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ABSTRACT

The Holocene sediments in north-eastern Poland are represented by mineral (alluvial and delu-
vial) and mineral-organic, as well as organic soil formations — peat, mursh and gyttja. The aim
of the research was to determine the total content of selected elements and to investigate
the mineralogical composition of the clay fraction of various Holocene sediments in north-eastern
Poland. For the study, 288 soil samples were collected and total concentrations of Ca, Mg, Na,
K, P, Fe, Mn, Zn, Cu after digestion in a mixture of HCIO, and HNO, were analysed. Mineralo-
gical composition of the clay fraction was analysed by the X-ray diffraction method. The highest
average content of Fe, Mn and Zn was found in alluvial sediments in river valleys. The lowest
average Mg, K, P, Fe, Mn, and Cu content was determined in mineral sediments in the moraine
landscape. The content of the elements in sediments of alluvial river valleys was positively
correlated with the amount of clay fraction and, except Mn, with the amount of TOC, whereas
in deluvial sediments, only the Fe content correlated with the amount of clay fraction. The highest
accumulation of Mg, K, Zn and Cu was found in mineral-organic sediments, while the highest
Ca was in peat and gyttja. In alluvial formations in the riverine landscape, minerals from
the group of mixed-packet minerals of illite-smectite dominated, with the content of smectite
packages being in the range of 60-90% S. There were also small amounts of minerals from
the group of illite and kaolinite. In the moraine landscape and in the landscape of ice-dammed
lake origin, illite minerals dominated in the clay fraction of deluvial sediments. The presence
of smectites, illite-smectite mixed-packet minerals and pedogenic chlorites was also stated.
The mineralogical composition of the clay fraction of the Holocene deluvial sediments was simi-
lar to the composition of the Pleistocene accumulation sediments.
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INTRODUCTION

North-eastern Poland, like some other parts of Europe, had started
its current development during Vistulian Glaciation (Weichsel Glacial Stage,
Vistula Glacial Stage) and now represents young glacial landscape. It stands
out among other (older) areas because of its morphogenesis, lithogenesis
and soil cover. This landscape was formed by the deposition of material from
the glacier during Pleistocene, but the final shape was reached during the
Holocene (KonDRACKI 2009).

In northern Europe, during postglacial period, processes of natural
and anthropogenic denudations occurred at various intensity levels.
They contributed to the mosaic soil cover and heterogeneity of soil forma-
tions (FRIELINGHAUS, ScHMIDT 1991). Soil material was washed off, slipped
from the slope and deposited in the depressions. Consequently, deluvial soils,
mursh-like soils and silted peat-mursh soils were formed during the Holo-
cene. Deluvial soils, due to their location in a relief, between eroded soils and
soils of depressions, are the first biogeochemical barrier for chemical com-
pounds flowing along the slope. A similar role is played by alluvial soils
which are formed by alluvial sediments in delta and riverine landscapes.
Under the influence of natural and anthropogenic processes of denudation
and land reclamation, soil cover in young glacial landscape was changed,
and the properties and chemical composition of the soils were modified
(Kawuisz, Lacaacz 2009, KaLisz et al. 2010).

The lithology and genesis of the Holocene sediments, which deposited
from preboreal to subatlantic periods (i.e. during last 10,000 years) are
diverse. The Holocene mineral deposits are represented by dune sands, silts
of ice-dammed lakes origin, gyttjas, alluvial and deluvial deposits as well
as organic formations — peats, detrital gyttjas and muck. These deposits are
a record of the Holocene climatic changes, and they play a major role in the
circulation of nutrients (ILNIck1, ZEITZ 2003). The Holocene genesis is connected
with several issues: (a) translocation of deluvial deposits from the upper
slope and its aggradations in the lower parts; (b) sedimentation of alluvial
deposits; and (¢) accumulation of organic matter in wetlands and water
bodies. Deluvial sediments in north-eastern Poland are young. In Central
Europe, the onset of deposition of similar sediments is dated to 5,800 years
BP (StarkiL 1989). The thickness and growth rate of deluvial deposits do not
depend on the time of deposition, but mainly on granular size, slope gradient
and local conditions. The scale and time shift of the onset of formation
of deluvium was associated with local, selective interception of land for agri-
cultural use (i.e. grazing, plowing) (SMOLSKA, SZWARCZEWSKI 2008).

The purpose of this paper is to describe the chemical and mineralogical
composition of sediments and soils developed from the Holocene deposits
in north-eastern Poland. Only typical selected sediments in some typical
landscapes of young glacial area were included in the research.
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MATERIAL AND METHODS

Taking into consideration the topography and lithological characteristics
of young glacial landscape, the following zones or types of young glacial land-
scape can be distinguished: moraine landscape, landscape of ice-dammed
lakes origin and riverine landscape (KonNDRACKI 2009). In these zones, study
sites were located (Figure 1) and 288 soil samples were collected (Table 1).
The soil samples were divided into mineral (up to 10% of organic matter),
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1 — landscape of ice-dammed lakes origin
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3 —riverine landscape

Fig. 1. Location of the study area

mineral-organic (10-20% of organic matter) and organic (> 20% of organic
matter). In the moraine zone, land denivelations range from 5 m to 10 m,
and the slope gradient exceeds 7°. Slopes are usually short, with various
shapes. Geomorphologically, this type of relief represents rolling ground
moraines with numerous hills of frontal moraines and large number
of depressions of dead-ice origin filled with lake waters or converted into
wetlands. The Holocene deluvial sediments frequently occur in lower parts
of slopes and depressions, and they usually cover peat formations. In the
zone of ice-dammed lakes origin, land denivelations reach 5 m with a small
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Table 1
Number and types of the analysed soil samples

Holocene sediments Number of samples

Riverine landscape

Mineral alluvial 63
Mineral-organic 12
Gyttja 17
Organic (mursh and peat) 13 and 49
Moraine landscape
Mineral deluvial 21
Mineral-organic 16
Organic (mursh and peat) 19 and 30
Landscape of ice-dammed lakes origin
Mineral deluvial 19
Mineral-organic 9
Organic (mursh and peat) 12 and 8

slope gradient of 2° to 7°. The area is a vast lowland basin devoid of well-
developed moraines and lakes. Geomorphologically, this area represents
a flat ground moraine. Processes of denudation are less common than in the
morainic area. This zone is characterized by clay sediments rich in swelling
clay minerals, which formed soils classified as Vertisols and Gleyic Phaeozems
(Drucosz et al. 2009a). In the riverine landscape, alluvial sediments, gyttjas
and peats were accumulated. Alluvial deposits found in the deltas of the
Vistula and Pasleka river form a Holocene plain shaped by overflowing river
waters. It is the newest genre of landscape, which has been forming for
about 5,000 years, and which is distinguished from the previously discussed
landscapes by the origin, flat land, low location, and low groundwater table
(P1ascix et al. 2001). Holocene deposits of north-eastern Poland were a parent
material for alluvial, deluvial, peat and peat-mursh soils.

The following laboratory analyses were carried out in the collected soil
samples: texture by the Bouyoucos-Cassagrande method modified by
Prészynski, loss-on-ignition at 550°C as a measure of organic matter content
(only for the identification of mineral, mineral-organic and organic soil
formations), total organic carbon (TOC) by the potassium dichromate method,
soil pH potentiometrically in H,O and KCl (1 M dm®). Total content of Ca,
Mg, K, P, Na, Fe, Mn, Zn and Cu was measured after digestion in a mixture
of HCIO, and HNO, (VaN Reeuwik 2002). Calcium, potassium and sodium
was measured photometrically on a Jenway flame photometer, phosphorous
was analysed colorimetrically on a Specol EK 1 spectrocolorimeter, and mag-
nesium was measured on an AAS 1 Zeiss Jena analyzer. The total content
of Fe, Mn, Zn and Cu was analysed by atomic absorption spectrometry tech-
niques using a 30 Zeiss Jena analyser.
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Analysis of the clay fraction was carried out for: alluvial sediments taken
from the Vistula delta (location: Stara Koscielnica - 54°13'58.6"N, 18°59'18.6"E)
and which were formed from silt loam (SiL), deluvial sediments in the
moraine landscape (location: Prusinowo — 53°42'27.3"N, 21°05'30.3"E) which
had loam (L) texture, deluvial sediments and Pleistocene glaciolimnic sediments
in the landscape of ice-dammed lakes origin (location: Reszel — 54°02'43.7"N,
21°18'08.5"E) which had clay (C) texture — according to the USDA classifica-
tion (2015). The mineralogical composition of clay fraction (< 2 pm) of alluvial,
deluvial and parent materials was determined by X-ray diffractometry using
HZG-4 X-ray diffractometer with a CuKa lamp and nickel filter. The clay
fraction was isolated on a Buckmann centrifuge after pre-treatment accor-
ding to the Jackson method (Jackson 1975) and Na-ionite dispersion (GONET,
CiesLa 1988). The samples of the clay fraction were saturated with magne-
sium ions (Mg?"), which were then solvated with ethylene glycol (Mg + EG),
potassium (K*), which in the next stage was heated at 300°C and 550°C.
Based on the diffractograms obtained, a qualitative analysis and analysis
of the structure of the illite/smectite mixed-packet minerals were carried out
using the method developed by SrRoODON (1980, 1981, 1984). Interpretation
of composite reflections was performed using the Lorenz and Gauss distribu-
tions and ORIGIN 7.0 software. Statistical analyses were carried out using
Statistica 8.0.

RESULTS AND DISCUSSION

Among mineral sediments, the highest mean content (30.2%) of the clay
fraction (< 0.002 mm) was confirmed in deluvial sediments in the landscape
of ice-dammed lakes origin and alluvial sediments in riverine landscape
26.1% (Table 2). Alluvial sediments contained over 50% of the silt fraction.
Deluvial sediments in the landscape of ice-dammed lakes origin contained
twice as much TOC (35.8 g kg'') as deluvial sediments in moraine landscape.
The reaction of the studied Holocene sediments ranged from acidic to neu-
tral. The highest values of pH were found in deluvial sediments in the land-
scape of ice-dammed lakes origin (pH 5.8-6.9).

Chemical composition

Among the analysed mineral sediments, the highest mean content
of Ca — 11.1 g kg, Mg — 5.9 g kg!, K - 6.3 g kg, P — 1.3 g kg'! and
Cu — 20.4 mg kg! was determined in deluvial sediments in the landscape
of ice-dammed lakes origin, whereas alluvial deposits in the riverine land-
scape had the highest mean amounts of Fe — 31.7 g kg'!, Mn — 694.1 mg kg
and Zn — 93.4 mg kg! (Table 3). The least amounts of Mg — 4.2 g kg,
K-42gkg!, P-0.7 g kg, Fe — 19.7 g kg!, Mn — 405.8 mg kg! and
Cu - 10.1 mg kg! were in mineral sediments in the moraine landscape.
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Table 2
Basic properties of the analysed Holocene sediments
Alluvial sediments Deluvial sediments
Specification Value landscape
riverine landscape | moraine landscape of ice-dammed
lakes origin

% fraction (mm) mean 17.6 58.8 27.6
2.0-0.05 SD 10.14 17.05 8.27
Sand CV (%) 57.7 29.0 30.0
mean 56.3 33.6 42.2

0.05-0.002 SD 10.64 7.80 7.28
Silt CV (%) 18.9 23.2 17.3
mean 26.1 7.6 30.2
<0.002 SD 14.64 6.60 13.95
Clay CV (%) 56.1 86.9 46,2
mean 18.7 18.0 35.8
TOC (g kg?) SD 9.45 13.71 25.07
CV (%) 50.6 76.2 70.1

mean 5.3 5.7 6.2

pH e min 4.8 4.5 5.8
max 6.8 7.1 6.9

SD — standard deviation, CV — coefficient of variation

The content of these elements in alluvial sediments was positively correlated
with the content of the clay fraction and, beside Mn, also with the content
of TOC (Table 4). In deluvial sediments, only the amount of Fe was corre-
lated with the amount of the clay fraction, whereas Ca and Cu correlated
with TOC. The total amount of iron, manganese and zinc in alluvial sedi-
ments was much higher than in deluvial sediments, and it exceeded geo-
chemical background for Polish soils stated by Czarnowska (1996). The high
concentration of the mentioned elements in alluvial sediments was related to
the high groundwater level and changeable oxidation-reduction conditions.
Excessive soil moisture may lead to increased solubility and mobility of such
elements as iron and manganese. Higher accumulation of Fe, Mn and Zn
in alluvial sediments, in addition to variable aerobic conditions, was favoured
by a high content of allochthonous minerals deposited by river waters from
anthropogenically converted areas. The research by ORrzEcHOWSKI and
SMOLCZYNSKI (2010) as well as SowiNskI et al. (2016) also demonstrate higher
concentrations of these elements in alluvial soils than in soils outside river
valleys.

Sediments accumulated in river valleys show changes that have occurred
and take place in the catchment. In the analysed river valleys, apart from
mineral sediments, there are mineral-organic formation, peat, mursh and
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Table 3
Total content of Ca, Mg, Na, K, P, Fe, Mn, Zn, Cu in alluvial and deluvial sediments
Alluvial sediments Deluvial sediments
Specification Value landscape
riverine landscape | moraine landscape of ice-dammed
lakes origin
mean 7.5 7.1 11.1
Ca (g kg") SD 1.25 4.65 4.85
CV (%) 16.7 65.5 43.7
mean 5.1 4.2 5.9
Mg SD 1.12 0.90 0.78
CV (%) 22.0 21.5 13.2
mean 4.6 4.2 6.3
K SD 1.21 0.89 3.26
CV (%) 26,3 21.2 51.8
P mean 0.9 0.7 1.3
SD 0.25 0.28 0.92
CV (%) 27.8 40.0 70.7
mean 0.3 0.4 0.2
Na SD 0.11 0.08 0.06
CV (%) 36,7 20.0 30.0
mean 31.7 19.7 27.9
Fe SD 10.54 3.45 3.56
CV (%) 33.2 17.6 12.8
mean 694.1 405.8 422.4
Mn (mg kg) SD 224.42 201.89 94.82
CV (%) 32.4 49.8 22.5
mean 93.4 52.1 52.8
Zn SD 32.20 8.96 11.11
CV (%) 34.5 17.2 21.1
mean 16.7 10.1 20.4
Cu SD 8.01 1.82 4.81
CV (%) 48.0 18.1 23.6

SD — standard deviation, CV — coefficient of variation

gyttja. The soil formations which contain from 10% to 20% of mineral sedi-
ments contain the highest amounts of: Mg — 4.7 g kg!, K — 5.5 g kg,
Na — 1.6 g kg, Fe — 39.7 g kg!, Mn — 930.9 mg kg!, Zn — 116.8 g kg!
and Cu — 37.2 mg kg (Table 5). Such a high content of the studied macro-
and microelements was caused by their elution from soils located along river
valleys and their accumulation in sediments of the ecotone zone between
mineral and organic soils. The fine-grained alluvial silts of river valleys form
a permanent connection with organic matter and, in comparison with the
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Table 4

Pearson’s correlation coefficients between silt (0.05-0.002 mm), clay (<0.002 mm)
and total organic carbon

Properties | Ca | Mg | K | P | Na | Fe | Mn | Zn | Cu
Alluvial sediments - Riverine landscape

Clay

(fraction 0.404** | 0.809** | 0.677** | 0.232* | 0.458** | 0.692** | 0.516** | 0.530** | 0.733**

< 0.002 mm)

Silt

(0.05-0.002 -0.507*%* | -0.698%* | -0.648%* | -0.286** | -0.390** | -0.647** | -0.440%* | -0.488%** | -0.691**

mm)

TOC fek *k ek Fek £ ek *k k%

(¢ ke") 0.598 0.291 0.356 0.409 0.381 0.404 0.167 0.354 0.697
Deluvial sediments - Moraine landscape

Clay

(fraction 0.450 0.627* 0.519 0.027 -0.540 0.778%* -0.514 0.461 0.512

< 0.00 2mm)

Silt

(0.05-0.002 0.208 -0.107 -0.01 -0.106 -0.04 -0.06 0.723** | -0.445 | -0.559*

mm)

TOC * 3 *k

(2 k) 0.593 0.467 0.088 0.658 -0.318 -0.057 -0.546 0.412 0.845

Deluvial sediments - Landscape of ice-dammed lakes origin

Clay

(fraction 0.277 0.250 -0.070 0.639** 0.423 0.541* -0.323 -0.130 -0.013

< 0.002 mm)

Silt

(0.05-0.002 -0.015 -0.064 0.146 | -0.716** | -0.339 -0.258 0.560* 0.072 -0.061

mm)

TOC * * * *k

(¢ ke") 0.511 0.313 0.369 0.126 0.553 -0.133 -0.415 0.524 0.862

* correlations significant at p<0.05; ** correlations significant at p<0.01

mineral-organic sediments of deluvial origin, they contain more Ca, Na, Fe,
Mn, Zn and Cu (Tables 5, 6). The higher content of Mn, Cu and Zn
in the soils of the transition zone between mineral and organic soils was
stated by SMOLCzZYNSKI et al. (2004) as well as SMOLCZYNSKI and ORZECHOWSKI
(2010). The highest content of calcium was found in gyttjas, in which these
quantities were 1.5-fold higher than in peat and mursh, and twice as high
as in mineral-organic sediments. Peat formations were characterised by the
lowest content of Mg, K, P, Fe, Mn, Zn and Cu. The amounts of these ele-
ments were 2- to 3-fold lower than in mineral-organic sediments, murshes
and gyttjas.

The location of Holocene sediments in a relief is an important factor dif-
ferentiating the content of macro- and microelements in soils. Calcium
is a labile component that easily migrates from the soils located higher
to mid-moraine depressions filled with organic matter. In the landscape
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Table 5
Total content of Ca, Mg, Na, K, P, Fe, Mn, Zn, Cu in riverine landscape
Mineral-
Specification Value -organic Mursh Peat Gyttja
formation
Ca mean 16.9 22.2 26.0 33.6
(g ke SD 6.90 6.71 9.37 36.9
CV (%) 40.8 30.2 36.0 110.1
mean 4.7 3.4 1.9 3.7
Mg SD 0.48 0.72 1.09 1.04
CV (%) 10.3 21.2 57.1 28.1
mean 5.5 3.9 1.9 4.0
K SD 0.92 0.42 1.55 0.78
CV (%) 16.8 10.8 80.2 29.5
mean 1.4 1.6 0.7 1.6
P SD 0.20 0.51 0.30 0.57
CV (%) 14.3 31.9 44.6 37.5
mean 1.6 1.3 1.2 1.3
Na SD 0.36 0.30 0.47 0.39
CV (%) 22.5 23.1 38.1 30.0
mean 39.7 32.7 15.6 32.3
Fe SD 3.20 8.21 11.24 7.58
CV (%) 8.1 25.1 72.0 23.5
Mn mean 930.9 745.8 315.3 649.0
ket SD 128.31 265.44 194.54 166.10
(mg ke) CV (%) 13.8 35.6 61.7 25.7
mean 116.8 69.8 23.4 57.8
Zn SD 24.07 20.32 26.27 18.05
CV (%) 20.6 29.2 112.3 31.3
mean 37.2 22.8 14.4 23.9
Cu SD 9.10 7.68 12.15 7.53
CV (%) 24.4 33.7 84.4 31.5

SD — standard deviation, CV — coefficient of variation

of ice-dammed lakes origin and moraine landscape, the highest content
of calcium was in organic formations (peat and mursh), and its amount was
almost 3-fold higher than in mineral-organic sediments and 4-5-fold higher
than in mineral sediments (Tables 3, 6). Mineral and organic sediments were
the place of the highest accumulation of Mg, K, Cu and Zn, while the content
of Fe and Mn was similar in mineral-organic sediments and murshes.

Mineralogical composition

The analysed clay fraction of alluvial sediments in riverine landscape
(Vistula delta) was dominated by minerals from the illite-smectite group
of mixed-packet minerals which was confirmed by 1.66 nm reflexes and very
wide reflexes in the range of 0.560-0.500 nm at the diffractograms for the
samples saturated with Mg?* and solvated with ethylene glycol (Mg* + GE)
— Figure 2. This was also confirmed by a wide reflex of 1.2-1.0 nm at the
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Table 6

Total content of Ca, Mg, Na, K, P, Fe, Mn, Zn, Cu in moraine landscape and landscape
of ice-dammed lakes origin

. Moraine landscape L. of ice-dammed lakes origin
Specifi- Value i i
cation mlnera.l- mursh peat mlnergl— mursh peat
-organic -organic

Ca mean 12.9 31.6 37.9 12.7 40.2 40.1
(g k) SD 2.85 25.92 14.78 4.40 30.51 15.73
58 CV (%) | 221 82.1 3.0 34.7 75.9 39.3

mean 5.5 3.7 2.1 6.4 4.5 2.1

Mg SD 1.22 1.27 1.26 0.96 1.45 0.91
CV (%) 22.2 33.4 60.0 15.0 32.3 43.4

mean 4.7 2.8 1.6 8.2 4.6 1.4

K SD 1.72 1.37 1.04 1.63 2.48 0.88
CV (%) 36.6 49.0 65.0 19.9 54.0 62.9

mean 1.2 1.5 0.9 1.2 2.0 1.2

P SD 0.45 0.95 0.61 0.40 0.81 0.64
CV (%) 37.5 63.4 67.8 33.4 40.5 53.4

mean 0.4 0.3 0.4 0.7 0.6 0.6

Na SD 0.08 0.07 0.06 0.34 0.31 0.21
CV (%) 20.0 23.4 15.0 48.7 51.7 35.1

mean 25.2 19.4 11.3 21.9 18.8 8.9

Fe SD 5.87 6.35 8.10 6.06 8.04 8.73
CV (%) 23.3 32.8 71.7 27.8 42.7 97.9
Mn mean 510.0 530.7 236.4 485.9 471.2 216.9
(mg kg") SD 142.91 236.74 194.51 101.53 101.17 99.18
CV (%) 28.1 44.6 82.3 20.9 21.4 45.7

mean 59.5 43.2 19.2 67.2 41.7 14.9

Zn SD 11.32 19.01 23.00 10.56 13.78 7.24
CV (%) 19.1 44.0 119.8 15.7 33.0 48.5

mean 18.1 13.7 13.5 22.6 16.1 6.2

Cu SD 7.65 4.99 10.84 2.82 3.35 5.29
CV (%) 42.3 36.5 80.3 12.5 20.8 85.3

SD — standard deviation, CV — coefficient of variation

diffractograms for potassium-saturated samples (K*). Analysis of illite-smec-
tite minerals showed that it is a mixture of minerals with a 60-90% content
of smectite packets. In addition to these minerals, there were also minerals
from the group of illite (reflexes 1.0, 0.499, 0.334 nm) and kaolinite
(0.712, 0.356 nm). The analysed sediments did not contain minerals from
the chlorite group which was proven by the shift of 1.45 nm reflexes in Mg?*
diffractograms to 1.2 nm in K* diffractograms and to 1.0 nm after heating
at 300°C. The studies of DABKOWSKA-NASKRET and Drucosz (1996) also showed
a dominant share of mixed-packet smectite minerals (of illite/smectite type)
in the clay fraction of alluvial sediments in Vistula river valley. Moreover,
in the sediments of Vistula and Pasleka rivers, significant quantities of mixed-
packet minerals of illite/smectite with a disordered structure, containing
60-70% of smectite packets (Drucosz et al. 2009b), were found.
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1.45 nm

1.66

0.334 nm

2 CuKa

Fig. 2. X-ray diffractograms of clay fraction of alluvial sediments in riverine landscape
(location: Stara Koécielnica — the Vistula Delta)

In the moraine landscape, illite minerals dominated in the clay fraction
of deluvial sediments, which was proven by reflexes of 1.01, 0.500 and
0.334 nm occurring in the diffractograms of samples saturated with K* and
Mg? and solvated with ethylene glycol (Mg?" + GE) — Figure 3. These sam-
ples also contained minerals from the chlorite group, as indicated by reflexes
of 1.45 nm, 0.723 nm and a reflex of 0.475 nm in Mg?" + GE diffractograms.

1.45 nm

0.334 nm

2 CuKa

Fig. 3. X-ray diffractograms of clay fraction of deluvial sediments in moraine landscape
(location: Prusinowo)
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The presence of chlorites was indicated by a strong reflex of 1.45 nm
in the diffractogram of Mg?* saturated samples and a small 1.4 nm reflex
in the diffractogram of K* saturated samples. The chlorites belonged to the
so-called pedogenic chlorites because the mentioned reflex disappeared in the
diffractograms of K* saturated samples and heated at 550°C. The occurrence
of smectite minerals was proven by a wide reflex of 1.7 nm in the diffracto-
grams of Mg? + GE samples. Smectite minerals apparently occur in a pure
form as well as in the form of mixed-packet minerals, e.g. illite/smectite.
This is suggested by a wide reflex of 1.7 nm in the Mg?* + GE diffractogram
and reflexes of 1.4-1.0 nm in the diffractograms for K* samples. A high
amount of smectite can be a sign of the smectitization process. Kaolinite and
quartz were accessory minerals.

In the clay fraction of the landscape originating from ice-dammed lakes,
minerals from the group of illites prevailed, as evidenced by strong reflexes
of 1.01, 0.500 and 0.334 nm occurring in diffractograms of samples saturated
with both K* and Mg?" ions, and in the samples solvated with magnesium
ethylene glycol (Mg? + GE) — Figure 4. In addition to the illites, smectite
minerals were found, as evidenced by 1.68 nm reflexes in the Mg?* + GE dif-
fractograms. The group of these minerals was represented mainly by the
illite-smectite mixed-packet minerals with a content of 90% S smectite
packets, as evidenced by reflexes of 0.550-0.500 nm (Mg?" + GE diffracto-
gram). In addition to these minerals, the presence of chlorite minerals was
also detected. Kaolinite (reflexes 0.72, 0.357 nm), quartz (0.427 nm reflex),
feldspar (0.303-0.33 nm reflections) and chlorites were accessory minerals.

1.43 nm
)

J‘ 1.00 nm

0.334 nm
Mg%

0.365 nm| | Mg”" + GE

2 CuKa

Fig. 4. X-ray diffractograms of clay fraction of deluvial sediments in the landscape
of ice-dammed lakes origin (location: Reszel)
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The presence of chlorites was confirmed by a reflex of 1.4 nm in K* diffracto-
grams. These are most likely vermiculited chlorites. Illite minerals prevailed
in the clay fraction of Pleistocene glaciolimnic sediment in the landscape
of ice-dammed lakes origin, which was proven by reflexes of 1.00, 0,500,
0.334 nm, in addition to mixed-packet minerals with swelling illite-smectite
packets containing 70-90% S smectite packets (Figure 5). Chlorite minerals,

1.43 nm

20 CuKa

Fig. 5. X-ray diffractograms of clay fraction of Pleistocene glaciolimnic sediments
in the landscape of ice- dammed lakes origin (location: Reszel)

in the form of pedogenic chlorites, (1.45, 0.719, 0.475 nm) were also found.
Kaolinite was an accessory mineral. The study of the mineralogical composi-
tion of the clay fraction of glacial and glaciolimnic sediments carried out
by Drucosz et al. (2009a) in Sepopolska Plain also proved the prevalence
of illite minerals being a mixture of illites and illite/smectite mixed-packet
minerals (with a content of smectite packets up to 10%). Significant amounts
of swelling minerals of the illite-smectite structure (I/S), containing 80-90%
of smectite packets and vermiculite-chlorite mixed-packet minerals, were
also found. The most important factor determining the mineralogical and
geochemical composition of the clay fraction is the composition of the parent
material and the conditions under which it is weathering (PEURANIEMI et al.
1997). The similar mineralogical composition of clay fraction of Holocene
sediments and sedimentary rocks of Pleistocene suggests their Pleistocene
origin and short period of transformation.
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CONCLUSIONS

1. Holocene sediments in north-eastern Poland were represented by mine-
ral alluvial and deluvial sediments, mineral-organic sediments, and organic
formations — peat, mursh and gyttja.

2. Among the analysed mineral sediments, the highest mean content
of Ca, Mg, K, P and Cu were found in deluvial sediments in the landscape
of ice-dammed lakes origin, whereas the alluvial sediments in the riverine
landscape had the highest mean amounts of Fe, Mn and Zn.

3. Mineral-organic sediments were the site of the highest accumulation
of Mg, K, Zn and Cu, while Ca was accumulated in peat and gyttja.

4. In the clay fraction of riverine landscape, illite-smectite mixed-packet
minerals with the content of 60-90% of smectite packets prevailed. Kaolinite
and illite minerals also occurred but in minor amounts.

5. In the moraine landscape and in the landscape of ice-dammed lakes
origin, 1illite minerals dominated in the clay fraction of deluvial deposits.
The presence of smectite minerals in the pure form and in the form
of illite-smectite mix-packet minerals as well as minerals from the group
of pedogenic chlorites was determined. The mineralogical composition
of Holocene deluvial sediments was similar to the composition of Pleistocene
sediments.

REFERENCES

CzarNowska K. 1996. Total content of heavy metals in parent rocks as reference background
levels of sotls. Soil Sci Ann., 47: 43-50. (in Polish)

DaBrowskAa-Naskrer H., Drucosz J. 1996. Occurrence and characteristics of layer silicates
in alluvial soils from the Lover Vistula river valley. Appl. Clay Sci., 11: 78-83.

Drucosz J., OrzecHOwskl M., KoBrErskl M., SMOLCZYNSKI S., ZaMorskl R. 2009a. Clay minerals
from Weichselian glaciolimnic sediments of the Sepopolska Plain (NE Poland). Geol. Carpath.,
60(3): 263-267. DOI: 10.2478/v10096-009-0018-z

Drucosz J., OrzecHOowsKl M., SMoOLczYNSKI S., KoBiErskr M. 2009b. Mineralogical composition
of the clay fraction of alluvial sediments from some river valleys of north-eastern Poland.
Soil Sci. Ann., 60(2): 24-31. (in Polish)

FrieLingHAUS M., ScumIiDT R. 1991. Heterogeneity in the soil cover and soil erosion in the young
moraine region. Mitt. Dtsch. Bodenkd. Ges., 66(2): 939-942.

GoNET S.S., CiesLA W. 1988. Methods for disperging soil samples for studies of the clay fraction.
Pr. Kom. Nauk PTG, Warszawa 103: 17-29. (in Polish)

Tinickr P., Zeitz J. 2003. Irreversible loss of organic soil functions after reclamation. Organic
soils and peat materials for sustainable agriculture, CRC Press, 15-32.

TUSS Working Group WRB, 2015. World Reference Base for Soil Resources 2014, update 2015.
International Soil Classification System for Naming Soil and Creating Legends for Soil
Maps. Food and Agriculture Organization of the United Nations, Rome, 190 pp.

JacksoN MLL. 1975. Soil chemical analisis — advanced course. 2" edition. Published by the author,
Madison, Wisconsin, 895 pp.

Karsz B., LiacHacz A. 2009. Environmental and agricultural importance of mud soils. Adv.
Agric. Sci., 1: 67-76.



485

Kawrisz B., LiacHacz A., Grazewskl R. 2010. Transformation of some organic matter components
in organic soils exposed to drainage. Turk J. Agric For, 34(3): 245-256.

Konprackr J. 2009. Regional geography of Poland. Wyd. Nauk. PWN, Warszawa, 440 pp. (in Polish)

ORrzECHOWSKI M., SMOLCzZYNSKI S. 2010. Content of Ca, Mg, Na, K, P, Fe, Mn, Zn, Cu in soils
developed from the holocene deposits in north-eastern Poland. J. Elementol., 15(1): 149-159.

Pruraniemi, V., Aario, R., PULKKINEN, P. 1997. Mineralogy and geochemistry of clay fraction
of till in northern Finland. Sedimentary Geol., 111: 313-327.

Prascik H., SmonczyNskr S., OrzecHowskr M. 2001. Chemical composition of hydrogenic soils
in the landscape of the Vistula delta. Pol. J. Soil Sci., 34(1): 51-56.

SMOLCzYNSKI S., OrzECHOWSKI M. 2010. Content of some macro- and microelements in a soil topo-
sequence in the landscape of ice-dammed lakes in Sepopol Lowland. Ecol. Chem. Eng. A.,
17(2-3): 217-231.

SMOLCZYNSKI S., SowiNsKI P., OrzecHOwskl M. 2004. The diversified content of heavy metals
in the landscape catenae of the ground moraine in the Mazurian Lakeland. Pol. J. Soil Sci.,
37(2): 149-158.

SMoLskA E., SzwarcEwWSKI P. 2008. The age diversity of slope covers as an effect of non-synchronous
colonization of the Suwatki and Sejny Lake District. Botanical Guidebooks, 30: 157-168.
(in Polish)

SowiNskr P., GLiNska-Lewczuk K., Kavuisz B., AsTEL A. 2016. Distribution of heavy metals in soils

in a postglacial river valley — a geochemical landscape approach. Environ. Eng. Manag. J.,
15(6): 1323-1335. DOI: 10.30638/eem;j.2016.143

STARKEL L. 1989. Anthropogenic changes in denudation and sedimentation in the Holocene in
Central Europe. Geogr. Rev., 61(1,2): 33-49. (in Polish)

SropoX J. 1980. Precise identification of illite/smectite by X-ray powder diffrction. Clay Clay
Miner., 28: 401-4011.

Sropox J. 1981. X-ray identification of randomly interstratified illite/smectite in mixture with
discrete illite. Clay Miner., 16: 297-304.

SropoX J. 1984. X-ray powder identification of illitic materials. Clay Clay Miner., 32: 337-349.

Van Reeuvwik LP (Ed.). 2002. Procedures for analysis. Technical Paper 9. ISRIC, FAO, Wage-
ningen, 119 pp.



