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Проучване на структури „сурдук“ в льоса на десния бряг на Дунав  
и Тителския рид по сателитни снимки и топографски карти в мащаб 
1:25 000
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Abstract. The Loess plateau is a geological formation that originated during the Pleistocene epoch and is prevalent in 
Vojvodina, Serbia. Loess is a type of sedimentary rock made up of fine siltstones; it exhibits subtle layering, capillary 
porosity, and vertical collapsing. This formation was created through silt-sized fraction deposition and dust carried by 
the wind over grassy regions during colder periods. Over time, these deposits were lithified, and a layer of paleosol 
developed above the loess during warmer climate phases. Up to Slankamen area, the Loess plateau maintains a rela-
tively uniform composition; however, the terrain’s morphology becomes much more complex beyond this point in 
a westward direction. Through analysing satellite imagery, topographic maps, and GIS methods, we have identified 
specific phenomenon referred to as “surduk” that disrupt the plateau’s coastal uniformity, posing potential ecological 
risks. This ongoing research highlights the need for systematic monitoring of the current environmental conditions in 
the loess areas in Vojvodina.
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Introduction

The right bank of the Danube from Zemun city to 
Slankamen area, and Titel’s Hill are built mainly of 
loess (among other parts in Vojvodina); this forma-
tion is also called the Loess plateau (Fig. 1a). The 
left bank mainly comprises silt sands, silt clays, and 
loess. The difference between the formations of the 
right and left banks of the Danube is simplified: 
the right bank of the Danube is mostly fine-grained 
silt-sized fraction material that was created by aeo-
lian processes, brought by the wind (loess), while 
the sandy-clay silt material of the left bank of the 

Danube was formed by deposition in a mostly wa-
ter environment. At Slankamen area, the tectonics 
becomes significantly more complex, although the 
geological units are similar, with the Upper Jurassic 
appearing locally, represented by marly limestones, 
biogenic limestones, sandstones and clays. The area 
of Slankamen area initiated this article because at 
one point in geological history there was a lowering 
of the terrain of about 30 to 60 m, an area of about 
1000 hectares (Fig. 1b). Furthermore, in the direc-
tion of Novi Sad town, landslides were developed, 
related to lake-marsh facies (jb-mr) of the Pleisto-
cene age built up of sandy-clay siltstone and sandy 
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Fig. 1. Surduk phenomenon: a, distribution of loess formation in the study area (Danube River bank and Titel area); b, Slankamen 
area; c, Mošorin village area; d, Surduk village north area

siltstone, which are shown on the geological map 
of OGK SFRJ sheet L34-101 (Čičulić-Trifunović, 
1985). Based on the review of topographic maps and 
satellite images, as well as the study of the geologi-
cal characteristics of the terrain, it is possible that 
in the future, there will be a similar sudden descent 
of the terrain, in loess, and that one of the factors of 
instability is phenomena called “surduk”, which are 
easily visible on satellite images and topographic 
maps. A surduk is a deep ravine that forms in loess, 
which is predisposed by faults. Since these areas are 
densely populated today, it is necessary to moni-
tor changes continuously. There is a village called 
Surduk on the right bank of the Danube, which was 
named because of the presence of surduk phenom-
ena in its vicinity. It is important to mention that 
the toponym, i.e. horonym “surduk” represents the 
phenomena of the research presented in this article 
(a word of Turkish origin, narrow-steep pass or low 
swampy terrain – surdak). Also, of interest is word 
moshor, which means a small forest or wetland (the 
word originates from the Hungarian language – 

mocsár). Additionally, there are topographic maps 
at a scale of 1:25 000 named Surduk, and Mošorin, 
which are used for this article, mentioned later. 

Characteristic of loess
Loess is aeolian sediment composed mostly of 
light-brown-yellowish silt-sized fraction formed 
during the Quaternary. Loess formation involves 
the following stages: crushing, deflation – transport 
and deposition of particles. Traditionally, loess is 
considered a glacial semi-desert-desert sediment. 
To determine the origin of loess, researchers divide 
loess deposits into two types according to the source 
of the material, i.e. glacial or cold and desert or warm 
(Li et al., 2019). Most of the loess cover in Vojvo-
dina originates from the Pleistocene (the first epoch 
of the Quaternary). Based on various sources, the 
Pleistocene’s age is from 1.81 Ma to 11 550 years 
or from 2.58 million to 11 700 years. During this 
period, ice ages, called glacial, were characteristic, 
when loess was deposited. Between the glacials, 
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there were periods of milder climate – interglacial, 
when soils were formed on the loess. There was a 
total of eight such periods in Vojvodina. Geologi-
cally, Vojvodina was formed under the influence of 
climatic conditions that favoured the deposition of 
loess sediments. This period is referred to as “Virm” 
(Würm), and then there were intense aeolian pro-
cesses. The origin of aeolian particles, which later 
became loess, is from the periglacial area of conti-
nental glaciers. At that time, cold winds blew from 
the continent’s interior, lifting and carrying rock 
dust from the glacial moraines. When these winds 
encountered areas above which the kinetic energy 
decreased, the carried material (dust) would settle. 
Vojvodina was an ideal location for the accumula-
tion of these particles because, due to its geographi-
cal latitude and relief, there was low air pressure 
over those areas. Plant cover was necessary for the 
accumulation of dust, which led to the formation 
of loess deposits. Quartz and calcite are the major 
mineral phases; in addition of smaller quantities of 
feldspar, mica, epidote, chlorite, ilmenite, garnet, 
zircon, magnetite, and others. The calcite composed 
less than 1/3 of the mineral composition in a form of 
loose powder, which easily dissolves and releases 
Ca2+ ions (Hadžić et al., 2005). The approximate 
percentages of the main components of the Danube 
loess are: silicon dioxide (SiO2) is 60–70%, alumin-
ium oxide (Al2O3) is 15–20%, calcium oxide (CaO) 
is 5–10%, magnesium oxide (MgO) is 2–5%, iron 
oxide (Fe2O3) is 2–4%, and carbon dioxide (CO2) 
is 1–2%. These percentages can vary depending on 
the local geological loess formation process. The 
concentration of trace elements in the Vojvodina 
loess varies; the values for characteristic elements 
are as follows: strontium (Sr) 300–500  ppm, zinc 
(Zn) 50–100 ppm, copper (Cu) 20–40 ppm, nickel 
(Ni) 10–30 ppm, lead (Pb) 10–20 ppm, cobalt (Co) 
5–15 ppm, manganese (Mn) 100–200 ppm. These 
trace elements are crucial for analysing the origin 
and environmental conditions that existed during 
the formation of the loess (Fitzsimmons et al., 2012, 
Buggle et al., 2008).

Environmental risks in loess
Environmental risks related to loess can be divided 
into exogenous, endogenous and anthropogenic. 
Exogenous risks are mainly landslides. The causes 
and development of landslides in thick loess terrains 
are specific, considering the described features of 
these geological formations. It is a complex collu-
vial process, which we will not explain in detail. In 
a simplified way, it could be explained that during 
extended wet periods, the cracks and fissures fill with 
water and weaken the stability of the loess blocks, 
causing a landslide. Endogenous factors are related 

to earthquakes; among others the deadliest earth-
quake occurred in Shanxi province, China, on Janu-
ary 23rd, 1556, with more than 100,000 dead, while 
700,000 migrated or died of disease and starvation. 
The leading cause is that people lived in a space that 
was buried in the loess that collapsed on the inhabit-
ants during the earthquake (Feng et al., 2020). 

The anthropogenic factor means that during pe-
riods of heavy seasonal rainfall, artificial obstacles 
can cause landslides and rockfall. Houses, roads, 
and other anthropogenic objects, as well as water 
obstacles, have changed the structures of Loess pla-
teaus near cliffs, causing soil instability. The path of 
water circulation affects the drainage of the terrain, 
creating increased pressure on the surface of loess 
plateaus and endangering its natural stability.

Application of satellite images  
and topographic maps
Available satellite images from the SAS Planet plat-
form (SAS Planet version 230909) were used: Bing 
Maps – satellite, as well as from the Google Earth 
platform: Image © 2024 Airbus, Image © 2024 
Maxar Technologies and Image © 2024 CNES/Air-
bus (Fig. 1b). The data from the mentioned sources 
was compared with topographic maps 1:25  000 
(topographic map – Topografska Karta – TK) of the 
second and third editions of the Military Geographi-
cal Institute in Belgrade: The Mošorin map, sheet 
(379 – 1-4) printed in 1969 – the second edition of 
TK25 (Fig. 1c), overlapped with Bing Maps satel-
lite image, and the Surduk map, sheet (379 – 4-3) 
(Fig. 1d) printed in 1994 – III edition TK25, over-
lapped with Bing Maps satellite image. The institu-
tion that produced the mentioned maps was estab-
lished during 1876, as the Second (Geographical) 
Department of the Main General Staff. In 1923, it 
became the Military Geographical Institute. The in-
stitution carried out a topographical and photogram-
metric survey of Yugoslavia on a scale of 1:25 000 
and, based on it, created topographical, overview-
topographical and geographical maps on the 
scales: 1:25 000, 1:50 000, 1:100 000, 1:200 000, 
1:300 000, 1:500 000, 1:750 000 and 1:1 000 000, 
as well as a large number of thematic maps. The 
maps were made in the Gauss-Kruger projection on 
the Bessel 1841 ellipsoid, with the Greenwich me-
ridian as prime. The Relief overview-topographic 
maps in 1:300 000 and 1:500 000 scale (3D maps 
made as plastic models) are of interest for insights 
into various terrain characteristics. After the dis-
integration of the SFRY, digital technologies and 
GPS measurements were used to produce maps. 
Brief history was given because the spatial refer-
ence system for the Republic of Serbia has been 
changed on January 1st, 2011, and since then, it 
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has coincided with the European Terrestrial Refer-
ence System 1989 (ETRS89) – frame ETRF2000. 
Point positions are expressed by two-dimensional, 
rectilinear coordinates in the Universal Transverse 
Mercator (UTM) on the GRS80 ellipsoid. The geo-
spatial database supports the creation of the TK25/
IV edition (topographic maps 1:25 000 IV edition), 
which represents the basic map, where based on it, 
topographic maps 1:50 000 II edition (TK50/II), and 
1:100  000 II edition (TK100/II) are created using 
programmed software-cartographic generalization 
(https://www.vgi.mod.gov.rs/lat/209/istorijat-209). 
The information mentioned is essential for accurate 
geodetic measurements when examining “surduk” 
structures. Maps TK50/II and TK100/II are used to 
plan and analyse the terrain of areas of interest be-
fore exploring the details.

Future research and monitoring
Based on the observations of existing topographic 
maps and available satellite images, a large amount 
of information can be obtained regarding existing 
surduk phenomenon in the Loess plateaus, which 
should be systematically monitored in the coming 
period. As many buildings have been constructed, 
and the terrain is essentially geologically unstable, 
the following activities are proposed: 1. Creating a 
database from existing topographic maps; 2. Col-
lect available satellite images; 3. Marking potentially 
risky areas; 4. Airborne exploration with a drone or 
aeroplane and conducting aerial photography and 
Lidar measurements of objects of interest; 5. Carry 
out field explorations in key areas; 6. Monitoring the 
object of interest at regular intervals and as needed.
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