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Fig. 4. Hydrotechnical construction of the Zubrzyca stream – one of few ramps in Poland 
with increased roughness of the Peterka type, photo: K. Miraj

Fig. 5. Lateral erosion of the Syhlec stream, photo: K. Miraj
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from the bed. Even in mountain streams fine-grained 
material can be found such as silt or clay, which en-
sures that banks have a certain degree of consistency. 
Resistance to lateral erosion may also improve the root 
system of vegetation growing on the banks (slopes) 
of a riverbed. The reasons for loss of stability of bank 
slopes can be divided according to soil type.

The stability of banks built of cohesive materials is 
reduced by: a sudden drop in water level, liquefaction 
or slipping of the soil under water saturation condi-
tions, a significant height of banks and greater suscep-
tibility to the effects of erosion mechanisms. Tourists 
can observe stable slopes of banks and lateral erosion 
processes in the Zubrzyca streambed in the lower parts 
of Zubrzyca Górna, in the middle and lower section 
of the Syhlec in Lipnica Mała and the lower section 
of Lipnica in Lipnica Wielka. Banks consisting loose 
soil have less stability because of changes in: flow 
rate in riparian zones (rate and variability of tangen-
tial stress), flow frequency, impact of undulation and 
filtration). Lateral erosion processes taking place on 

loose banks can be seen in the lower meander section 
of Syhlec and Lipnica (see: Fig. 6). These are already 
the bed areas of the Orava-Nowy Targ Basin.

The banks consisting of stratified soils are subject 
to erosion as a result of complex mechanisms which 
cause a variety of effects depending on bank construc-
tion. An important role here is played by the geologi-
cal base and rock resistance to the destructive activity 
of flowing waters.

BACKWARD EROSION

Backward erosion contributes to deepening of river-
bed, causing sources and waterfall thresholds to re-
cede. This type of erosion can take many forms, for 
example: waterfall moving up the river, backward 
deepening of riverbed, receding of sources and river 
capture.

Waterfall moves up the river due to vortices and 
large eroding forces of falling water with large rock 
blocks. The bases of waterfalls are particularly vulner-

Fig. 6. Slope above the Syhlec stream exposing layers of Pleistocene gravel, photo: K. Miraj
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able to destruction, because of constant washing they 
undergo, which ultimately causes the wall of waterfall 
to collapse. This phenomenon can be more visible and 
accessible at the thresholds of Zubrzyca (see: Fig. 7). 
Although they are of an anthropogenic origin, falling 
water has a similar morphological effect as in natural 
waterfalls. 

Backward deepening of a riverbed causes it to 
move upstream. Fissures and cracks in rocks facilitate 
this process, as the point bars washed along them sub-
side easier. This phenomenon can be observed on the 
mountain tributaries of the studied streams, where a 
large longitudinal slope of a streambed and very thick 
rubble lying in the bed form a cascade system. One 
of its features is the formation of small waterfalls, 
where water overflowing the stone boulders falls into 
a deepening.

Receding source means that water flowing out 
of the source carries rock material from its vicinity. 
Therefore the source’s orifice widens, which together 
with the accompanying processes of ripping and sub-

siding of slopes, leads to receding of the source. It is 
possible to show this process to tourists in the high-
est parts of a catchment, where mountain streams take 
their origin. 

River capture occurs as a result of backward ero-
sion, when a bed of one stream takes over the waters of 
another stream. This mechanism can be demonstrated 
to tourists interested in geotourism only theoretically, 
because there was no capture in examined catchments. 
However, it would be interesting to simulate a capture 
of waters by one of the streams.

ACCUMULATION

Accumulation process is opposite to erosion. Accumu-
lation is a fluvial process involving sedimentation of 
materials at the bed of a river referred to as alluvium. 
Depending on their size, these deposits can form var-
ious gravel and sand beds. For interested in geotour-
ism, these alluviums can be found in all three streams: 
Lipnica, Syhlec and Zubrzyca.

Fig. 7. Anthropogenic thresholds in the Zubrzyca stream, photo: K. Miraj
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Gravel bars comprise of accumulated rock rub-
ble formed by alluviums. Forms of this type are most 
common in braided rivers, but they can also be found 
in meandering beds, including the lower sections of 
Syhlec and Lipnica (see: Fig. 8). 

Gravel bars are rich in living organisms, both ter-
restrial above water table and aquatic below. Process-
es forming braided rivers (several channels separated 
by bars) and anabranches occur in rivers with signif-
icant kinetic energy of water flow, which combined 
with a large amount of rubble supplied to the bed by 
slope processes creates favourable conditions for such 
forms. They are natural in places where hydrodynam-
ic parameters of water flow allow sedimentation and 
deposition of transported rock material. This process 
is related to decrease of water transportability of rock 
material. First fall the larger and heavier fractions, then 
the smaller and lighter ones. Due to decrease of flow 
rate, spaces between larger grains are filled with finer 
grains, forming a first layer. It gives a base for the next 
layer of the formation. The whole process continues 
until a large flow exceeds the limit forces, repeating 
loosening and transporting pebbles. We can distinguish 

the following types of gravel bars: bend (meandering), 
alternating, mid-channel, formed behind or in front of 
an obstacle, braided, irregular and sand cones formed 
on floodplains (see: Fig. 9). They can be observed in 
the lowest sections of the Lipnica and Syhlec streams, 
where there is a particularly large number of meanders 
in the river bends. The sand fraction often has a large 
part in their construction. Whereas, in the lower sec-
tions of beds, but slightly higher than the meandering 
sections, alternating and mid-channel gravel bars can 
be seen, as well as bars formed in front of and behind 
various obstacles, e.g. larger boulders or bridge pillars.

In geotourism, the analysis of granulometric ma-
terial of river banks should be carried out primarily 
in geological terms. Tourists will certainly be inter-
ested in the morphological and biological aspects of 
such deposits in watercourses. They can be formed in 
a variety of ways and from materials of different frac-
tions. Oversized grains, imbricated structures, ribbed 
transverse structures and sandy-gravel shadows can be 
distinguished. Learning about them in field will cer-
tainly enrich tourists’ experience and geomorpholog-
ical knowledge. 

Fig. 8. Two types of beds in one cross-section: in the foreground: alluvial part with a gravel-
bar, on the other side of the river: bedrock with rock outcrops
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Oversized grains (see: Fig. 10) are pebble grains 
with a diameter several times larger than the diame-
ter of grains forming bed cover. Their significance 
for aquatic organisms is crucial, because they create 
habitat conditions with shade, thereby reducing the 

temperature of water during day and providing shelter 
for fish. In engineering practice, grain elements with 
increased roughness have recently been used more 
often. The introduction of these elements improved 
the condition of sections of some rivers (e.g. Raba) by 

Fig. 9. Gravel bars (according to Radecki-Pawlik, 2001, 2014)

Fig. 10. Oversized grains in the source section of the Lipnica stream, photo: K. Plesiński
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strengthening the bed due to the expansion of gravel 
bars above and below these structures. A large number 
of oversized grains occur in the middle and upper sec-
tions of the Lipnica stream.

Imbricated structures are built of several (from 3 
to 6) grains arranged in a row, one by one, imbricat-
ing each other at an angle of 15–30 degrees. They do 
not need to be composed of larger fractions than those 
found in a gravel bar, but they are usually of a large 
diameter. Imbricated structures provide good informa-
tion about the maximum fraction of rubble transported 
during high water.

Ribbed transverse structures are characteristic for 
sections of rivers with a small number of bends. They 
are formed in riverbeds with little filling, but with 
considerable speed and high transport capacity of the 
watercourse. Sand-gravel shadows, in turn, are formed 
behind boulders or other obstacles after small freshets.

The division and formation of gravel bars depends 
mainly on the flow and hydrodynamic conditions in the 
riverbed (see: Fig. 11). First, somewhat standard form 
of bed is flat. There, water flows at a very small rate, 
up to 0.45 ma–1. The stresses at the bed are lower than 
the limit stress for individual grains, therefore rubble 
remains in its place. Froude number describing the im-
pact of gravity on fluid flow plays an important role 
in the formation of bed forms. Its value at the lower 
flat bed is very small (Fr << 1), which indicates calm 
water motion. However, if this number’s value is above 
one, then we are dealing with turbulent motion, during 
which water effervesces and foams, and water table is 
most often broken. When the depth or drop of a  riv-
er starts to increase, individual grains of sand begin 
rolling and slipping. With a further increase in drop or 
depth, the bed material movement becomes more in-
tense and foldings (also called ripplemarks) begin to 
form at the riverbed. The bed covered with ripplemarks 
is characterized by a group of regular fold. Their height 
is usually small compared to their length. Yang (1996) 
reports that the length of ripplemarks does not exceed 
45 cm, height 3 cm, and their size is almost equal. The 
cross-section is approximately triangular, with a slight 
gradient from the current side, and a steep one from 
the off-current side. The gradient of foldings is 6–8 de-
grees from the upper water side, and from the lower 
water side up to 30 degrees. Ripplemarks travel down 
the watercourse at a much slower speed than the flow.

Grains with a smaller diameter, not exceeding 
0.7 mm, do not form ripplemarks. Water table remains 
flat, and the Froude number is much smaller than 
Fr << 1. With a further increase in water velocity (2–2.5 
times higher than in the previous phase), large asym-
metrical ridges called river dunes are formed at the bed, 
their surface is initially covered with foldings, which 
slowly begin to disappear. The dunes are larger folds 
than ripplemarks. They are characterized by gentle 
decrease directed upstream and sharp, abrupt drops in 
downstream direction. The arrangement of sand dunes 
is irregular. Their height limit is determined by the depth 
of water above their ridge. At a speed of 2–3 m · s–1, the 
height of dunes increases above several dozen centime-
tres. In deep riverbeds, the length of dunes reaches up 
to several hundred meters. Dunes travel down a water-
course and their cross-section reveals traverse stratifi-
cation. Shape of riverbed changes from flat to folded, 
and then dunes cause a rapid change in riverbed rough-
ness. For such hydraulic conditions, the Froude number 
is still less than one, but is approaching it significant-
ly (Fr < 1). If water velocity continues to increase, the 
dune system transforms, intervals between them length-
en and ridges flatten. Some dunes diffuse at a speed of 
1.20 m · s–1. Further diffusing of dunes causes the bed 
to become almost flat and its roughness decreases com-
pared to roughness of the previous form (Fr ≈ 1). How-
ever, since there is further movement of river material, 
it is only a transient state to the next form of riverbed, if 
the depth or drop continues to grow.

Another bed formation presents a set of symmet-
rical sand waves with equal gradients upstream and 
downstream. These waves change into asymmetri-
cal folds called anti-dunes (Fr > 1) due to their in-
verse arrangement compared to dunes. In the last two 
forms water table is strongly rippling, except that 
with anti-dunes there are refractions and disturbanc-
es visible on crests of waves. Water reaches velocity 
of 1.70 m · s–1, when these formations develop. An-
ti-dunes exhibit cross-layering.

Gutters and overdeepenings are another form of 
bed. When these formations develop, water flows 
with enormous energy, with potholes and sites with 
intensive movement of bed material appearing in 
a riverbed. Froude’s number is much greater than one 
(Fr  >>  1), and waves begin to break very intensely 
(Radecki-Pawlik 2014; Florek et al. 2015).
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CONCLUSION

Fluvial processes and related forms of terrain may in-
terest tourists who want learn about a given region. 
However, the use of such geomorphological geosites 
requires appropriate development of tourist facili-
ties. Initially, it may be limited to placing information 
boards next to hydrological objects, marking a path to 
the geosites or a tourist trail. Such projects can also be 
undertaken in the Polish Orava in the vicinity of the 
streams Zubrzyca, Syhlec and Lipnica. The terrains of 
these watercourses are relatively easily accessible, be-
cause the roads – the main axes of near villages – run 
almost parallel to them. Such land use also significant-

ly facilitates the accessibility to geosites associated 
with hydrosphere.

The streams analysed in the article – Zubrzyca, 
Syhlec and Lipnica – differ in regard to the degree 
of anthropopressure. The bed of Zubrzyca has been 
largely redesigned by human activity. Its watercourse 
is more straightforward than that of Syhlec and Lipni-
ca. A number of different speed thresholds were built 
there. Syhlec and Lipnica, on the other hand, are more 
natural, and the anthropogenic transformation of their 
banks and beds is small and limited to just a few spots. 
All this allows tourists to observe and learn about 
morphologically different streams. Therefore, people 
interested in these issues will learn about fluvial forms 

Fig. 11. Sand forms in the riverbed (according to Radecki-Pawlik, 2014)



Miraj, K., Plesiński, K., Radecki-Pawlik, A. (2019). Fluvial forms and processes in natural and engineered riverbeds: geotouristic potential 
of mountain river valleys... Acta Sci. Pol., Formatio Circumiectus, 18 (4), 71–85.  DOI: http://dx.doi.org/10.15576/ASP.FC/2019.18.4.71

84 www.acta.urk.edu.pl/pl 

and processes in a broader context. They cannot be 
isolated from the geological structure of bed, as well 
as hydrographic or even climatic issues. In this paper, 
the authors propose to call this form of geotourism:-
geofluviotourism. In addition, water steps and dams 
built in a riverbed can be a good motivation to learn 
about the hydrotechnical structures in the catchment 
and their functions. Hence, geosites in the valleys of 
mountain streams can enrich the tourist offer of the 
regions. This is also the case in Polish Orava, where 
geotourism can develop and coexist with other forms 
of tourism.
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FORMY I PROCESY FLUWIALNE W KORYTACH NATURALNYM I ANTROPOGENICZNIE 
PRZEKSZTAŁCONYM JAKO POTENCJAŁ GEOTURYSTYCZNY GÓRSKICH DOLIN RZECZNYCH 
(GEOFLUWIOTURYSTYKI) – PRZYKŁAD ZUBRZYCY, SYHLCA I LIPNICY NA POLSKIEJ ORAWIE 
(DORZECZE DUNAJU)

ABSTRAKT

Cel pracy
W artykule zaprezentowano procesy i formy geomorfologiczne występujące w korytach górskich potoków, 
które mogą być atrakcyjne dla turystów zainteresowanych geoturystyką. Autorzy skoncentrowali się na opisie 
procesów erozji i akumulacji rzecznej, powstałych za ich pośrednictwem form terenu w dolinie oraz ich uka-
zaniu w kontekście lokalizacji potencjalnych geostanowisk. W pracy zaproponowano nową nazwę dla tego 
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typu geoturystyki: geofluwioturystyka. Omawiane formy i procesy fluwialne ukazane zostały na przykładzie 
trzech potoków płynących niemal równolegle względem siebie. Różnią się one jednak miedzy sobą stopniem 
antropopresji. Taki dobór cieków pozwala ukazać formy i procesy geomorfologii fluwialnej w dolinie cieków 
o naturalnie ukształtowanym korycie oraz zabudowanym szeregiem obiektów hydrotechnicznych.

Materiał i metody
Praca oparta została na badaniach terenowych. Pierwszym krokiem była obserwacja procesów i form fluwial-
nych w korytach Zubrzycy, Syhlca i Lipnicy. Następnie skartowano analizowane łożyska cieków wodnych 
i obserwowane w ich obrębie formy i procesy rzeczne. W terenie wykonano też pomiary hydrodynamicz-
ne przy użyciu młynka elektromagnetycznego Valleport Model 801 Flat EM Flow Meter. Ponadto, w celu 
określania uziarnienia materiału dennego zalęgającego w korycie cieku można zastosować metodę Wolmana 
(1954), która polega na poborze 100 ziaren otoczaków w linii prostej i obmierzeniu ich długości, szerokości 
i wysokości. Metodyka ta służyła autorom do pełniejszego poznania przepływu wody w korytach badanych 
potoków.

Wyniki i wnioski
Procesy fluwialne i powstałe dzięki nim formy terenu mogą zainteresować turystów, którzy chcą poznać 
dany region. Wykorzystanie takich geomorfologicznych geostanowisk wymaga jednak odpowiedniego za-
gospodarowania turystycznego. Początkowo może ono ograniczać się do postawienia tablic informacyjnych 
przy obiektach, wyznaczenia ścieżki dojścia do geostanowiska czy wytyczenia szlaku turystycznego. Takie 
przedsięwzięcia można też podjąć na Polskiej Orawie w sąsiedztwie potoków Zubrzyca, Syhlec i Lipnica.

Słowa kluczowe: erozja, Orawa, akumulacja, geomorfologia fluwialna, geofluwioturystyka


