
http://dx.doi.org/10.7494/geol.2016.42.1.7 Wydawnictwa AGH

 

ISSN 299-8004 | e-ISSN 2353-0790 | 

2016, vol. 42 (1): 7–18

Investigation of the magnetic properties of soils  
in the Cisna-Wetlina Landscape Park

Tomasz Gonet1, Anna Wojas2

1 University of Warsaw, Faculty of Geology; ul. Żwirki i Wigury 93, 02-089 Warsaw, Poland; e-mail: tgonet@igf.edu.pl
2 AGH University of Science and Technology, Faculty of Geology, Geophysics and Environmental 
Protection; al. A. Mickiewicza 30, 31-871 Krakow, Poland; e-mail: awojas@agh.edu.pl

© 2016 Authors. This is an open access publication, which can be used, distributed and reproduced in any medium according 
to the Creative Commons CC-BY 4.0 License requiring that the original work has been properly cited.

Received: 17 October 2015; accepted: 8 March 2016

Abstract: A magnetic study of 16 samples of topsoil and 2 soil profiles (11 samples) in the area of Cisna-Wetlina 
Landscape Park was carried out. The whole collection of the samples represents typical Carpathian soils – brown 
and sour. Magnetic susceptibility, frequency, dependence of magnetic susceptibility, temperature dependence of 
magnetic susceptibility, thermal decay of saturation, isothermal remanent magnetization, parameters of hystere-
sis loop and anhysteretic remanent magnetization of the samples were measured in a laboratory. Mass magnetic 
susceptibility of topsoil specimens is below 40∙10−8 m3∙kg−1, which indicates that the investigated area is probably 
not polluted currently. The study of the samples from two soil profiles reveals a slight enhancement of magnet-
ic susceptibility in the upper horizons, presumably related to natural processes. The temperature dependence of 
magnetic susceptibility and saturation isothermal remanence of four soil samples show that the presence of iron 
sulphide minerals (pyrrhotite) and maghemite is associated with hematite. The occurrence of other iron sulphide 
minerals in the soil is also possible. The saturation isothermal remanence curves do not confirm the presence of 
magnetite. Studies of the hysteresis loop reveal a significant role of paramagnetics among magnetic minerals oc-
curring in the samples. Hysteresis parameters (coercive force, coercivity of remanence, saturation magnetization, 
isothermal remanent magnetization) and anhysteretic remanent susceptibility allowed the authors to evaluate the 
grain size distribution and reveal the presence of pseudo-single domain (PSD) grains. 
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materials have been conducted, for instance: soil 
(Magiera et al. 2008, Wojas 2009, Magiera et al. 
2011b), peat (Strzyszcz & Magiera 2001), ochre 
deposit (Wojas et al. 2010), loess (Heller & Evans 
1995), bottom sediments of lakes (Magiera et al. 
2002b, Magiera 2004, Kusza 2013), airborne par-
ticulate matter (Sagnotti et al. 2009, Magiera et al. 
2011a), indoor dust (Jordanova et al. 2012, Gór-
ka-Kostrubiec et al. 2014), tree leaves (Szönyi et al. 
2007, Rodríguez-Germade et al. 2014), fruits of the 
forest and mushrooms (Strzyszcz & Rachwał 2010).

Most of the attention has been focused on the 
investigation of soil, which is one of the most 

INTRODUCTION

The paper concerns the reconnaissance magnetic 
investigations of soils in the Cisna-Wetlina Land-
scape Park.

Magnetic susceptibility is a basic magnetic pa-
rameter, widely used in environmental studies. 
It is defined as the ability of matter to magnetize 
under the influence of an external magnetic field 
(Grabowska 2013). This parameter is utilized to as-
sess the state of environmental pollution and char-
acterize occurring magnetic particles. Investiga-
tions of magnetic susceptibility of various natural 
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important components of the environment. In 
this respect, the subject of interest can be topsoil 
(usually to the depth of 10 cm) and soil profiles.

In the case of topsoil studies, magnetic sus-
ceptibility is closely related to the content of iron 
oxide particles, which are almost always accom-
panied by heavy metals and polycyclic aromatic 
hydrocarbons (Strzyszcz & Rachwał 2010). Nu-
merous studies of topsoil proved that investiga-
tions of magnetic susceptibility can be simple 
tools used in the analysis of soil pollution. 

The results of topsoil magnetic susceptibili-
ty investigations are often presented as maps. In 
a polluted area, an anomaly of magnetic suscepti-
bility of soil can be noted. Its intensity is indirectly 
related to the content of heavy metals, such as Pb, 
Zn, Cd, Cu, Ni, Co, V and Cr (Magiera 2004). 

In the other case, magnetic studies of the soil 
environment can be concentrated on soil pits. 
Here, the origin of magnetic minerals can be de-
scribed by the shape of the curves of magnetic 
susceptibility vs. depth. Such presentation of in-
vestigation results yields information about the 
content of magnetic minerals and the transforma-
tions of the state of minerals, caused by changes 
of physico-chemical conditions in the soil profile. 

Additionally, studies of different magnetic pa-
rameters (magnetic susceptibility, frequency de-
pendence of magnetic susceptibility, anhysteretic 
remanent susceptibility, coercive force, coercivity 

of remanence, saturation magnetization, isother-
mal remanent magnetization), their interrela-
tionships and changes in temperatures (magnet-
ic susceptibility, saturation isothermal remanent 
magnetization) allow one to identify the magnetic 
minerals and determine the granulation and con-
tent of those minerals in soil (Peters & Dekkers 
2003).

THE INVESTIGATED AREA 

The Cisna-Wetlina Landscape Park is located in 
south-eastern Poland, within two tectonic units 
of the Eastern Flysch Carpathians: the Silesian 
Unit and the Dukla Unit (Fig. 1). The area of inter-
est belongs to the Dukla Unit (Gucik et al. 1973) 
in the south-western part of the Cisna-Wetlina 
Landscape Park. 

The Dukla Unit is characterized by typical 
flysch sediments – mainly the Upper Cretaceous, 
Palaeocene and Eocene formations of alternate 
layers of sandstones and shales. In the investigat-
ed area, this unit is represented by among oth-
ers Krosno beds (grey, micaceous sandstones in-
terbedded by shales), hieroglyphic beds (greyish 
green, clay shales and fine grained sandstones) 
and globigerina marls (yellowish green marls with 
numerous globigerina). The parent material of 
soils, which has been formed from those rocks, is 
not magnetic. 

Fig. 1. Schematic map of tectonic units in south-eastern Poland, with locations of sampling places (Gucik et al. 1973 – modified)



9

Geology, Geophysics and Environment, 2016, 42 (1): 7–18

Investigation of the magnetic properties of soils in the Cisna-Wetlina Landscape Park

The hypergenesis phenomena existing in the 
Carpathian Flysch in the Tertiary (Królikowski et 
al. 1986) made the formation of horizons possible, 
consisting mainly of brown and sour soils.

PREVIOUS STUDIES

In the studied area the first magnetic research 
was carried out in 2002. It concerned the mag-
netic susceptibility of soils and was carried out on 
samples collected in 1991–1992. The results of this 
study were described in the Magnetic Susceptibil-
ity of Soils in Poland (Magiera et al. 2002a). Very 
high values (above 200·10−8 m3∙kg−1) of magnetic 
susceptibility were noted in the western part of 
the Cisna-Wetlina Landscape Park (Fig. 2). Magi-
era (2004) has formulated a  hypothesis, that the 
industrial complex in Košice was the main cause 
of this anomaly, and pollution from Slovakia was 
blown on the Polish territory in numerous passes, 
most of all through the Łupków Pass.

Nevertheless, geochemical studies of the same 
samples (Lis & Pasieczna 1995) have shown that 
the limit values (Rozporządzenie Ministra Śro-
dowiska... 2002) of the investigated elements are 
not exceeded. The content of heavy metals in 
soils is: 20–40 ppm for nickel (the limit value is 
100 ppm), 10–20 ppm for chrome (the limit val-
ue is 150 ppm), 40–80 ppm for copper (the limit 
value is 150 ppm) and in the case of iron: 2–4%.

METHODS

The magnetic studies have been conducted on 27 
soil samples from the Cisna-Wetlina Landscape 
Park. The 16 topsoil samples were collected with 
a soil probe at eight sites (Fig. 1). At each site, the 
investigated material was collected in two sam-
pling places located a few meters from each oth-
er (samples I  and II), according to the adopted 
methodology, namely after removing the upper-
most part of the organic horizon (i.e. litter layer) 

Fig. 2. Fragment of the map of mass susceptibility of topsoil in south-eastern Poland (Magiera et al. 2002a – modified)
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(Strzyszcz & Rachwał 2010). The samples mainly 
come from the depth range of 0–4 cm. Addition-
ally, in two previously designated sites, 11 samples 
(in total) were collected from the soil pits to the 
depth of 35 cm. The entire material was dried and 
crumbled before the measurements.

Laboratory magnetic studies were carried out 
in the Laboratory of Petrophysics, Department 
of Geophysics (Faculty of Geology, Geophysics 
and Environmental Protection, AGH Universi-
ty of Science and Technology in Cracow) and in 
the Paleomagnetic Laboratory of the Institute of 
Geophysics, Polish Academy of Sciences in War-
saw. The investigations included: volume and 
mass magnetic susceptibility (Bartington MS2), 
frequency dependence of magnetic susceptibili-
ty (Bartington MS2), temperature dependence of 
magnetic susceptibility (AGICO KLY 3S), tem-
perature dependence of saturation isothermal re-
manent magnetization (Magnetic Measurements 
MMPM10, TUS), hysteresis loop with saturation 
magnetization, isothermal remanent magnet-
ization, coercive force and coercivity of rema-
nence (Molspin VSM) and anhysteretic remanent 
susceptibility (AGICO LDA-3, 2G Enterprises  
SQUID DC). 

Magnetic susceptibility is one of the most basic 
magnetic parameters. In the case of volume mag-
netic susceptibility (κ), it is defined as a  ratio of 
induced magnetization (Mi) and intensity of the 
magnetic field (H):

 k = −M
H

i [ ]  (1)

In the soil studies, mass magnetic susceptibil-
ity (χ) concerning the volume density (ρ) of the 
sample is more commonly used:

 c k
r

= ⋅





−m kg3 1  (2)

Magnetic susceptibility values above 100∙10−8 
m3∙kg−1 characterize polluted soils in the forest 
areas, in which the concentration of at least one 
heavy metal exceeds the limit value (Magiera 
2004).

Frequency dependence of magnetic suscep-
tibility (κfd) corresponds to the sensitivity of the 
magnetic grains due to the changes in intensity of 
the magnetic field. This parameter describes the 

percentage decrease of susceptibility during the 
increase of the frequency of the magnetic field:

 k
k k

kfd
lf hf

lf

=
−

⋅100 [%]  (3)

where:
 κlf – magnetic susceptibility in low frequency 

of the magnetic field (465 Hz),
 κhf – magnetic susceptibility in high frequency 

of the magnetic field (4 650 Hz).

Superparamagnetic (SP) and stable single-do-
main (SSD) particles are characterized by κfd high-
er than 5–6%, whereas for multi-domain (MD) 
grains, lower values of κfd are expected (van Oor-
schot 2001).

Studies of temperature dependence of the soil 
magnetic susceptibility were carried out during 
heating (from room temperature to 700°C) and 
cooling processes. The analysis of the susceptibil-
ity changes with temperature is quite complicat-
ed due to phase alterations occurring in the sam-
ples during measurements. Therefore, sometimes 
it is not possible to determine the critical (Curie or 
Néel) temperature of the initially existing magnet-
ic minerals in soil samples (Jeleńska et al. 2008).

The investigations of thermal demagnetization 
of saturation isothermal remanence (SIRM) are 
a  better proxy for evaluating magnetic minerals 
because SIRM(T) curves are not distorted by min-
eralogical transformations during heating (Jeleńs-
ka et al. 2010). As a result, it is possible to deter-
mine the critical temperatures of the originally 
occurring magnetic minerals. The remanence was 
imparted on samples in the field of 9T and meas-
ured from the room temperature up to 700°C.

In order to evaluate magnetic grain size the 
measurements of saturation magnetization (Ms), 
saturation isothermal remanent magnetization 
(Mrs), coercive force (Bc) and coercivity of remanence 
(Bcr) were taken. These parameters characterize the 
shape of the hysteresis loop, which is the magneti-
zation dependence of the magnetic field intensity.

The measurements of hysteresis loop parame-
ters have been supported by studies of the anhy-
steretic remanent susceptibility (χARM), which is 
a parameter concerning the mass-normalized an-
hysteretic remanent magnetization (expressed in 
A∙m2∙kg−1) bias the intensity of the magnetic field 
(A∙m−1). The parameter is sensitive to the presence 
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of ferromagnetic single-domain particles and in-
creases with the growth of the SD grains content 
in a sample (Evans & Heller 2003). χARM was meas-
ured for four specimens at random.

RESULTS

Table 1 shows the magnetic susceptibility of top-
soil samples collected in the Cisna-Wetlina Land-
scape Park. Relatively low values have been noted. 
Low-frequency mass susceptibility ranges be-
tween (10.3–38.2)·10−8 m3·kg−1 and high-frequen-
cy susceptibility, between (9.9–36.8)·10−8 m3·kg−1. 
Magnetic susceptibility of only one sample, col-
lected near Cisna (7.I  sampling site), stands out 
among others reaching 38.2·10−8 m3·kg−1.

Susceptibility of polluted soils usually exceeds 
50·10−8 m3∙kg−1 (Magiera & Strzyszcz 2003), and 
therefore we suggest that soils in the Cisna-Wetlina 
Landscape Park are probably not polluted currently.

It is worth emphasizing that the received sus-
ceptibilities generally fall into the range of typical 
values for non-polluted Carpathian soils (brown, 
sour). They normally do not exceed 20·10−8 m3·kg−1 
(Magiera et al. 2002a).

The frequency dependence of magnetic sus-
ceptibility varies in a  wide range – from 2.7% 
to 9.1% (Tab. 1). Sample 6.II, located near Cisna, 
exhibits a  very high κfd (9.1%), which may indi-
cate the presence of SP/SSD particles (van Oor-
schot 2001). Nevertheless, the value for the sec-
ond sample from that same place (6.I) is lower 
than 5%. Values of frequency-dependent suscep-
tibility for other samples do not exceed 7.1%. It 
is very difficult to draw an accurate conclusion, 
and therefore we deemed this parameter incon-
clusive and excluded it from further conside- 
ration.

The distribution of magnetic susceptibil-
ity in the two soil profiles is shown in Figure 3. 
The behaviour of χ along the profiles is similar 
i.e. very low values at the bottom part (around  
5·10−8 m3∙kg−1) increasing towards the top. The soil 
profile from the outside of the anomaly area has 
higher values of topsoil susceptibility, reaching 
nearly 19·10−8 m3∙kg−1, while χ for the topsoil in the 
anomaly area does not exceed 12·10−8 m3·kg−1. In 
the anomaly area, magnetic susceptibility of the 
soil is stabilizing at the depth of 20–35 cm, reach-
ing ca. 6·10−8 m3·kg−1.

Table 1 
Volume magnetic susceptibility (κ), mass magnetic susceptibility (χ) measured in low (κlf , χlf) and high (κhf, χhf ) frequency of 
the magnetic field and frequency-dependent susceptibility (κfd) of samples from the depth range of 0–4 cm

Sampling 
place

Number 
of sample κlf·10−5 [–] κhf·10−5 [–] κfd [%] χlf ·10−8 

[m3/kg] χhf·10−8 [m3/kg]

The anomaly 
area
(near Nowy 
Łupków)

1
I 12.2 11.6 5.2 17.5 16.6

II 10.6 9.8 7.1 21.1 19.6

2
I 10.7 10.1 5.9 19.6 18.4

II 22.2 21.0 5.6 27.8 26.3

3
I 8.4 8.0 4.5 10.3 9.9

II 9.2 8.9 2.7 13.8 13.4

4
I 7.5 7.3 3.3 11.4 11.0

II 7.2 6.9 3.5 10.4 10.1

The area 
outside the 
anomaly 
(near Cisna)

5
I 19.2 18.1 5.9 29.2 27.5

II 13.6 12.8 5.6 18.4 17.4

6
I 13.6 12.9 4.6 19.8 18.9

II 12.4 11.3 9.1 16.4 14.9

7
I 10.1 9.7 3.8 38.2 36.8

II 9.6 9.0 5.3 20.2 19.1

8
I 17.8 17.0 4.9 22.5 21.4

II 15.3 14.3 6.6 20.0 18.7
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Figure 4 presents the curves of susceptibili-
ty changes during continuous heating and cool-
ing for two samples: the first one, from the area 
of the anomaly near Nowy Łupków (2.II) and the 
second one, from outside the anomaly near Cis-
na (8.I). They exhibit almost the same behaviour. 
The curves show a Curie temperature near 580°C, 
which is characteristic for magnetite. We consid-
er the enhancement of κ around 250–280°C to be 

Fig. 3. Distribution of mass magnetic susceptibility (χ) in the 
soil profiles

Fig. 4. Susceptibility changes during continuous heating for sample: A) 2.II from the anomaly area (near Nowy Łupków);  
B) 8.I from the outside of the anomaly (near Cisna); κi is an initial susceptibility, κa is a susceptibility after the heating-cooling cycle

related to the oxidation of pyrrhotite into mag-
netite (Kądziałko-Hofmokl 2002). The transfor-
mation of the antiferromagnetic phase represent-
ed by hexagonal pyrrhotite into its ferrimagnetic 
form is also possible. In this case, above the tem-
perature of 200°C, a  monoclinic pyrrhotite is 
formed (Dunlop & Özdemir 2007). The decrease 
observed in the range 280–400°C points to the al-
teration of some grains of maghemite into hema-
tite (Jeleńska et al. 2004). The partial alteration of 
maghemite depends on its size, because only fine-
grained maghemite can be completely convert-
ed to hematite in the temperature range ca. 300–
400°C (de Boer & Dekkers 1996). Additionally, for 
all samples, the increase of κ around 450–500°C 
can be observed. We tentatively suggest that this 
reflects the growth of magnetite from iron sul-
phides (Kądziałko-Hofmokl 2002), for example 
secondary monoclinic pyrrhotite. On the other 
hand, the deflection of the susceptibility curve 
around 450°C can be associated with chemical 
and mineralogical changes in paramagnetic min-
erals, leading to the formation of a new ferrimag-
netic phase (Magiera, 2004). 

Generally, a  significant enhancement of sus-
ceptibility can be seen on cooling curves. The ra-
tio of a  magnetic susceptibility after the heating 
– cooling cycle (κa) and its initial susceptibility 
(κi) is 43 for the sample collected in the area of the 
anomaly (Fig. 4A) and 44 for the sample outside 
the anomaly (Fig. 4B).

A B
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Fig. 5. SIRM demagnetization curves for sample: A) 2.II from the anomaly area (near Nowy Łupków); B) 8.I from the outside of 
the anomaly (near Cisna)

Contrary to κ(T), magnetite is not observed on 
the curves of continuous thermal demagnetiza-
tion of saturation isothermal remanence (Fig. 5). 
For the sample from the anomaly area, a  rapid 
drop on the curve of SIRM decay before 300°C 
(Fig. 5A) can be seen. It can be explained by the 
presence of sulphides like pyrrhotite, with un-
blocking temperature Tub ≈ 325°C (Dekkers 1989, 
Jeleńska et al. 2010). An inflexion point near 
300°C indicates the transformation of metasta-
ble maghemite into hematite (Lowrie 2007). The 

unblocking temperature of 675°C is characteristic 
for hematite or sometimes maghemite, which is 
non-stoichiometric (Kądziałko-Hofmokl 2002). 
The behaviour of the curve for sample 8.I  (from 
the outside the anomaly) is slightly different 
(Fig. 5B). The inflexion point near 300°C is al-
most unnoticeable. The unblocking temperature 
is also about 670°C, but the hematite tail is more 
conspicuous, pointing to a higher concentration 
of hematite in the sample from the outside of the 
anomaly area. 

Figure 6 shows examples of the hysteresis loops 
for two samples: the first, from the anomaly area 
(Fig. 6A, B) and the second, from the outside the 
anomaly (Fig. 6C, D). Loops for both samples ex-
hibit similar behaviour. A  major paramagnetic 
contribution can be observed (Fig. 6A, C). 

Hysteresis parameters (Mrs, Ms, Bc) were cal-
culated after subtracting the paramagnetic con-
tribution. Values of Bcr were estimated from the 
backfield demagnetization curves. Coercive force 
(Bc) of samples ranges from 6.0 mT to 10.5 mT, 
the coercivity of remanence (Bcr) from 18.5 mT to 
36.5  mT, whereas saturation magnetization (Ms) 
from 7.7 to 58.9·10−3 A·m2·kg−1 and saturation re-
manent isothermal magnetization (Mrs) from 1.0 

to 6.6·10–3 A·m2·kg−1. Consequently, Mrs/Ms and 
Bcr/Bc fall into relatively narrow ranges 0.04–0.18 
and 2.75–5.00, respectively. 

In order to assess the grain size distribution, 
the Day plot (Day et al. 1977) modified by Dunlop 
(2002) was constructed for all the topsoil samples 
(Fig. 7). It indicates PSD grains and a mixture of 
SD/MD particles with a prevalence of MD grains 
(Fig. 7).

The values of anhysteretic remanent suscepti-
bility range from 28.65–86.85·10−8 m3·kg−1. Based 
on a χARM and mass magnetic susceptibility com-
pilation (King diagram), we suggest the preva-
lence of PSD grains (of diameter ca. 0.2–1 μm) in 
the studied soil samples.

A B
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DISCUSSION

In the Cisna-Wetlina Landscape Park, relative-
ly low magnetic susceptibilities of soils were not-
ed. The values of χ do not exceed 40·10−8 m3·kg−1 
(Tab.  1) and roughly fall into the range of χ for 
non-polluted, Carpathian, brown and sour soils. 
Therefore, we state that the soils in the studied 
area are not polluted nowadays. 

Our conclusion is reinforced by the fact, that 
the nearest industrial complex is located over 80 
km from the investigated area, and there is no 
other potential source of pollution.

Received values of susceptibility differ clearly 
from the results of Magiera et al. (2002a). In that 
paper, on the Map of magnetic susceptibility of soils 
in Poland, an anomaly in the area of Cisna-Wetli-
na Landscape Park was noted. It is based on two 
values exceeding 200∙10−8 m3·kg−1 (Fig. 2). The map 
was constructed on the basis of magnetic suscepti-
bility of topsoil samples, measured with the use of 
the same instrument (MS2 Bartington apparatus 
with MS2B sensor). The samples were collected in 
1991–1992 (Lis & Pasieczna 1995) in 5 × 5 km grid.

The susceptibility vs. depth curves exhibit sim-
ilar behaviour: low values at the bottom part and 

Fig. 6. Examples of the hysteresis loops for sample: 2.II from the anomaly area (near Nowy Łupków) (A, B); 7.II from the out-
side the anomaly (near Cisna) (C, D); loops on the right (B, D) were obtained after subtracting the paramagnetic contribution

A

C

B

D



15

Geology, Geophysics and Environment, 2016, 42 (1): 7–18

Investigation of the magnetic properties of soils in the Cisna-Wetlina Landscape Park

increasing towards the top of the profile, reach-
ing nearly 12·10−8 m3·kg−1 for the sample from the 
anomaly area and 19·10−8 m3·kg−1 for the sample 
from the area outside of the anomaly (Fig. 3). The 
enhancement of χ at the top may be due to pe-
dogenic processes occurring in soil and climatic 
conditions.

The thermal treatments of the samples have re-
vealed the presence of pyrrhotite on the SIRM(T) 

Fig. 7. The Day diagram modified by Dunlop (2002) for collected topsoil samples

curves reflected by a notable decrease of magnet-
ization before 300°C (Fig. 5). This result is fur-
ther supported by an enhancement of susceptibil-
ity around 280°C on the κ(T) curves (Fig. 4). The 
unblocking temperature of 670° and the inflex-
ion point near 300°C on the SIRM thermal decay 
curves (Fig. 5) point to maghemite associated with 
hematite. For the sample from the outside of the 
anomaly (8.I), the deflection on the SIRM(T) curve 
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around 300°C is less evident, poining to the prev-
alence of hematite among other magnetic miner-
als. The presence of hematite in the topsoil indi-
cates the maturity of the soil (Liu et al. 2005). The 
decrease of susceptibility in the range 280–400°C 
on the κ(T) heating curves can also be related to 
the transformation of maghemite. Magnetite is 
observed on the κ(T) curves (Fig. 4), although we 
have not found the evidence of magnetite on the 
SIRM decay curves (Fig. 5). Consequently, we as-
sert, that its evidence on the κ(T) curves is a con-
sequence of the production of magnetite during 
thermal treatments. It is worth adding that our re-
sults are similar to those obtained by Jeleńska et 
al. (2004) for non-polluted chernozem soils.

The studies of the hysteresis loops have re-
vealed a significant influence of the paramagnet-
ic minerals on the magnetic properties of the col-
lected soil samples (Fig. 6A, C). Hysteresis loops 
for all the specimens are relatively narrow, indi-
cating the prevalence of soft magnetic minerals, 
and therefore, that the presence of high amounts 
of hematite is doubtful. What is more, there are no 
clear differences between loops obtained for the 
samples from the anomaly area and those from 
the outside the anomaly.

The investigation of hysteresis parameters has 
shown that the ratios Mrs/Ms and Hcr/Hc range in 
relatively narrow intervals: 0.04–0.18 and 2.75–
5.00, respectively. It points to the prevalence of 
PSD grains and alternatively a mixture of SD/MD 
particles (Fig. 7). However, studies of anhysteretic 
remanent susceptibility clearly indicate the pres-
ence of only PSD grains (0.2–1 μm). The absence 
of MD grains in the samples shows that the soil is 
probably uncontaminated in the effect of indus-
trial dust deposition. Technogenic magnetic parti-
cles (TMPs) formed during various technological 
processes in high temperatures usually contain 
MD grains (Strzyszcz et al. 1996). 

CONCLUSIONS

The study has revealed that soils in the Cis-
na-Wetlina Landscape Park are probably notpol-
luted nowadays. Very low values of magnetic sus-
ceptibility have been noted. Furthermore, the lack 
of TMPs has been confirmed by the absence of 
MD grains in the investigated samples.

The results presented in this article differ sig-
nificantly from those obtained by Magiera et al. 
(2002a) for samples collected in the studied area 
over twenty years ago. It can be concluded, that 
the anomaly of the topsoil magnetic suscepti-
bility, which was found in the region of the Cis-
na-Wetlina Landscape Park, does not exist now-
adays. Moreover, the same grain size distribution 
and magnetic minerals present in soils from the 
anomaly area and from the outside of the anoma-
ly have been observed. It is difficult to give an ex-
act explanation of the factors providing such a de-
crease in soil magnetic susceptibility (probably 
rainfall or pedogenic processes). It should be men-
tioned that the obtained values of magnetic sus-
ceptibility fall into the range obtained by Magiera 
et al. (2002a) for other Carpathian soils (with the 
exception of the Cisna-Wetlina Landscape Park). 

Significant contribution of the paramagnet-
ic phase in soils has been noted. Moreover, ther-
momagnetic investigations (κ(T) and SIRM(T)), 
hysteresis analysis and anhysteretic remanent 
susceptibility have revealed the presence of PSD 
(0.2–1 μm) grains of pyrrhotite and maghemite 
associated with hematite. The content of hema-
tite in the samples is evidence of the maturity of 
soil. The obtained results are similar with those 
obtained for non-polluted chernozem soils from 
Ukraine.

We are very grateful to the Institute of Geophysics, 
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Ph.D. Beata Górka-Kostrubiec and M.Sc. Sylwia 
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made the paper much better. 
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