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In clavey soifs in Denmark the pedological development normally
feads 1o the formarion of argiflic horizons. In few places the argil-
lic horizon is degradated and a pod=of develops in the clay-poor
efwevial horizon. This paper describes a profile of this type, situated
in Northern Jutland.
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This paper deals with a profile, a polysequum, in which
the result of podzolization and clay migration is clearly
demonstrated. The profile is situated in Rold Skov in
Northern Jutland, fig. 1. This area was covered by ice
during the Warm glaciation which ended approximately
12000 vears ago. After the glaciation period parts of the
glacial landscape were transgraded by the sea, and parts
lay exposed as islands with shallow waters in between.
Due to the general upheaval of land during the last 10000
years, these islands are today linked together by marine
forelands.

The presented profile has developed in glacial deposits
in which the soil forming processes have not been active
for more than 12000 years. During the main part of this
period the dominant soil moisture regime has probably
been udic and the temperature regime probably mesic
(Soil Survey Staff 1975). Today the mean annual values
for Rold Skov are: temperature between 7-8°C, precipi-
tation approximately 700 mm, and potential evapotran-
spiration approximately 500 mm. During the summer,
the soil will often dry out, in wintertime heavy leaching
will occur.

Soil profile description

The profile is situated in a beach forest on a high-lying
morainic plateau in Rold Skov., The area has been
covered by forest at least during the last 300 years, prob-
ably much longer. The profile was described according to
a Danish system (Madsen 1983) which in many ways is
similar to FAQO Guidelines for Soil Profile Description.
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Fig. 1. Map of Denmark and the location of Rold Skov.
Fig. 1. Kort over Danmark med angivelse af Rold Skov.

Profile description

OIf (3-0):
A'l (0-8):

A’2 (8-20)

B'2s (20-33):

B'3s (33-50):

AZx (50-82):

B2tgx (82-120):

B3ig (120-

):

dark brown mor-layer.

dark gray (10YR 4/l dry) loamy sand
having many white sand grains, weak
subangular blocky, sofl, very few stones,
many roots, clear and irregular.

light gray (10YR 7/2 dry) loamy sand,
weak subangular blocky, soft, few stones,
few roots, clear and irregular.

dark brown (7,5YR 4/4 moist) sandy
loam, weak subangular blocky, firm, dis-
continued weakly cemented, very few
stones, many roots, gradual and smooth.
strong brown (7,5YR 5/6 moist) loamy
sand, weak subangular blocky, friable,
discontinued weakly cemented, very few
stones, few roots, clear and smooth.

light yellowish brown (2,5Y 6/4 moist)
loamy sand, very firm, few stones, very
few roots, gradual and smooth.

strong brown (7,5YR 5/6 moist) sandy
loam, silty light coloured ped surfaces, ex-
tremely firm, very few stones, no roots.
strong brown (7,5YR 5/6 moist) sandy
loam.
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Table 1. Analvtical results of the investigated profile in Rold
Skov.
Tabel 1. Analvsereswfiater fra det undersogre profil | Rold Skov.

Soil sampling and analyses
Soil samples were taken from all horizons and the follow-
ing analyses were carried out,

Texture analyses were carried out using the hydrometer
method (Hansen 1961, Mathiesen et al. 1976). The con-
tent of organic matter was determined by using an IR-
Leco apparatus (Tabatabei et al. 1970, Mathiesen et al.
1976). On samples suspended in H,O and 0.01M CaCl,
pH was measured potentiometrically. For both liquids a
soil-liquid ratio of 1:2.5 was used. Dithionite-citrate so-
luble iron and aluminum were determined as described in
Soil Conservation Service (1972) and the cation exchange
capacity and exchangeable bases were determined as de-
scribed in Borggard et al (1979).

Results and discussions

The analytical data are shown in table 1. The grain size
distribution indicates that the profile is developed in
sandy glacial till with nearly the same distribution of ma-
terial within the silt- and sand fraction. The profile is
strongly leached, pH (H:O) is around 4.5 and the base
saturation is very low especially in the subsoil. The de-
crease in base saturation with depth is not due to liming
but, rather to the liberation of bases when organic matter
decomposes. Among the exchangeable bases calcium do-
minates, which is normal for Danish soils except for
young marine soils where sodium deminates.

SReZ2 Bis i1 1.1
B3e 28 1.3
SRo3 Ble 4.9 3.6
B3s L.5 6.0
SRol B2 3.3 1,2
B3e L3 .9

Table 2. The distribution of dithionitecitrate-soluble iron and
aluminum in the B-horizons for different soils in Rold Skov,
Takel 2. Fordelingen af dithionitcitratopleseligt jern og alumi-
niwm § B-horisomerne fra pod=oler | Rold Skov.

The distribution of dithionite-citrate soluble iron and
aluminum (Fe,. Al,} and organic matter down through the
profile shows clearly a podzolization in the uppermost
half metre. The upper 20 cm of the profile is the eluvial
horizon, below this the illuvial horizon is situated from 20
to 50 cm depth. The eluvial horizon is divided into an 8
cm thick dark gray Al-horizon containing white sand
grains superimposing a light gray A2-horizon poor in or-
ganic matter, Fey and Al

The yellowish brown illuvial horizon is most clearly
expressed in the amount and distribution of Fe; and orga-
nic matter. The maximum value of Fe, and organic mat-
ter 1s found in the upper part of the illuvial horizon while
the maximum value of Alyis found in the lower part of
the illuvial horizon. This dissimilarity in the location of
the maximum value for Fey and Al, in the illuvial hori-
zon is frequently found in podzols developed beneath de-
ciduous forest in Himmerland as shown in table 2. Table
2 shows the amount of Fe; and Al, in the B2 and B3-ho-
rizon in three other podzols situated in Rold Skov be-
necath beech forest. In podzols developed beneath conifer-
ous trees and heather vegetation the maximum value for
Fey and Aly 1s normally found in the upper part of the
illuvial horizon.

The profile is developed in a parent material homoge-
neous in texture. This is demonstrated in table 3, where
the percentage distribution of silt and sand is outlined.
Table 3 shows an equal distribution of the grain size frac-
tion greater the 2p down through the profile.

Because of the great uniformity in the distribution of
sand and silt in the profile the most reasonable expla-
nation of the great diversities in clay content must be mi-
gration of clay. The variation in clay content indicates two
separated clay illuviated horizons, one beginning at 82 ¢cm
depth and another between 20 and 33 cm depth. There
were no clearly expressed clay cutans in these two hori-
zons. For the Bt-horizon between the depth of 20 cm and
33 cm this is probably due to bioturbations and the pod-
zolization of the horizon, while the lowest of the two ho-
rizons was slightly degradated. In the lower Bt-horizon silt
cutans were present at the ped surfaces, forming tongues
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M8 3 A 28 8
M2 8 15 3 A % 8
B'2s 1 14 3 A u g
B3 8 8 1 2 3 i2
2 8 1l 3 W » 9
Rt 10 10 2 8 9
Btg 9 13 B3 27 A 1

Table 3. The percentage distribution of silt and sand in the differ-
ent horizons.

Tabel 3. Den procemivise fordeling af silt og sand i de forskellige
horisonter.

or interfingerings in the illuvial horizon. In the lower
Bt-horizon the formation of pseudogley was prominent,
the horizon was consolidated and it appeared as a fragi-
pan. The bulk density in the fragipan was approximately
1.80 gfcm?®, much higher than in the superimposing pod-
zol, where the bulk density in the eluvial horizon was
around 1.4 g/cm?® and in the illuvial horizon around 1.5
gfem?.

The pedological development of the profile over
time

An explanation of the pedological development in the in-
vestigated profile, comprising the formation of a Bs-hori-
zon, two different Bt-horizons one slightly degradated,
and the formation of a fragipan is shown in fig. 2.

After the deposit of the parent material an Al-horizon
will soon be developed because of the establishment of a
vegetation cover. Below the Al-horizon a structural B-ho-
rizon will be developed due to bioturbation or a coloured
B-horizon may be developed due to weathering of iron
rich silicates. The profile will probably only be slightly
leached and the soil is classified as an Eutric Cambisol
according 1o FAO-Unesco (1974).

The annual surplus of precipitation causes a leaching of
calcium carbonate, if present, and a leaching of exchange-
able bases in the profile. The pH-value drops to around 35,
a clay migration occurs, and the lower Bt-horizon will de-
velop and affect the profile's hydraulic conductivity. In
the eluvial horizon the hydraulic conductivity will be
higher than in the illuvial horizon and in the parent ma-
terial below. This is not only due to differences in clay
content, but also to the decrease in the amount of coarse
pores with increasing depth. This gives rise 10 the for-
mation of surface-water gley in the B and C-horizon.

The development of a fragipan in the Bt-horizon might
be due to the clay migration, where the illuvial clay makes
the Bt-horizon dense (Knox 1957, Iha et al. 1963, Vander-
ford et al 1966) or the fragipan is developed due to com-
paction caused by permafrost just after the Wiirm glaci-
ation (FitzPatrick 1956, Lozet et al. 1971, Van Viiet et al.
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Fig. 2. The assumed pedological development for the profile in
Rold Skov.

Fig. 2. Det formodede pedofogiske udvikiingsforlab for den un-
dersogte profil | Rold Skov.

1981), On the basis of the analytical data it is not possible
to conclude which of the two processes has formed the
fragipan, but the presence of a compact A2-horizon above
the Bt-horizon might indicate that the fragipan is devel-
oped due to periglacial processes. The soil is now an Or-
thic Luvisol or an Orthic Acrisol depending on the base
saturation (FAO-Unesco 1974).

The annual leaching of the profile makes the soil very
acid, and pH (H;O) drops to around 4 in the uppermost
metre. The development of a moderate to strong structure
in the Bt-horizon, in combination with the formation of
very dense peds (fragipan), forces the penetrating water to
follow the cracks between the aggregates. This leads to a
removal or destruction of the clay minerals on the ped
surfaces, and bleached tongues of silty material develop.
This formation of degradated Bt-horizons is preveously
described e.g. by Bouma et al (1966), Ranney et al (1969).
Bullock et al. (1974) and in Denmark by Madsen et al.
{1980). The soil is now according to FAO-Unesco (1974)
a Dystric Podzoluvisol.

In the acid eluvial horizon above the Bt-horizon a pod-
zolization has taken place. The podzolization of the elu-
vial horizon might run simultaneously with the degra-
dation of the lower Bt-horizon. The podzolization is not
only due to the acidification of the soil but e.g. also to the
low clay content, the type of vegetation and the decom-
position state of the organnic compound. The podzol has
clearly expressed well-defined horizons, A’l-A'2-B'2s-
B'3s. The texture is nearly the same within the silt and
sand fractions in all horizons, while great differences are
present in the clay content, table 3. The A’-horizons con-
tain 2% of clay, the B'2s-horizon contains 9% of clay, and
the B'3s-horizon and A2-horizon contain 5% of clay. This
indicates a clay migration from A’ to B'2s. A podzoli-
zation and clay migration giving rise to the same eluvial
and illuvial horizon is previously described by Guillet et
al (1975). They investigated two podzols, one below deci-



duous forest and one below heather vegetation. The pro-
file below forest shows clearly clay illuviation into the
spodic horizon while this was not the case in the profile
below the heather vegetation, where clay destruction was
profound.

It is, based on the analytical data, not possible to prove
whether the clay migration and the podzolization are run-
ning simultaneously or not. Guillet et al. (1975) proposed
the two processes to run more or less simultancously, but
the clay migration i1s dominating in the beginning while
podzolization dominates later on.

According to Guillet, the clay migration must occur at
very low pH-values, which is in contrast to the more com-
mon belief that the free aluminum ions present in the soil
water will flocculate the clay particles and prevent their
migration. A possible cxplanation of the clay migration in
the podzol might be that organic compounds make comp-
lexes with the aluminum ions (Guillet et al. 1975) and
therefore decreases the possibility of flocculation of the
clay minerals. The profile is now, according to FAO-
Unesco (1974), an Orthic Podzol.

Summary

The pedological development in a sandy loamy soil in Northern
Jutland. Denmark, has been described. The profile was strongly
leached. a clay migration has taken place. and a marked Bi-hori-
zon was developed. The Bi-horizon was later slightly degradated.
In the eluvial horizon o this Bi-horizon a podzol has been for-
med, in which a new clay migration has taken place.

Aesumé

Den pedologiske udvikling i en lerblandet sandjord i Rold Skov
er blevet beskrevet, Jorden var stzrkt udvasket, og en tydelig
lerakkumulationshorisont var udviklet fra 82 cms dybde. 1 lerud-
vaskningshorisonten var der udviklet en podzol, og en ny ler-
nedslemning havde fundet sted.
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