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INTRODUCTION

The decline of Pleistocene was in Poland a period of intensive aeolian
accumulation interrupted by pedogenesis episodes. In the Oldest Dryas in
Central Poland vast fields of cover sands and dunes several metres high were
formed. The earliest traces of forest vegetation and of soil-forming processes,
following a period of cold desert and scanty tundra vegetation, come from the
Bolling Phase. They are marked in the aeolian deposits with an initial accumu-
lation of humus. The Older Dryas was the main phase of aeolian deposition.
At that time there developed large parabolic dunes and wide sandy covers. The
invasion of forest vegetation in the Alleréd caused immobilization of the
surface and soil development. Weakly developed Allerdd podzolicsoil covered
the entire surface of the dunes. In many places the Allerdd soil has the character
of a pedolith. In the Younger Dryas the dunes were slightly transformed and in
many places thin deposits covered the Alleréd soil. Outside the dunes at the
end of the Older Dryas the aeolian accumulation stopped and the cover sands
did not grow any longer in the Younger Dryas [Dylikowa 1964; Krajewski
1977; Manikowska 1982, 1985, 1991].

A considerable improvement of climatic conditions at the beginning of
Holocene and the invasion of forest vegetation into the sandy dune material
caused a general development of soil-forming processes. In the Older Holoce-
ne, however, pedogenesis was interrupted by short episodes of accumulation
causing the successive soils to be covered with thin deposits. In that way
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developed the soil complex of the Older Holocene, which included soils formed
during the Preboreal, Boreal and Atlantic Phase [Manikowska 1985]. The
Younger Holocene, starting from the second half of the Atlantic Phase, became
a period of intensive anthropogenic destruction of dunes. That resulted in a
locally considerable accumulation and burying of older soils as well as in the
development of new soils at different times.

At the time of invasion of Holocene forest vegetation the dune surface was
made up either of aeolian sand of Older Dryas or of sand which had formed as
a result of being blown in the Younger Dryas over a very short distance. From
that material developed rusty soil which is the oldest element of the Old
Holocene soil complex on the dune slopes in Central Poland. That soil, that
radiocarbon age of which points to Preboreal or Boreal Phase, will be the
subject of our considerations in this paper. The rusty soil was recognized and
dated in the seventies [Manikowska 1977], then presented several times as part
of descriptions of Late Vistulian and Holocene soils and deposits [Baraniecka,
Konecka-Betley 1987; Konecka-Betley 1981, 1991; Manikowska 1982,1985,
1991] or separately [Manikowska 1986]. The chemical analyses carried out
lately as well as the supplementary radiocarbon datings make it also possible
to work out a full characterization of that soil. The results of the investigations
also make it possible to take a stand towards the controversial ideas on the
origin and age of rusty soils in Poland that have appeared lately in Polish
literature [Bednarek 1988,1991; Dzieciotowski, Tobolski 1982; Konecka-Bet-
ley 1981, 1991; Kowalkowski 1977, 1991; Manikowska 1985, 1986, 1991;
Systematic* of Polish Soils 1974, 1989]. That problem is important for the
elucidation of the origin of the present-day soil cover of Poland.

OBJECT AND METHODS

Three key sites were selected for study: Szynkieléw, Betchatow and Ale-
ksandrowek, where the rusty soil is situated in the most extended stratigraphie
system and has been most fully analysed. These sites are situated (Fig. 1) within
the extent of the Warta ice sheet of the Middle Polish Glaciation (Saalian). The
following analyses were carried out for selected profiles:

e particle size distribution - by sieve-pipette method,

* mineral compostion of heavy and light fraction,

e Cau - by Tiurin method,

» humus fractions - by Ponomarieva method,

* Fe oxides —by Mehra-Jackson (Fe203d) and Tamm (Fe2030) methods,

Al oxides —by Foster (Al1203.J and Tamm (A12030) methods,

e amorphous silica - by Foster method (Si02a),

* Fe, Al and C bounded in humus complexes in 0.1 M extract of sodium
pyrophosphate after Alexandrova.

Calculations of the “mobility index" Fe0/Fedwere made after Schwertmann
[1964] and those of the mobility index of humus-iron-aluminium complexes
after Mokma [1983]: molar ratios Cp/Alpt Fep.
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The new radiocarbon datings were carried out in the 14C laboratory of the
Silesian Technical University in Gliwice directed by M. F. Pazdur. The
macrorests of plants occurred in the humus horizons were dated.

SOIL DESCRIPTION

Szynkielow. The structure of the south-western part of the dune is illustra-
ted in Figure 2. The sequence of fossil soils of different ages on the dune slope
and the datings [Manikowska 1982,1985,1990] have been presented in Figure
3.

Here is the profile of the Preboreal fossil rusty soil in Szynkieléw:

ABvVb - humus horizon, 13 cm thick, loose sand, light-brown-gray in colour, single
grain structure, transition fairly clear;

Bvb - sidcric horizon, 37 cm thick, loose sand, intensive brown-rusty colour (7.5
YR 4/4), single grain structure, transition gentle;

BvbCl - transitional horizon, 10 cm thick, loose sand, light-brown-rusty colour,
single grain structure, gentle transition;

CI - parent material, 35 cm thick, loose sand derived from Younger Dryas, dark
yellow, single grain structure, transition well marked;

C2 - parent material, loose sand derived from Older Dryas, occurs below 95 cm
deep measuring from the top of soil, light yellow, single grain structure.

Such a complete profile has been preserved in only some parts of the dune.
More frequently, the soil is devoid of the humus horizon or shows charac-
teristics of podzolization, which proceeded in it in the Boreal Phase after the
little accumulation of the sand.

Belchatéw. The composition of the dune as well as the sequence of
Late-Vistulian and Holocene soils with datings [Manikowska 1985] have been
presented in Figures 2 and 4. It was in that site that Preboreal fossil rusty soil
was first dated by the radiocarbon method.

Here is the profile of the Preboreal fossil rusty soil in Betchatow:

ABvb - humus horizon, 10-15 cm thick, loose sand, light-brown-gray in colour,
single grain structure, transition fairly clear;

Bvb - sideric horizon, ca. 40 cm thick, loose sand, brown-rusty in colour (7.5 YR
4/4) slightly decreasing in intensity towards the bottom of the horizon (7.5 YR
5/6), single grain structure, transition well marked,;

C - parent material, loose sand, light yellow in colour, single grain structure.

In higher parts of the dune slope this soil is devoid of humus horizon. Above
it there occurs most frequently the fossil podzolic soil (probably Boreal), and
on the present-day dune surface - the well developed ferro-humic podzol. The
Preboreal soil sampled for chemical analyses was devoid of humus horizon;
that is why there are no respective data in the tables. Directly above the rest of
the Bv horizon about 25 cm thick there occurred a 10-cm spodic horizon,
rusty-yellow in colour, and a whitish-gray maculate albic horizon about 13 cm
thick. Two above-mentioned horizons are diagnostic for podzolic soils. The
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Fig. 1 Distribution of the dunes in the area of Central Poland: A - maximum extent of Middle Po-
lish Glaciation and of North Polish Glaciation; B - investigated sites: 1- Szynkieléw, 2 - Betcha-
tow, 3 - Aleksandrowek
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results of chemical analyses of samples taken from those horizons presented in
Tables 2 and 4 explicitly point to podzolization.

Fig. 2. Structure of the dunes at Szynkieléw (I), Betchatéw (I1) and Aleksandréwek (l111), explana-
tions see Fig.3

Aleksandréwek. The structure of the dune and the details of fossil soils
with the corresponding datings have been presented in Figures 2 and 5. The
rusty soil in Aleksandrowek does not differ morphologically from the soil
described in the other two sites. The 10-15 cm thick humus horizon in it is
fairly well preserved, and the average thickness of the diagnostic sideric
horizon - Bv - is 40 cm. However, the soil have developed here also during
Boreal Phase and show the radiocarbon age 8 720+80 and 8 630+140 years
B.P.; Gd-6518. Where the Bv horizon overlies Alleréd soil, there occur in it
small white spots on the brown-rusty background. A noteworthy feature is the
pocket-like an outline of that horizon observed in some places. An uneven
course of the Bv horizon is sometimes found in the dunes at other sites as well.
This phenomenon may be linked with holes left by windfallen trees growing
on the soil surface.

The results of analyses of the mineral composition of the fine-grained sand
fraction in the Holocene soils complex in the sites understudy pointto a gradual
decrease in the soil of less resistant minerals - amphiboles, pyroxenes and
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feldspars, and to a simultaneous increase in content of garnets and some other
highly resistant minerals, such as staurolite and andalusite, comparatively to
the parent material. In Szynkieléw the amphiboles and pyroxenes content in
the Preboreal-Boreal soil dropped from about 20 to 14%, and that of feldspars
from more than 6 to 2%; in Atlantic soil it dropped respectively from ca. 12 to
8% and from 2% to nearly zero. Inthe Preboreal soil in Betchatéw the reduction
comparatively to the mean percentage in the parent material for amphiboles
and pyroxenes was from 12 to 9%, and for feldspars from ca. 4 to less than 1%.

Fig. 3. Szynkielow. The soil complex on the dune slope: 1. - layered sand; 2. - silty and sandy la-
minae; 3. - non-layered sand; 4. - non-layered sand with the humus admixture; 5. - humus hori-
zon - N1; 6. - sideric, rusty horizon - Bv; 7. - bleached horizon - Ces; S. - humus-eluvial horizon
- AEes with little content of humus; 9. - hard illuvial iron-humus horizon - Bh; 10. - hard illuvial
iron horizon - BO; 11. illuvial iron horizon - Bfe; 12. - plant remains; OSD - the Oldest Dryas;
B - the Boiling; ORD - the Older Dryas; A - the Alleréd; YD - the Younger Dryas; PBO - the
Preboreal; BO - the Boreal; AT - the Atlantic; OH - the Older Holocene; YH - the Younger Holo-
cene; radiocarbon age in years before present (1950): (1) - Gd - 5938, (2) - Gd - 3300, (3) - Lod
-83,(4)- Lod - 44,(5) - Lod - 36

The granulometric composition of the Preboreal soil under study has been
presented in Table 1. It shows the particle size of loose fine-grained and
medium-grained sand. The colloidal clay (< 0.002 mm) content in the soil
material is very low. However, a slight increase in its content by ca. 1%
relatively to the parent material is observed in the Bv horizon.

An anatomical analysis of plant macroremains in humus horizons ofall soils
under study has revealed the presence of only one species, the pine (Pinus
silvestris). In one case a fragment of hazel fruitwas found [Manikowska 1985].
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Fig. 4. Betchatéw - the soil complex on the dune slope, explanations see Fig. 3; (1) - Gro - 6913,
(2) - Gro- 6914

In the analysed horizons of Preboreal soil from Szynkieléw and Betchatow
the pedogenic Al oxides content is on the average twice as high as that of Fe
oxides (Table 2). The amount of Fe and Al oxides gradually decreases with
depth (e.g. in Szynkieldw - Fe20 A from 0.20% in Bv to 0.06% in C2; Al20 3a
from 0.44% in Bv to 0.12% in C2). In the humus soil horizon in Szynkieléw a
decrease is observed in the content of all the Fe and Al forms determined
relatively to the Bv horizon. Among pedogenic Fe oxides in both soils, the
crystalline forms preponderance over amorphous ones. Al oxides occur mainly
in the amorphous form.The degree of crystallization of free oxides inboth soils
increases with depth. A lower crystallization degree of iron is observed in
horizon A and in the upper part of horizon Bv of the soil in Szynkieléw, which
is associated with the presence of organic matter impeding the process of
crystallization of the pedogenic Fe oxides [Blume, Schwertmann 1969]. The
pedogenic silica content in both profiles of rusty soil decreases with depth,
which means that this constituent, released in the process of aluminosilicates
decomposition, is carried down the profile.

The fossil humus horizon of the rusty soil in Szynkieléw is characterized
by a low Cora content (ca. 0.1%). The fractional composition of humus showed
equal parts of humic and fulvic acids; the Clia: Cta ratio = 1 (Table 3). In both
groups of humus acids predominate the so-called fractions of free acids and of
acids combined with the mobile forms R20 3.

TABLE 1. Grain-size distribution in sideric horizon of rusty soils

Site Per cent of grain -size of mm in diameter
b 21 1-05  0.5-0.25 0.25- 0.125- 0.063-  <0.002
0.125  0.063 0.002
Szynkieléw 00 05 9.9 33.3 43.4 9.7 11 21
ESefchatéw 00 05 13.2 41.4, 31.2 66 5.8 13

Aleksandréwek 0.0 10 8.3 36.7 283 141 10.3 13
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Fig. 5. Aleksandréwek - the soil complex on the dune
slope, explanations see big. 3; (1) - (id - 6799, (2) -
H 1 Gd-6748

INTERPRETATION
AND DISCUSSION

The rusty soil understudy oc-
curs in fossil form on the slopes
of Late Vistulian dunes in the
stratigraphie position above the
Allerdd Interstadial soil and it is
the oldest Holocene soil. The ra-
diocarbon dates for the plant
macroremains from the soil’s
humus horizon are contained be-
tween 9 740+100 and 8 630+140
B.P., i.e. in the time interval ac-
cepted for the Preboreal and Bo-
real Phase [Starkel 1977]. The
rusting process then was going
on in those two phases, in Szyn-
kielow, however, podzolic soil
formed already in the Boreal
Phase, while in Aleksandréowek
the rusting process was still con-
tinuing and no morphological
sings of podzolization appeared
during that phase. Rusty soil did
not form in the Younger Dryas,
for it is in many places compo-
sed of sediments of that phase;
its development lasting about 1—
2 thousand years took place at
the beginning of the Holocene.
A similar estimate of the age of
the rusty soil in the dune in Wig-

NN jven b Kone_
cka-Bé{IeyrﬁE)Bnl], basing on
the datings of soils overlying
and underlying the rusty soil.

The morphological characteristics and chemical properties of the soil under
study correspond to the criteria of rusty soil [Systematics of Polish Soils 1989].
The presence of the diagnostic sideric Bv horizon makes it possible to deter-
mine its systematic position even if there is no humus horizon. The Bv horizon
is characterized by a specific brown-rusty colour (7.5YR 4/4, 5/6 according to
Munsell), different from more orange colour of spodic horizons of podzolic
soils [Systematics of Polish Soils 1989]. The intensity of that colour diminishes
slightly towards the bottom of the Bv horizon. The specific colour is due to
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TABLE 2. Pedogenic iron and aluminium oxides content and pedogenic silica content in soils

Sam- Horizon Fe-,0n Fe0 3n Fc?0,p A1?0b AIl2030 AlI203p Si02a Pi Aj F2
pic No [%f ~~ ' ~~ 1
Szynkielow

1 ABvb 0.09 0.04 0.007 0.21 0.18 0.019 0.33 0.05 0.03 0.44
2 Bvb 0.20 0.09 0.006 0.44 0.38 0.017 0.32 0.11 0.06 0.45
3 Bvb 0.19 0.08 0.004 0.40 0.29 0.017 0.30 0.11 0.11 0.42
4 Bvb 0.14 0.05 0.004 0.28 0.16 0.017 0.24 0.09 0.12 0.36
5 BvbCl 0.06 0.02 n.d. 0.12 0.08 n.d. 0.23 0.04 0.04 0.33
6 Cl 0.10 0.03 . nd. 0.21 0.12 n.d. 0.25 0.07 0.09 0.30
7 c2 0.06 0.01 n.d. 0.12 0.06 n.d. 0.25 0.05 0.06 0.17
Betchatéw

1 Eesb 0.11 0.01 0.001 0.18 0.10 0.006 0.32 0.10 0.08 0.09
2 Bfeb 0.30 0.06 0.002 0.47 0.20 0.013 0.38 0.24 0.27 0.20
3 Bvb 0.20 0.04 0.003 0.43 0.12 0.010 0.25 0.16 0.31 0.20
4 Bvb 0.12 0.03 0.001 0.25 0.16 0.008 0.20 0.09 0.09 0.25
5 C 0.06 0.01 n.d. 0.14 0.12 n.d. 0.18 0.05 0.02 0.17
a- Foster’s extract, d - Mehra-Jackson’s extract, o - Tamm'’s extract, p- pyrophosphate extract, n.d. - not de-

termined. Fi - Fed-Feo, Ai - AJaAl0. F?- Feo/Fed.

pedogenic Fe oxides, whose content also diminishes down the profile (Table
2). However, besides Fe oxides, an essential part in the rusting process is played
by Al oxides and complexes of humus with sesquioxides (Tables 2 and 4). In
the Bv horizons of the soils under study those are non-mobile complexes, for
the molar ratios Cp/Alp+Fep do not exceed the critical value 25 [Mokma 1983,
Systematics of Polish Soils 1989]. The non-mobility of those complexes in
horizons A and Bv, characteristic of proper rusty soils, is associated with the
relatively considerable accumulation of free Fe and Al oxides as a result of the
weathering of aluminosilicates and a low production of soluble fractions of
humus acids in the process of decomposition of organic remains. An increase
in the production of those acids or slowing down of the rate of the weathering
of aluminosilicates or both those factors jointly cause mobilization of sesquio-
xides and the formation of mobile complexes (Cp/AlptFep >25). Some displa-
cement of iron oxides and aluminium oxides was found in the soil in
Szynkieléw; in the humus horizon of that soil there occur mobile complexes -
Mokma index = 30.3. According to Systematics of Polish Soils [1989] the soil
in question should be defined as the podzolic-rusty one, in spite of the fact that
the characteristics of the podzolization process in it are morphologically only
very weakly marked.

The results of the present investigations do not only make it possible to fully
characterize the soils under study and to define the trend in their development

TABLE 3. Humus fractions in humus horizon of fossil rusty soil at Szynkieléw

c, Ilumic acids (ha) Fulvic acids (fa) Insoluble Cha:Cfa
[%i 1 2 3 2ha la 1 1 3 Xfa residue
0.04 0.01 0.05 . .
0.11 0.04 0.0 0.05 N 1.0
36.36 9.09 4545  36.36 L « 45.45  9.10

In numerator - ratio of C [%] in fraction to total weight of sample, in denominator - ratio of C [%] in fraction
to total C.
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TABLE 4. C, Fc and Al content in organic-sesquioxide com- and their systematic position

plexes determined in 0.1 M sodium pyrophosphate extract . . .
_ They also provide important in-
Sam- Hori- Cp Fe,, Alp Molar

ple zon %] ratios formation concerning the stage
No cpialp+Fep  of advancement of soil-forming
szynkielow process and the diagenetic chan-
1 ABvbO. Il 0.005 0.010 30.3 . .

2 Bvb  0.09 0.004 0009  25.0 ges which took place in them
3 Bvb  0.08 0.003  0.009 220 after they had been covered with
4Be*chatéW.BVD 0.07 0.003 0.009 19.3 younger material.

1 Eesb 0.04 0.001 0003  33.0 Evidence of fairly high de-
2 Bfeb 0.05 0.001  0.007 205 gree of transformation and long
3 Bvb 0.05 0.002 0.006 20.5 : :

. Bvb 003 0001 0004 250 duration of pedogenesis are both

the well developed morphologi-

cal characteristics and pronoun-
ced mineralogical weathering changes as well as the preponderance of crystal-
line iron oxides over amorphous ones and finally the degree of crystallization
of those oxides in the profiles (Table 2).

The fractional composition of humus and the value of the Cha:Qa ratio
(Table 3) can be accounted by high advancement of the soil-forming process
or by diagenesis processes, since in both cases the content of more mature
fractions of humus increased at the cost of transformation of the most mobile
fractions of humus [Glazovska 1956; Morozova 1981]. An unquestionable
indication of diagenesis is the low carbon content in the humus horizon of the
soil in Szynkielow (0.1%). The gradual decrease in CQ4T content is common in
fossil soils and is accounted for by the lack of inflow of new organic matter,
while the humus accumulated earlier is being continuously though rather
slowly mineralized. As a result of the loss of carbon, iron-aluminium-humus
complexes in fossil soil desintegrate. The percentage of amorphous iron and
aluminium oxides combined with humus is therefore inconsiderable (Table 4).

The results of studies make it possible to reconstruction of conditions of soil
development.

At the beginning of the Holocene there started a rapid development of forest
vegetation in Polish Lowland, which as late as the Younger Dryas was still
covered with cold steppe or park tundra [Ralska-Jasiewiczowa 1991; Wasyli-
kowa 1964]. In the rusty soil in question there have been found numerous
remains of arborescent pine, which is evidence that it formed under forest
vegetation. More evidence is provided by traces of holes left by windfallen
trees. The absence of podzolization in the course of soil development, under
conditions of temperate cool climate and coniferous forest, on highly suscep-
tible to that process poor aeolian sands of the periglacial zone of Central Poland,
can be explained by peculiar character of the dune plant community at that
time. That was most probably an open pine forest, at first possibly interspersed
with birch and willow, later with hazel, with a rich herb layer. The amount of
tree remains was small compared with the substance supplied by grassy
undergrowth. The grassy plants did not cause strong acidification of soil and
made it possible to produce humus with a comparatively low percentage of
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fulvic acids soluble in water. The climate probably was not very humid, and
the high transpiration capacity of grasses inhibited leaching of the soil by
rainfall water. All that delayed podzolization, which appeared only when the
forest became dense, the influence of grassy vegetation diminished and may-
be the climate became somewhat more humid. Those factors as well as the
progressing impoverishment of the substratum in basic cations caused the
podzolization process, which has prevailed on the dunes of Central Poland ever
since the Boreal Phase.

The presence of well developed rusty soil from the first Holocene phases
on the dunes of Central Poland contradicts the opinion that the rusting process
is associated solely with cold periods and periglacial permafrost environment.
It seems well founded to say that the development of rusty dune soils are due
to the flora of the coniferous forest with a preponderant influence of herb
species in ground vegetation.

The formation of Preboreal rusty soil has consequences in the present-day
soil development on dunes. The rusty soil formed all over the dune surface and
has remained in many places as part of the profile of the present-day soil. In
podzols that often causes the presence of astrongly developed horizon B, which
includes the present-day spodic horizon and the relict sideric horizon. On some
slopes all the soils, starting from the Allerdd up to the Atlantic soil, separated
from one another with thin sediments, form one natural pedolith, which reaches
up to 3 m in thickness.

CONCLUSSIONS

1 The fossil soil under study, according to criteria used in Systematics of
Polish Soils [1989], should be defined as rusty soil type.

2. This soil has fully formed diagnostic characteristics and is in a stage of
advanced development (well developed horizon Bv, pronounced weathering
of aluminosilicates, preponderance of crystalline iron oxides over amorphous
ones).

3. The soil shows transformations by diagenetic processes (low humus
content, small amounts of amorphous iron and aluminium oxides combined
with humus).

4. The soil was developing at the beginning of Holocene, in the Preboreal
Phase and in some places still in the Boreal Phase; the first morphological signs
of podzolization appeared during the Boreal Phase; the rusting process lasted
from several hundred to more than fifteen hundred years.

5. The rusting process was associated with flora coniferous forest, probably
with a rich herb layer, which inhibited podzolization.

6. The presence of rusty soil developed in the first Holocene phase under
forest vegetation contradicts the opinion that rusty soils are solely of periglacial
genesis.

7. In many profiles of podzolic soils on the dunes of Central Poland the relict
horizon Bv is preserved.
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B. Manikowska*, R. Bednarek**

KOPALNA GLEBA PREBOREALNA W PIASKACH WYDMOWYCH
POLSKI SRODKOWE! | JE] ZNACZENIE DLA KONCEPCJI GENEZY
GLEB RDZAWYCH

*Zaktad Gleboznawstwa i Paleopedologii Uniwersytetu to6dzkiego, **Zaktad Gleboznawstwa
Uniwersytetu M. Kopernika w Toruniu

STRESZCZENIE

Praca nawigzuje do toczacej sie od wielu lat dyskusji na temat wieku i genezy gleb rdzawych w
Polsce. Badania paleopedologiczne, z wykorzystaniem kompleksu metod analitycznych i datowan
radioweglowych, prowadzono na wydmach Polski $rodkowej w trzech stanowiskach: Szynkieldw,
Betchatow i Aleksandréwek. Analizowana gleba kopalna wystepuje tam w pozycji stratygraficznej
powyzej interstadiatu Allerdd. Jej skatg macierzysta jest piasek wydmowy pochodzacy z mtodszego
(lub starszego) dryasu. Uzyskane daty radioweglowe dla makroszczatkéw roslinnych z poziomu
préchnicznego gleby wskazuja na faze preborealng i borealng. Na podstawie przeprowadzonych
badan podano petng charakterystyke gleby, okreslono jej geneze, stopien zaawansowania procesu
glebotworczego oraz zmiany diagenetyczne, ktére w niej nastapity po przykryciu mitodszym mate-
riatem. W ustaleniu systematycznej przynaleznosci gleby wykorzystano kryteria obowigzujgce w
nowej Systematyce gleb Polski [1989]. Obecno$¢ w wydmach Polski srodkowej dobrze wyksztat-
conej gleby rdzawej pochodzacej z pierwszych faz holocenu zaprzecza pogladowi, ze proces
rdzawienia jest zwigzany wytgcznie z zimnymi okresami i peryglacjalnym $rodowiskiem zmarzli-
nowym.
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