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Genetic map of the Wielka Żuława soil cover: 
blanks to be fi lled using existing cartographic 
materials and remote-sensing data

Introduction

Th e soil cover of Poland was mapped in detail already 
in the 1950s and 1960s, when large-scale fi eldwork 
was carried out to create the fi rst maps covering 
almost the entire country. In this period, agricultural 
soil maps on a scale of 1:5,000 and 1:25,000 were 
developed (Witek 1965). Even though they were 

created according to a nomenclature that is now 
outdated, the information contained in these maps 
allows for their quite precise updating to modern, 
currently applicable classifi cation systems (Świtoniak 
et al. 2019; Kabała et al. 2022). On the other hand, 
it should be noted that most agricultural areas have 
not been verifi ed in terms of the spatial extent of 
individual soil contours since the 1950s/1960s. Much 
more up-to-date and detailed data are available for 
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Abstract. Poland is considered to have a very well mapped soil cover and detailed soil cartographic 
materials. Despite this, some areas have “blank spots” on soil-agricultural or soil-habitat maps. These 
include the Wielka Żuława island on Jeziorak Lake (on the Iława Plain). This island is almost deserted 
and inaccessible, making detailed fi eld research there very diffi cult. The aim of the work was to 
check the possibility of using existing cartographic materials and remote-sensing data to develop a 
genetic map of the soils of this area. In order to interpret the existing materials, preliminary fi eld 
works were carried out: six soil pits and 22 manual drillings to an average depth of 2 m. These 
studies showed signifi cant diversity of soil cover. The largest share within the central, upland part 
of the island have autogenous rusty soils (Brunic Arenosols according to the World Reference Base 
[WRB]) and clay-illuvial soils (Luvisols – WRB). The lower locations (mainly along the coast of the 
island) were dominated by organic soils (Histosols – WRB). The digital elevation model (DEM) enables 
precise determination of the boundary between THE mentioned autogenous and hydrogenic soils. In 
the group of organic pedons, a large area was degraded, which was expressed by the occurrence 
of murshic soils (Murshic Histosols – WRB). The DEM obtained from LiDAR data shows networks of 
(almost invisible in aerial photos) drainage ditches and channels, which turned out to be very useful 
in determining the extent of the mentioned degradation. The greatest diffi culties concerned the extent 
of soil developed as a result of human infl uence – colluvial (Solimovic Arenosols) and anthropogenic 
soils. In the fi rst case, a relief model combined with archival orthophotomosaics allowed for an 
approximate estimation of the places where these soils occur. Both elements (DEM and archival aerial 
photos) were also used to estimate the extent of occurrence of technogenic soils (Technosols – WRB).
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the soil cover of forests managed by the State Forests. 
The soil-habitat maps prepared by this institution on 
a scale of 1:5,000 are constantly updated (every 20–
25 years) and are currently based on the relatively 
modern Classification of Forest Soils in Poland 
(2000). The reclassification of these maps to the latest 
version of the Polish Soil Classification (2019) does 
not pose any major difficulties (Kabała et al. 2022). 

Despite such accurate mapping of Poland’s soil 
cover, most of the contours require re-verification. 
Since the 1970s, many scientific works have appeared 
discussing the need to implement aerial and satellite 
photos when delineating and updating the contours of 
soil units (e.g., Buringh 1970; Białousz 1978; Białousz 
et al. 1978; Malik et al. 1984; Akamigbo et al. 1994; 
Sinkiewicz 1998; Žížala et al. 2019). Moreover, these 
photos provide very good results in determining the 
spatial extent of completely eroded soils – calcareous 
Regosols within moraine plateaus in glacial moraine 
regions (Matecka and Świtoniak 2020) or other 
soil units (e.g., eroded Luvisols) transformed by 
anthropogenic denudation (Świtoniak et al. 2013). 

Detailed, high-resolution Digital Terrain Models 
(DTMs) are a breakthrough tool in cartography. 
Currently, models generated from LiDAR (Light 
Detection And Ranging) data are very often used. 
Some of the many interesting examples of the use 
of LiDAR are the estimation of leaf area index (LAI) 
using ALS data (Sabol et al. 2014). LiDAR-based 
DTMs offer enormous interpretative and analytical 
possibilities. These models are used for analyses 
of slope inclination and exposure, surface runoff, 
delineation of degradation (erosional truncation) 
and aggradation (colluvium accumulation) zones, 
and many other purposes. Thanks to their high 
resolution, they reveal surface features invisible to the 
naked eye, such as drainage ditches hidden under the 
tree canopy, which are not shown in a regular aerial 
photo. Based on LiDAR scans from before and after 
a fire, it is also possible to estimate losses in organic 
soils and carbon dioxide emissions during the 
combustion process (Reddy et al. 2015). The great 
advantage of LiDAR-based models is their enormous 
interpretative possibilities, which in the field of soil 
science can also support farmers in preventing soil 
degradation due to salinity (De Feudis et al. 2021). 
In more extreme conditions, various forms of erosion 
– including those related to mass movements – can 
be monitored by “LiDAR monitoring” even in places 
where in-situ testing is impossible. By performing 
several LiDAR aerial surveys, it is possible to create a 

series of maps with the historical course of colluvium 
deposition, which in turn can support the authorities’ 
decision-making in connection with crisis response 
(Domlija et al. 2019).

In recent years, there has been a rapid 
development in the industry of unmanned aerial 
vehicles (UAVs), popularly called “drones”. These 
allow surveyors to take very accurate and low-cost 
LiDAR measurements and aerial photography in 
relatively small areas. This is particularly useful, or 
even necessary, when conducting detailed studies 
of dynamic and local environmental changes, such 
as mass movements (Jong-Tae et al. 2023) or the 
shifting of glaciers (Baurley et al. 2022) or dunes 
(Solazzo et al. 2018), or when assessing losses after 
natural disasters. In the study of the variability of soil 
cover properties, UAVs have been used to, among 
other things, determine changes in soil organic 
matter content (Zhou et al. 2023) or in other aspects 
of precise agriculture (Gevaert et al. 2015).

As shown above, since the creation of soil-
agricultural and soil-habitat maps, many technologies 
that enable the updating of spatial soil data have been 
developed. Moreover, on soil-genetic maps – even 
detailed ones – there are individual forest or rural 
areas for which no information relating to soil is 
recorded. Such exceptions include the area of Wielka 
Żuława island. Although a technical soil classification 
of land (tax-bonitation survey) was carried out on 
this island in 1966, both on medium- and larger-
scale overview soil-genetic maps and detailed soil-
agricultural/-habitat maps, the area of the island is 
a “blank spot” in terms of soil cover information. 
Therefore, the aim of this work is to use cartographic 
and remote-sensing materials in the development of 
a genetic map of the soils of Wielka Żuława island. 
To achieve the above goal, the following research 
tasks were distinguished:

•	 a review of existing cartographic materials – 
topographic maps, surface geological maps,

•	 -	field studies of genetic variability of soils in 
the studied area,

•	 classifying of soils according to modern 
systems – 6th edition of the Polish Soils 
Classification (PSC, 2019) and the newest 
version of World Reference for Soil Resources 
(WRB – IUSS, 2022). 

•	 the use of an orthophotomosaic and digital 
terrain model (DTM) elaborated on LiDAR 
data in determining the spatial range of 
individual soil units.
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2. Study area and methods

The research was conducted in the area of Wielka 
Żuława in the southern part of Lake Jeziorak (Fig. 1). 
It is an inland island with an elongated shape and 
total area of 82.4 ha, which makes it the largest 
island in Jeziorak and one of the largest in Poland. 
The island is located within the administrative 
boundaries of the city of Iława in the south-western 
part of the Warmian-Masurian Voivodeship. 

Wielka Żuława is located in a moist and cool 
temperate climate zone (IPCC 2006). According 
to the Köppen−Geiger Climate Classification, 
the region is located in a fully humid zone with 
temperate and warm summer (Kottek et al. 2006). 
Average annual air temperature (based on data 
from the period 1991–2020) varied between 8 and 
8.5 °C, and the average annual precipitation is 
~550–600 mm, with the majority of precipitation 
occurring in summer season (Tomczyk and 
Bednorz 2022). The humid period (predominance 
of precipitation over potential evaporation) lasts 
for the whole year, conditioning the leaching 
soil-water regime in pedons with good natural 
drainage (autogenic soils). 

In morphogenetic terms, the island is a kame 
hill (Fig. 2) located in the bottom of a tunnel 
valley created during the Pomeranian phase (16–
17 kyr BP) of the Weichselian glaciation (Marks 
2012) and filled by the waters of Lake Jeziorak. The 
main part of the island has the form of a relatively 
flat kame plateau with steep slopes, the inclination 
of which exceeds 20° in the eastern and south-
eastern parts of the island. In other parts, slopes 
with an inclination of about 10° predominate. 
These slopes have a relative height of over 10 m 
and arise from ~100 m a.s.l. (the average water 
level is 99.2 m a.s.l.) to the highest point at 116.6 
m a.s.l. According to the geological map (source), 
the kame hill is composed of sediments of varying 
texture – from sand to loam. In the northern 
and southern parts of the island only, there are 
relatively small areas of biogenic plains that rise 
slightly above the lake’s water surface and cover 
sandy fluvioglacial sediments. 

Until the late 1960s, most of the island was 
still used for agriculture (Fig. 3). Archival aerial 
photographs show a significant share of arable 
land, especially in the central part of the island. 
Only the slopes adjacent to the lake and the 

Fig. 1. Location of Wielka Żuława island

northern and southern marshy areas were covered 
with forests. In the eastern and southern parts of 
the island, there were also tourist and recreation 
resorts. Currently, most of the island is fallow 
and overgrown with shrubs and trees (mainly 
hawthorn and other deciduous species). A few 
tourism resorts still operate along the eastern 
coast.

Fieldworks were conducted in November 2022. 
Six soil pits and 22 manual augerholes (Tables 1 
and 2; Figs  4 and 5) were made. Soil samples 
were taken from the genetic horizons described in 
soils represented by four soil pits. Disturbed soil 
samples were taken from every genetic soil horizon. 
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Fig. 2. Maps of relief (left) and geological surface formations of Wielka Żuława (right)

Standard soil analyses were performed using the 
following methods: particle-size distribution by 
sieve and sedimentary aerometric method; content 
of total carbon (TC) and total nitrogen (TN) by 
dry combustion (VarioMacroCube, Elementar, 
Langenselbold, Germany), following which the TC 
content was corrected with content of inorganic 
carbon to determine the total organic carbon 
content (TOC); calcium carbonate (CaCO3) 
content by volumetric Scheibler method; and pH 
of soil-to-solution ratio of 1:2.5 using 1 M KCl 
and distilled H2O as the suspension medium. 
Colour was described according to Munsell Soil 
Color Charts (2000). 

The systematic position and names of diagnostic 
horizons were given after the sixth edition of the 
Polish Soil Classification (PSC 2019) and WRB 
(IUSS Working Group WRB 2022), while the 
symbols of horizons were given solely after WRB. 
English names of soil units (PSC 2019) were given 
according to proposal of Kabała et al. (2019).

3. Results

The investigated soils can be divided into three main 
groups depending on the differentiation in natural 
conditions in the context of their water regime. The 
largest group (15 profiles) consists of well-drained 
mineral (autogenic) soils supplied mainly by rain-
water and with good natural drainage conditions. 
They were derived mainly from kame sediments 
with the texture of sands/loamy sands or sands un-
derlain by loamy materials. In the first case of deep 
(thicker than 200 cm) sands, rusty soils with diag-
nostic sideric horizon (PSC 2019) were developed 
(WRB 2022 – Brunic Arenosols). In the second 
case, the cover sands also usually had well-devel-
oped Bw horizons (sideric horizon in PSC and ex-
pressed by Brunic qualifier in WRB), but in the 
upper part of the deeper-lying (starting 50–200 
cm from surface) loamy material an illuvial hori-
zon of clay accumulation – argic (Bt) was also not-
ed. If the upper boundary of the Bt horizon starts 
at ≤100 cm, the soils were classified as clay-illuvi-
al (PSC 2019) and as Luvisols (WRB 2022), and in 
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Fig. 3. Wielka Żuława island on a compilation of archival aerial photos – orthophotomosaics  
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deeper cases (>100 cm from surface) as rusty soils 
(or Brunic Arenosols – WRB). In clay-illuvial soils 
(WRB – Luvisols), the lithological discontinuity be-
tween sands and loams was accompanied by a sud-
den increase in the clay fraction (in the Bt top), 
which was expressed by the subtype “texturally con-
trasted” (PSC 2019) or the qualifier “Endoabrup-
tic” (WRB 2022). Common in both types of soils 
(clay-illuvial and rusty soils) were features connect-
ed with ploughing expressed by a clearly homoge-
nised A horizon with a sharp boundary at a depth 
of 30 cm. Such thickness of humus horizons causes 
these soils to be assigned the subtype “humic” (PSC 
2019). However, the humus content was too low to 
apply the Humic qualifier in WRB (2022). Locally, 
occurrences were also found of truncated, erosion-
ally shallowed (Phillips et al. 1999; Świtoniak et al. 
2016) clay-illuvial soils (WRB – Haplic Luvisol) (in 
augerhole 21) and ordinary colluvial soils (WRB – 
Solimovic Arenosols) developed from humic slope 
materials (in augerhole 6). Colluvial soils were char-
acterised by a relatively weakly developed but thick 
A horizon (Świtoniak 2015; Zádorová et al. 2023).

The second group based on natural water 
regime contained poorly drained mineral soils 
strongly influenced by groundwater. These soils 
had well-developed, humus-rich, dark and thick 
A horizons and parent materials with pronounced 
gleyic properties. Mostly they were classified as 

typical black earths (PSC 2019) and according to 
WRB (2022) as Endogleyic Phaeozems or Gleysols. 
This group also included turbisols (PSC 2019) 
and Phaeozems with qualifier “Relocatic” (WRB 
2022) that were strongly mixed by humans to great 
depth, mainly in the areas of former recreation 
centres. The soils belonging to the poorly drained 
group were located at low altitudes, mainly near the 
shores of the island, and were formed from kame 
or fluvioglacial sediments ranging from coarsely 
textured gravels or sands to loams. 

The last group consisted of organic soils, with 
the lowest ones being located directly above the 
current water table of Jeziorak. Originally, these 
soils developed through the accumulation of peat 
at a very shallow water table. Currently, most of 
them show clear signs of drainage degradation – 
black, granular mursh is visible in the uppermost 
part of pedons. In the WRB classification, all of 
these soils were classified as Murshic Histosols. In 
the Polish Soil Classification (2019), the thickness 
of the mursh determined their differentiation into 
two types – murshic soils if it was at least 30 cm 
thick; and murshic peat soils if it did not exceed 30 
cm. In one case, the mursh was covered by 30-cm-
thick mineral material, probably deliberately added 
by the previous owners (now it is covered by forest) 
in order to improve the functional properties of this 
soil.

 

Horizon 
Sampling 

depth [cm] 

OC Nt  

C/N 
CaCO3 

[%] 

pH Colour* Fraction [%] 

Class 
USDA [%] H2O 1M 

KCl 
dry moist 

Sand 
2-0.05 
mm 

Silt 
0.05-
0.002
mm 

Clay<0.
002 mm 

9 SP Humic brown-rusty soil  
Ap 0-30 0.87 0.08 11 n.d. 5.5 4.2 10YR 7/2 10YR 3/3 75 17 8 SL 
A 30-55 0.52 0.05 11 n.d. 5.4 4.5 10YR 7/2 10UR 3/3 77 19 4 LS 

Bw 55-90 0.21 0.02 10 n.d. 5.5 4.5 10YR 7/4 10YR 4/4 79 17 4 LS 
C(g) 90-130 n.d. n.d. n.d. n.d. 6.0 4.8 n.d. n.d. 90 9 1 S 
2Bt 130-150 0.11 0.02 5 n.d. 6.0 4.6 n.d n.d 67 17 16 SL 

18 SP  Murshic fibric peat soil  
Ha 0-25 40.7 2.83 14 n.d. 5.8 5.5 10YR 3/3 10YR 2/2 n.d n.d. n.d. n.d. 
Hi 25-70 33.2 1.98 17 n.d. 5.6 5.6 10YR 3/4 10YR 2/2 n.d. n.d. n.d. n.d 

25 SP  Typical black earth 
Ap 0-30 2.26 0.21 11 2.16 7.1 7.0 10YR 4/2 10YR 3/1 79 15 6 LS 
Ckl 30-110 n.d. n.d. n.d. 12.4 8.4 8.3 n.d. n.d. 95 3 2 S 

28 SP  Earth-covered murshic soil 
A 0-30 4.53 0.32 14 n.d. 6.2 6.1 5Y/4/1 10YR/2/1 92 3 5 S 
Ha 30-100 41.5 2.87 14 n.d. 5.4 5.1 5Y/3/1 10YR2/1 n.d. n.d. n.d. n.d. 

Table 1. Selected properties of investigated soils (soil pits)
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Nr Soil subtype (PSC 2019) RSG (WRB 2022) Horizon 
sequence 

D Elevation 
m a.s.l. 

Terrain 

1 Typical black earth Endogleyic Phaeozem A-Al-Cr PD 100.03 flat 

2 Typical black earth Mollic Gleysol A-Cl-Cr PD 100.71 flat 

3 Turbisol Phaeozem (Relocatic) A PD 99.94 flat 

4 Humic texturally contrasted 

clay-illuvial soil (rustic) 

Endoabruptic Luvisol 

(Neobrunic) 

A(p)-Bw-Eg-2Bt-

2BC 

WD 111.65 medium slope 

5 Typical clay-illuvial soil Epiabruptic Luvisol A-Eg-2Bt WD 116.50 summit 

6 Humic ordinary colluvial soils Solimovic Arenosol A-A-A-Al WD 107.22 depression 

7 SP* Brown-rusty soil Brunic Arenosol (Protoargic) A-Bw-B(t,g)-C WD 111.47 medium slope 

8 Humic rusty soil Brunic Arenosol A(p)-Bw-C WD 116.10 flat 

9 SP Humic brown-rusty soil Brunic Regosol A(p)-A-Bw-Eg-

2Bt 

WD 112.85 flat 

10 Humic texturally contrasted 

clay-illuvial soil (rustic) 

Endoabruptic Luvisol 

(Neobrunic) 

A(p)-Bw-2Bt(g)-

2C 

WD 113.62 flat 

11 Humic texturally contrasted 

clay-illuvial soil (rustic) 

Endoabruptic Luvisol 

(Neobrunic) 

A(p)-Bw-2Bt(g)-

2C 

WD 115.00 flat 

12 Humic rusty soil Brunic Arenosol A(p)-A-Bw-Eg-

2Bt 

WD 112.30 flat 

13 Turbisol Endogleyic Phaeozem 

(Relocatic) 

A-Cl WD 102.84 flat 

14 Typical black earth Endogleyic Phaeozem A-Cl-Cr PD 100.55 flat - terrace 

15 Humic texturally contrasted 

clay-illuvial soil (rustic) 

Endoabruptic Luvisol 

(Neobrunic) 

A-Bw-2Bt WD 109.89 flat 

16 Humic rusty soil Brunic Arenosol A(p)-Bw-C WD 111.03 flat 

17 Typical black earth Endogleyic Phaeozem A-Al-Cr PD 99.97 flat 

18 SP Murshic fibric peat soil Murshic Fibric Histosol Ha-Hi VPD 99.47 flat - shore 

19 SP Humic rusty soil Brunic Arenosol Ap-Bw-C-Cl WD 101.29 summit of hill 

20 Sapric Histosol Sapric Histosol Ha-Cr VPD 99.92 flat depression 

21 Eroded humic clay-illuvial soil Haplic Luvisol  A-Bt-Ckg-Cl WD 101.45 small hill 

22 Typical black earth Endogleyic Phaeozem A-Al-Cr PD 100.25 small hill 

23 Brown-rusty soil Brunic Arenosol (Protoargic) A-Bw-B(t,g)-C WD 109.64 flat 

24 Murshic soil Murshic Histosol Ha-Cr VPD 100.08 almost flat 

25 SP Typical black earth Mollic Gleysol Ap-Clk PD 101.04 flat 

26 Typical black earth Mollic Gleysol A-Cr PD 100.29 almost flat 

27 Murshic soil Murshic Histosol Ha-Cr VPD 99.32 flat 

28 SP Earth-covered murshic soil Murshic Histosols (Novic) A-Ha VPD 100.04 flat 

 

Table 2. Classification of soils (soil pits and augerholes)
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Fig. 4. Morphology of investigated profiles (soil pits)

4. Discussion

A detailed mapping of the soil cover (to create a 
map on a scale of 1:5,000) of the investigated area 
would be very time-consuming. An environment 
with such significant pedodiversity would require 
a much larger number of soil pits and augerholes 
(Polskie Stowarzyszenie Klasyfikatorów Gruntów 
2020). However, the research carried out allowed for 
the detection of the main relationships between the 
main environmental components and soil variability.

The creation of a genetic map of the soils allowed 
not only a relatively precise determination of the 
range of individual soil units but also an estimation 
of their share in the area of the entire island.

The main part of the island’s surface is covered 
by soil contours with good natural drainage, 
corresponding in extent to the kame plateau 
occupying the central part of the study area and 
small elevations located in its northern and southern 
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Fig. 5. Map of soil cover of Wielka Żuława island

parts (Fig. 5). These areas are dominated by clay-
illuvial soils (PSC 2019) / Luvisols (WRB 2022) and 
rusty soils (PSC 2019) / Brunic Arenosols (WRB 
2022). Both types of soils create a complex mosaic 
depending on the thickness of the sandy cover 
and depths to the upper limit of Bt horizons. This 
variability is not reflected in any surface features of 
the environment, such as relief, colour of surface 
horizons, or variability of vegetation. For this reason, 

it is not possible to separate these two soil units based 
on other cartographic materials, and they have been 
marked on the map as a soil association. A similar 
problem has already been described in the Brodnica 
Lake District (Świtoniak 2006). Nevertheless, the soil 
types have similar utility value due to their cover 
sands being underlain by loamy textured material 
(Świtoniak 2007). Part of the surface of the studied 
kames is characterised by a distinctive inclination of 
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slopes, which, combined with arable use in the past, 
must have led to a significant erosion of the soil cover 
(Kobierski 2013; Podlasiński 2013; Świtoniak 2014). 
Field studies confirmed the truncation of some clay-
illuvial and rusty soils. The occurrence of colluvial 
deposits in some depressions was also proven.

The extend of eroded and colluvial soils can be 
easily determined using aerial photos showing the 
variability of colour of surface horizons (Świtoniak 
et al. 2013; Žížala et al. 2019; Matecka and Świtoniak 
2020; Radziuk and Świtoniak 2022), especially in 
combination with interpretation of the terrain model. 
It would also be very useful to use vegetation cover 
images enabling the calculation of NDVI (Singh et al. 
2004). Such remote-sensing materials cannot be used 
in the analysed area. The entire island is overgrown 
with secondary succession vegetation (Fig. 3), which 
is completely independent of the degree of erosional 
transformation of soils. The latest photos showing 
the colour of surface horizons are panchromatic and 
come from the 1980s, which makes it impossible 
to use them in assessing the extent of eroded or 
colluvial soils. 

For the above reasons, the only material helpful in 
estimating the occurrence of erosionally transformed 
soils (in this case colluvial soils) was a map showing 
the locations of potential surface runoff (Fig. 6) 
developed on the basis of the DTM generated from 
LiDAR data. The soil map does not take into account 
the potential occurrence of colluvial soils in places 
that in the past were not used for agriculture (having 

Soil unit PSC 2029 / WRB 2022 Surface [m2] Share [%] 

Clay-illuvial and rusty soils / Luvisols and Brunic Arenosols 551,727 65.7 

- with colluvial soils / with Solimovic Arenosols 6,260 0.7 

- with technogenic soils / with Technosols 10,210 1.2 

Colluvial soils / Solimovic Arenosols 6,417 0.8 

- with technogenic soils / with Technosols 19,283 2.3 

Murshic soils / Histosols 80,003 9.5 

Black earths / Endogleyic Phaeozems and Mollic Gleysols 64,255 7.6 

Technogenic soils 59,336 7.1 

Peat soils / Histosols 37,973 4.5 

Arenosols and regosols / Arenosols and Regosols 4,655 0.6 

Sum 840,120 100.0 

 

Table 3. Share of area of individual soil units

instead been covered with forests), which indicates 
the lack of possibility of intensive movement of 
slope sediments. This applies mainly to the foot of 
the kame plateau slopes near the lake shores. LiDAR 
data have already been used many times by other 
authors to study soil erosion (e.g., Gunay et al. 2019; 
Domlija 2019).

During the field reconnaissance, individual 
places (0.6%) of former sand and gravel excavations 
were also confirmed; in these places, the soil was 
completely destroyed and currently there are poorly 
formed arenosols and regosols.

An important issue is to determine the boundary 
between the above-described well-drained autogenic 
soils and mineral semihydrogenic soils strongly 
influenced by groundwater. In the case of the studied 
island, the occurrence of semihydrogenic soils was 
found only in low-lying areas along the shores of 
the lake. In many places, they constitute a kind 
of ecotone zone to the organic soils located at the 
lowest elevations, slightly above the current water 
table of Jeziorak. In drawing the boundary between 
semihydrogenic soils and higher-located well-drained 
soils, the terrain model proved to be very useful. 
Isohypses located at heights of 100–103 m a.s.l. 
were used here. Differences in these heights result 
from local differentiation determined by topography. 
The foot of long and steep slopes may be more 
strongly supplied with intra-surface groundwater, 
which slightly raises the upper altitude limit of the 
occurrence of semihydrogenic soils. 
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Fig. 6. Map of the potential runoff on Wielka Żuława

The digital terrain model was also successfully 
used to determine the boundary between organic 
(peat and murshic soils – PSC 2019; or Histosols 
according to WRB) and mineral semihydrogenic 
soils. Fieldworks confirmed that, regardless of the 
part of the island, this boundary runs at an altitude 
of ~100 m a.s.l. All profiles of organic soils examined 
in the field showed clear signs of degradation, visible 
in the form of mursh, i.e. black organic matter with 

a granular structure (Okruszko 1976, 1993; Roguski 
1980; Piaścik and Gotkiewicz 1995). The thickness 
of this mursh ranged from several centimetres to 
more than one metre. During the analysis of the 
DTM based on LiDAR data (i.e., “after removing” the 
data on vegetation cover), it was noticed that heavily 
degraded soils (with muck of over 30 cm thick) 
occur in the northernmost and southern parts of 
island (areas with visible drainage channels) (Fig. 7). 
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Fig. 7. Application of the relief model in determining the 
presence of mucky soils based on visible networks of 
drainage ditches: visualisation using DEM and Sky View 
Factor analysis, based on GUGIK data

These channels were poorly visible at the stage of 
fieldworks and are currently not clearly visible on the 
orthophotomap, mainly due to the dense alder forests 
growing on organic soils. LiDAR data revealed the 
impact of humans on drainage and degradation of 
organic soils, which made it possible to separate 
murshic from peat soils on the elaborated map of 
soil cover.

The last issue, in which both aerial photos and 
DTM were used, was determining the range of 
technogenic soils – those related to the occurrence 
of both earthen structures and infrastructure created 

by man. The result of such activity is technogenic 
soils (urbisols, ekranosols, turbisols, aggerosols) 
whose largest ranges of occurrence were confirmed 
in the eastern and southern parts of the island, where 
holiday resorts were located in the past. LiDAR data 
allowed even for the precise determination of the 
extent of a “stronghold” created for the filming of 
the movie The Nest in the 1970s (Fig. 8).

5. Conclusions

The conducted research allows for the formulation 
of the following conclusions:
•	 The island of Wielka Żuława is dominated by 

clay-illuvial and rusty soils (Luvisols and Brunic 
Arenosols – WRB) developed from kame 
deposits. Separating these soils on the map is 
not possible due to the varied and dynamically 
changing thickness of the sandy cover and the 
depth of loam (and the top of the Bt horizon). 
This interchangeability is not reflected in any 
available cartographic materials;

•	 In the northern and southern parts of the 
island there are large areas of organic pedons 
– peat and murshic soils (Histosols or Murshic 
Histosols – WRB); 

•	 The relief model elaborated on the basis of 
LiDAR data shows networks of drainage ditches 
and turned out to be very useful in determining 
the extent of murshic soils (Murshic Histosols 
– WRB 2022) resulting from anthropogenic 
drainage and degradation of peat soils;

•	 The relief model made it possible to quite 
precisely determine the boundary between 
organic soils and mineral soils with poor 
natural drainage: black earths (Endogleyic 
Phaeozems or Mollic Gleysols in WRB); it runs 
at an altitude of 100 m a.s.l.;

•	 Some difficulties were encountered in 
determining the transition from the above-
mentioned soils with natural poor drainage 
(black earths) to well-drained pedons (clay-
illuvial and rusty soils). Depending on the 
topography of the land, it is located at an 
altitude of 100.5 to 102 m a.s.l.;

•	 The landform model combined with an archival 
orthophotomosaic (showing the historical 
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Fig. 8. Remains of the “stronghold” from the film The Nest 

extent of arable land) was used to determine 
places of possible occurrence of colluvial soils;

•	 The archival orthophotomosaic together with a 
relief model allowed for the selection of places 
where technogenic soils (WRB – Technosols) 
occur (i.e., turbisols, aggerosols, urbisols, 
ekranosols).

The next stage of the work should be the 
evaluation of the obtained results, especially in 
the context of erosional transformations of the soil 
cover and the range of other forms of impact of 
human activity.
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