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ABSTRACT

Holocene limnic deposits characteristic of the average latitudes have partially outcropped as a result of young
glacial sculpture aging. The change of the environment from limnic to telmatic and often the interference of a man
associated with the regulation of water relations led to the emergence of limnic deposits that underwent the process
of pedogenesis. In this work, 137 samples of carbonate deposits from 6 sites in NW Poland were analyzed in terms
of their physical properties. Carbonate sediments were subject to determination of specific and bulk densities, total
porosity and air porosity, current and capillary water capacity. On the basis of CaCO, content, combustion loss,
and non-lime mineral content, the studied sediments were classified into three groups: lacustrine chalk, calcare-
ous gyttja, and clay-calcarcous gyttja. Studies have shown that the sediments subject to pedogenesis in the top
levels have characteristic morphological features in the form of cracks and numerous channels and iron fills in
the form of spotted, streaked or marbled mosaic. The top levels of sediments, as a result of dehydration, clearly
increase their bulk density. Properties of the lake chalk were formed mainly by the proportion of organic matter
and CaCO,, while in the case of carbonate gyttja, the influence of mineral parts of the non-lime substances is also
highlighted. In the top of carbonate sediments, there is a decrease in general and capillary porosity and an increase
in the share of macropores.
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INTRODUCTION

In the mid-latitudes, limnic deposits, the
main constituent of which is CaCO,, are quite
common [Verecchia 2007, Gierlowski-Kordesch
2010, Lemkowska 2013, Okupny et al. 2016].
As the age of young glacial sculpture and the
accumulation of matter and energy in the reser-
voirs, the sediment shallowing occurred — espe-
cially in littoral — and the environmental condi-
tions changed from limnic to swampy, and then
to land. Changing of the humidity conditions
caused a transformation in the physical, chemi-
cal and morphological characteristics of carbon-
ate sediments, and the top levels were covered
by the pedogenesis process [Freytet, Verecchia
2002, Verecchia 2007, Gierlowski-Kordesch
2010]. Hydromeliorations performed to acquire
new areas for agricultural production have ag-
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gravated the changes in long-term dehydrated
sediments [Lemkowska, Sowinski 2008, Kiryluk
2009, Lemkowska 2013, Glina et al. 2016]. De-
hydrated Holocene carbonate deposits are charac-
terized by the presence of marbled mosaic caused
by the presence of iron oxides in the groundwater
level fluctuation zone [Krzywonos 1993, Freytet,
Verrecchia 2002, Alonso-Zarza, Wright 2009]. In
addition, there are cracks, root canals (especially
numerous in the top layers) and canals resulting
from the activities of soil fauna [Uggla 1976,
Krzywonos 1993]. These canals are often filled
with the material derived from the organogenic
levels that occur over carbonate sediments, which
are eluted, illusive, and eroded [Piascik, Gotkie-
wicz 2004, Kechavarzi et al. 2010]. In the hy-
drated state, carbonate deposits (lacustrine chalk
and calcareous gyttja) occur in the form of a gel
characterized by plasticity, low bulk density and
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high porosity as well as waterproofing properties
[Wyrwicki 2003, Lemkowska 2013]. As a result
of a long-term dehydration, the poly-ionic solu-
tion formed by hydrated carbonate deposits, is
transformed — there is a skeletal shrinkage and
often irreversible changes in colloids. The gen-
eral porosity of carbonate sediments is reduced,
calcite grains are aggregated, and cementation of
the topsediment layers can occur, especially in the
case when heavy equipment is used [Zurek-Pysz
1998, Freytet, Verrecchia 2002, Wyrwicki 2003,
Lemkowska 2013].

The aim of the study was to determine the
morphological and physical properties of carbon-
ate limnic deposits covered by pedogenesis on the
example of 6 objects in north-western Poland.

STUDY SITE

The study included a total of 6 sites where
carbonate limnic deposits were found to be shal-
low under organogenic formations (Fig. 1). Ob-
ject 1 was a big gyttja of about more than 100
ha area located near lake Miedwie, object 2 is an
area of carbonate limnic deposits near lake Strz-
eszowskie, object 3 located near lake Sitno, object
4 situated at the lake Dubie, and object 5 local-
ized near lake Drawsko Pomorskie. Objects 2, 3,

4, and 5 are medium gyttjas with areas 10—-100 ha,
while object 6 is a small gyttja with the area below
10 ha, situated near lake Sierakowo. Object 1 is a
part of the Pleistocene ice-dammed lake consist-
ing of five ice-dammed lake terraces that are the
remains of a glacial-limnic reservoir, eventually
formed in the phase of the Pomeranian ice sheet
recession. The ice-dammed lake is surrounded by
a moraine uphill with numerous drumlines and
filled with stratified forms in the form of slimes,
clays and sands. The accumulation valley itself
is a subglacial gull formed by the action of a nar-
row glacier. From the Pre-Boreal, the accumula-
tion of gyttja occurred within a reservoir called
Pra-Miedwie [Pasierbski 1979, Karczewski et al.
2008]. Object 2 is located in a subglacial trough
— Tywa river valley filled with sand and organic
soil. The subglacial gutter crosses a morphologi-
cally diverse upland moraine composed of sand
and clay [Jarnuszewski 2015]. Object 3 is located
in the area of the lake plain covered with bio-
genic accumulation sediments formed from the
ice-dammed lake plains, surrounded by a corru-
gated moraine rising built of sand, gravel and clay
[Jarnuszewski 2015]. Object 4 is located in the
area of a plain consisting of outwash sands with
occurrences of bottom moraine hills. This area is
situated in a subglacial gutter filled with alluvia
carried by the flowing Drawa river. Object 5 is
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Figure 1. Location of the study objects including dehydrated limnic carbonate deposits near lakes in NW Poland

137



Journal of Ecological Engineering Vol. 19(1), 2018

located in the subglacial gutter of Drawsko Lake,
which is part of a larger complex of so-called
marginal gutter uncovered after the glaciation
of the Leszno-Poznan phase filled with clay and
patches of sand. Object 6 is located in a small ter-
rain depression of the moraine upland made of
sand and glacial tills [Lewandowski, Nita 2008,
Jarnuszewski 2015]. The average annual temper-
ature in the region ranges from 7.5°C to 8.5°C
and the total precipitation ranges from 550 mm to
650 mm [Kozminski et al. 2007].

METHODS

A total of 55 soil outcrops were made, from
which 138 soil samples were collected for labo-
ratory testing. The percentage of non-carbonate
mineral fractions and CaCO, was determined
in the collected material. Limnic deposits were
divided according to the percentage of organic
matter, non-lime minerals, and calcium carbon-
ate in line with the Markowski [1980] classifica-
tion. The following sediment groups were distin-
guished: lacustrine chalk (carbonate gyttja with
CaCO, content above 80%); calcareous gyttja
(carbonate gyttja with CaCO, content from 60%
to 80%); clay-calcareous gyttja (carbonate gyt-
tja with CaCO, content from 20% to 50%). The
samples were subjected to LOI determination by
burning the material at 550°C, the CaCO, content
by Scheibler’s method, the proportion of non-
carbonates fraction (Ncf) was calculated based
on the reported results. The pycnometric method
was used to determine the specific density. The
weight-dry method using Kopecky cylinders was
applied to determine bulk density, actual and cap-
illary water capacity. On the basis of the obtained
results of specific and bulk density, the total po-
rosity was calculated. Total porosity and capillary
water capacity were used to calculate the non-
capillary porosity (air porosity). In order to char-
acterize the lake chalk features, the samples taken
from individual depths were assigned to three
ranges: 0-50 cm, 50—-100cm and >100 cm below
the ground level. The results were analyzed statis-
tically using Statistica 12.0 software.

RESULTS AND DISCUSSION

The studied carbonate deposits were found to
be shallow under organic levels (peat, mursh — at
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different degree of decession) and black soils. The
tested soils can be classified according to WRB
[2015] to Sapric Histosols (Limnic), Sapric His-
tosols (Endolimnic), Drainic Histosols (Calcaric,
Limnic), Murshic Histosols (Limnic), Umbric
Gleysols (Hyperhumic), and Gleyic Phacozems
(Hyperhumic). The thickness of sediments was
generally less than 2 m and their color corre-
sponded, in the Munsell scale, to: 2.5Y, 5Y, 10Y,
7.5YR, 10YR4-8/1-8. In the top layer of sedi-
ments, there was predominantly the lacustrine
chalk, while in loamy-lime gyttja in the bottom.
Limnic sediments were deposited on dusty and
sandy soils, sometimes stratified with a large
amount of the skeleton, sometimes on clay. The
mineral layers that lay below the carbonate de-
posits, generally exhibit total marbling, and there
is cementation of the grains with calcium com-
pounds. In wet and fresh condition, they have
plastic consistency. In the case of drying out, due
to seasonal fluctuations in the groundwater level
at layers located in the top of the sediments, they
assume hard plastic or solid form. In the analyzed
limestone, there are mollusc residues (Mollusca)
in the form of shells, which are characteristic of
littoral zone deposits [Kelts and Ksu 1978, Krzy-
wonos 1993, Wyrwicki 2001, Schnurrenberger et
al. 2003, Verrecchia 2007]. The characteristic fea-
ture of the analyzed soil profiles was the presence
of marbled mosaic (Fig. 2) caused by the iron
oxides in the fluctuation zone of the groundwater
level [Krzywonos 1993, Freytet, Verrecchia 2002,
Alonso-Zarza, Wright 2009]. Particularly high
amount of iron-manganese precipitates, mainly in
the oxidized form, was observed in the top lay-
ers of sediments deposited directly below the or-
ganogenic levels subjected to murshing processes
[Piascik, Bieniek 2001, Grzywna 2014]. In this
case, the murshing process is an important source
of iron and manganese, which are subjected to
illuviation with drainage water and can precipi-
tate in the top layers of sediments. In the profiles
of limnic sediments, especially in the top layers,
cracks and root canals, as well as canals being
the result of the soil fauna activity, were found
(Fig. 1). As indicated by Kelts and Ksu [1978],
Freytet and Verrecchia [2002], Schnurrenberger et
al. [2003], Alonso-Zarza and Wright [2009], Gier-
lowski-Kordesch [2010], these features are char-
acteristic for littoral deposits fraction subject to
soil-formation processes and converted into bog
fractions, so-called palustrine limestones. The ca-
nals and cracks occurring in the top layers of car-
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Figure 2. Morphological characteristics of dehydrated limnic carbonate sediments exposed in the soil profile

bonate sediments are often filled with organogen-
ic material over sediments, which are subject to
eluviation, illuviation, and vertilization [Piascik,
Gotkiewicz 2004, Kechavarzi et al. 2010].

In terms of the physical properties, lacustrine
chalk and calcareous gyttja deposits exhibited
similar bulk and specific density as well as gen-
eral porosity and water capacities (current and
capillary) (Table 1). Against this background, the
clay-calcareous gyttja deposits were character-
ized by significantly higher bulk density (1.453
Mg-m?®) and lower total porosity (0.450 m-m?),
and hence both water capacities (Table 1). The
clay-calcareous gyttja deposits were character-
ized by the highest ratio of air porosity to total po-
rosity (10.9%) in comparison to calcareous gyt-
tja (8.26%) and lacustrine chalk (6.64%). These
differences were caused by the composition of

ingredients forming various types of formations.
Lacustrine chalk and calcareous gyttja are main-
ly composed of fine crystalline calcite, which
when moistened, forms a kind of a gel [Kelts,
Ksu 1978, Zurek-Pysz 1992, Wyrwicki 2001,
Gierlowski-Kordesch 2010, Lemkowska 2013].
Ground skeleton components (mainly fine-crys-
talline calcite) are in a colloidal poly-ionic solu-
tion, which is an integral constituent binding the
remaining components [Wyrwicki 2001]. In the
case of clay-calcareous gyttja, the main compo-
nent is allogeneic clay minerals, dust and sand
derived from the physical and chemical erosion
of the catchment areas and transported by water
or wind [Kelts and Ksu 1978, Schnurrenberger et
al. 2003, Gierlowski-Kordesch 2010]. The clay-
calcareous gyttja was found most commonly in
the carbonate deposit, which may indicate the
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Table 1. Selected properties of dehydrated carbonate limnic deposits in NW Poland according to type

- . Actual )
indof | 0| L1 (G200, | Nef | BN | L sty | porosty | YA | e
gyttia alue capacity
% Mg-m-3 ms3-m-3

Lacustrine | Mean | 2.77 | 90.71 | 6.53 2.633 1.050 0.602 0.040 0.509 0.562
chalk

n=114 SD 2.09 5.45 | 4.98 0.040 0.212 0.078 0.020 0.110 0.081
Calcareous | Mean | 5.25 | 68.09 | 26.65 2.637 1.043 0.605 0.050 0.487 0.556

ttja

?3;1]6 SD 5.73 9.77 | 11.16 0.043 0.211 0.077 0.024 0.130 0.074
Clay- Mean | 4.03 | 36.23 | 59.74 2.643 1.453 0.450 0.049 0.303 0.402
calcareous

gyttja SD 7.68 9.00 | 13.25 0.025 0.092 0.034 0.018 0.126 0.042
n=7

genesis of the Late Pleistocene (Allerdd and
Young Dryas), when the best conditions for de-
positing such materials occurred [Wyrwicki 2003,
Btaszkiewicz 2007]. The physical properties of
lake chalk were significantly dependent primarily
on the percentage of LOI and CaCO, (Table 2).
Although the share of organic matter in the lacus-
trine chalk was low (on average 2.77%), it sig-
nificantly affected the density decrease and the
porosity increase and the number of mesopores.
The increase in the dominant component, i.e.
CaCO,, in the lacustrine chalk affected the reduc-
tion in porosity (significant correlation r = -0.30)
and capillary water capacity (r = -0.30) to a lesser
extent than the LOI, and increased chalk specific
density (Table 2). Calcarecous gyttjas contained
more than 20.1% Ncf and 2.5% organic matter in
comparison to the lacustrine chalk. For this lim-
nic deposit, a significant effect of the increasing
Necf share on the bulk density (r = 0.51), general
porosity (r =-0.52), and the number of capillaries
(r=-0.57), was observed. On the other hand, the
increase in the amount of organic matter in the
calcareous gyttjas significantly influenced on the
specific density reduction (r = -0.86) and increase

in the general porosity (r = 0.66), while the CaCO,
content correlated with the number of capillaries
(r = 0.52). In the case of clay-calcareous gyttja,
no significant relationship was observed between
the physical properties and the proportion of indi-
vidual components.

The analyzed carbonate sediments exhibited
similar bulk density and total porosity as well as
significantly lower air porosity and higher num-
ber of mesopores to the emerged carbonate sedi-
ments described by Krzywonos [993]. In contrast,
in comparison with the sediments, the deposits of
the lacustrine chalk of Wigry Lake were charac-
terized by significantly higher bulk density (about
1.2-1.6 Mg-m?) caused by the compaction due to
the pressure of the water column [Rutkowski et
al. 2007, Aleksander-Kwaterczak, Kostka 2011].

Carbonate sediments have been found to vary
in their physical properties depending on the depth
of the sediment. The top layers of sediments up to
a depth of 50 cm below the ground level exhibited
significantly higher specific and bulk density as
well as lower total porosity. Along with the dry-
ing of the upper layers of sediments, the increases
of air porosity and the decrease of capillary and

Table 2. Correlation between the share of basic components of carbonate sediments and their physical properties

Ké;gjgf Variable igﬁgﬁ'; Bulk density | Total porosity Air porosity Watéor\cégsgcity wat(e: ?Eg?gcity
Lacustrine Lol -0.63* -0.69* 0.68* -0.04 0.55* 0.67*
chalk CaCo, 0.38* 0.32* -0.30* 0.02 -0.24* -0.30*
n=114 Nof** -0.18* -0.10 0.09 -0.01 0.07 0.09
Calcareous Lol -0.86* -0.49 0.44 0.66* -0.16 0.24
ayttja CaCo, 0.05 -0.41 0.43 -0.24 0.51* 0.52*
n=16 Ncf** 0.13 0.51* -0.52* 0.10 -0.48 -0.57*
Clay- Lol -0.32 0.02 -0.08 -0.12 0.22 -0.01
Ca’catft eous | caco, -0.65 -0.20 0.10 -0.58 0.64 0.30
g,¥=17a Ncf* 0.64 0.19 -0.09 0.58 -0.64 -0.30

* Correlations relevant for significance level p<0.05.
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Figure 3. Vertical distribution of physical properties in dehydrated limnic carbonate deposits from NW Poland

actual water capacity were also observed (Fig. 3).
The drying of the top layers leads to a shrinkage
of the lake chalk frame and irreversible changes
in colloids [Lemkowska 2013]. As a result of
prolonged dehydration, the total porosity of the
carbonate sediments is reduced, calcite grains
are aggregated, and cementation of the top layers
can occur [Zurek-Pysz 1998, Freytet, Verrecchia
2002, Lemkowska 2013]. The CaCO, content in
the sediments clearly increased from the lower
layers to the bed top. Uneven amounts of individ-
ual components depending on the depth of sedi-
ment deposition can be explained by the change
in sediment formation conditions. In deeper lay-
ers, the contribution of phyto and zooclasts de-
rived from the organisms involved in the forma-
tion of sediments, is clearer, which translates to
an increase in the amount of organic matter [Wyr-
wicki 2001, Lemkowska 2013]. As the reservoirs
became shallower, the role of physical processes
in the formation of sediments related to rapid
heating of shallow waters and a reduction in CO,
solubility, increased [Jones and Browser 1978,
Verrecchia 2007, Gierlowski-Kordesch 2010].

CONCLUSION

The emerged Holocene limnic-origin carbon-
ated sediments are subject to the processes of
pedogenesis that leads to the changes in the mor-
phology and physical properties of sediments.
The morphological changes occurring in the top
layers of sediments undergoing the soil-forming
processes involve the formation of cracks, numer-
ous root canals, and canals resulting from the ac-
tivity of soil fauna. The fluctuation of the ground-
water level and illuviation of iron and manganese
from the organogenic levels under the moorshing
leads to the formation of iron fusions in the form
of spotting, staining or marbling mosaic. Dehy-
drated levels are dried up in the top layers result-
ing in the shrinkage of the skeleton and changes

in colloids leading to a marked increase in bulk
density. The compaction of sediments resulting
from a long-term dehydration of carbonate limnic
top sediments causes a decrease in general and
capillary porosity and, at the same time, an in-
crease in the share of macropores. In the case of
the carbonate limnic deposits, the physical prop-
erties are determined by the proportions of main
components. In the lacustrine chalk and calcare-
ous gyttja, significant interactions were observed
between the increase in the proportion of organic
matter and the decrease in specific density. In the
lake chalk, the share of organic matter also sig-
nificantly decreased the bulk density and had a
positive effect on the overall porosity and number
of capillaries. In the calcareous gyttja, the amount
of capillaries was dependent on the proportion of
CaCoO,, while the increase in the Ncf share con-
tributed to an increase in the bulk density and de-
crease in the general and capillary porosity.
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