
Acta geographica Slovenica, 52-2, 2012, 303–334

FACTORS INFLUENCING THE
ROCKWALL RETREAT OF FLYSCH
CLIFFS ON THE SLOVENIAN COAST

VPLIVNI DEJAVNIKI UMIKANJA FLI[NIH
KLIFOV NA SLOVENSKI OBALI

Ela [egina, Bla` Komac, Matija Zorn

Bathers are often staying close to the most dangerous sections.
Kopalci se posebej radi zadr`ujejo pod najbolj nevarnimi odseki fli{ne obale.
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ABSTRACT: This study identifies factors that affect the speed of rockwall retreat of flysch cliffs between
Kane Point and Strunjan on the Slovenian coast. Individual factors were combined in a geographical infor-
mation system with mapped recent erosion features. The results indicate the influence of individual factors
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and rockfalls, which are an important contributing factor in cliff retreat. The article also presents the rock-
fall and slump risk of individual sections of the coast.
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1 Introduction
This article presents ten factors that interact in the development of coastal relief along the longest nat-
ural stretch of the Slovenian coast between Strunjan and Saint Simon Bay (Zaliv Sv. Simona) at Izola. We
have determined the contribution of individual factors to the occurrence of slope processes, from the small-
est erosion features, such as erosion rills, through gullies and slumps, to major rockfalls. Because major
slope processes such as slumps and rockfalls have a significant effect on safety below cliffs, we have exam-
ined them in greater detail. Nineteen such processes were found in the study area.

The findings show that slump formation is affected by rock composition and fissuring, intermittent
sea contact, and slope inclination. Areas south of Strunjan Point, Holy Cross Bay (Zaliv svetega Kri`a; also
known as Moon Bay, Mese~ev zaliv), and some smaller areas near the point in the bay below Belvedere
are most susceptible to slumps.

The presence of sandy carbonate or limestone turbidite (Peckmann 1995) and a predominance of sand-
stone in flysch are essential for the formation of rockfalls on flysch cliffs.

Rockfalls most often occur in sections with direct contact between the cliff and the sea, which reduces
the stability of the cliff at its base. A somewhat lesser effect is created by thin layered sandstone and clas-
tic rock. The places most susceptible to rockfalls are Strunjan Point, the western part of Holy Cross Bay,
and the point at the Bele skale beach.

To date, Slovenian geography literature contains only a few general geographical surveys dealing with
rockwall retreat of flysch cliffs on the Slovenian coast. Gams (1970/71) and Oro`en Adami~ (2002) described
relief features above and below the water on the Slovenian coast. @umer (1990) assessed the speed of retreat
of cliffs for specific areas based on historical studies, and [ifrer published a study on terraces as a result
of changes in sea level during the Holocene (1965). Based on analysis of relief and relief features, Radinja
(1973) indirectly drew conclusions about the morphogenetic dynamics of the southern coast of Strunjan
Bay. Morphometric analyses based on remote sensing (Kolega 2009; Kolega and Poklar 2012) and works
on coastal geomorphology (Bogunovi} 2002; Mesec 2003; [egina 2011; 2012) are of a more recent date.
The drainage basin of Rokava River has also been studied regarding rockwall retreat of flysch slopes in
the coastal hinterland, which makes an interesting comparison with coastal processes on the same geological
base and under similar weather conditions (Zorn 2009a; 2009b; Zorn 2012). Quantitative geomorphological
studies of the Slovenian coast have been published by researchers from the University of Trieste, specif-
ically with an overview of the morphology of coastal plains along the entire Slovenian coast and
geomorphological processes at Fat Point (Debeli rti~; Furlani 2003; 2007; Furlani et al. 2011b). Geologists
recently developed a risk assessment for swimming areas (Ribi~i~ and Gali~ 2010).

2 Study area and methods
We studied ten factors that contribute to the intensity of geomorphological processes on flysch cliffs on
the Slovenian coast. In order to determine the extent to which the selected factors are connected with the
occurrence of slope processes in the coastal zone, we compared their spatial distribution with the incidence
of individual morphological features on cliffs.

Specifically, we studied major slope processes on cliffs: five slumps and 14 rockfalls. With regard to
the frequency of an individual factor in connection with a selected slope process, a corresponding weight-
ing factor was assigned. By crossing (aggregating) the layers of individual factors with the appertaining
factor, we obtained a map that shows the degree of susceptibility to a slump or rockfall being triggered.

The study included a 4.13km coastal stretch between Kane Point and Strunjan that is almost entirely
in its natural state. The width of the study zone encompasses the area between sea level and the edge of
the cliffs.

Despite the uniform rock structure of the area, two flysch series must be differentiated in the cliffs; they
were deposited in the upper Lutetian stage (Middle Eocene) and are separated by a layer of limestone tur-
bidite.

The first flysch series (Figure 1) is composed of alternating layers of marlstone and sandstone. In between
there are also some layers of mudstone and four layers of sandy carbonate turbidite. In comparison with
sandstone, turbidite is more resistant to weathering and so it forms shelves on the slopes, and on coastal
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plains it is preserved as larger or smaller broken-off blocks depending on the thickness of the individual
layer, which is between 12 and 18 cm (Peckmann 1995). For the formation of rockfalls, a layer of limestone
turbidite 3.58 to 3.75m thick is important; this appears in the cliff between Holy Cross Bay and Strunjan
Point (Pav{i~ and Peckmann 1996).

In the second flysch series the layers of marlstone are thinner and the ratio between marlstone and sand-
stone is the most equal – specifically, 1.3 : 1 (Pav{i~ and Peckmann 1996). The inclination of the layers is
between 0° and 65° along the entire coastal cross-section. Greater inclinations (around 30°) appear at the
points (Kane, Ronek, Strunjan), and in the bays the average inclination is around 10°. An exception is the
area south of Strunjan Point, where the inclination of the rock layers is very great (up to 65°) due to folds.

We also quantified the erosive action of the sea in the study area but because of the absence of suit-
able measuring equipment it was difficult to assess the erosive effect of the sea, which is clearly an important
factor in the morphological development of cliffs. With the help of data on the main direction of waves
at the Vida oceanographic buoy (4.2 km northwest of the coastal study area), we were able to assess coastal
exposure to the action of the sea with regard to its orientation. Analysis of data on wave height and direc-
tion on the buoy shows that the highest and at the same time most frequent waves come from the northeast
(60°) and are created by the bora wind (Kav~i~ and Mala~i~ 2008). This direction is also the most frequent
orientation of the coast in the study area, although due to the short length of the fetch zone its effect is
very small, which means that the waves created with this wind do not achieve the greatest possible dimen-
sions, speed, and periods that they otherwise could. The greatest length of the fetch zone for the northeast
direction is approximately 9km. Ronek Point and Izola prevent the waves from this direction directly reach-
ing the coast of Holy Cross Bay and Kane Point.

In determining sea erosion, contact of the cliff with the sea is important. In the study area there are some
sections with direct contact and some sections where the sea never reaches the base of the cliffs. For themost

second �ysch series/druga �išna serija 

!rst �ysch series/prva �išna serija

lower calcareous turbidite/spodnji apnenčev turbidit

Figure 1: Flysch series separated by limestone turbidite.
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part there is intermittent contact of the surface of the sea with the cliffs during syzygial tide (Geografija 2001)
or a tide that is increased due to weather conditions (the sirocco or low barometric presure).

3 Factors in cliff retreat
Based on the literature and fieldwork, we defined the following factors that affect the speed of erosion
processes and thus the speed of cliff retreat:
• Thickness of sandstone layers;
• Ratio between marlstone and sandstone in flysch;
• Presence of limestone or sandy carbonate turbidite;
• Layering direction and inclination;
• Structural deformations: folds and faults;
• Geological strength index;
• Slope inclination;
• Groundwater in fissures;
• Vegetation;
• Degree of sea erosion.

3.1 Thickness of sandstone layers

The results of measuring compressive strength with a Schmidt hammer – which is used in geomorpho-
logical studies to study the weathering of rock, among other things (Goudie 2006) – showed that the
compressive strength of sandstone in thin layers (less than 10 cm thick) is significantly less (< 10MPa)
than the compressive strength of sandstone in thicker layers (up to 58MPa for layers over 10 cm thick).
Considering this, areas in which thin layers of sandstone dominate ought to show greater susceptibility
to the occurrence of minor erosion processes. In sections with direct sea exposure, thin layers of sand-
stone are more susceptible to sea erosion. In contrast, thick layers are potential places for rockfalls when
the layer of sandstone is suspended due to the faster weathering of the marlstone below it.

The spatial distribution of the categories in Figure 3 show that thick layers build the exposed Ronek
and Kane points, whereas the thinnest layers form the central part of the bay between the two points. (This
does not apply to Strunjan Point. Its relief is primarily influenced by a thick layer of limestone turbidite.)
We believe that, in addition to other factors, the lesser thickness of the sandstone layer contributes to accel-
erated retreat of the coastline into the interior of the land.

In sections with thicker layers, erosion rills and slumps form on slopes, whereas in sections with thin-
ner layers rockfalls are more frequent. Thinner layers are more exposed to weathering and are not easily
able to retain thick layers of limestone or sandy carbonate turbidite.

3.2 Ratio between sandstone and marlstone

The ratio between the presence of individual flysch rocks affects the speed and manner of rock disinte-
gration. Sandstone generally breaks into polygonal pieces, whereas marlstone breaks into fine irregularly
shaped debris even at a slight touch.

Because marlstone weathers more quickly than sandstone, it would be expected that areas in which
it predominates are also areas of faster coastal retreat. Such sections are exposed to constant, small slope
retreat and to debris scattering along the slopes. Because of the absence of measurements on flysch coast,
the speed of this process is unknown. Making use of measurements for flysch breakdown from the coastal
hinterland, it can be expected that flysch slope retreat also takes place at a rate of approximately 5 cm per
year on the Slovenian coast (Zorn 2009b, 292).

In contrast, the triggering of major slope processes is more influenced by the presence of thick layers
of sandstone. These layers are more resistant to weathering, but with the gradual falling away of marlstone
they lose their support, break off, and fall to lower positions.



The study area of the coast is dominated by areas with mostly marlstone, which builds both the points
and the bays. There are erosion rills and slumps in these sections, but rockfalls mostly occur in areas where
sandstone dominates.

3.3 Presence of layers of sandy carbonate or limestone turbidite

Similar is true of the presence of sandy carbonate or liemstone turbidite (Peckmann 1995), which is rather
resistant to weathering. At Struinjan Point the great amount of broken rock is unsurprising if one is aware
that some of the layers of limestone turbidite are nearly 4m thick.

Turbidite layers are not present in the entire coastal zone. It is interesting that wherever these layers
are present they have formed points. It can be concluded that sections with the presence of these layers
are subject to slower cliff retreat even though it is also true that the occurrence of rockfalls is directly depen-
dent on their presence. Based on this, we conclude that, despite the large amount of material that they
have moved along the slopes of coastal cliffs, rockfalls do not play a significant role in shaping the coast-
line because of their infrequency. The presence of layers of sandy carbonate or limestone turbidite is not
connected with the occurrence of slumps, gullies, and erosion rills.

3.4 Geological strength index

The geological strength index (GSI) encompasses the characteristics of rock (Marinos and Hoek 2000;
Sonmez and Ulusay 1999) that are measurable and affect its hardness. The key parameters are the volu-
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Figure 3: Spatial distribution of flysch by thickness of sandstone layers.
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Figure 4: Marlstone is predominant in most of the study area. The ratio between stones is important due to differing susceptibility to weathering:
marlstone breaks into debris (upper right figure), whereas sandstone breaks into polygonal pieces.
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Figure 5: Blocks of limestone turbidite accumulate at the foot of cliffs (upper figure). One of the layers of sandy carbonate turbidite is sinking
under the accumulation of material on a gravelly beach in the bay below Belvedere (lower figure).
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metric joint count (Jv) and surface conditions rating (SCR). The SCR encompasses three parameters: rough-
ness rating (Rr), weathering rating (Rw), and infilling rating (Rf).

A simplified GSI estimate is taken from Furlani et al. (2011b), based only on parameters for sandstone.
This approach was used because of the comparison with data for Fat Point (Furlani et al. 2011), which lies
somewhat further north of our study area along the Italian border. In the future it will be necessary to obtain
the actual GSI values for flysch on the Slovenian coast. Marinos and Hoek (2000) suggest that this should
take into account the specific percentage values for sandstone and others for siltstone, and the ratio depends
on the lithological composition, structure, and assessment of the surface for stratigraphic flysch disconti-
nuities.

The GSI study for Fat Point, which describes not only the lithological properties of flysch, but also its
structural properties to some extent, showed that the stability of flysch depends little on the surface con-
ditions rating, whereas the main reason for the crumbling of cliffs is the number of cracks in sandstone
(volumetric joint count; Furlani et al. 2011b). In addition to structural deformations, an important factor
is lithological heterogeneity, which results in fissuring between layers. In the bay east of Strunjan Point,
marlstone fissuring due to weathering greatly decreases at a depth of 12 cm. Zorn (2008, 33) states that for
bare flysch cliffs in the coastal hinterland the number of cracks already greatly decreases at 5 to 10cm below
the surface, and that deep fissuring of sandstone is similar to horizontal fissuring. Table 1 shows the degree
of fissuring, surface conditions rating, and GSI for sandstone at 32 points between Kane Point and Strunjan.

The study area almost entirely contains mid-range GSI values. Two exceptions are the low GSI value
east of Strunjan Point and the high GSI value in the Ronek Point area. The main factor in a low GSI value
is thin layering or major fissuring on both of the remaining axes, which is a result of fracturing. The high
GSI value at Ronek Point results from an extremely low degree of fissuring (two cracks per meter of layer)
and rippling of the cracks, which increases rock strength. The spatial distribution of the GSI shows that
this is not a significant factor in shaping the coastline. It is interesting that the occurrence of erosion rills
is connected with sections with a medium to high GSI value, which could mean that some other factor,
such as thickness of the marlstone layer, is more important for their formation. Gullies appear everywhere
except in areas with very low GSI values, where rockfalls predominate. Rockfalls also appear in areas with
low to medium GSI values. Slumps are found in areas with a medium GSI value, but the break surfaces
are not connected to the GSI level because they occur in all categories. Furlani et al. (2011b) report that
the GSI for the Fat Point area is between 15 and 45, which would indicate a lower GSI value in compar-
ison to our study area, but the differences could also be an artifact of the subjectivity of assessments.

3.5 Dip and strike

The layers in the entire study area do not align with the slope, but are inclined in the direction toward
the land, because of which there is slope non-congruence. In the entire area the inclination of the layers
most often does not exceed 15°, whereby greater inclinations are the result of a local fold. More distinct
inclinations of layers (Kane Point and the point in the bay below Belvedere) are reflected in a concave shape
of the coastal profile but do not play a significant role in the speed of erosion processes or cliff retreat.
Namely, all categories of layering direction and inclination appear both at points and in bays in the study
area; the same is true of erosion features (erosion rills, gullies, slumps, and rockfalls).

3.6 Structural deformations

Because structural deformations represent a greater degree of fissuring, it is expected that these are less
stable areas of cliffs that are more subject to the occurrence of slope processes.

Nonetheless, overlapping layers of folds and faults do not show any particular connection with the
occurrence of individual erosion features. In sections with structural deformations, erosion rills form more
often, and slumps and rockfalls are less frequent. Gullies and rockfall areas do not show a connection with
folds and faults. The greatest degree of structural deformation appears south of Strunjan Point. Perhaps
the reduced stability of the slopes due to structural deformations is the reason for the intense cliff retreat
in the past, due to which cliffs are found in clearly leeward positions. Today this is a cliff section that is
not in contact with the sea, as a result of which it is being shaped solely by land factors.
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Figure 6: Faults (left) and folds (right) are common in the study area; for example, at Strunjan Point.
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3.7 Groundwater in fissures

Flysch rock has poor to medium water permeability (Fabjan 2010, 22). Marlstone is especially nonpermeable,
whereas layers of sandstone contain small amounts of interstitial and perched water, which seeps along cracks

Figure 7: Flysch fissure springs. In the winter, water in the slopes of the cliffs occasionally freezes.
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and bedding planes (Dular 2000), and so springs are found along individual layers in the coastal area. Flysch
fissure springs are not high-volume springs, but water trickles from them the entire year (Dular 2000, 8).

The influence of groundwater in fissures shows no connection with the occurrence of individual ero-
sion features. Fissure springs mainly occur in bays, but their low yield and number is difficult to connect
with a clear influence on the speed of cliff retreat.

3.8 Slope inclination

The inclination map was obtained by processing a 12.5m digital elevation model, and the division of the
inclination into categories follows a classification that connects individual inclination categories with pre-
dominant geomorphic processes (Demek et al. 1972; Natek 1983).

Coastal cliffs mostly belong to the inclination category of 32° to 54.9°, in which rock particles are in
a labile position due to exceeding their natural angle of repose. All of the slope erosion features appear
in this inclination category. There are also sporadic inclinations greater than 55°, but not at the upper part
of the cliffs, which may be an artifact of the precision of the digital elevation model (Hrvatin and Perko
2005). The greatest continuous surface slope over 55° is in the western part of Ronek Point, where there
is an extensive rockfall area. The lower part of the cliffs mostly belongs to the inclination category of 20°
to 31.9°. Slumps are characteristic of this inclination category. Slopes less than 11.9° include the coastal
plain zone.

3.9 Vegetation

Vegetation appears mainly on areas with less active erosion and areas where erosion material is deposited,
whereas the upper parts of cliffs are almost completely bare. There, vegetation does not play a noticeable
role in consolidating the slope and preventing major slope processes. However, vegetation holds back minor
erosion processes in the lower parts of slopes, where it grows on deposited material. Where the gentler
part of cliffs has large numbers of trees, these can hold back considerable material; it is only material with
large dimensions (d>0.50m) that they cannot retain (Ribi~i~ and Gali~ 2010).

Figure 8: The lower parts of cliffs are covered by grass and trees due to their gentler inclination, whereas the steep rockfall areas in the upper
parts are mostly bare.
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The ridges of gullies, which remain unaffected by intensive gully erosion, are covered with pioneer
vegetation. This is all that remains of the forest that probably grew on the slope in the past. Slumps are
mainly triggered on sections without vegetation, whereas rockfall areas have no vegetation due to their
great inclination.

3.10 Coastal sea exposure

The degree of sea erosion and coastal transport are directly dependent on wave energy, and this on wave
height (Airy 1845; Komar and Inman 1970, cited in Pethick 2001). Here it is essential whether these process-
es actually reach the foot of the cliff, and so we determined the type of contact between the sea and cliffs.
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Table 2: Granulation classes used in the study (photos: Matija Zorn).

Granulation class 1 2 3 4 5

Descriptive Fine debris Small pebbles Medium-large Large stones Small boulders
pebbles

Type of material Marlstone Sandstone Sandstone Sandstone Sandstone
and sandstone

Average length of three
sides of clast (cm) Longest side < 3 1 × 4 × 3 3×11×7 30×15×10 30×40×20

Total v olume (m3) 0.03 0.03 0.03 0.01 0.02
Number of clasts Uncountable Uncountable 200 3 1
Roundness Low Medium (0.44) Medium (0.49) Low Low
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Figure 9: Wave strength on the open sea 4 km from the study area on 7 June 2011. The first granulation category was swept away from the
coastal shelf into the bay at Strunjan Point around 12:00 am. The second and third granulation categories were swept away around 1:30 pm
and the fourth around 2:00 pm when the tide reached its peak (Agencija…2011).
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Figure 10: The numbers mark granulation categories and the arrows
show the direction of transport.

7. 6. 2011, 6:00 pm

(3)

(4)

(5)

E
LA

 [
E

G
IN

A

In nearly the entire area observed there is intermittent contact of the foot of cliffs with the surface of
the sea, and the presence of blocks of rock depends on the presence of layers of sandy carbonate or lime-
stone turbidite in the cliff. Their presence was not seen to have a demonstrable influence on the degree
of sea erosion. There is direct sea contact only at Strunjan Point and east of it, and at the point at the Bele
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skale beach. The investigation at Strunjan Point showed that coastal transport during a somewhat high
tide with ordinary waves was able to move slope material with a maximum side < 11 cm without diffi-
culty and to shift rocks with a maximum side <30cm that accumulate at the foot of the cliffs during a possible
slope process.

The type of contact was also connected with the formation of erosion features. Erosion rills and gul-
lies do not form on sections with direct contact because these are bare surfaces. Slumps are connected
with areas with intermittent contact, where a significant quantity of slope material can accumulate at the
foot of slopes so that slumps can occur. Rockfalls occur with all types of contact.

4 Danger to swimmers below cliffs
Because slumps and rockfalls are the most important with regard to danger to swimmers, these are exam-
ined in greater detail.

In order to determine sections of the coast more susceptible to these processes, we overlapped the fac-
tors that coincide in a particular coastal section. Because the selected factors have an unequal influence
on the occurrence of individual slope processes, it was necessary to appropriately weight them with regard
to their degree of association with individual erosion features. An individual factor received a weight based
on the absolute value of its occurrence in connection with a particular erosion feature. Based on this, maps
were made of slump and rockfall susceptibility in the study area (Figures 11 and 12).

In the study area, the occurrence of slumps is most often associated with the factors of lithological
composition (sandstone predominates) and fissuring (GSI), type of sea contact (intermittent), and slope
inclination (>20°). Slumps are somewhat less frequent in bare areas with a small layering inclination, in

0 0,5 10,25
km

Map and cartography by/avtorica vsebine in kartogra�ja: Ela Šegina
Source/vir: Geodetski zavod Slovenije

Legend/legenda
Slump susceptibility/podvrženost pojavljanju usadov

Very great/zelo velika

Great/velika

Medium/srednja

Small/majhna

Figure 11: Map of slump susceptibility ([egina 2012).



Acta geographica Slovenica, 52-2, 2012

319

areas with thick layers of sandstone, and near major structural deformations. Interstitial water and lay-
ers of limestone or sandy carbonate turbidite do not affect the occurrence of slumps. However, the most
important factor is certainly intermittent sea contact because this makes it possible for sufficient mater-
ial to be deposited below the cliff so that a landslide can occur. Judging from Figure 10, the sections south
of Strunjan Point and Holy Cross Bay are most susceptible to slumps.

0 0,5 10,25
km

Map and cartography by/avtorica vsebine in kartogra�ja: Ela Šegina
Source/vir: Geodetski zavod Slovenije

Legend/legenda
Cli! edge/rob klifa

Rockfall susceptibility/podvrženost pojavljanju skalnih odlomov
Very great/zelo velika

Great/velika

Medium/srednja

Small/majhna

Figure 12: Map of rockfall susceptibility ([egina 2012).

Table 3: Presence of individual factors in slump occurrence.

Slump 1 Slump 2 Slump 3 Slump 4 Slump 5 Σ

GSI 40–43 × × × × × 5

Sandstone predominates × × × × × 5

Intermittent sea contact × × × × × 5

Slope inclination 20°–31.9° × × × × × 5

Layer inclination 5–15° × × × × 4

Horizontal × 1

Vegetation None × × × × 4

Forest × 1

Sandstone thickness > 20 cm × × × 3

10–20 cm × × 2

Structural deformations × × 2
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On flysch cliffs in the study area, the presence of layers of sandy carbonate or limestone turbidite and
a predominance of sandstone are essential for the occurrence of rockfalls because turbidite and sandstone
are the source of the broken-off material. Rockfalls are also influenced by direct sea contact, which reduces
the stability of the base of the cliffs. Somewhat less influence is exerted by thin layering of sandstone and
a greater GSI, whereas vegetation apparently does not retain rockfalls because there are more rockfalls in
sections with trees than in those where there is no vegetation. Structural deformations and slope incli-
nation have less of an effect on the occurrence of rockfalls, whereby rockfalls predominate in the inclination
category of 32° to 54.9°, and interstitial water has a negligible influence. Based on Figure 12, areas most
susceptible to rockfalls are in Holy Cross Bay, especially the western part of the bay, the point in the bay
below Belvedere, and to a somewhat lesser extent the area just before Strunjan and the eastern part of Kane
Point.

5 Conclusion
In studying coastal cliffs, the greatest challenge is to estimate the speed of their retreat. Because of the lack
of long-term erosion measurements on flysch cliffs on the Slovenian coast, at present the speed of erosion
processes can only be estimated as a few centimeters per year.

This article has presented the influence of certain natural factors on the occurrence of individual ero-
sion processes and relief features on coastal cliffs and the spatial distribution of major slope processes (slumps
and rockfalls). Based on the findings, we hypothesize that slumps are important »accelerators« of erosion
on slopes and rockfalls on capes.

Comparisons between individual factors and the shape of today's coastline indicate that the coastline
is mostly dependent on the thickness of sandstone layers and the presence of sandy carbonate or lime-
stone turbidite. From this it can be concluded that the moderate cliff retreat in bays, where these layers
do not exist, affects the shaping of the coastline relatively quickly and with greater impact than instanta-
neous erosion or slope processes. Slope processes are closely connected with the presence of thicker turbidite
layers or thicker layers of sandstone, and they are more frequent on more exposed points. Major rock-
falls, which move a large amount of material in a short time, are too rare in the study area to have exerted
a significant effect on shaping the coast.

What future change is anticipated for cliffs in the study area? The answer to this question is closely
linked to predicted changes in the relative height of sea level, which governs the degree of sea erosion and
coastal transport.

Lambeck et al. (2004) believe that from the end of the last ice age (approximately 12,000 years ago)
to today the most important factor in the relative variation of sea level in the Mediterranean area has been
tectonics. Specifically, because of the absence of alluvium from the last interglacial period at Trieste, based
on the known eustatic and glacio-hydro-isostatic level they conclude that the surface has been subsiding
at a rate of –0.15 mm/year (Lambeck et al. 2004). The levels of geomorphological and archeological finds
between Saint Bartholomew Bay (Zaliv Sv. Jernej) and Saint Simon Bay (Zaliv Sv. Simona), calculated based
on various eustatic and glacio-hydro-isostatic models, indicate a subsidence rate between –0.44
and –1.53 mm/year ± 0.72mm in the past 2,000 years (Antonioli et al. 2009). Based on rock shelters in
the calcareous coastal area between Miramare and Duino (north of our study area, Italy), today found at
various depths below sea level, they conclude that there has been subsidence of the sedimentation basin
in the last 10,000 years towards the northwest due to faster subsidence of the northern part of the Bay
of Trieste (at a rate of more than –1.99 mm/year) in comparison to the southern part (approximate-
ly –0.6 mm/year; Furlani et al. 2010). The uneven subsidence is a result of various movements of tectonic
blocks separated by faults perpendicular to the Dinaric direction (Furlani et al. 2011a) or the result of eusta-
tic and glacio-hydro-isostasy (Lambeck etal. 2004). The degree of eustatism is believed to have had a different
significance for fluctuations in sea level in the Mediterranean Sea, and glacio-hydro-isostasy is believed
to have contributed only 10 to 15% to total sea level, whereby alpine glaciation has only a negligible impact
(Lambeck et al. 2004). Uplifting of the surface due to isostasy after the last ice age is thus believed to have
amounted to only +0.1 to 0.2 mm/year in the northern Mediterranean (Peltier 2001, cited in García 2007).

Sea level at the Koper tide-gauge station has been rising by approximately 1 mm/year, which is in line
with the trend of a rising sea level in the Mediterranean Sea (Li~er et al. 2010) and is also connected with
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steric effects due to change in volume of seawater accompanying temperature and salinity variations, and
due to change in water balance (Creado-Aldeanueva 2008). This trend and simultaneous subsidence, eusta-
tism, and glacio-hydro-isostasy prevent the fossilization of coastal features. Due to the relative rise in sea
level, in the future one can also expect that the current coastal relief features and operative processes will
be preserved.
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1 Uvod
V ~lan ku je pred stav lje nih deset dejav ni kov, ki sou ~in ku je jo pri raz vo ju obal ne ga relie fa na naj dalj {em
narav nem odse ku slo ven ske oba le med Stru nja nom in Simo no vim zali vom pri Izo li. Ugo to vi li smo prispe -
vek posa mez nih dejav ni kov k po jav lja nju manj {ih ero zij skih oblik, kot so ero zij ski ̀ le bi ~i, prek ero zij skih
jar kov do usa dov in skal nih odlo mov. Ker sled nji pomemb no pris pe va jo k ne var no sti kopal cev pod klifi,
smo jih natan~ ne je obde la li in na opa zo va nem obmo~ ju na{te li 19 to vrst nih poja vov.

Na nasta nek usa dov vpli va jo kam nin ska sesta va in raz po ka nost, ob~a sen stik z mor jem in naklon pobo~ -
ja. Usa dom so naj bolj pod vr ̀ e ni odse ki ju` no od rti ~a Stru njan, zaliv Sv. Kri ̀ a ter nekaj manj {ih obmo ~ij
pri rti ~u pri Belih ska lah.

Na nasta nek skal nih odlo mov na fli {nih kli fih naj bolj vpli va jo pla sti pe{ ~e ne ga kar bo nat ne ga ali apnen -
~e ve ga tur bi di ta (Peck mann 1995) in pre vla da pe{ ~e nja ka v fli {u.

Skal ni odlo mi se naj ve~ krat pojav lja jo na odse kih z ne po sred nim sti kom obal ne ste ne in mor ja, kar
zmanj {u je sta bil nost obal ne ste ne pri nje nem vzno` ju. Neko li ko manj {i vpliv ima ta pla sto vi tost pe{ ~e nja -
ka in raz po ka nost kam nin. Odlo mom so naj bolj pod vr ̀ e ni rti~ Stru njan, zahod ni del zali va Sv. Kri ̀ a in
rti~ pri Belih ska lah.

V slo ven ski geo graf ski lite ra tu ri je bilo do sedaj objav lje nih nekaj geo graf skih del o fli {nih kli fih na
slo ven ski oba li. Gams (1970/71) in Oro ̀ en Ada mi~ (2002) sta opi sa la pod vod ne in povr {in ske relief ne oblike
na slo ven ski oba li. @umer (1990) je oce nil hitrost umi ka nja obal nih sten na pod la gi zgo do vin skih preu -
~e vanj, [ifrer (1965) pa je pris pe val {tu di jo o te ra sah kot posle di ci spre mi nja nja mor ske gla di ne v holoce nu.
Radi nja (1973) je na pod la gi ana li ze relie fa skle pal na mor fo ge net sko dina mi ko ju` ne oba le Stru njan skega
zali va. Novej {e so mor fo me tri~ ne ana li ze na pod la gi daljin ske ga zaz na va nja (Ko le ga 2009; Kolega in Poklar
2012) in dela o obal ni geo mor fo lo gi ji (Bo gu no vi} 2002; Mesec 2003; [egi na 2011; 2012). Z umi ka njem
skal nih fli {nih pobo ~ij v za led ju oba le, ki so zani mi va pri mer ja va z obal ni mi pro ce si na isti geo lo{ ki pod -
la gi in ob podob nih pod neb nih raz me rah, so se pred krat kim ukvar ja li v po re~ ju Roka ve (Zorn 2009a; 2009b;
2012). Kvan ti ta tiv ne geo mor fo lo{ ke {tu di je slo ven ske oba le so pris pe va li kole gi s tr ̀ a{ ke uni ver ze, in sicer
gre za pre gled morfologije obal nih rav nic vzdol` celot ne slo ven ske oba le in geo morf nih pro ce sov na Debe -
lem rti ~u (Fur lani 2003; 2007; Fur la ni in osta li 2011). Geo lo gi so pred krat kim izde la li oce no ogro ̀ e no sti
kopal nih obmo ~ij (Ri bi ~i~ in Gali~ 2010).

2 Opa zo va no obmo~ je in meto de
Preu ~i li smo deset dejav ni kov, ki pris pe va jo k in ten ziv no sti geo morf nih pro ce sov na fli {nih kli fih slo venske
oba le. Da bi ugo to vi li, v ko lik {ni meri so izbra ni dejav ni ki pove za ni z na stan kom pobo~ nih pro ce sov v obal -
nem pasu, smo pri mer ja li nji ho vo pro stor sko raz {ir je nost s po jav nost jo posa mez nih mor fo lo{ kih oblik
na kli fih.

Na tan~ ne je smo na kli fih preu ~i li ve~ je pobo~ ne pro ce se: pet usa dov in 14 skal nih odlo mov. Gle de
na to, kako pogo sto se posa mez ni dejav nik pojav lja v po ve za vi z iz bra nim pobo~ nim pro ce som, mu je
pri pa del soraz me ren fak tor obte ̀ i tve. S pre kri va njem (se {te va njem) slo jev posa mez nih dejav ni kov s pri -
pa da jo ~im fak tor jem smo dobi li zem lje vid, ki ka`e stop njo pod vr ̀ e no sti pro ̀ e nju usa dov ozi ro ma skal nih
odlo mov.

V ra zi ska vo je bil vklju ~en 4,13 km dolg obal ni odsek med rti ~em Kane in Stru nja nom, ki je z an tro -
po ge ne ga vidi ka sko raj nedo tak njen. [iri na opa zo va ne ga pasu zaje ma pas med mor sko gla di no in robom
obal nih sten.

Kljub enot ni kam nin ski sesta vi obmo~ ja, more mo na kli fih raz li ko va ti dve fli {ni seri ji, ki sta se useda li
v sred njem eoce nu, in sta lo~e ni s plast jo apnen ~e ve ga tur bi di ta.

Sli ka 1: Fli {ni seri ji lo~i apnen ~ev tur bi dit.
Glej angle{ ki del pris pev ka.

Prvo fli {no seri jo sestav lja jo izme nju jo ~e se pla sti lapo rov ca in pe{ ~e nja ka (sli ka 1). Vmes so pla sti la -
porov ca ter {ti ri pla sti pe{ ~e ne ga kar bo nat ne ga tur bi di ta. Tur bi dit, ki je v pri mer ja vi s pe{ ~e nja kom odpor nej {i
na pre pe re va nje, je na pobo~ jih ustva ril poli ce, na obal nih rav ni cah pa se ohra nja jo ve~ ji ali manj {i odlom -
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lje ni blo ki, odvisno od debe li ne posa mez ne pla sti, ki je med 12 cm in 81 cm (Peck mann 1995). Za nasta -
nek skal nih odlo mov je pomemb na 3,58–3,75m debe la plast apnen ~e ve ga tur bi di ta, ki se v obal nem pre re zu
pojav lja med zali vom Sv. Kri ̀ a in rti ~em Stru njan (Pav {i~ in Peck mann 1996).

Dru ga fli {na seri ja v ce lo ti sestav lja obal ne ste ne ju` no od skraj ne to~ ke rti ~a Stru njan. V pri mer ja vi
s prvo fli {no seri jo so pla sti lapo rov ca tanj {e, raz mer je med lapo rov cem in pe{ ~e nja kom pa je sko raj ize -
na ~e no, in sicer 1,3 : 1 (Pav {i~ in Peck mann 1996). Vpad pla sti je vzdol` celot ne ga obal ne ga pre re za med
0° in 65°. Ve~ ji vpa di (oko li 30°) se pojav lja jo na rtih (Kane, Ronek, Stru njan), v za li vih pa so pov pre~ ni
vpa di pla sti okrog 10°. Izje ma je odsek ju` no od rti ~a Stru njan, kjer je vpad kam nin skih pla sti zara di gub
pone kod zelo velik (do 65°).

Sli ka 2: Slo ven ska Istra s preu ~e vanim izse kom (a), preu ~e ni odsek (b) in nje go va geo lo{ ka sesta va (c).
Glej angle{ ki del pris pev ka.

Na opa zo va nem obmo~ ju smo kvan ti fi ci ra li tudi ero zij sko delo va nje mor ja, a je bilo zara di odsot no -
sti meril nih naprav te` ko natan~ ne je oce ni ti ero zij sko delo va nje mor ja, ki je ned vom no pomem ben dejav nik
mor fo lo{ ke ga raz vo ja kli fov. S po mo~ jo podat kov o glav ni sme ri valo va nja na ocea no graf ski boji Vida (4,2km
seve ro za hod no od preu ~e va ne ga dela oba le) smo lah ko oce ni li izpo stav lje nost oba le delo va nju mor ja gle -
de na nje no usmer je nost. Ana li za podat kov o vi {i ni in sme ri valo va nja na boji ka`e, da naj vi{ ji in obe nem
naj po go stej {i valo vi pri ha ja jo od seve ro vz ho da (60°), pov zro ~a pa jih bur ja (Kav ~i~ in Mala ~i~ 2008). V to
smer je tudi sicer usmer je na oba la na opa zo va nem obmo~ ju. Zara di krat ke ga pri ve tri{ ~a je u~in ko vi tost bur -
je zelo majh na, kar pome ni da valo vi ne dose ̀ e jo vi{i ne, hitro sti in perio de, ki bi jih sicer lah ko. Naj ve~ ja
dol ̀ i na pri ve tri{ ~a iz seve ro vz hoda je oko li 9 km. Rti ~a Ronek in Izo la pre pre ~u je ta valo vom iz te sme ri,
da bi nepo sred no dose gli oba lo zali va Sv. Kri ̀ a in rti ~a Kane.

Za ero zi jo mor ja je pomem ben stik kli fa z mor jem. Na preu ~e va nem odse ku je nekaj obmo ~ij z ne -
po sred nim sti kom in nekaj odse kov, kjer mor je niko li ne dose ̀ e pod no ̀ ij obal nih sten. Pove ~i ni smo pri ~a
ob~a sne mu sti ku mor ske gla di ne s kli fi ob naj vi{ jem pli mo va nju ali pli mo va nju, ki je povi {a no zara di juga
ali niz ke ga zra~ ne ga tla ka.

3 Dejav ni ki za umi ka nje obal nih sten
Na pod la gi lite ra tu re in teren ske ga dela smo opre de li li sle de ~e dejav ni ke, ki vpli va jo na hitrost ero zij skih
pro ce sov in s tem na hitrost umi ka nja obal nih sten:
• debe li na pla sti pe{ ~e nja ka,
• raz mer je med lapo rov cem in pe{ ~e nja kom v fli {u,
• pri sot nost apnen ~e ve ga ali pe{ ~e ne ga kar bo nat ne ga tur bi di ta,
• smer in naklon vpad pla sti,
• struk tur ne defor ma ci je: gube in pre lo mi,
• geo lo{ ki trd nost ni indeks,
• naklon pobo~ ja,
• pri sot nost tal ne vode v raz po kah,
• rast je in
• stop nja ero zi je mor ja.

3.1 Debe li na pla sti pe{ ~e nja ka

Tla~ no trd nost kam ni ne smo meri li s Schmid to vim kla di vom, ki se v geo mor fo lo{ kih razi ska vah med dru -
gim upo rab lja za preu ~e va nje pre pe re lo sti kam ni ne (Gou die 2006). Tla~ na trd nost pe{ ~e nja ka v tanj {ih
pla steh debe li ne manj kot 10 cm je ob~ut no manj {a (< 10MP a) od tla~ ne trd no sti pe{ ~e nja ka v de be lej -
{ih pla steh (do 58MP a). Gle de na to bi mora la obmo~ ja, kjer pre vla du je jo tanj {e pla sti pe{ ~e nja ka, izka zo va ti
ve~ jo pod vr ̀ e nost pojav lja nju ero zij skih pro ce sov. Na odse kih, nepo sred no izpo stav lje nih mor ju, so tan -
ke pla sti pe{ ~e nja ka bolj pod vr ̀ e ne ero zi ji mor ja, debe le pla sti pa so poten cial na mesta za skal ne odlo me.

Sli ka 3 ka`e, da debe le pla sti pe{ ~e nja ka gra di jo izpo stav lje na rti ~a Ronek in Kane, med tem ko naj -
tanj {e pla sti gra di jo osred nji del zali va med obe ma rto ma. To sicer ne velja za rti~ Stru njan, saj nje gov relief
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v prvi vrsti obli ku je debe la plast apnen ~e ve ga tur bi di ta. Oce nju je mo, da manj {a debe li na pla sti pe{ ~e nja -
ka poleg dru gih dejav ni kov vpli va na pos pe {e no umi ka nje obal ne ~rte v no tra njost kop ne ga.

Sli ka 3: Debe li na pla sti pe{ ~e nja ka.
Glej angle{ ki del pris pev ka.

3.2 Raz mer je med pe{ ~e nja kom in lapo rov cem

Raz mer je med posa mez ni mi fli {ni mi kam ni na mi v fli {u vpli va na hitrost in na~in pre pe re va nja kam nine.
Pe{ ~e njak se pra vi lo ma lomi na poli go nal no obli ko va ne bloke, lapo ro vec pa se dro bi v dro ben gru{~ nepra -
vil nih oblik.

Ker lapo ro vec hitre je pre pe re va kot pe{ ~e njak, bi pri ~a ko va li, da so obmo~ ja, kjer pre vla du je, obe nem
tudi obmo~ ja hitrej {e ga umi ka nja oba le. Tak {ni odse ki so izpo stav lje ni stal ne mu, a manj {e mu umi ka nju
pobo ~ij ter usi pa nju gru{ ~a po pobo~ jih. Zara di odsot no sti meri tev na fli {ni oba li hitrost pro ce sa ni znana.
Za pri mer ja vo: meri tve spro{ ~a nja fli {a v za led ju slo ven ske Istre ka`e jo, da pote ka umi ka nje fli {nih kli fov
s hi trost jo prib li` no 5 cm/leto (Zorn 2009b, 292).

Na nasta nek ve~ jih pobo~ nih pro ce sov vpli va jo debe le pla sti pe{ ~e nja ka, ki so odpor nej {e na pre pe -
re va nje, ven dar izgub lja jo opo ro zara di manj {e odpor no sti lapo rov ca, se lomi jo in pada jo v ni` je lege.

Na opa zo va nem odse ku oba le pre vla du je jo obmo~ ja s pre vla do lapo rov ca, ki pa gra di jo tako rte kot
zali ve. Na teh odse kih nasta ja jo ero zij ski `le bi ~i in usa di, odlo mi pa se ve~i no ma pojav lja jo na obmo~ jih,
kjer pre vla du je pe{ ~e njak.

Sli ka 4: Na ve~ jem delu preu ~e va ne ga obmo~ ja pre vla du je lapo ro vec. Raz mer je med kam ni na ma je pomemb no zara di raz li~ ne pod vr ̀ e nosti
pre pe re va nju: lapo ro vec se dro bi v gru{~ (zgoraj desno), pe{ ~e njak pa se lomi na poli go nal no obli ko va ne kose.
Glej angle{ ki del pris pev ka.

3.3 Pla sti pe{ ~e ne ga kar bo nat ne ga ali apnen ~e ve ga tur bi di ta

Pe{ ~e ni kar bo nat ni ali apnen ~e vi tur bi dit (Peck mann 1995) je pre cej odpo ren na pre pe re va nje.
Tur bi dit ne pla sti niso pri sot ne na celot nem obal nem odse ku, ven dar so se povsod, kjer pla sti so, izob -

li ko va li rti. Skle pa mo lah ko, da se na tak {nih odse kih klif umi ka po~a sne je. Zara di red ko sti tak {nih poja vov
skle pa mo, da skal ni odlo mi kljub obi li ci gra di va, ki ga pre mak ne jo po pobo~ jih kli fov zara di ~asov ne redko -
sti pojav lja nja niso najbolj pomembni za obli ko va nje oba le. Pla sti pe{ ~e ne ga kar bo nat ne ga ali apnen ~e ve ga
tur bi di ta ne vpli va jo na nasta nek usa dov, ero zij skih jar kov in ̀ le bi ~ev, so pa na rti ~u Stru njan pogo sti skal -
ni odlo mi. Neka te re pla sti apnen ~e ve ga tur bi di ta so debe le sko raj 4m!

` Sli ka 5: Skal ni blo ki apnen ~e ve ga tur bi di ta se kopi ~i jo na pod no` ju obal nih sten (zgornja slika). Ena izmed pla sti pe{ ~e ne ga kar bo nat ne -
ga tur bi di ta tone pod aku mu li ra no gra di vo na prod na ti pla ̀ i v za li vu pod Bel ve der jem (spodnja slika).
Glej angle{ ki del pris pev ka.

3.4 Indeks trd no sti kam nin

In deks trd no sti kam nin (tudi: geo lo{ ki trd nost ni indeks, ang. geo lo gi cal strenght index) zaje ma tiste zna~il -
no sti kam ni ne, ki so mer lji ve in vpli va jo na nje no trd nost (Ma ri nos in Hoek 2000; Son mez in Ulu say 1999).
Klju~ na para me tra sta {te vi lo raz pok/m3 in sta nje raz pok, ki obse ga tri para me tre: hra pa vost raz pok, pre -
pe re lost raz pok in odpr tost raz pok ter vrsta pol ni la v njih.

Po Fur la ni ju in osta lih (2011b) je priv ze to poe no stav lje no oce nje va nje indek sa trd no sti kam nin, ki
te me lji zgolj na para me trih za pe{ ~e njak. Tak {en pri stop je bil upo rab ljen zara di pri mer ja ve s po dat ki za
Debe li rti~ (Fur la ni in osta li 2011b), ki le`i neko li ko sever ne je od na{e ga obmo~ ja preu ~e va nja ob ita li -
jan ski meji. V pri hod nje bo tre ba pri do bi ti dejan ske vred no sti indek sa trd no sti kam nin za fli{ na
slo ven ski oba li. Mari nos in Hoek (2000) pred la ga ta, da se pri tem upo {te va jo dolo ~e ne odstot ne vred no -
sti za pe{ ~e njak in dru ge za laporovec, raz mer je pa je odvi sno od lito lo{ ke sesta ve, struk tu re in oce ne sta nja
povr {i ne stra ti graf skih diskon ti nui tet fli {a.
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Preu ~e va nje indek sa trd no sti kam nin na Debe lem rti ~u, ki opi su je tako kam nin ske kot delo ma struk -
tur ne last no sti fli {a, je poka za lo, da je sta bil nost fli {a malo odvi sna od sta nja raz pok, med tem ko je pogla vit ni
vzrok za kru {e nje obal nih sten {te vi lo raz pok v pe{ ~e nja ku (Fur la ni in osta li 2011b). Pomem ben dejavnik
je poleg struk tur nih defor ma cij kam nin ska hete ro ge nost, kate re posle di ca je pla sto vi tost fli {a. V za li vu
vzhod no od rti ~a Stru njan se raz po ka nost lapo rov ca zara di pre pe re va nja mo~ no zmanj {a na glo bi ni 12cm.
Zorn (2008, 33) za gole fli {ne ste ne v za led ju oba le nava ja, da se {te vi lo raz pok mo~ no zmanj {a ̀ e 5–10 cm
pod povr{ jem, glo bin ska raz po ka nost pe{ ~e nja ka pa je podob na vodo rav ni raz po ka no sti. Pre gled ni ca 1
pri ka zu je stop njo raz po ka no sti, sta nje raz pok in indeks trd no sti pe{ ~e nja ka na 32 to~ kah med rti ~em Kane
in Stru nja nom.

Opa zo va no obmo~ je spa da sko raj v ce lo ti v raz red sred njih vred no sti indek sa trd no sti kam nin. Izje -
mi sta niz ka trd nost vzhod no od rti ~a Stru njan ter viso ka trd nost na obmo~ ju rti ~a Ronek. Pogla vit na
dejav ni ka niz ke trd no sti sta tan ka pla sto vi tost in veli ka raz po ka nost, ki je posle di ca pre tr to sti kam ni ne.
Visok indeks trd no sti kam nin na rti ~u Ronek je posle di ca izred no niz ke stop nje pre tr to sti in valo vi to sti
raz pok, kar pove ~u je trd nost kam ni ne. Pro stor ska raz po re di tev indek sa trd no sti kam nin ka`e, da ta ni
bis tven dejav nik obli ko va nja pote ka oba le. Zani mi vo je, da je pojav ero zij skih `le bi ~ev vezan na odse ke
s sred njo do viso ko vred nost jo indek sa trd no sti kam nin, kar lah ko pome ni, da je za nji hov nasta nek pomemb -
nej {i nek dru gi dejav nik, na pri mer debe li na pla sti lapo rov ca. Ero zij ski jar ki se pojav lja jo povsod, razen
na odse kih z zelo niz ko vred nost jo indek sa trd no sti kam nin, kjer pre vla du je jo odlo mi. Sled nji se pojav -
lja jo tudi na odse kih z niz ko do sred njo vred nost jo indek sa trd no sti kam nin. Usa di so pogo stej {i na odse kih
s sred njim indek som trd no sti kam nin, ven dar odlom ne povr {i ne niso veza ne na stop njo indek sa trd no -
sti kam nin, saj se pojav lja jo v vseh raz re dih. Fur la ni in osta li (2011b) za obmo~ je Debe le ga rti ~a pi{e jo,
da je indeks trd no sti kam nin med 15 in 45, kar je ni` je kot na na{em odse ku.

3.5 Smer in naklon vpa da pla sti

Pla sti na celot nem opa zo va nem obmo~ ju so nag nje ne v sme ri pro ti kop ne mu, zara di ~esar pobo~ ja
niso sklad na. Na celot nem obmo~ ju naklon pla sti naj ve~ krat ne pre se ga 15°, pri ~emer so ve~ ji naklo -
ni posledica lokal ne ga guba nja. Ve~ ji naklon vpa da pla sti (rti~ Kane in rti~ pri Belih ska lah) se odra ̀ a
v konkav ni obli ki obal ne ga prereza, nima pa pomemb ne vlo ge pri hitro sti ero zij skih pro ce sov ozi ro -
ma umi ka nju obalnih sten. Vsi raz re di sme ri in naklo na vpa da nja pla sti se namre~ pojav lja jo tako na
rtih, kot v za li vih opa zo va ne ga obmo~ ja; podob no velja za ero zij ske obli ke (ero zij ski `le bi ~i, jar ki, usa -
di in skla ni odlo mi).

3.6 Struk tur ne defor ma ci je

Pre kri va nje slo jev gub in pre lo mov ne ka`e poseb ne pove za no sti z ero zij ski mi obli ka mi. Na odse kih s struk -
tur ni mi defor ma ci ja mi naj po go ste je nasta ja jo ero zij ski `le bi ~i, red ki so usa di in odlo mi. Ero zij ski jar ki
in odlom ne povr {i ne ne ka`e jo pove za no sti z gu ba mi in pre lo mi. Naj ve~ ja stop nja struk tur ne defor mi -
ra no sti je ju` no od rti ~a Stru njan. Mor da je prav zmanj {a na sta bil nost pobo ~ij zara di struk tur nih defor ma cij
raz log za inten ziv no umi ka nje kli fov v pre te klo sti, zara di ~esar so se zna{ le v izra zi to zave tr ni legi. Danes
ta odsek ni v sti ku z mor jem, zara di ~esar pri nji ho vem preob li ko va nju sode lu je jo pre te` no kopen ski dejav -
ni ki.

Sli ka 6: Raz po ke (levo) in gube (desno) so pogo ste na opa zo va nem obmo~ ju, na pri mer na rti ~u Stru njan.
Glej angle{ ki del pris pev ka.

3.7 Tal na voda v raz po kah

Fli {ne kam ni ne so za vodo sla bo do sred nje pre pust ne kam ni ne (Fab jan 2010, 22). Pose bej vodo dr -
`en je lapo ro vec, med tem ko se v pla steh pe{ ~e nja ka skla di{ ~i jo manj {e koli ~i ne raz po klin ske in uje te
vode, ki se pre ta ka po raz po kah in lezi kah (Du lar 2000), zato si izvi ri na obal nem odse ku sle di jo vzdol`
posa mez ne pla sti. Raz po klin ski fli {ni izvi ri niso izdat ni, ven dar se iz njih cedi voda sko zi celo leto (Du -
lar 2000, 8).
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Vpliv tal ne vode v raz po kah ne ka`e pove zav s po jav lja njem posa mez nih ero zij skih oblik. Izvi ri raz -
po klin ske vode se pojav lja jo pred vsem v za li vih, ven dar je nji ho vo majh no izdat nost in {te vil~ nost te` ko
pove za ti z izra zi tej {im vpli vom na hitrost umi ka nja obal nih sten.

Sli ka 7: Raz po klin ski fli {ni izvi ri. Pozi mi voda na pobo~ jih obal nih sten ob~a sno zmr zu je.
Glej angle{ ki del pris pev ka.

3.8 Naklon pobo~ ja

Zem lje vid naklo nov je bil pri dob ljen s po mo~ jo obde la ve digi tal ne ga mode la vi{in 12,5m, deli tev naklona
na raz re de pa upo {te va kla si fi ka ci jo, ki pove zu je posa mez ni naklon ski raz red s pre vla du jo ~i mi geo morf -
ni mi pro ce si (De mek in osta li 1972; Natek 1983)

Na kli fih pre vla du je naklon ski raz red 32°–54,9°, pri kate rem so del ci kam ni ne v la bil nem polo ̀ a ju zara -
di pre se ga nja posip ne ga kota. V tem naklon skem raz re du se pojav lja jo ero zij ske obli ke. Spo ra di~ no se
pojav lja jo tudi naklo ni ve~ ji od 55°, ven dar le na spod njih delih kli fov, kar je tudi posle di ca nena tan~ -
no sti digi tal ne ga mode la vi{in (Hrvatin in Perko 2005). Naj ve~ ja skle nje na povr {i na naklo na nad 55° je
na zahod nem delu rti ~a Ronek, kjer je obse` na odlom na povr {i na. Spod nji deli kli fov ve~i no ma spa da -
jo v na klon ski raz red 20°–31,9°. Za ta naklon ski raz red je zna ~il no pla ze nje (usa di). Naklo ni, manj {i od 11,9°
vklju ~u je jo pas obal nih ravnic.

3.9 Rast je

Po ra{ ~e na so pred vsem ero zij sko manj aktiv na obmo~ ja in obmo~ ja odla ga nja ero di ra ne ga gra di va, med -
tem ko so zgor nji deli kli fov sko raj nepo ra{ ~e ni. Tam rast je nima opaz ne vlo ge pri utr je va nju pobo~ ja in
pre pre ~e va nju pobo~ nih pro ce sov. Rast je zadr ̀ u je manj {e ero zij ske pro ce se v spod njih delih pobo ~ij, kjer
pora{ ~a odlo ̀ e no gra di vo. Kjer polo` nej {i del kli fov obra{ ~a drev je, lah ko ta zadr ̀ i pre cej gra di va, le gra -
di va ve~ jih dimen zij ne more zadr ̀ a ti (Ri bi ~i~ in Gali~ 2010).

Ob mo~ ja ob ero zij skih jar kih, na kate rih pre vla du je povr {in sko spi ra nje, pora{ ~a pio nir sko rast je. Usadi
se spro{ ~a jo na ve~i no ma nepo ra{ ~e nih odse kih, odlom ne povr {i ne pa so nepo ra{ ~e ne zara di veli ke ga naklona.

Sli ka 8: Spod nji deli kli fov so zara di manj {e ga naklo na pora{ ~e ni s trav nim in grmov nim rast jem, str me odlom ne povr {i ne v zgor njem delu
pa so pove ~i ni gole.
Glej angle{ ki del pris pev ka.

3.10 Izpo stav lje nost oba le mor ju

Stop nji ero zi je mor ja in prio bal ne ga trans por ta sta nepo sred no odvi sni od ener gi je valo va nja, ta pa od
vi{i ne valo va nja (Airy 1845; Komar in Inman 1970, po Pet hick 2001). Pri tem je bis tve no, da ti pro ce si
pod no` je kli fe sploh dose ̀ e jo, zato smo ugo tav lja li vrsto sti ka med mor jem in kli fi.

Na sko raj celot nem preu ~e va nem obmo~ ju gre za ob~a sen stik vzno` ja obal nih sten z mor sko gla di -
no, pri sot nost skla nih blo kov pa je odvi sna od pri sot no sti pla sti pe{ ~e ne ga kar bo nat ne ga ali apnen ~e ve ga
tur bi di ta v obal ni ste ni. Ne ka`e, da bi nji ho va pri sot nost izra zi te je vpli va la na stop njo ero zi je mor ja. Nepo -
sre den stik z mor jem je le na rti ~u Stru njan in vzhod no od nje ga ter na rti ~u pri Belih ska lah. Poiz kus pri
rti ~u Stru njan je poka zal, da obal ni trans port ob ̀ e neko li ko bolj izra zi tem pli mo va nju z obi ~aj nim valo -
va njem brez te`av pre me{ ~a pobo~ no gra di vo z naj dalj {o stra ni co do 11 cm in pre stav lja ska le z naj dalj {o
stra ni co do 30 cm, ki se ob more bit nem pobo~ nem pro ce su kopi ~i jo pri pod no` ju obal nih sten.

Sli ka 9: Mo~ valo va nja na odpr tem mor ju 4 km od preu ~e va ne ga obmo~ ja 6. 7. 2011. Prvi gra nu la cij ski raz red je z obal ne poli ce v za li vu
pri rti ~u Stru njan odne slo ob 12:00, dru gi in tret ji ob 13:30 in ~etr ti ob 14:00, ko je pli mo va nje dose glo vi{ek (Agen ci ja…2011).
Glej angle{ ki del pris pev ka.

Sli ka 10: S {te vil ka mi so ozna ~e ni gra nu la cij ski raz re di, pu{ ~i ce pri ka zu je jo smer trans por ta.
Glej angle{ ki del pris pev ka.
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Z vr sto sti ka je pove zan tudi nasta nek ero zij skih oblik. Ero zij ski `le bi ~i in jar ki ne nasta ja jo na odse -
kih z ne po sred nim sti kom, saj so tam gole povr {i ne. Usa di so veza ni na obmo~ ja z ob ~a snim sti kom, kjer
se ob vzno` jih pobo ~ij lah ko odlo ̀ i zadost na koli ~i na pobo~ ne ga gra di va, da lah ko nasta ja jo usa di. Odlo -
mi se pojav lja jo na vseh tipih sti ka.

4 Ogro ̀ e nost kopal cev pod kli fi
Ker so z vi di ka ogro ̀ e no sti kopal cev naj bolj pomemb ni usa di in skal ni odlo mi, so ti v na da lje va nju natan~ -
ne je preu ~e ni. Da bi ugo to vi li kate ri deli oba le so pod vr ̀ e ni tem pro ce som, smo kar to graf sko pre kri li
dejav ni ke, ki sov pa da jo na dolo ~e nem obal nem odse ku. Ker izbra ni dejav ni ki nee na ko vpli va jo na pro -
`e nje posa mez ne ga pobo~ ne ga pro ce sa, jih je bilo tre ba pri mer no obte ̀ i ti gle de na nji ho vo stop njo
pove za no sti s po sa mez no ero zij sko obli ko. Fak tor obte ̀ i tve je posa me zen dejav nik pri do bil na pod la gi
abso lut ne vred no sti pojav lja nja v po ve za vi z do lo ~e no ero zij sko obli ko. Na pod la gi tega sta bila izde la na
zem lje vi da pod vr ̀ e no sti pojav lja nju usa dov in skal nih odlo mov na opa zo va nem obmo~ ju (sli ki 11 in 12).

Pre gled ni ca 3: Pri sot nost posa mez nih dejav ni kov pri pojav lja nju usa dov.

usad 1 usad 2 usad 3 usad 4 usad 5 Σ

in deks trd no sti kam nin 40–43 × × × × × 5

pre vla du je pe{ ~e njak × × × × × 5

ob ~a sen stik z mor jem × × × × × 5

na klon pobo~ ja 20°–31,9° × × × × × 5

vpad pla sti 5°–15° × × × × 4

vo do rav no × 1

rast je ne po ra{ ~e no × × × × 4

gozd × 1

de be li na pe{ ~e nja ka > 20 cm × × × 3

10–20 cm × × 2

struk tur ne defor ma ci je × × 2

Na opa zo va nem obmo~ ju so pri pojav lja nju usa dov naj ve~ krat pri sot ni dejav ni ki kam nin ske zgrad -
be (pre vla da pe{ ~e nja ka) in raz po ka no sti (in deks trd no sti kam nin), vrsta sti ka z mor jem (ob ~a sen) in naklon
pobo~ ja (ve~ ji od 20°). Neko li ko red kej {i so usa di na nepo ra{ ~e nih obmo~ jih z majh nim naklo nom pla -
sti, na obmo~ jih z de be li mi plast mi pe{ ~e nja ka in ob ve~ jih struk tur nih defor ma ci jah. Raz po klin ska voda

Acta geographica Slovenica, 52-2, 2012

331

Pre gled ni ca 2: Gra nu la cij ski raz re di, upo rab lje ni v poiz ku su (fo to gra fi je Mati ja Zorn).

Gra nu la cij ski raz red 1 2 3 4 5

opi sno dro ben gru{~ majh ni prod ni ki sred nje veli ki prod ni ki ve~ ji kam ni manj {a ska la

vr sta gra di va la po ro vec pe{ ~e njak pe{ ~e njak pe{ ~e njak pe{ ~e njak
in pe{ ~e njak

pov pre~ na dol ̀ i na treh
stra nic kla stov (cm) naj dalj {a stra ni ca < 3 1 × 4 × 3 3×11×7 30×15×10 30×40×20

skup na koli ~i na (m3) 0,03 0,03 0,03 0,01 0,02

{te vi lo kla stov ne pre {te to ne pre {te to 200 3 1
zaob lje nost niz ka sred nja (0,44) sred nja (0,49) niz ka niz ka
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in pla sti pe{ ~e ne ga kar bo nat ne ga ali apnen ~e ve ga tur bi di ta ne vpli va jo na pojav lja nje usa dov. Naj po memb -
nej {i dejav nik pa je goto vo ob~a sen stik z mor jem, saj omo go ~a, da se pod kli fom ven dar le odlo ̀ i vsaj nekaj
gra di va, ki je potem pod vr ̀ e no pobo~ nim pro ce som. Sode~ po sli ki 11 so usa dom naj bolj pod vr ̀ e ni odse -
ki ju` no od rti ~a Stru njan in zaliv Sv. Kri ̀ a.

Sli ka 11: Zem lje vid pod vr ̀ e no sti pojav lja nju usa dov ([e gi na 2012).
Glej angle{ ki del pris pev ka.

Na fli {nih kli fih na preu ~e va nem obmo~ ju je za pojav lja nje skal nih odlo mov bis tve na pri sot nost pla -
sti pe{ ~e ne ga kar bo nat ne ga ali apnen ~e ve ga tur bi di ta in pre vla da pe{ ~e nja ka, saj sta tur bi dit in pe{ ~e njak
izvor odlom ne ga gra di va. Na skal ne odlo me vpli va tudi nepo sre den stik z mor jem, ki zmanj {u je sta bil -
nost obal ne ste ne pri nje nem vzno` ju. Neko li ko manj {i vpliv ima ta tan ka pla sto vi tost pe{ ~e nja ka in ve~ ja
raz po ka nost kam ni ne (in deks trd no sti kam nin), med tem ko rast je o~it no ne zadr ̀ u je skal nih odlo mov,
saj je ve~ odlo mov na z drev jem pora{ ~e nih odse kih, kot na nepo ra{ ~e nih. Manj {i vpliv na pojav lja nje skal -
nih odlo mov ima jo struk tur ne defor ma ci je in naklon pobo~ ja, pri ~emer skal ni odlo mi pre vla du je jo
v na klon skem raz re du 32–54,9°, zane mar ljiv vpliv pa ima voda v raz po kah. Odlo mom so gle de na sli ko
12 naj bolj pod vr ̀ e ni odse ki v za li vu Sv. Kri ̀ a, pred vsem zahod ni del zali va, rti~ pri Belih ska lah ter neko -
li ko manj odsek tik pred Stru nja nom in vzhod ni del rti ~a Kane.

Sli ka 12: Zem lje vid pod vr ̀ e no sti pojav lja nju skal nih odlo mov ([e gi na 2012).
Glej angle{ ki del pris pev ka.

5 Sklep
Pri preu ~e va nju kli fov je naj ve~ ji izziv oce nje va nje hitro sti nji ho ve ga umi ka nja. Zara di odsot no sti dalj -
{ih meri tev ero zi je na fli {nih kli fih ob slo ven ski oba li lah ko hitrost ero zij skih pro ce sov zaen krat le oce nju je mo
na nekaj cen ti me trov let no.

V ~lan ku je pred stav ljen vpliv neka te rih narav nih dejav ni kov na pojav lja nje posa mez nih ero zij skih
pro ce sov in relief nih oblik na kli fih ter pro stor ska raz pro stra nje nost usa dov in skal nih odlo mov. Gle de
na rezul ta te postav lja mo hipo te zo, da so v za li vih pomemb ni »pos pe {e val ci« ero zi je na pobo~ jih usa di,
na rtih pa skal ni odlo mi.

Pri mer ja ve med posa mez ni mi dejav ni ki in obli ko dana{ nje obal ne ~rte ka`e jo, da je sled nja v naj ve~ ji
meri odvi sna od debe li ne pla sti pe{ ~e nja ka in pri sot no sti pla sti pe{ ~e ne ga kar bo nat ne ga ali apnen ~e ve -
ga tur bi di ta. Iz tega skle pa mo, da je sicer po~a sno umi ka nje kli fov v za li vih, kjer teh pla sti ni, raz me ro ma
hitro in zato bolj vpli va na potek oba le, kakor hip ni ero zij ski ali pobo~ ni pro ce si. Sled nji so tesno povezani
s pri sot nost jo debe lej {ih tur bi dit nih pla sti ali debe lej {ih pla sti pe{ ~e nja ka in so pogo stej {i na izpo stav lje -
nih rtih. Ve~ ji skal ni odlo mi, ki sicer pre mak ne jo obi lo gra di va v krat kem ~asu, so na opa zo va nem obmo~ ju
pre ve~ red ki, da bi se nji hov pris pe vek k preob li ko va nju oba le pomemb ne je odra ̀ al.

In kak {no je pred vi de no pri hod nje spre mi nja nje obal nih kli fov na opa zo va nem obmo~ ju?
Od go vor na to vpra {a nje je tesno pove zan z na po ve da nim spre mi nja njem vi{i ne mor ske gla di ne, ki

urav na va stop njo ero zi je mor ja in obal ne ga trans por ta.
Lam beck in osta li (2004) za obmo~ je Sre do zem ske ga mor ja oce nju je jo, da je od kon ca zad nje ga pole -

de ni tve ne ga vi{ ka (pred oko li 12.000 leti) do danes naj po memb nej {i dejav nik niha nja mor ske gla di ne
tek to ni ka. Zara di odsot no sti nano sov iz zad nje ga med le de ne ga obdob ja pri Trstu gle de na zna ne evstat -
ske in gla cio-hi droi zo stat ske stop nje skle pa jo, da se povr{ je gre za s stop njo –0,15 mm/leto (Lam beck in
osta li 2004). Vi{i ne geo mor fo lo{ kih in arheo lo{ kih najdb med zali vom Sv. Jer ne ja in zali vom Sv. Simo -
na, pre ra ~u na ne po raz li~ nih evstat sko-gla cio-hi dro stat skih mode lih, naka zu je jo na hitrost gre za nja
med –0,44mm na leto in –1,53±0,72mm na leto v zad njih 2000 le tih (An to nio li in osta li 2009). Na pod -
la gi spod mo lov na obmo~ ju apnen ~a ste oba le med Mira ma rom in Devi nom (severozahodno od Trsta),
ki so danes pod mor sko gla di no, skle pa jo o gre za nju sedi men ta cij ske ga baze na v zad njih 10.000 le tih pro ti
seve ro za ho du. Sever ni del Tr`a{ ke ga zali va se pogre za hitre je (ve~ kot –1,99 mm/leto), kot ju` ni del (oko -
li –0,6 mm/leto) (Fur la ni in osta li 2011c). Nee na ko mer no gre za nje je posle di ca raz li~ ne ga giba nja
tek ton skih blo kov, lo~e nih s pre lo mi, pra vo kot ni mi na dinar sko smer (Fur la ni in osta li 2011c). Stop nja
evsta tiz ma naj bi ime la dru go ten pomen na niha nje mor ske gla di ne v Sre do zem skem mor ju, gla cio-hi -
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droi zo sta zi ja pa naj bi pris pe va la le 10–15% k skup ni vi{i ni gla di ne mor ja, pri ~emer ima alp ska pole -
deni tev le zane mar ljiv vpliv (Lam beck in osta li 2004). Dvi ga nje povr{ ja zara di izo sta zi je po zad njem
le de nem obdob ju naj bi tako v se ver nem Sre do zem lju zna {a lo le +0,1 do 0,2mm let no (Pel tier 2001, po
García 2007).

Gla di na mor ja na mareo graf ski posta ji Koper se zvi {u je za prib li` no 1 mm/leto, kar je v skla du s tren -
dom nara{ ~a nja gla di ne Sre do zem ske ga mor ja (Li ~er in osta li 2010) in je pove za no tudi s ste ri~ nim u~in kom
zara di spre mi nja nja pro stor ni ne mor ske vode ob niha nju tem pe ra tu re in sla no sti ter zara di spre mi njanja
vod ne bilan ce (Crea do-Al dea nue va 2008). Ta trend in pa isto ~a sno gre za nje, evsta ti zem in gla cio-hi droi -
zo sta zi ja pre pre ~u je jo fosi li zi ra nje obal nih oblik. Zara di dvi ga nja mor ske gla di ne lah ko tako v pri hod nje
pri ~a ku je mo ohra nja nje tre nut no pri sot nih obal nih relief nih oblik in delu jo ~ih pro ce sov.

6 Lite ra tu ra
Glej angle{ ki del pris pev ka.
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