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Abstract Complex studies were carried out to recognize

the fen structure and peat properties in the Całowanie Fen

area, belonging to the Natura 2000 network. The studies

were conducted in two study areas that differ significantly

in terms of peat thickness. Electrical resistivity imaging

(ERI) was used to identify the properties of the peat and its

substrate, such as thickness and electrical resistivity.

Comparison of the field studies with the laboratory tests

has shown that the ash content rises electrical resistivity in

peat. In addition, the study has shown that the application

of non-invasive geophysical methods in protected areas is

justified. The fen, as a medium containing mostly water,

was a proper test area for the ERI measurements.

Keywords Peat � Electrical resistivity imaging (ERI) �
Physical properties � Całowanie Fen

Introduction

Incomplete decomposition of plant debris under the influ-

ence of strong hydration results in peat formation. The

process of peat accumulation is called sedentation and it is

related to the deposition of the material in the place of

origin (Ingram 1978). Generally, in Poland dominate

shallow fens that are fed by surface water and/or ground-

water. The Całowanie peatland belongs to such fens; it is

also sub-classified as soligenous being fed only by the

unconfined aquifer system. Furthermore, the Całowanie

Fen is located in the Vistula River Valley in close prox-

imity to a postglacial upland and it is an interesting object

of study because of its geomorphological conditions.

However, the fen location within the Mazowiecki Land-

scape Park and its inclusion within the Natura 2000 Net-

work forced us to use non-invasive research methods that

would not affect the environment significantly. In this case,

the selected geophysical methods, beside geological dril-

lings, are an excellent tool to study areas sensitive to

human interference. Variation in the physical parameters of

the peat and its substrate allow to apply several geophysical

methods in the investigation of the vertical succession and

recognition of hydrogeological conditions. Peatlands are

investigated mostly using the ground penetrating radar

(GPR) method. Only a few researchers (e.g., Slater and

Reeve 2002; Comas et al. 2015; Walter et al. 2016) have

applied induced polarization imaging, electromagnetic

terrain conductivity and electrical resistivity imaging, apart

from the GPR method, as alternative tools to determine the

peatland thickness.

The primary objective of the presented investigations

was to test the potential of electrical resistivity imaging

(ERI) to analyze the variability of peat layer thickness and

estimate the physical parameters of peat. Moreover, the

studies were focused on assessing the measurement and

interpretation methodology of ERI in such a difficult ter-

rain as peatlands. Our intention was also to assess the

geophysical data relation to geological information

obtained from the drilling such as physical properties of the

peat. The studies were conducted in two areas, located

within one large peatland, that differ significantly in

thickness and macroscopic properties of organic soils. The

paper also showed that the resistivity imaging provides

valuable information about the stratigraphic contacts. The
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data obtained from the geophysical and geological studies

have been correlated to provide a wider picture of sedi-

ments building the peatland and its substrate.

Peatlands are characterized by variability in thickness of

the deposit on a very small area. Additionally, the legal

protection which they are subject to very often hampers or

precludes peat investigation using standard geological

methods. Therefore, application of non-invasive geophys-

ical methods is particularly useful in the study of peat. The

resistivity imaging, inter alia, provides information about

the thickness of the deposit along the test profile. They also

provide information on the geological structure of the

peatland substrate which is valuable data in determining

the geological conditions and, moreover, in conjunction

with hydrogeological studies, makes it possible to design a

hydrodynamic model of the analyzed area.

Presently, the geoengineering investments are designed

very often in areas where organic soils are present; there-

fore, the identification of the hydrogeological conditions as

well as knowledge about the physical–mechanical proper-

ties of peats and its substrate are crucial issues, and the

information obtained using geophysical methods can

become more practical.

Study area

The Całowanie Fen, covering an area of 12 km2, is one of

the largest peatlands in the Masovia region. It is located to

the south-east of Warsaw and lies almost entirely within

the limits of the Masovian Landscape Park (MLP). It

extends in an almost 15 km long and 3 km wide belt

(Fig. 1).

The fen developed in the paleochannel of the Vistula

River within the lower upper terrace called the Praga ter-

race. Beside peatlands, the study area contains a system of

dunes within organic fen deposits. The dunes originated

from the accumulation of fluvial deposits such as out-

washes (e.g., Góra Niedźwiedzia) or shoal islands repre-

senting mineral ‘islands’ within the peatland (e.g., Kobyla

Góra, Góra Pękatka), which are in fact initial dunes, 2–3 m

high and 20–30 m wide, with a length up to several tens of

meters (Baraniecka 1982).

The peat thickness within the Całowanie Fen is variable

and depends on the morphology of the mineral substrate,

generally decreasing to the north; thus, the largest thick-

nesses around 3–4 m are noted in the southern part of the

peatland. In the northern part, the peat thickness does not

exceed 1.3 m. The organic deposits are generally underlain

by sand of the Vistula River lower upper terrace. Addi-

tionally, in several places the peat is underlain by gyttia or

thin mud layers. The levelled surface of the peatland is

characterized by a western dip, from 2.3% (in the south) to

4.4% (in the north).

Two survey areas characterized by different peat

thickness were selected for the geophysical study. The first

was in the Kobyla Góra area (Fig. 1c) where the peat

originated on a mineral island and attained a small thick-

ness on its rim. The second was in the Gole area (Fig. 1d);

this site has the largest peat thickness in the entire

Całowanie Fen. Kobyla Góra represents an incipient dune

characterized by the height of 2.5–3 m and a meridional

orientation reaching a maximum length of 255 m. The fen

within the Kobyla Góra area is mostly overgrown by sed-

ges, reeds (occurring in several places) and shrub vegeta-

tion growing along the drainage ditches. In contrast, the

Gole area is flat and covered mainly by grass.

The peatland is generally supplied by groundwater from

the first aquifer. Seasonal oscillations occur in the water

table of the first aquifer, depending on the dominant water–

soil and atmospheric conditions. Within the study areas, the

depth of the water table varies from above the surface

(western part of Kobyla Góra) to below the surface (Gole

and the eastern part of Kobyla Góra).

Methods

Geological survey

Fieldworks, including general observations, were focused

on the analysis of the geological environment of the peat-

land and they covered following methods: drillings to show

the vertical peat succession, macroscopic descriptions with

particular attention drawn on the degree of peat decom-

position according to the von Post scale (von Post 1922),

groundwater level measurements, grain size composition of

the coarse-grained soils, and studies of the physical and

chemical parameters of water.

The fieldworks methodology was focused on identifying

peat properties that depend on: the botanical composition

of the peat-forming areas, the degree of peat decay, and

hydrogeological conditions (peatland recharge, groundwa-

ter table depth, physical and chemical properties of water).

Within the Gole study area, 13 drillings were made

using the Instorf probe; 60 samples of peat were collected

from all drillings. In the Kobyla Góra study area, 15 dril-

lings were made and 16 samples of peat were collected.

cFig. 1 Location of the study areas: a on a sketch-map of the

Masovian Landscape Park; b on a fragment of the Detailed

Geological Map of Poland in the scale of 1:50,000, Otwock sheet

(Baraniecka 1975) and Osieck sheet (Sarnacka 1964); c, d on a

fragment of a topographic map
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The collected samples were used for macroscopic deter-

mination of the peat type and the degree of decomposition

based on the 10-point von Post scale (von Post 1922); these

parameters were identified by hand squeezing the peat

sample and observing the amount, color and volume of the

extruded water, and the nature of plant remains in the hand.

The peat samples were tested for: natural moisture content,

ash content and pH value. The ash content value was

determined by igniting the samples at 440 �C (ASTM

D2974 2000; Myślińska 2001). The value of pH was tested

in a suspension of peat and distilled water with a ratio of

the solid phase to distilled water of 1:2.5 (Myślińska 2001).

The pH measurements were carried out using the CX-401

multi-device connected to a pH-metric electrode.

The five piezometers were installed within the following

study areas: three Kobyla Góra and two in the Gole area

(one of them (Ow44) was filtered on three depths: 1.5, 3.0

and 4.2 m). Piezometers were used to measure the depth of

the water table and to estimate the electrical conductivity

of water (ECW), water pH, and to collect water samples for

chemical analysis.

Electrical resistivity imaging

The resistivity method is one of the oldest geophysical

survey techniques (Schlumberger et al. 1933; Archie 1942;

Sumner 1976; Telford et al. 1990; Loke 2011) and is

commonly applied in fields such as engineering and envi-

ronmental investigations (e.g., Zogała et al. 2009; Paca-

nowski et al. 2014; Amini and Ramazi 2016), geological

(e.g., Shemang and Molwalefhe 2009; Barski and Miesz-

kowski 2014; Mieszkowski et al. 2014) and hydrogeolog-

ical (e.g., Asfahani and Abou Zakhem 2013; Giang et al.

2013) studies. The purpose of electrical surveys is to

determine the subsurface resistivity distribution by per-

forming measurements on the ground surface. From these

measurements, true resistivity can be estimated by an

appropriate inversion routine. Ground resistivity is related

to various geological medium and it is clearly dependent on

the moisture content, water content and ways of its distri-

bution in the medium (porosity, degree of saturation,

degree of cementing, fracturing), as well as mineral com-

position, structure, and texture of the soil or rock. The

relationships between these factors for coarse-grained soils

were described by Archie (1942). Electrical properties of

cohesive soils are more complex due to the amount and

type of clay minerals and are related to ionic, molar and

electric conductivity, as well as presence of the electric

double layer in clay particles (Waxman and Smith 1968),

the degree of saturation, structure, and soil consolidation

(Fukue et al. 1999). By analogy, peat electrical resistivity

depends on water conductivity in the peat pores, moisture

content and electric conductivity of the peat matrix that

depends on the organic and mineral content, mineral

composition, degree of peat decomposition, structure and

porosity.

Organic (peat), non-cohesive (river sands) and consoli-

dated cohesive soils (loams and Pliocene clays) occur

beneath the surface of the study. In consequence, the

geology of the study area could be identified more pre-

cisely using the method of electrical resistivity imaging

(ERI). Electrical resistivity imaging is also known as

electrical resistivity tomography (ERT) (Loke 2011; Loke

et al. 2013). The measurements were conducted using the

Dipole–Dipole array with application of the Terrameter LS

apparatus of the Swedish company ABEM, connected to 4

cables, each containing 21 electrodes, spaced every 2 m.

When the length of the measuring line was longer than

160 m, the roll-along technique was applied.

Field data obtained from ERI measurements were

interpreted using Res2DInv software (Loke 2001; Loke

2012; Loke and Barker 1996; Loke et al. 2003). Processing

involves the inversion routine in which the most probable

geo-electrical model is obtained. Raw data were converted

to a Res2DInv format using the LS Terrameter Utilities

Software. Later, the bad points were removed. The

topography correction was included in the profile from

Kobyla Góra. The best model was selected by successive

calculations and subsequent comparisons (iterations) of the

model and the data. The parameters of the processed data

are presented in Table 1. Low values of the RMS error

indicate a very good fit and high correlation between the

result of apparent resistivity measurements and the esti-

mated model of a ‘‘true’’ resistivity model. According to

the theoretical assumptions of the ERI method, the resis-

tivity values are assigned to an individual depth of the

block centres forming a plane-parallel block grid. The

inversion result can be presented as a block model

scheme or an interpolated contour map with a color scale.

Data interpolation allowed to obtain a quasi-continuous

resistivity distribution. The geological interpretation was

performed based on a block model scheme of resistivity

distribution.

Results

Geological survey

In the Kobyla Góra study area, the peat thickness is up to

1.5 m. The top of the peat deposit is dominated by a

medium decomposed (H5–H6) reed peat and sedge peat.

Below is situated highly decomposed (H7) reed peat. In the

peat base, wooden peat characterized by a small thickness

(*0.25 m) is observed in several places (Fig. 2). The

depth of the water table in the analyzed area ranges from
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0.2 m (measurements from 2013-10-01) below the ground

surface in the eastern part (Ow30 borehole) to 0.15 m

(2013-10-01) above the surface in the western part (Ow18

borehole). Due to the level of the groundwater table of the

first aquifer and its small fluctuations, a moorsh layer is

absent or insignificant in the western part of the peatland.

The southern part of the Całowanie Fen (Gole study

area) is characterized by the largest thickness of the peat

deposit up to the maximum value of 4.65 m (Ow43 bore-

hole) and the taxonomic diversity of the peat profile is very

low. The peat profile composed mainly of sedge peat is

characterized by medium decomposition (H4–H5). More-

over, thin sand interbeds (about 0.05 m thick) were noted

in several places within the sedge peat (Fig. 2). Highly

decomposed (H7) moss peat is present in the base of the

peat profile. Sedge-reed peat was drilled in the eastern part

of the Gole study area, whereas sedge-moss peat with

calcareous gyttia occurred (D63 borehole) in the southern

part. In the Gole study area, the depth of the groundwater

table varied from 0.22 m (Ow46 borehole) to 0.28 m

(Ow44 borehole) (measured on 2013-10-01). Below the

entire Całowanie Fen, the substrate consisted of medium-

and fine-grained sands of the Praga terrace—the lower

upper terrace of the Vistula River.

Based on the laboratory tests, domination of weakly

acidic peat (5 B pH\ 7) was noted. The analyzed peat

samples showed slight pH variation. Within the Gole study

area, the highest pH was obtained for mossy peat, and the

lowest—for reed peat. The pH of sedge peat and reed peat

from Kobyla Góra was slightly higher compared to the pH

of the same peat type in Gole (Table 2).

In the analyzed area of the Całowanie Fen, reed peat had

the highest ash content in Kobyla Góra; this resulted from

the mineral material blown off the sand dune. Within the

Gole study area, a significant increase in the mineral con-

tent was noted (Table 2) due to the presence of sand

interbeds (Fig. 2; Ow44 and Ow42 boreholes) and cal-

careous gyttia (Fig. 2; Ow46 borehole) in the sedge peat.

Determinations of the natural moisture content have

indicated that the peat samples taken from Kobyla Góra

have a significantly lower moisture content than the sam-

ples from the Gole study area (Table 2).

The collected data of electrical conductivity of water

indicate significant diversity of water physical properties

between these two studies areas. ECW in Kobyla Góra is

more than two times lower than in the Gole area. Also, tests

have shown temporal/seasonal changes of pH and con-

ductivity of water (Table 3).

Resistivity results on the fen

Resistivity measurements carried out in the Kobyla Góra

study area, where the peat sedented on a mineral island and

its thickness ranges from 0 to 1.5 m, allowed a generalized

investigation of this peat layer. Resistivity of this layer

ranges within 50–70 Xm, but in the nearest vicinity of the

dune and on the western side of the fen the peat was

characterized by higher values (*70 Xm). This may be

caused by the higher ash content of the peat that originated

from the blown-off mineral material. On the eastern side of

the dune, in the direction of the main axis of the fen, the

peat had a resistivity value in the range of 40–50 Xm

(Fig. 3).

The small thickness of peat in Kobyla Góra and the

relatively large electrode spacing (2 m) as compared to the

thickness of the peat are the reasons why the ERI studies

failed to identify the vertical variation of the physical

properties within the peat profile.

In Gole, the peat usually had resistivity values in the

range of 30–60 Xm. This area has the greatest peat thick-

ness in the entire Całowanie Fen. A much greater thickness

of peat compared to electrode spacing allowed to identify

the diversity of physical properties within the peat layer

both in horizontal and vertical directions. Several zones

with low resistivity values (15–30 Xm) were identified

within the peat layer—in the S–N cross-section between:

82 and 86 m, 202 and 216 m, and 230 and 232 m of the

measurement profile, and in a W–E cross-section between:

68 and 74 m, and 104 and 106 m of the measurement

profile (Fig. 4). In the W–E cross-section, a high resistivity

Table 1 Parameters of the electrical resistivity imaging survey

Study area Array Electrode

spacing

(m)

Length of

profile (m)

Total number

of data points

Number of data

points after removed

bad points

Minimum – maximum

apparent resistivity

values

Iteration RMS error

(%)

Kobyla Góra Dipole–

Dipole

2.0 200 1794 1631 23713,757 7 3.3

Gole (S–N) Dipole–

Dipole

2.0 280 2999 2993 227103 7 0.7

Gole (W–E) Dipole–

Dipole

2.0 160 1467 1432 287107 7 0.6
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Fig. 2 Geological cross-sections (for location see Fig. 1)

228 Acta Geophys. (2017) 65:223–235

123



anomaly was also identified between the 106 and 110 m

directly near the surface.

Moreover, river sands and Pliocene clays were distin-

guished based on the obtained resistivity imaging (Figs. 3,

4). A loam layer (glacial till) probably occurs between

these deposits. Lenses with higher resistivity values

occurring within the river sands mainly consisted of a

saturated deposit characterized by lower resistivity. These

lenses are probably composed of gravel.

Discussion

The general outline of the geological structure in the study

areas is known from the reports of Baraniecka (1976, 1982)

and Sarnacka (1968, 1987). The thickness, type and

physical properties of the peat from the Całowanie Fen are

known from drilling surveys performed by Borówko-

Dłu _zakowa (1961) (1 borehole), Oświt and Dembek (1984)

(90 boreholes), Kowalczyk et al. (2014) (7 boreholes), and

Table 2 Results of laboratory tests: natural moisture content, ash content and pH of peats for the Kobyla Góra and Gole study areas

Study area Peat type Natural moisture content (%) Ash content (%) pH (-)

Kobyla Góra Reed peat Average value 457.12 47.16 5.62

Range 209.14–623.55 18.22–72.96 5.54–5.67

Estimator of standard deviation 218.91 21.66 0.05

Number of measurements 3 10 5

Sedge peat Average value 347.68 36.46 5.66

Range 230.32–441.66 22.71–47.07 5.54–5.81

Estimator of standard deviation 92.27 12.47 0.11

Number of measurements 5 3 6

Gole Moorsh Average value 502.87 15.15 5.43

Range 285.38–701.16 8.60–26.74 5.16–5.70

Estimator of standard deviation 131.24 6.95 0.20

Number of measurements 10 10 9

Sedge peat Average value 745.21 21.12 5.51

Range 529.80–738.03 7.23–80.93 4.90–6.60

Estimator of standard deviation 134.97 20.06 0.43

Number of measurements 33 33 36

Reed peat Average value 684.94 20.52 5.33

Range 499.11–906.93 7.74–85.46 4.99–5.60

Estimator of standard deviation 131.80 22.30 0.20

Number of measurements 9 9 10

Moss peat Average value 796.66 40.87 5.57

Range 389.78–1383.26 10.62–86.99 5.00–6.30

Estimator of standard deviation 343.27 26.62 0.46

Number of measurements 6 6 8

Table 3 Results of electrical

conductivity and pH of water

measured in the piezometers in

both study areas

Study area Borehole no. Filter depth (m) pH (-) ECW (lS/cm)

01. 10.

2013

08.03.

2014

12.04.

2014

01.10.

2013

08.03.

2014

12.04.

2014

Gole Ow38 1.5 7.42 6.64 6.26 739.0 606.8 588.0

Ow44 1.5 7.59 6.79 6.17 408.0 321.7 483.0

Ow44 3.0 7.39 6.71 6.01 623.0 554.1 559.0

Ow44 4.2 7.24 6.59 6.31 616.0 508.8 574.0

Kobyla Góra Ow18 3.0 6.83 6.38 6.51 219.0 218.3 190.5

Ow24 5.0 6.86 6.51 6.55 297.0 278.9 291.0

Ow30 1.0 7.11 6.11 6.37 214.0 175.1 157.7
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those presented in this paper. In the Całowanie Fen area,

several geophysical surveys were conducted previously;

they were focused on determining the basal surface of the

organic deposits (Kowalczyk and Mieszkowski 2011;

Kowalczyk et al. 2014). Application of geophysical

methods such as ground penetrating radar, vertical elec-

trical sounding, and refraction seismic have allowed for

precise recognition of the basal surface of the organic soil

and its lateral relationships with the surrounding layers

(Kowalczyk and Mieszkowski 2011). However, these sur-

veys were conducted on the margin of the Całowanie Fen

and peat did not occur in the geological succession of the

investigated areas; in turn, organic river flood silts covered

by sands were noted. Thus, for a major part of the fen with

an area of 12 km2, there were no geophysical surveys

characterizing the physical properties (such as electrical

resistivity) of the peat. Kowalczyk et al. (2014) showed a

successful application of GPR in peatland investigations

and concluded that the method provides an excellent

alternative to drilling and mapping of the stratigraphy and

peat thickness. This is confirmed herein by a GPR survey in

the central and eastern part of the Całowanie Fen. This

survey allowed to: determine the boundary between the

different peat types and distinguish the boundaries within

one peat type characterized by variable physical properties

resulting from the degree of decomposition. However, a

clear impact of the botanical composition on the value of

electrical resistivity was not recognized in the fen.

As it was mentioned in the Geological survey results

section, peat in the Całowanie Fen is characterized by a

high taxonomic diversity and variation in the basic physical

parameters such as ash content (Table 2) and degree of

decomposition. The obtained values of ash content are

higher than those indicated by Ilnicki (2002) as charac-

teristic (5–20%) of fens. A high mineral content could be

also caused by a sandier basal part of the peat profile due to

strong geomorphological processes occurring during peat

sedentation (Domińczak and Okupny 2010; Rydelek 2013).

Geological studies of peatlands indicate that peats often lie

on a thin layer of organic sands of the early phase of the

lacustrine sedentation (Falkowska 2001). Usually, the basal

zone of peatlands is strongly silted which is connected with

the fact that this zone marks the beginning of peat accu-

mulation on the mineral substrate and peat is strongly

enriched in mineral content of substrate (Rydelek 2011;

Rydelek et al. 2015).

The degree of peat decomposition affects its physical

properties. An increase in the degree of peat decomposi-

tion causes a decrease in porosity, which results in

increase in the bulk density and reduction of matrix

density as well as natural moisture content (Hobbs 1986;

Myślińska 1999, 2001). Laboratory resistivity investiga-

tions of Asadi and Huat (2009) have shown that the

resistivity of peat decreased with the increasing degree of

decomposition and moisture content and that peat resis-

tivity increased with increasing organic content. These

laboratory tests have not been explicitly confirmed by the

field surveys presented in this paper. This results probably

from the spatial variability of the peatland and influence

of individual factors (such as moisture content, ash

Fig. 3 Resistivity results for the Całowanie Fen in the Kobyla Góra study area: W–E pseudo cross-section
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content, degree of decomposition) on the final resistivity

image obtained in the ERI survey.

The ERI method may be useful for determining the

stratigraphic contact between the peat layer and the mineral

substrate (Slater and Reeve 2002; Comas et al. 2015;

Walter et al. 2016), which is also confirmed by this report.

The performed electrical resistivity survey proved its use-

fulness for mapping peat layers, regardless of their thick-

ness. It is obvious that the resistivity imaging results are

better where the peat thicknesses are larger. Moreover,

differences in the physical properties within the peat layers

can be also indicated. However, when the peat layer is

Fig. 4 Resistivity results for the Całowanie Fen in the Gole study area: a S–N pseudo cross-section; b W–E pseudo cross-section
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characterized by a small thickness, electrode spacing must

be selected carefully, so that the peat layer will not be

hidden or generalized. It is commonly known that the

Dipole–Dipole array does not work properly during

investigation of horizontal structures. However, the appli-

cation of this array has yielded good results in the resear-

ches carried out in the Caribou Bog by Comas et al. (2004).

Results of electrical resistivity imaging presented in this

paper, obtained with a Dipole–Dipole array, are also

promising.

The ERI survey in Gole has indicated the vertical and

horizontal variation of the physical properties of peat. The

diversity of physical properties in vertical profile is also

visible in the water samples collected from three depths

several times during the year from the filtered piezometer

of the OW44 drilling site. The research has shown

(Table 3) that when the measurement would have been

made only in April, 2014, it would be possible to conclude

that water conductivity increased with depth. However,

previous investigations have disrupted this trend because

the measurements of the water samples from the middle

depth of the filtered piezometer (3.0 m) had the highest

conductivity values in comparison to the others. ECW

spatial variability was also noticed within the Kobyla Góra

study area; as manifested in higher values of water con-

ductivity in the dune (Ow24 borehole) than in the fen

(Ow18, Ow30 boreholes) (Table 3). The reasons for this

phenomenon probably lie in the high sorption properties of

peat. Soil colloids are electronegative; therefore, cations

such as Na?, K?, Ca2? are subjected to sorption processes.

Chemical analysis of the groundwater samples in Kobyla

Góra seems to confirm this observation. Plant root system

assimilation of some solutes (especially during spring and

summer) and, to a smaller extent, rainfall infiltration in the

dune may also have an impact on the decrease of

groundwater conductivity in the peatland.

The variability of the properties in the peatland can

manifest itself, as in the western side of the Kobyla Góra

dune, by a higher resistivity associated with the presence of

blown-off mineral material. ERI method did not provide

accurate information on the substrate morphology and the

thickness of peat contrary to the GPR survey. Detailed

information from the GPR survey (Kowalczyk et al. 2014)

would be very difficult to obtain using data solely from the

drillings. The potential of GPR and ERI for estimating peat

thickness was confirmed by Comas et al. (2015). However,

these researchers indicate the limitations of geophysical

methods in determining the thickness of the peat. There-

fore, the studies require refinement in other test areas to

develop an appropriate, non-invasive and inexpensive

methodology.

A geological interpretation of the ERI measurements is

hampered by the lack of a deep borehole within the

Całowanie Fen. However, a few deep drillings were made

close to the fen area. One of such deep drillings was con-

ducted near the village of Tabor, as shown in Fig. 5.

Lithological data from the drill log were helpful in the

interpretation of the resistivity model and increased the

confidence of the generalized interpretation of soil types

based on the resistivity values. The spatial identification of

the geological structure can be used in further studies on

the formation of the palaeo-riverbed and referring these

analyses to contemporary processes influencing the mor-

phology of the modern Middle Vistula riverbed (Falkowski

2007a). Geomorphological features of the terrace surface

may be used in the engineering-geological assessment for

the correct location of regulating structures and their pro-

tection. These features can be regarded as indicative in

searching for protrusions of the alluvial substrate composed

of deposits resistant to erosion in river valleys of lowland

areas with a postglacial relief (Falkowski 2007b).

Conclusion

Application of the ERI method allowed to obtain 2D quasi-

continuous images of the geological structure, which is

essential for a correct interpretation of the geological

phenomena occurring currently and in the past. An exam-

ple is the spatial identification of the basal surface of the

river sands (Figs. 3, 4) which provides information on the

surface water flow during the formation of the valley

before peat sedentation. In protected areas, where low

invasiveness of research methods is necessary, application

of geophysical methods is the best way to obtain infor-

mation about the ground variability. Not only did the

presented investigations allow to obtain data on the dis-

tribution of peat and its properties but also allowed for

indirect understanding of the deeper geological structure in

which the discrepancy in the thickness estimation based on

geophysical methods increases with the depth of the

prospecting.

The most accurate method to show the spatial distribu-

tion of peat basal surface occurring below the ground

surface is the GPR method. Both the GPR and ERI meth-

ods enable to obtain quasi-continuous information on the

variability of the physical properties of peat.

The performed pieces of research on the Całowanie Fen

demonstrate significant heterogeneity of the peat in terms

of physical properties such as moisture content, ash con-

tent, degree of decomposition and electrical resistivity.

The studies presented in the paper have both a cognitive

and practical aspect. Presently, engineering investments are

more commonly designed in areas with organic soils. The

presented distribution of resistivity in relation to the

physical properties of peat may become a useful tool in the
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Fig. 5 Lithological column of the archival deep drilling near the area of Tabor (Baraniecka 1972)
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precise recognition of soils with low bearing capacity in

other areas, which in turn may influence the geological

engineering assessment of the ground.
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