0y  pil- CEC/sof] (EC/clay Exch, hawes Exch, geidic Feql Al50

L e DI b S o

o ] z oz mmotike  mmol/kg ol g wiolfkg 7 x r

T - 3N Ap 278 1.7 3.2 AN 16R ohi 129 32 4 3 158 100 n.? 4é 1.3
b2l ) n- 50 LC] 27,1 1.9 5.9 7.1 124 448 ar 5 L] h I 2 100 0.7 L& 1.8
mh0 3= AQ Mgl 25.7 L2 15.0 13 al ns a6 26 4 -] L1} 100 0.6 2.3 1.2
17411 - 95 Mg 3.0 L0 7.6 1.5 m 419 (3] 27 ¥ 2 oam Lo B P .} (9]
Faraks 9513 (=] 0.4 1.0 1”7. 7.6 % 373 4% b4l 4 H 76 100 nil.s 0.7

d, TOTAL CIENICAL, COMPOSITION OF TME CLAY FRACTIMN

Ssmpla  Depth  Horizon Clsy SINy AlpD; Feyby FaD  HaD MRD  CaD  Ne0 Ky0 TAN, 2,05 man w0t cRc/clayt

e x X anolivg
e ~ 10 Ap 21.8 46,55 72.3% A.78 1.02 D10 2.77 0.2 0.6 149 DAZ DA2 ALAR B.AS R0
T 30— 30 LY 0.7 GE.AR 22,51 8,77 MAB O.11 7,59 0,20 0,54 NS0 0,82 0.0 &.76 B.36 620
nne 50~ RO Bugl 5.7 A6.9Y 21,96 .76 0,09 N3 (.76 DR 0.13 3,60 0,83 0,32 4,42 &K.27 €30
7 a0 93 LT 23.0 §2.73 20.P8 B.96 0.70 0.B3 B.6R 0.9 0.2) 3.3% 0,86 0.¥4 A.R0 B.15 ann
e 95-120 g 0.4 A8,A3 7083 9.14 085 0.15 2.53 50 N.26 J.5h D.A4 041 436 TR0 570

€. PUESTCAL CHARACTERISTICS (hoclzen aversgea’ - and sverages of § core sasplas™ ")

Depth  Horlzon _ Tax Bulk Farticle Ford Mojature content Avallphle moipture Alr volume
i densjty dunajry volume pF2 of%.2 pi2 AT VpFI-VpFi.2 pFE pFé.2
e ¥ kplw ka/m % Eudu tolv aml10 cm 1
& W Ap 27.8 9.9 2.0 1.7 1530 2630 43.x 2.9 .S 6.6 1.6 19.0 &3 5.5
an- 50 21 27.7 48.2 24.1 2.9 1310 1700 0.0 2.0 1. 29,7 15,1 15.% 20,3 3.7
S0- RO m2ig 25.7 59.4 145 0.2 1320 2210 51,5 3.7 1.3 33 K] liod 14.2 6.6
AO- 95 Cig 21.0 52,7 T3 L0 1360 2700 8.9 6.7 1.7 3.4 10.6 6.2 12,1 8.3
91 L2 0.4 8.5 3T 10 1460 2696 (1% 24.2 5.5 12.0 B.0 4.0 137 3.7
*n 240 ma
5= 10 1530 2690 43,1 1.9 1.5 6.6 17.6 19.0 6.5 5.5
30 35 1420 2690 4.2 20.4 1.0 29,40 5.8 13.2 18,2 3.4
40- &% 1280 710 52,8 2.3 1.6 3041 14.§ 15.5 22,7 38.2
35— 60 1320 2720 51,5 5.2 130903 14.9 FLN 18,2 6.6
B~ A3 1380 22400 %8.9 26.7 7.7 36.8 10.6 26.2 12,1 38.3
95-100 1560 2690 4.7 21,9 5.5 2.0 8.0 4.0 11.7 7.7

+ Calewloted from adsarbed Jhu?
*4 Sus over proflie depth.
asa Calculatione with rounded saverages may couge diiferences of some doclnals
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f. MICROMORPHOLOGICAL OBSEﬁygIIONS

- Lienden depth belaw surface (cm)
0 o 50 100
GROUNDMASS horizon Ap | Bw | Bwgl Bwg2][ (g
Skeleton grains thin section [77|[026 J{c27 J{ 028 J 022 JJo3o JJo31 JoszF 033

basic distribution

pattern....... P, random
clustered
Plasma banded
plasmic fabric.. ... e asepic
sepic
basic distribution crystic
pattern................ + vevses random
clustered
Voids banded
type...oiiiisieiiiiia e .. packing voids {simple)
vughs
chanrels
planes (craze}
S PECTAL FEATURES
Cencentrations
cutanic features
cutans.............. veasees free grain ferri-argillans

free grain argillans

void ferri-argillans

vgid argfllans

matri-ferri-argillans

matrans

calcitans
subcutanic features free grain fervens

neo-cutansS......c..uvens

nec ferrans
nec mangans
nec calcitans

guasi-cutans............ quasi ferrans }

quasi mangans

glaebules quasi ferri-argilians
nodules.......... rerasaaas ferric nodules
manganic nodules
caicitic nodules
paDU]ES.. ...... Crhessaeaas ferri-argitlic papules

argillic papules
crystallaria

crystal tube/sheet... calcite {Caco

3!
pyrite (Fesz)

Recrientaticns......... e skelsepic
glaesepic
vosepic
insenic
omnisepic
masepic

Redistributions

pedotubu]es.”.”.”. ........ granctubules
agqqrotubul es
isotubules

fecal pellets ...... s

organic fecal pellets
matric fecal pellets

Inherited features

Tithorelicts................ volcanic fragments

pumice tuff

biorelicts plant remains
charcoat
snail shells
calcite

anthropic fragments

pedorelicts
sedimentary relicts
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A.22 OPHEUSDEN

a, Profile description

General data

1. Location: Topographical map of the Netherlands, 1:25,000 (1966);

sheet 39F; coordinates; N 438,95%0; F 171,950,
2. Date of description: 27-10-1976
3, Described by: R. Miedema and A.G. Jongmans.

Soil site characteristics

1. Classification:
a. according to FAO-Unesco (1974): Calcic Cambisol
b. according to the So0il Taxonomy (1275): Fluventic Futrochrept
c. according to De Bakker and Schelling (1966): Hofeerdgrond
2. Vegetation/land use: fallow with snme weeds, former grassland
3. Geology: fine-textured Holocene Rhine deposit
4, Physlography: foreland, very slightly undulating
5. Relief: flat or concave
6. Slope: level to nearly level, class A.
7. Altitude: 7.5 m HNAP (Amsterdam Ordnance Datum)
8. Hydrology:
a. So0il drainage class: moderately well drained
be Groundwater level:
presumed highest: 35 cm below the soil surface
presumed lowest: 130 em below the soll surface
actual: 130 c¢m below the soil surface
ce Artificial drainage: none
de Flooding: occurs irregularly in spring
9. Fvidence of human activity: clay excavation

Description of soil horizons

Ah

Bw

Rwgl

0-17 cm: silty clay loam; 10 YR 3/2 (moist); weak compound very
coarse rough prismatic structure subdivided into strong
fine angular blocky structure; few fine distinct white
round patches of blogenic carbonate; few fine and few
large biopores; many fine and very few medium roots;
friable; slightly calcareous; clear and smooth to:

17-75 em:  silty clay loam; 10 YR 4/3 (moilst); strong compound very
coarse rough prismatic structure subdivided inte strong
fine and medium angular and subangular blocky structure;
few fine faint irregular 5 YR 5/8& Fe-mottles 1ncreasing
with depth; few fine distinct white round spots of
hblogenic carbonate; abundant fine hlopores in peds,
common on peds and many large bliopores; some pedotubules;
common fine and common medium roots; firm; calcareous
with snail shells; coated worm holes (10 YR 3/2), locally
also on ped faces; gradual and smooth to:

75-95 em: silty clay loam; 10 YR 5/4 (dry); strong compound very
coarse rough prismatic structure subhdivided into weak
fine subangular blocky structure; compon fine faint
irregular 7.5 YR 5/8 Fe-mottles; few fine faint vound
black Mn-mottles; few fine distinct round white bliogenic
carbonate; abundant fine blopores in, common on peds; few
large biopores; few fine and very few medium roots; hard;
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strongly calcareous with snail shells; clear and smooth
to:

Bwg2  95-102 cm: loam; 10 YR 7/4 (dry); sponge structure; common fine
distinct irregular 7,5 YR 5/8 Fe-mottles; common fine
distinet round to irregular black Mn-mottles; abundant
Fine and very few large blopores; few fine roots;
slightly hard; strongly calcareous with snail shells;
abrupt and smooth to:

2Cg 102-130 em: stratified sand; 10 YR 8/3 (dry); disturbed
stratification passing into single grain structure;
common fine distinct, especlally in layers horilzontally
elongated and irregular 7.5 YR 5/8 Fe-mottles; very few
large biopores, many fine in loamy sand layers, none in
sand layers; soft/loose; strongly calcareous.

Remark: Clayey depositional bands in top 10 cm of this
horizeon.

1 1 i 1 1 d ) I I T ¥

sample J depesit
1,2,3,4,5,6 = v
7 = [va

- 20

- 40
- 50

% > pm
50
40-
30+
20

T 1 T T T T T LR T
500 pm 420 particle size 300 210 159 105 75 50 35 6 4




h. PARTICLE STIF DISTRIAUTTON

Tonpls Tewth Porizon Farticle slze clasnea in_ym N Wi 30
<1 =50 >30 <2 -5 L8 R 1635 73-35 35-30 50- J5- IN3- 150 Zif- 3A0- KI0- &M- ASf- 1400 L2um Aand Fraction
H 15 S 15 2 W0 420 fON 1]

o T A5 1200 1700 -
il T- 17 ah 3.7 52.3  #.0 39,7 N2 1.2 12.5 8.3 7.7 1.3 1.0 0§ T.h 1B 1.4 0.7 f3 0.1 - ol €3
i 17- 40 B 39,4 56,4 1.8 39.8 105 12.6 15.0 3.5 6.7 2.0 1.0 0B 1.0 0.5 7.2 0.1 61 01 - - 1o
13 AD- €0 Bu 40.7 53.1 6.0 4009 0.5 12.9 14.6 B3 6.2 10 0.9 08 2.0 V2 AT 0.3 0. - - - 134
1 60— 73 B A 390 1 A0 123 1T 126 B FB 0. 0.5 08 0703 A - - - - 173
TH 73- 93 Bugl 29,8 39,9 10,3 79.8 &1 5.5 1.3 139 2.8 6.0 )5 2.3 2.8 0.90.3 0.2 - -~ - LE
1776 95-102 Bup2 14,8 £7.0 36,2 158 37 5,8 48 102 11O 1LY R4 B2 9.6 6.4 1.T B3 0.1 - - - 107
2 102-130 g 3.4 6. B9.0 34 0.7 10 B 0.6 8 2.7 5.0 %5 48,7 13,8 3.5 LA B 0.1 - 113
€. CHENICAL PATA
Sampls  Depth tlorleon  Clay Mumua FacDy  ph- 11 fFCfelay FExch., pasas _ Excn. getdicy Poy0. ALyt
3 xci ica LS LS gk IH'“Mq ] 13 et
em T b3 * mratfkg  mmolikn weo | fhg EES VTR § X T
7221 0= t7 A 1.7 8.8 e 87 nn 7% 281 52 4 2 300 190 1.2 3.4
T 17- 40 My A Lz 6k 7.0 18 373 17e 43 i3 oI 109 1.0 %2
143 [T I M7 2,0 K4 7, Fat g 158 7 1 2 166 1.0 3.2
2 60~ 75 Bw 7.8 e AL T2 171 452 123 ar 74 I o 0.9 3.1
T 75- 9% pugl A 12 12 7 101 3% 58 5 i 6 om 10 0.7 7.6
THE 93102 Rug? 1.8 0.9 14,5 7.6 L1 22k 13 2% b 3 e 100 0.6 1,7
(321 102-130 2 34 0% 1LE T 15 559 ] " ER I 10 0.3 1.4
d. TNTAL CAEMTCAL COMPRSITIN
Sample  Mepth Horizon  flay 810y Alyly Peyfly Feb Wl Mgl a0 Hey0 Kyt €10, Pifs Rao b CEC/cley®
e z Tulv wmallkg
7701 o= 17 b 39.7 46.76 21.04 B.36 1.02 0.06 .37 0.6 M.21 1KY LAY D46 427 ARG A
72 17- 40 Pw 39.5 47.19 23,16 0.1 0,90 0.0% 3.00 0.15 006 351 0.4 0.27 4.22 A% 550
7113 - K0 R A0,7 4661 22,75 BuA RS MUN9 793 0.03 B.33 BB 0K) 0.75 4.5 ALST 390
bl 50= 15 Pu 3T.8 47.20 2083 0.3) L85 G0 L8105 O.fE 3% N.RE 6,76 6002 B4Z 540
7778 75~ 95 gt 79.8 AS.RE 22,79 R.9B D78 0,11 2,92 0,21 006 DAY ARG 6,29 36 ALY 510
1776 93-102  Pwg? 158 46,57 72,76 9.05 D.AB 0.11 2.A0 030 0.25 LAT 0.7 N.IY A0 KAk sin
bEL 102-130 20 3.6 45.00 M3 MGR 0,95 DA 76 N.S2 021 BBT AAS A5 AL ALSD 560

e, PIYSICAL CHARACTRRIATICR
Ne dats on core samples availwble

¢ Colculated From sdporbed dMa?t
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f. MICROMORPHOLOGICAL OBSERVATIONS

A22 - Opheusden

depth below surface {cm)

Reorientations

Concentrations

cutanic features

CUtaANsS. e

subcutanic features

nec-cutans........o....

quasi-cutans............

glaebules

NOdUTES civiernienenncnens

papules . i

crystallaria

crystal tube/sheet...

Redistributions
padotubules.......coevvenns

fecal pellets .oovvereins

Inherited features
Tithorelicts.....ooeieia.n.

bigrelicts vivaiiininain,

nodorelicts
sedimentary relicts

free grain ferri-argiilans
free grain argillans

void ferri-argillans

void argiilans
matri-ferri-argillans
calcitans

free grain ferrans

neo ferrans }
neo mangans
neo calcitans

quasi ferrans
quasi mangans
quasi ferri-argillans

ferric nodules }
manganic nodules
calcitic nodules

ferri-argillic papules
argillic papules

calcite (CaC03)
pyrite (FESZ)

skelsepic
glaesepic
vosenic
insepic
omnisepic
masepic

granotubules
aggrotubules
isotubules

organic fecal pellets
matric fecal pellets

volcanic fragments
pumice tuff

piant remains
charceal

snail shells
calcite

anthropic fragments

0 o 50 100
GROUNDMASS norizon Ar | Bw Bwgl [Bwg 2Cg |
Skeleton grains thin section |77}§018 J 019 | 020 ] 0217022 ] 023 [ 024 | 025 |
basic distribution
pattern .....oiviereeeiiiae. randon -
clustered =0 |==——==-= —_
Plasma banded == = ———eam—
p]aSmic fabric ............. asepic
sepic 0000000 e mmemcc e ——— -
basic distribution erystic ---
pattern.. ... random _
clustered | @000 meeme——-
Voids banded — e
[T 5T packing voids (simple} | =000 eceemme—- e —
vughs -
channels -——-
planes {craze)
SPECIAL FEATURES



S=int

V=-int

APPENDIX B

CLAY MINERALOGICAL CHARACTERISTICS

OF REFERENCE PROFILES

kaolinite

mica

smectite

mica~-smectite interstratifications
aluminium interlayered smectite
vermiculite

aluminium Interlayered vermiculite

chlerite

+)

+(+)

++(+)

n.d,

absent

traces

moderate amounts
fair amounts

large amounts

no data



Group

Keyt

Mef. Prof.

A0E
(Reumen 1)

ADG
(Orrerom)

ats
{hzavifn 1)

ALY
(Asbicoek)

ALk
(Hegchelen)

A3
(¥en-Zaldachalda)

ale

(Hillingen)

A2

(Huumen 10}

¥ = kaclinice
H = mica

H = smacclce

H-§ = mica-sseccliie latersicatificacions
S-iac = aluminius lecsrloyeced smacclie

Dapontt

1L
(R4
hial
11
m

(239
1
1133
mr
1Le

198
i
e
ne
na
1383
[119
1t
Ila

m
L
1311
L
Tla
b17]
Il
Ila

1t
e
1L
i
1t
1k
Tla

1114
(114
nr
nt
114
(114
itk

¥ = yermiculite

¥=int = sluminfum iocerlaysrsd wazmlcullby
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APPENDIX C

PHYSICAL DATA SETS

*

SWELL.DAT = Data on Linear extensibility condensates

* ATT.DAT = Data on Atterberg Limits

* CORE.DAT = Data from core samples

* AGGR.DAT

Data from natural aggregates

* STAB.DAT = Dara on Stability of natural aggregates
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APPENDIX D

CORRELATION MATRICES AND STEPWISE MULTIPLE REGRESSION OF PHYSICAL DATA

l. R - Particle Density Data — 5 basic explanatory variables
2. MLINREGR(stepwise) — PD — 5 basic explanatory variables

3. R - Tlinear Extensibility Data condensates - 5 basic explanatory
variables

4. MLINREGR(stepwise) - LE = 5 basic explanatory variables

5. MLINREGR(stepwise) — LE - 9 basic explanatory variables

6. R - Atterberg Limits Data - 3 basic explanatory varlables

7. MLINREGR(stepwise) — Atterberg Limits Data 3 basic explanatory variables

8. MLINREGR(stepwise) — Atterberg Limits Data 7 basic explanatory variables

9. R - Selected Core Data - 5 basic explanatory variables

10. MLINREGR{stepwise) = Selected Core Data = 5 basic explanatory variables

1l. MLINREGR{stepwise)} = Selected Core Data — 9 basic explanatory varlables

12. R ~ Torvane, Air Permeability Cores at pF2 = 5 basic explanatory

variables

13. R - Selected natural Aggregate Data - 5 basic explanatory variables

14. MLINREGR(stepwise) = Selected natural Aggregate Data - 5 baslc
explanatory variables

15. MLINREGR(stepwise) - Selected natural Aggregate Data =~ 9 basic

explanatory varlables
16. R ~ Stability Data natural Aggregates - 5 basic explanatory variables

17. MLINREGR(stepwise) - Stability Data natural Aggregates -~ 5 bhasic
explanatory variables
18. MLINREGR(stepwise) = Stability Data natural Aggregates = 9 basic

explanatory variables

19, R - Micro Tillage Test Data — 5 basic explanatory variables

20. MLINREGR(stepwlse) - Micro Tillage Test Data -~ 3 basic explanatory
variables



330

1. Corvalation coefficlenc (k) of Particle Dunsity (ED} with che 3 . Guapeiss wmlciple repvession of 1T dsta vith the §
baete explanstery varisdles cley (CL), eilt (81D, sand (3A). basic explonatory variebles ar 35 % confiderca limite.
orpunle carton (0} 4ad Loy (G4}

{73 VARIANLE [T }]
awlsl TINVIRL BT @l T & (3]
1 o &
3 (43 b
™ " Y R 2w 1 QA n
28 . 29 (Xt Eoelc 1 a L4
BIrra—TY -2 -3 o I L
-5 -39 --61 -7 s 1 oQ s
B . + ? o 1)
VELOISTLIAN 30 LIZ cale 1 S 19 13
¢ ) oo eignifiesne at 95 T confidence llairs St 1 Q s 3.7
« cerralaticn sat possible (Cachy ~0) and grwpe vith maoy CalOy =0 et b4 .8
certal w1 Q@ 5 EERY
POLOCENL 2% LI tale ! [-§ LI 8.
L2 war 1 Q@ 3 62,2
LTl aale 1 L 7% 8.1
T ooc 4 £.7
LT omaar 1O ” e7.0
T e & .
L 3 -
uw 17 LEZ cale 1 B4 a 9.0
12w 1 QO 4 10,1
LY cale 1 Q il 19.6
1l maer 1 Q [51 2.7
w A2 s L E (1] H
LE mass 1 QL 1] T
&ab U Elealt | & 7 2.4
W2 mas 1 Q 73 2.2
1 oaale | @ n 30.8
Ll eas 1 QL "0 35.1
cal U Ozl 1 @ ) 13,4
2 o I 8.2
LIZ mans 1 OC [ 45.8
2. Scapuise mltiple ceprestion of FD with the $ bsic 1 a b 91.8
axplanatory wariables ac 95 I confidanes limats. 1El eale 1 L kil 2.7
T @ % 57,
1%l weay 1 [ 82 55.3
TR Huabar of Itep Tatered %5 ¥ test : @ ES) 107.2
sswples VARIABLE {2}
TLOVIAL JLL 1 3 I BR.T
1 @ n EEE
WEICHSELLAR 130 1 2 i 100.0 3. Stepvles milciple regression of LE dave with 3
] [ T4 178.7 basic explamscory variables at 952 confidence lialcs.
HDLOCEWE 61 1 o I 33.5
H o 2] 42,0 IFG DR Ttep Teet
o - 1 o 3 48.1 FIHIRL L J % - IT) TR . T3 LIz
2 4% i 58.9 z ¥ w 81.0
3 oc " 0.8
b 3 &8 1 a A 310
H o 7 106.1 122 maas 1 G n 19,8
5 1.5
w 18 i o 42 3w ” 5.3
2 & 63
leale 1 @ 2 138
cat L] 1 oc “ 8.4 2 o " "1
2 =% 70 0.3 3w [ 7.0
Cal 3 b A 1 1.5 1EL maay ! L % 158.7
2 oc 57 112 1 o (] 06,0
0 = ddfference Late Weichselien - Welocene
Vlle diffarence M - MIHLC
Ti2e d1fferance BB - L6
V13- difte Ca0 ~ Cal
3- Correlarim cosfficient (K} &f Limear extamsitility (LE) caleulsced or weasured 6. Corrslazion coafficient {R) of Atierberp Limit data {upper plascle limir = UTL;
at pF2 end pPl o0 comdetpaces (LE? calc; 1X meas; LE) calc; LEL mass) with the scicky paine + SP; lowaz pimecic Hiwlt = LPL; hygropcopie polnt = BF) with 3 of
5 dasic emplesdzory vBCiaky the 5 sasic explamatory vaciebles &t 975 coafidence Limich.
uwl el chagliar O S 7] [(wwi fchaellal bEkE ! ‘
“.15'-! e=55 =3 nels L1l nwl? el -1l (1413 I of s PSS ) a1 oy Be17 nai =il =1
VALLARLES VARLAMLES
LE2 cale <EL 0.7 0.8 0.8 {-0.08) 0.5 {C.Ar} 0.5 0.9 UPL-CL 92 b .94 (.32) 81 (-66) .92 9%
-1 0.3 0.5 (=0.02) (-0.28) O.51  {0.BR) (-0.28) (0.38) vn-oc ) {.22) .5 (=-33) €09 (.51} (O) .18
-ah 078 -0.83 “0.61  (0.37) =0.61 (-0.M3) =0.36 —0.6% UM-CA . . . - + . . (-42)
-or 0.1 (0.74) 0.55 (.74} (0.26) (0.18) (0-13) 0.00
-Ca - * - * - . . -0.60 $¥-CL KT .60 g8 {=.41) (.31 .7 -8
$b-0C .57 .53 71 (.28) {.76)
LE2 mear =CL  0.85 0.3 0.85  [0.4B) 0.6k 0.S¢  0.85 0.8 ik . . . . .
=51 0.3 0.40 (=0.88) (=0.52) (0.13) O.8% (-0.23} (O0.31)
-5h 0.8 <-0.61 0.3 (0.30) 0.8 -0.9%  -0.61 0.6k LGl Al i 1 (--26) (.32) (-1
-6 0.26 (0.06) 0.32  (-0,17) {~0-02) (0.01) Y 090 LEL-0C % .65 .67 Tt -2
o o+ . N » * . 0.5 LPLaCA N . . . * *
IT) cale 1 0.05 D69 0.8 {~D.10) 075 - % 0 K 15 .79 {.08)
-S1 9.3 {0.30) €-0.07)  ~D.60  (0.24) [ s Az .54 (=.05) (-38)  {.84) (
“5k  ~0.59 -0.53 -0 (0,53 -0.3% [y a N . B . [
¢ 0.3 O [} (0.24) (0.1
-ca . + . Bet Wignllicent at V5% cefid

Timles
* corealacion oot poesible (CaCO5 = 0) wnd groups with meay CaCly = O valuse

1] nesa —CL 6.8y 0.74% c.9 (0.0l 0.78 0.3 0.8 .86
=51 0,32 (0.2%) {=0.05) =0.85 ({0.10) 0.9 (-0.06} ({0.26)
-4 =0.67 -0.54 =068 (0.54) =0.47  =0.9%  -0,75 ~0.50
~0C 0.32 (049 0.63 (0.08) (0.07) (=0.36) (0.16} G.91
- . . . - - ~0.66

) met migmificant &t 95 I confldence limits
' sotralacios sot pasbible (CalOy - 0) amd groups VAL mny GaOy = O values



331

7. Stepriss wulbiple vegression of Arterberg limita daca with J of B.  Stapwies miltiple Tegzession of Acterberg Mmits date vith 7 besic
tbe 5 basic explensrory varizblas at ¥50 tonfideore limits. axplanatory werimble at 931 confldence lmicw.
TIOUPING = VARIABLE  step  VARLANLL RE(ey T cast GROUPING ) VARTAMLY wtep JARIABLE EETE4] ¥ tast
TETVIAL 35 OFC T [ & e TLOTIAL 5 BPL T [ ¥ T
] og Ba 178.8 H o 3 1738
1 oA 91 155.3 3 <4 91 155.3
) iz LH 1.0
sr 1 % n 65.5
H o¢ 7% 72.6 s 1 o 57 £5.5
k] oA 8 9.7 2 o I3 2.5
i ch 3 9.7
L 1 R 53 54.2 . 288 87 .
3 o i3 13.8
3 LY L 93.8 L a 53 3.2
2 43 5 e
w 1 a % 128.3 A 4 936
2 o [X] ne.9
3 oA L 6.} w 1 a 1 134.3
2 oc a9 4.9
WEICHSILIAN 10 UM 1 L% " 0.2 3 L] 8 8.2
z ac az 3.9
Vo = diifaranca Lite Haicheallan - Eelocene
se 1 k- 38 13.5 V11 ~ diffavencs 1B - A2 4 10
z oc ) .7 T12 = differance I - 16
LPL 1 o a2 9.1
| o % 43.5
L 1 (-3 &5 8,7
1 o i «g.7
wLackKE 2 WL 1 o [T 147.0
o 1 o 50 .9
] [ 7 36.9
3 ch L (LN ]
hi o 1 o 5 7.4
2 ot 73 7.0
3 [ % FE
w 1 (=% % 75.5
2 L4 ez b7
» 3 W -
s -
e -
- -
-3 17 uPL 1 a L4 0.5
SF 1 oc s 12-1
H Q. % 15.6 -
#. Corralation cowfficiant (R) of selecizd corc semple dara (it deosiey -20:
poTe volume =PV; motbturt eontemt {3 WAY) at pF2 and pFh.d VN2, Wwi2)
1L 1 o el 1.6
H a e s vith the 5 bakic SXplenstoTy veriables.
¥ H - 5 e T~ FIovia] Teldmilons Gloeens 15 W0 08 GT—
' T of =191 we120 o=b0 E=id  pebB pels  pedR a3
(%4 L) L -
VALLARLES
&F - CL-pm -y -1 (.23) -3
51-20 -4 .33 {05 -8
i - 24-20 . (=.22) 42
ot-m b (06} =.31
B - Ca-30 + . +
<0 1 UFL 1 a n .4 FL=7% 48 .13 .56 (=15} 47
-7 ) % (A1) =00 47
5P 1 €L I3 K Sa-M -8 - .55 (.08} -.50
H o 8 7na e .33 .14 .35 -23
ca-rr . . . .
eS8 1 o 1 7.t
2 ¢ W 3.8 L2 .75 .62 T LI B T R L34
E1-an 81 b8 (.18} W3 LM a2
a 1 (=8 v 18.9 Sh=tne -7 =13 -.68 =33 B0 .53 -7 ~.80
oc-AR 50 35 28 L% .53 (1B
Cal W Um 1 o 3z 1207 Ch=war * . * * - = &3
e o 97 3
3 cA "W 174.3 CL-tri2 % .05 -61 S0 e e B3
SI-AMZ 5 <73 {--03) .56 PLEBES AN 3] N1
E1d 1 oL 8 9.8 Sa-twie? .77 -0 -0 =.bh  -.B8 =91 apS -.79
2 o a9 4.8 DC-wes R 26 ] ) 220 (LLh) a8 o2
] G L5 4.6 Candus? . ] . - . . . (=28
2 1 [ & 14,2 B2 =72 e -1 08} LT
z ot n 22,2 w2 L N -.63 3 (=115)
-y 23 67 B (-0} .50
E 1 I-% T3 5.5 Po=YWi2 WA -4 N1 -n 18y

cmnfiasnce Lamd

[ ) vor sigoifieant ac 95 confidenoe limibs
* £orralition wet podulnle (CaCOy) pud groups with many CaGOy * 0 values
% 1y 5o Teality » depch fueccion



332

10, Stepwime milriple vep

icn of salected core aample data

with the 5 hapic explal s #( 95I conticence Li. Stepiiee multinle regrassion af srlecced core gample data
Limits. ¥ith 9 basic explanstury varishima ar 93 t copfidence limits.
CROTFIRG = VANIADLE wisp  VARTABLE  ¥77Y) T teit SNOCPI®E % VARIABLL step VARLABLE % (17 F tamt
TR 9 T (D T .5 L2178 TH &0 T 3% ) T3y
2 o n 1o i oo 3 £5.6
ot E 2.8 1 w2 % 3.8
i W i .t
L4 1 A k1] a1
2 ac 3a 4T.6 re 1 Sa il 4.1
3 o 3 3 @ o 3 41,6
1wz 1 36.5
w2 1 54 n WL PR l .z
2 0 3.8
3 cL/st 7 1877 w2 1S 55 FLERS
P 70 113.8
w2 ¥ a % 525.0 3 w2 7 08,7
2 o £ 3.2 oo i) 175.0
3 o 8 nne 5 om L3 514
An 1 CA 10 20.5 LLLH 1 a 4 Sa8.1
2 ® n w693
VEICRSELIAH 1¥ B 1 o 2 6.7 3 m 2 223.3°
2 54 13 1 ' 4 55,3
H 1z LH 3.8
" 1 s 13 3.0
3 o 18 15.2 o 1o 12 15.0
PN E 2.4
wr 1 BA 54 8.3 1 G s 6.4
7 s € 1012 [T Y 18.0
3 /81 £ .8
a [ o 56.5
W dtffereser Lace Weicheeline ~ folosans
Wil 1 Ty n 0.2 Pl = Ziffereac= MB = AR + L&
2 ac 76 201.2 V12 = dtfference WB - 15
3 st 2 1974 12 = difference Gad ~ Cal
A 1 Y & 7.
BOLOCENE 61 3D 1 a ) 8.8
2 2C I 15.4
1 ar % 1%.0
”w 1 a 53
2 o £ 11. Corzelatlon enefijcianc (R} of Torvase shear siTsbgth (TV) end air
3 ec & permeab)lity maenuremensy (Ki} in cores at nF2 with the ¥ basic
exphansrory variablas-
w2 3 a 3]
2 oc 74
2 [ ™ IRDUTIR  Fluvial weicheellsw Mol Tal Gl
4 81754 » eel02 =2 ael2
w2 1 e 70
z I [
AN 1 o 22 ('::)
H E -7
154 k4 (V:DB)
.
n "B - g
= - . -V LT -.30
w2 H o> 3 o [T t-.00) pet} (- 053
-2 51 26 45 £.07)
1 &® 61 0.8 X X
-84 {-.10) (--03)  {.08) (-.02}
e ll 5, 0 .8 oy L Sh st e
2 [ 63 8.2 —xe2 43 Bl L1 FLL
3 1] 73 3.6 )
s [} 0.8
- - ¢ ) mox simmificwm: ar 952 confidence limita
* correlation not possible {CaCRy = O) amd groups WATh mny CaCO3 = O wvalves
K % 1 5 17 13.8
2 o i 10.2
] 1 [ 5 72.0
w2 1 Sk & 115.4
2 ac 15 £0.9
3 LSt 88 Frer
W2 1 o n 261.6
3 oc » 1307 13, Corzelacion cowfficdant (R) of sulected watural 4gSTepace dnce (bulk densicy -
MW; pore volum - Fv; wolsture coatent (v/v 4t pFI sad pR4.2 ~ VW2, YVAZ;
K 1 o” 5 1.6 ¢ wolatare = AM) wikth Lhe 5 hasic erplanstory vaTisbles.
% 1 B 1 oc 3 N
o1 Tlovsal Weichaellat Rolocwse RE . BE ™ Tr Tl
y ! oc 55 19.5 pambgr ol eml0) e Py a-23 ned  Aef nel] =3
TURRELXTEY
o 1 51 38 [5] VARIARLES
2 o 5 7 CLemy (1) (413) .08) (.I7} (-.00) (.15
3 CL/sa n 1.2 st-p 5 {-.20) ) ]
SA-XD {.08) ¢
k2 1 [ n 2.7 T (a2 26)
2 ac 2 2.6 Ca-m .
1 CL/sST 2 5.2
cL=rY (.08) {.18) (-.28)
L 1 5A L1 50 Sl=ry (26) LA (=27}
SAmm (-.48) -3 (.26)
Gl ® = L & n 0w o) (213 (A1)
2 I 5 P . - .
L 1 < 43 CLe¥Y: N H A3 -85 .3 .88 .85 LSO 73
2 o¢ s s1-1v2 B .25 .29 L8z a0 .95 a3 ek
we 1 o 38 Sa-¥YI B I T P -8 -84 =91 -85 -.83
EH a 77 DE=¥V2 W53 1 .58 Lk 228 (.49 (.19) .2
3 SI/%h A CA-V¥Z . . . N ‘ . . -lsa
L 1 [48 &0 CL-V¥42 o2 S0 W91 .80 B B3 .51
2 o 1% 51-¥va2 54 N (<03) .89 K1 W80 (.28)
f - f 31 BA=VVAY - -.50 -.62 -.80 -.53 -.§8 -.ig
ax . 0C-¥¥az K 23 .62 L3} 13 (.84} 27
z CL/SA 20 ] CA-TVaZ * * . (1 ' * + t * ’
Cal PRI 1 che* 3 - Cimkk (=.28) (173 AL (oAL) (W33) -
- S1-An ] W32 FLI BN £33 S | (.22}
P 1 ) 36 1.0 BAmAK =23 —.5% -.61 (-.e6) -.60  [.06)
z 1 it 0.6 0C-AY {--15) T W8 (.09 (-3 (AT
ChmaK . - B . - 38
wi 1 ™ * 58.3
-z {=.01) {~.0B) {=.22) (.05} (=.37)
Lo 1 a 73 57.3 D-vV42 (22) (:01) {-.07) (=.28) {-.27)
H s 7 2.7 EmAK =40 (=.17) -47 (0 an
3 S/5a & n.€ i .03 (.09) .82 (.21} .48
Fi-vviz (=21} (:09) .3 (.13 .s
I 1 [ M 10.9 Pé-aN .83 (.06) .48 .80 (-.08)
T 7 uef Bmitioan: at 75 ceofidencs Limate
- mo vaTiable woterwd st 933 coofldesce limits * carralation mot possible {Cally - D) md groups vACh many Callly « O salues
* chould e exclused beceuse CaCly = O for proup excepr Ior *" 14 1o Teality 2 depth humction

anceptionsl erratic CaCOy content
** 4 1n teality » depth fubction



333

4. Staprine miziple rogrsssion of selecces m.uuz mereguce 15, Scepviae miltiple Tagraselon of eiected natural spprepace
4are vich the 5 banlc expiasatory vaciables ac éata vith 9 buslc wrplacatory varishles ac 53 coafideace
ceefidence Limirs, Hmits.
[ R Teep  VARIA ¥ T W& siep S cart
TV I o W T [ £ 18] il na ™ w1 G T WE
1 o % 424 T e e
T a 5 6 3o £ 3.8
i 13 35,1
L 1 o 3» .0
1 ot A% 3.9 1] 1 A 3 59.0
T oW I .2
L] 1 s 18 432.3 R T 3 .k
PR 38 363.4 + o 5 .3
3 st 9 33,4 s st % 2.6
P ” 2%0.4
™z 1 [ a3 &22.3
L] 1a 3] 473.8 H u 5.5
o " 310.4 3 am " 234
FRY 2 38,3 . EH 0.4
A 1 51 53 166.5 WAL 1 ] 3.5
PR 7 125.) 7o i 5104
R ” 107.6 3 ” 8.3
[t ” 1956
VEICHSTLLAN 61 BD 1 oc n 15.8
H L3 26 1.2 .m 3 51 63 26,5
2 72 128.1
" 1w ? 7 1 o 7 1076
TS " (T3
L] 1 n [ 0.7
H I 207.5 = Hfference Lotk ar - Bolocens
3 o " 1512 N e dHitereacs B-TIHG
¥i2 = &iffavesce TO-LE
waz 1 Sk L] 261.6 1) = differeuce CaD-Cal
T oLt 8 167.3 *n 4e ab Taslity = deprh Junciien
1 & I 186.1
an 1 s1 & 53.0
T o 5 3.6
14s. Coreslacion cosfficient (R) of dacs oo aacural apgrepace stabllicy (mod.,
WLKBE 0 B : :“ ;é, ;’,': riconis, FO3 of wir-drisd eamples) wich the 5 baslc #xpismstory wariables.
L 1 [T 3t 5.0 aTeheeTing o
2 oc " 2.8 antl ey e=23 nedl ne§  oal7  pe2E
m 1 @ 12 9.0
P 33 (S
RS I H -3; { -33;
& KL, ] N * "
el o -3 +u2B)
™2 1 oa ) s © M
FI » .
-3 - .6d (-0E) =45 (-.nr) -3 =80
ax - o ne .3 =206) -3 (--:2: a3
Y o T -3 .45 €28 .70
-5 -2 -2 -.AJ 5 -89
13 n ® - * * R
" _ -27 -6l (03) -3 (~.4%) -8
--2;1 (-J%) g t--;:; (--62) ~~;ﬂ
KN & £34) (o (-45) 2
w2 ; : ‘; :},:; ) -6 68 = (=.31) Py
1 am » 30,4 " * * ‘ N
O] 1 SA 5 3.8
7 st o 2.2
P S 15,4
16b. Corralatios coefficsant (K} of dace oo uatural aggragace acabliity {valodrop
a 1w 0 N3 resiazance aas alaking clead s AlT—dried mampler) With Ehe 5 BABLC AXPLABATOTY
FI 3 3] 9.8 bl
" 1 m 1 ® H3 e
=
- i 5 " 50 €9 w32 well  pel0
wer 1 E & 225.9 VALLALES
2 CLisL '3 2.4 no-zatadropssfL 7% a1 R TR . 1
3 o 52 0.2 no.telndrops-S1 .35 13 By -+ R a2l
no.tadndropr-SA .20 - (.93 =%+ -8 =4l
Ll 1 % 63,9 wo.raindropraC .5 .80 =05 (17 4 (2 T
2 LT . 218.4 wo.raindrape-CA 4 . * l LI -47
A 1 1 i 7.0 slakiog clear=Cl .73 En - BT TN .8
2 oc 34 17 alaking sisas-5% .47 .52 - AT e (L25) L&
wlaling clasw=§i =.¥7 -7 bl -75 LI 1) .68
% [ FR “ N slaking clase~0C .36 - = 0 s 3 .6
ulsking cluse-Ci + * LI . -7
" -
L H 1 51 "
E] aum *%
w2 1 1 i 1.9
2 " &0.4 ibc Cerzalacico cosfficieet {N) of daid on patuTsl eggr ability (m.w.d.,
3 CLith 100 170.7 feges.n., 10}, raindfoP Teslstadee, dlskiep class of ,lz-un: samples) vuh
the 5 besic explanatory verishias.
A -
Eud 17 = 1 oc 5 20.0 ivvis ] T iTh) OCANE 0
nedd  pe24 eelb aef  o=ll ==  n=b  ned
L 1« @ .7
[ €233 I £ ) L5y =.56 AU OFY) (=L o7y
H - 3% 5.6 .;: 1"?) ((.u) (=24 (.87) (.68} (273 (200
- --16) = 31) (43 (=.50) (-.60) {~.08) (~.15)
w2 1 .8 © 0.8 e -50 418 W8 {AS) (LA6) (O (.16}
R A 5.9 . . : . . : .
3 SI/R A 1.0
£.15) 14y =-5
Wl 1 49 [ 8.1 (-.3) (=.33} {=.71)
P 9 5.0 (a1 an (.42
. -7 (-.34)
A¥ 1 ] o 15.2 . . .
cal AT ] 1 et 1 6.3 {405)  (=.10) (=255 (=03} (.19)
H o 5 14,4 f=add} (=.h8) (+.70) {99} (-.29)
. (23 3y €613 («AL} {.04)
" 1 e i 17,3 . -3 (-.56) {.71) (.43)
2 o 50 153 . . - * (=aal)
L] ) o ] (.28)  (.08) (2300 (.38)
H L " 214} 6
ER"Y " -3 (513
- s1/%8 % Do taindrape={C L5 54
no-ratodrope—Ca  * -
vviy 1 [ 2
: o 9% slening clasr=CL {.270) €13 (--08) (.26} w - )
3 51/8A 97 sleking clase-5Y .42 36 (20} {a38) we - -
clakiog clase-Sk -.3 -.20 (.08 (~.39) 4 . -
AK 1 [ L ajaking slai A -4 (99)  LbE e ™ -
2 SL/8h 3§ slaking cl . . . . - - .t
3 &
4 Y L1 T 7 mot signilficant 47 T Confldmoe

* cortelation net pousible {(CaR0y) St ==l amd frowps wich memy Cal0; = @

36 vatiduiar cotered ot VS confidence & waluac
kg in reslicy a depch fecetion ®% ne WTimnct



http://�lakJ.ni

334

172, Btepwise wiltipls Tegreddien oé date on nacural aggregaTe 175 Brapvise mltiple ra don of data on naturel dgfteRate
scabllicy {m.v.d., oo ir-oried semples) wicw wrabllicy (raindrep nce and slakipg clage of air-
che 3 bagic axplendtory warl u- st 958 confldence limits. dried ssepies) vich 3 baslc ewplanarory varidbles at
43 confidewce limtta.
TROTIRG v SARIAELL  quep  VAKIANT Lt 7 T test
TAGOFIRC s GARLARLL wRep  VARLABLE  R2{I) T Lmat
- oC
H a n Lt T T Sn.raipdeaps T [ 3] T
1 oc ” [TPFY
1 o 3
2 o 53 elakiog glams | 3 53 5.
H oc € 67,9
L] 1 oc 2 45.5 3 S1/54 r2 3.6
H £ ] 3.2
VKICRSELLAR 37 mo.raindrops 1 -8 6 5.5
VEICHSELLAR 61 mew.d. 1 [ [ 53.1 o ) 451
1 a (L] 43,5
S SI/5A & 3. alsking class ) o 58 3.4
i o % a6.7
1 o 3 26.9
2 a 52 2.4 EOLOCERE 3!  oo.raindross 1 o [ 7.5
7 oc % 5.9
03 1 oc 2 8.4
2 a n 13.2 slsking class ) a 85 4.4
] [ " 8.7
BOLOCINE b 1 oc 13 FR [N 6.8
1 G %
Ay 3 ee-rajndreps ! =4 ’” 8.5
Titbids L ot " 31.7
1 a [ 3%.2 wleking clase -
] ca 0 28.2
e 2 neetainérops 1 -3 €6 47.%
02 ¥ oc an 25,8 H [ e £1.4
H o 58 -3
alakisg class 1 5 3 1.
o 2 1 oc ” e z o ] 2.
y H a5t % 6.0
H oc 56 26.4
"% 2 wo.Tadvdrops -
203 1 [ [ 1.8
alaking clase -
[ 3 omuad. 1 =% o 1.3
3 o 5 7.2 cab 17 no.tatndraps 1 [ ) 20.5
3 EL/EL b2 15.3
) alaking cless o (1) 0.2
facatans 1 a 20 T z o L) 21.b
H o £ (X
cal 20 wo.radndrops 1 a 7 45.)
£03 1 o 15 12 oc % 3.7
H a # 33
alakiag <less L a ] .2
© & mand. - H s # 5.9
FeCubele - = mo VaTidbles mifqred WL confideses Limits
[13] -
can [ NN 1 oc 5 16:6
H =3 L 15.4
03 -
cal 23 moude 1 o 3] .5
H 3 % 198 )
1 ] [ 3.3
H <A [} 45,2
£ ] a 51 .z
1 ch 3 ».1
3 SLia 85 4.5
oo warzables Tem{igenes Limd te




335

11c. Scapries woltlple tegreseion &f dpgd ou miCoral ECE 18.  Scepeine sultiple regrassisa of dets on netwral aggregsce
Atabilicy (Bew.d:, Ti¢:3.4., FOI, retwdrop tekidtsnce, slaking stabilicy with 9 basic explanstary variablas at 951 confidemce
class of pFi-soist samples} wich the 5 mslc siplamatery limita.
waTiablen at #5L confidence limits.
T VAL TARIARL
L T VARARELE yivp TRKLALE  FeLZ) T test
FAWGL 100 =.v. 4. ~atr-dry T [24 55 TR
TLIVIAL LU T [ I 9.7 H a 70 1148
H 81 n 1.1 3 SIHA 1 80,1
[N I 51 10 15.4 101 T.eecesimalr=dry 1 oc 5 0.3
3 o 3 3 t @ 51 3.3
m 1 34 M 18.5 101 rod-alrdry 1 oc k') w55
H oo (] 1.2 H (N a3 4.2
me.ruindrops ) ot b1} 3.2 € po-raindrope-sir-dry 1 QL (2] 11z.1
T w 18 1074
slaking clasc 1 51 i8 1.9 k] o ™ .o
H ac 32 [
&5 wlaking ciepp-air—dry 1 =% 3 73.2
MEICHSELIAN 24 w.v.d. 1 oc b2 7.8 2 o f 67.9
- 3 0w Y 2.0
Ticibode b oc 20 L X
2 51 ] 1.8 3% mow.d.-pR2 1 oc 10 9.2
H 5T 32 %)
103 1 [ ) €5
2 oc . 7.2 1 51 0 15.6
z o a2 13.3
»o.Talndrope 1 o 2 2.0
36 £03-pF2 1 57 ) .5
slaking elues ) o 2 59 7 a i3 FEy
BOLOCTNE 1é mou.d. - 3E np.Taind ' o H
Tetabebs 1 oc N 8.2 M alsking claae-pkFi 1 81 18
H o 32
103 1 oc 3 6.3
- te Iy alisn -
mo.Taladrops -
slaxing clase *
m 1 e -
Toge 1 oc 51 L]
2 m (1] 14.é
_ 19. Correlstion cocfficiwnt (A) of selecued micTo TLilage Test dats
03 {appat tilleps linic es moiazure contest 3 whs = DTV ond &4
F - M- E
2o catwicops 1 o 52 64 :“;:lm Lﬂ-‘::‘nlh che 3 welc axplacatory variables ac #3T
alaliley clMes -
ERaiFINe Tiwvial  Weichecllen Golocaos a0 QY
L 1n mwd, - nosbar of samples oniS 13 pr32 w12 ™30
Facekea. -
VARLABLES
0 - UTL . MW=CL -6 -40) Bl -8
[ H 3 7 {-13) 19
wo.Taisdrepy ) o« W 8.6 TIL. =54 -3 -0 -3 70
2 € n Ik VT =0T it 62 .75 (.31
L . * .
slaking cless 1 o A0 6.l
UTL.pFCL {13y (.34
1 3 mawnd. - T pFeS1 {12} (.10}
UTL. pF-5a (--16) (-.29)
te - oL pF-0C -4 {-.15) 63
WL pFCa . €.25)
02 -
5ot sigalficant wc V5% Toancr Limicr
B Taladrops = Bible (C4CC, » 0} wod groaps vith mamy Cacoy « ©
slaking cleas *
al LI TN N -
Tecabepe -
m -
DO.TRINdFapl -
20.  Scapwise wulzlple regression of salel md¢re clllage cewc data
slaxing claes * wich the 3 Maslc amplanstory varisbles st 9531 contidence limcs.
cal 3 mad, -
TR v VAGEY  wtep  WFIAEE  RO(%y T taet
Tomemn. -
LT T3 DI T [ T
L2 - 2 k) [
3 s (13
Do.Talndreps = , A 2
slaking clams ¥ LW ] o 2
VAIiadles ERTATES AL on T VEICRSZLIad(MR) 1) 1AL 1 81 5 12.4
eriame H oo n 12.6
3 Qs o 1
[ 8% -
HOLOCENE 2 maw 1 [-% 58
H o 87
3 (=3 n
CTL.pF ! o n 147
ca0 12 taw 1 a &7 20.6
H oe (] 9.8
TIL.oF -
€l W 1 oc [
H a ”
[ 1 oc 0

= 5o varisbles scrared at 951 couEidacce Jimits




337

APPENDIX E

SELECTED DATA ON SATURATED HYDRAULIC CONDUCTIVITY
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CURRICULUM VITAE

Rienk Miedema werd geboren op 25 December 1945 te Stiens (Fr.). Na de lagere
school te Stiens (1952-19538) werd de RHBS-B te Leeuwarden pezocht (1958-
1963), waarna aan de Landbouwhogeschool te Wageningen Bodemkunde en
Bemestingsleer werd gestudeerd (1963-1972). Tijdens die studie werden
diverse student—assistentschappen vervuld op de Vakgroepen Bodemkunde en
Geologle en Bodemkunde en Plantevoeding. Sinds zijn afstuderen (met lof) 1is
de auteur verbonden aan de Vakgroep Bodemkunde en Geologie, als
veldbodemkundige met als specialisatie de bodemmacro— en micromorfologle.
Sedert Januari 1981 is hij hoofd van de afdeling Bodemmorfologie. Van 1982-
1986 vervulde hij het secretariaat van subcommissie B: Micromorfologie van
de Internatlonale Bodemkundigé Vereniging (ISSS).

Hij is (co)—auteur van een 25-tal wetenschappelljke publicaties op het
gebied van de bodemkunde. Momenteel is hij onderwl jscosrdinator en 1lid van
de Formatieplancommissie van de Vakgroep Bodemkunde en Geologie en 1lid wvan
de Richtingsonderwijscommissie wvoor de studierichting Bodemkunde. Zijn
huidige onderwijsactiviteiten omvatten colleges en (veld)practica op het
gebied van de reglonale bodemkunde en bodemmicromorfologie woor zowel LU-
studenten als voor studenten van de MSe cursus Bodem en Water. De huidige
onderzoekactiviteiten liggen op het gebied van de bodemvariabiliteit en de
bodemvorming van gronden op rivierterrassen van de Allier en de Dore in de
Linagneslenk in Frankrijk alsmede (micro)morfologische bijdragen aan andere

onderzoekpro jecten van de Vakgroep.




