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Zortan SeiSAk

Slope failures fringing some effusive and shallow intrusive volcanic
bodies in the northern Slanské vrchy Mts.

(8 figs., slovak summary)

Abstract The article gives a brief characteristics of a geological-geomorphological structure
favourable for the formation of slope failures. It also describes a few typical localities where this structure
and slope failures are developed. The structure’s characteristic signs include effusive and shallow intrusive
volcanic bodies cutting Neogene and Paleogene sedimentary formations as well as deformations and
subsequent slope failures in these sediments. In the Slanské vrchy neovolcanic region, there structures
make up two belts and are particularly widely distributed in the marginal parts of the mountains. The
article concludes with a brief description of the formation and evolution of landslides in this geologic-
tectonic structure.

Introduction

Regions composed of Tertiary volcanic complexes and their marginal parts on the
Slovak territory are characterized by the presence of very extensive slope failures
disturbing the volcanic complexes as well as earlier sedimentary formations underlying
or fringing the volcanics.

A typical example of such area are the Slanské vrchy Mts. where Lower to
Upper-Miocene sediments are interlaced with a few separate volcanic structures.

The emplacement of solid volcanics and volcanoclastics amidst plastic sediments
of Neogene and partly also Paleogene age, but mainly the neotectonic uplift of
differentiated volcanic structures, created favourable conditions for the formation and
further development of extensive slope failures (Nemcok et al., 1974). The failures can
be classified as creep, slide, flowage and rolling. The areal extent of slope failures in
this region is considerable, and earlier works (Mawcor, 1977) estimate that they disturb
120 km’ on the periphery of the Slanské vrchy Mts.

The extent and intensity of slope failures on the periphery of the volcanic
structures are enhanced by the presence of deeply-seated effusive and shallow
intrusive volcanic bodies of different lithologies and shapes cutting the sedimentary or
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volcanosedimentary formations. The emplacement of these volcanic bodies and
subsequent volcanic activity gave rise to a geologic-geomorphological structure very
favourable for the formation of gravitational slope failures on the periphery of these
bodies. Such slope failures in this region were noted by Marcor (1969), while Srigix
and Pora8cvova (1991) described in more detail the characteristic slope failures
between Hubo3ovce and Kapu3any. :

Location of the effusive and shallow intrusive bodies

The location of the effusive and shallow intrusive igneous bodies is closely associated
with the course of an elongated NW—SE-trending graben structure (Kauiciak, 1989).

The marginal faults fringing this structure became supply channels through which
lithologically differentiated volcanic masses ascended. The activity of these faults
culminated in the Lower and Middle Sarmatian. The graben structure is understand-
ably lined with two separate belts of volcanic bodies. The first belt lies on the SE to
E margin of the Slanské vrchy from HuboSovce as far as Juskova Vola with a possible
SE continuation. This northern belt comprises a number of separate bodies between
Hubo3ovce and Kapulany as well as Maglovec, Oblik and Obl4 bodies and some
minor ones.

The second belt is situated in the SW Slanské vrchy and is separated from the
first one by the main volcanic massif. This belt extends from V. Sarig to Rusk4 Nov4
Ves through a large effusive complex near Brestovo and further on through Kecerovce
to Herlany (Fig. 1).

The activity of the marginal faults defining the
graben structure, however, did not end in the Neoge-
Neogene. Morphologicai structures on the periphery
of the mountains, vast slope failures and thick accu-
mulations of slope sediments suggest that the fault
activity persisted until the Quaternary. The late
movements frequently compensate for the Neogene
ones along the same structures and their direction is
opposite (Janocko, 1989).

Fig. 1 Location of effusiva and shallow intrusive bodies on the
periphery of the Slanské vrchy Mts

1 — Slanské “rchy volcanic n.antains, 2 — sume efiusive and
shallow intrusive volcanic bodies in marginal parts of the moun-
tains, 3 — state boundaries

3=\ 0 5 0 15 20 kn
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Brief characteristics of the structure

As noted in the introduction, the geologic-geomorphologic structure in question
resulted from the emplacement of the volcanic body through earlier formations in the
period of volcanic activity. The knowledge obtained so far by ficld mapping makes it
possible to distinguish two stages in the development of this structure.

In the first stage, the volcanic body penetrated through the plastic sedimentary
or volcanosedimentary complex and a morphostructural elevation was thus formed
(Fig. 2). The emplacement of the volcanic body resulted in strong fracturing and
deformation of the sedimentary formations and, in many places, torn of sedimentary
blocks formed isolated xenoliths amidst the volcanic matter. Hornfels and porcelanites
were formed at the contacts.

Fig. 2 Evolutionary stages of landslide structure fringing a volcanic body
1 — effusive to shallow intrusive volcanic body, 2 — distrurbed formations, 3 — active marginal faults,
4 — landslides on the slopes

The emplaced bodies strongly compressed the adjacent sedimentary formations
and the stress field considerably changed in favour of pressure stresses. The formerly
subhorizontal formations were erected to a nearly upright position, dipping at 70—
80°. The first stage was concluded by the beginning uplift of the morphostructure
along the marginal active faults.

In the second stage, the whole morphostructure was uplifted and subjected to
erosion. As the uplift and erosion continued (the process is still under way), pressure
stresses in the compressed formations were released and tensile zones were formed
primarily in the source portions of slopes. These tensile zones triggered intensive
weathering to substantial depths in the fractured sedimentary formations and volcanic
bodies slike. Meteoric waters percolate through a system of tensile fractures in the
volcanic bodies as far as the contact with the underlying plastic sediments thereby
adding water to the creep zone of the deformed formations. As a result, shear
strength of earths underlying the fractured massif considerably decreased. These
processes along with other factors gradually undermined slope stability on the
periphery of the volcanic bodies until the critical values was exceeded and fairly fast
slope failures took place. The blockdiagram in Fig. 3 shows the spatial position of an

11
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Fig. 3 Blockdiagram showing spatial location of a volcanic body and surrounding landslides
1~ cffusive to shallow intrusive volcanic body, ? - < dis v bed sediinentary formations, 3 — active ma ginal fault lines, 4 — divisional planes and tensile

cracks of the landslide, 5 — accumuiation part of the landslide, 6 — springs and swamps, 7 — alluvial plain with fluvial deposits, 8 — thick loamy-talus
deposits
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igneous effusive and shallow intrusive body cutting the sedimentary complex and the
formation of landslides on the periphery of the body.

Some typical examples of landslide areas

Several more or less separate bodies within the northern volcanic belt from
Hubu3ovce to Zamutov were selected to characterize slope failures on the periphery
of the deeply seated effusive and shallow intrusive igneous bodies.

The volcanic bodies of variegated lithology in this region occur amidst Paleogene
and Neogene sediments of Neogene volcanosedimentary formations.

The enclosed maps of the selected landslide areas sufficiently illustrate the
geological structure of the area and the character of slope failures.

Lysd Straz

The volcanic body Lysa StraZ (Fig. 4) lies on the periphery of the conspicuous NW
—SE horst structure composed of Inner-Carpathian Paleogene sediments. The volcanic
body itself represents the NW end of a belt of separate volcanic bodies of variable
size stretching from Hubu3ovce to Kapusany (Kauciak et al.., 1988).

Petrographically, the body consists of pyroxene-amphibole diorite porphyrite
cutting Inner-Carpathian Paleogene (claystone-siltstone development of Huty
Formation) and Eggenburgian formation (claystone-sandstone development of Celovee
Formation), (Mownar et al., 1986). The first map illustrating the evolution of landslides
on the periphery of the Lysa StraZ body was compiled by Marcor (1969).

Slope failures fringing the volcanic body can be classified as sliding. Field
mapping and drilling have proved that shear planes at the contact between Quaternary
sediments and underlying rocks or in strongly weathered zone of subjacent sediments
are rotational-planar ones. The landslides have sheet-like or elongated flow-like
shapes. The accumulation portions of some landslides reach as far as the local base
level. The geomorphologic manifestations suggesting landslide area and the degree to
which it is disturbed confirm the potential state of landslided with signs of their partial
activation.

Maglovec

The volcanic body Maglovec of conspicuous oval shape elongated in the NW-SE
direction (Fig. 5) is situated in the northernomost part of the Slanské vrchy.

This shallow intrusive body consists of amphibole-pyroxene diorite porphyry
dissected by blocky joints passing into columnar jointing. The body cuts Lower
Neogene (Karpatian) claystone and claystone-sandstone formations. The enclosed map
clearly shows the marked difference between the evolution of the northern slopes
characterized by landslides and the southern part with extensive proluvial gravel
accumulations. The thick Pleistocene andesite proluvial gravels buried the contact
between the volcanic body and plastic Neogene sediments and therefore the area is

13
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Fig. 4 Evolution of landslides on the periphery of the volcanic body Lys4 Straz

1 — fluvial deposits of major streams (bottom fillings), 2 — pyroxene-amphibole diorite porphyrite, 3 —
claystone-sandstone developm.ii of Celovce Formation (Eggenburgian). 4 - . (laystone-siltstone
development of the Huty Formation (Eocene), 5 — sheet-type, potential landsldes, 6 — flow-type
landslides, potential to partly stabilized, 7 — flow-type landslides, active, 8 —- geological boundary
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stable. In contrast, Neogene sediments and Quaternary slope deposits on the northern
slopes which stretch as fur as the village Severnd were disrupted by arcal landslides.
On the eastern margin of the volcanic body there occur landslides, too. Like in the
previous case, the landslides here are of potential character, the active forms being
developed only locally. The morphology of the landslide area suggests that the shear
planes are rotational-planar and curved in their basal part.

The landslide areas contain undrained depressions and swamps, predominantly
in the upper portions of landslides.

Fig. 5 Slope failures fringing the volcanic body Maglovec

1 — Pleistocene accumulations of proluvial gravels, 2 — amphibole-diorite porphyry, 3 — claystone-
sandstone formation (Karpatian), 4 — sheet-type potential landslides, 5 — sheet-type active landslides,
6 — flow-type landslides, potential, 7 — geological boundary
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Fig. 6 Slope failures fringing Oblik

1 — effusive body of pyroxene-amphibole diorite porphyry, 2 — redeposited andesite pyroclastics, 3 —
rhyodacite tuffs 4 — clays*one formations (Karpatian), 5 — claystone-sandstone formations (Eocene),
6 -— sheet-ty oc potential lanslides 7 — sheet-type stabilized landslides, 8 — flow-type active landslides,
9 — flow-type partly stabilized landslides, 10 — geological boundaries
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Oblik

This volcanic body forms a very conspicuous round domal elevation rising to 925 m
above sea level (Fig. 6).

The body composed of pyroxene-amphibole diorite porphyry can be described
as shallow intrusive passing into an effusive equivalent. The ascending magma made
its way through Karpatian claystone formations and the Paleogene claystone-sandstone
Huty Formations. It the SW tract of the contact between the volcanic body and
sedimentary formations there occur manifestations of contact thermic metamorphism.

Slope failures disturbing vast areas on the periphery of the volcanic body are
classified as landslides with rotational-planar shear planes (Maccor, 1969).

The landslide divisional planes locally extend as far as the volcanic body and
disturb the surrounding extremely thick loamy-stony accumulations. Areal landslides
prevail, with flow-type forms being developed only locally.

The divisional part of landslides is characterized by the presence of sunken
blocks of slope accumulations with vertical displacements measuring up to several
hundreds of metres. The accumulation portions of the landslides mostly spread as far
as the local base level. Numerous swamps and undrained depressions were formed on
the slopes disturbed by landslides and a number of major springs occur in the source
portions of the landslides.

Obla

The small volcanic body Obl4 liecs SW of the village Zamutov, on the periphery of the
Makovica stratovolcano. The shallow intrusive body of andesite-diorite porphyry cuts
Badenian claystone and claystone-sandstone formations (Fig. 7). The body has a round
and domal shape. Its NE and E margins were disturbed by landslides whose
accumulation portions spread as far as the local base level and their divisional planes
sometimes disturb the vclcanic body itself.

The wawy morphology forms a typical landslide relief with a variable amplitude
between the positive and negative landforms. Like elsewhere, these slopes are also
covered with a number of swamps and undrained depressions, and several springs
have been noted on sliding slopes on the periphery of the volcanic body thus reducing
their stability.

Valencica

The last example of slopes around volcanic bodies disturbed by landslides is the small
body Valendéica located north of Zamutov.

The volcanic body composed of light gray to pinkish rhyolite forms a domal
round morphologic elevation. Near the surface, the body cuts Badgnian formations
dominated by claystones with layers of fine-grained sandstones (Fig. 8).

The attached map clearly illustrated the extent of slope failures fringing the
rhyolite body.

17
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Fig. 7 Landslides around the volcanic body Obl4
1— andesite-diorite porphyrite, 2 — claystone-sandstone formations (Badenian), 3 — sheet-type potential
landslides, 4 — potential flow-type landslides, 5 — geological boundaries
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Fig. 8 Landslides around the vuicanic body Vaiendica

1 — rhyodacite, 2 — epiclastic volcanic breccias, 3 — claystones interbedded by sandstones (Badenian),
4 — arecal stabilized landslides, 5 — areal potential landslides, 6 — flow-type active landslides, 7 — flow-
type landslides, potential to partly stabilized, 8 — geological boundaries
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Although the area is smaller than the above-described ones, the extent of
landslides here is the largest. Most landslides spread as far as the rhyodacite body and
their divisional planes strongly disturb its margins.

The landslides largely have an areal or flow-like shape and their accumulation
portions extend as far as the local base level.

Extent of landslide areas

The extent of the areas disturbed by landslides around the volcanic bodies is shown
in Tab. 1.

In addition to the areal extent of landslide slopes, the table also gives the total
area (including slopes stretching as far as the local base level or opposite slope), area
disturbed by active landslides and area occupied by the individual volcanic bodies.

The table clearly illustrates the extent of slope failures around the volcanic bodies
and their share of the total area.

The table also indicates that the relative extent of landslide areas increases, if the
area of the volcanic body is subtracted from the whole area. This subtraction can be
applied because the volcanic bodies, except for their strongly disturbed margins, may
be regarded as stable.

To make the information on the formation and evolution of slope failures around
volcanic bodies more complete, we note that similar structures in almost equal
geological setting were also formed in the SW volcanic belt with related vast landslide
areas in the vicinity of Ruskd Novd Ves, Brestov complex and east Rankovce and
Herlany. This structure partly caused landslides near Slanec and extensive slope
failures at Izra.

Table 1 Areal extent and percentual portion of damaged slopes and volcanic bodies to entire area of
surface

Locality Entire Landslides damaged Surface of active Surface of volcanic |
area of surface landslides bodies
surface
km? km? % km? % km? %
Lysé StraZ 8432 2784 33 0.208 25 0516 6.1
OkruZna 4.080 0.860 21 0.040 1 140 343
Oblik 9.90 4.192 42 0.036 1 3376 34
Obld 2988 0532 18 1.060
“ Valentica 1.200 0532 44 0.160 13 0184 15

19



Evaluation of conditions under which slope failures form and evolve

The formation and evolution of slope failures are controlled by the natural setting
comprising a set of climatic, morphologic, hydrogeologic and geologic factors and
conditions.

The geological conditions are of prime importance. The significant role of the
geologic and/or geologic-tectonic structure in relation to slope failures was
emphasized by Nemcok (1977). The effect of the geological structure on the formation
and evolution of slope failures in the region concerned was illustrated on the
foregoing pages of this article.

The climatic conditions are characterized mainly by temperature and precipita-
tion.

Seasonal temperature changes in this region significantly influence the weathering
process in the volcanics as well as plastic sedimentary and volcanosedimentary rocks.
The changes in temperature and related ones in moisture cause major volume changes
— swelling and contraction in the uppermost layer of the weathered zone particularly
in disturbed formations with a high content of clay fraction. As a result of tensile
stresses, mainly in the upper parts of slopes, these volume changes reach to
considerable depths.

The amount of precipitation is one of the most significant factors controlling the
evolution of slope failures because percolating rain water considerably affects the
hydrogeologic groundwater cycle and thereby also slope stability. ,

Long-term observations of reactivated slope failures confirmed a direct
relationship between the evolution of active landslides and the amount of rain- and
snowfall. Prolonged measurements in a Hydrometeorologic Institute monitoring station
at Zlat4 Baiia confirmed a four- to six-year precipitation cycle within which the long-
tefm average was exceeded by 20 to 37 %. Periodic growth in the annual precipitation
is well illustrated in the next table.

" Year 1960 1966 1970 1974 1980 1985
II Precipitation 981 972 962 1010 1009 1053
(mm/yr)
% of long-term 128 127 120 132 131 137
average

The long-term precipitation average calculated over the period 1951-1986 is
766 mm. In 1985, the long-term average was exceeded by 37 % and consequently a
number of dormant landslides in the northern Kogice Basin and on the foothills of the
Slanské vrchy became active.

The geomorphological setting is characterized mainly by significant differences
in relief energy between the volcanic body and adjacent disturbed slopes. Steep slopes
of andesite bodies pass into a gentle relief of plastic formations disturbed by
landslides. The changing relief energy also affects erosional-denudational and

20



erosional-depositional processes which give rise mainly to thick accumulations of
loamy-talus slope sediments piled up at the foot of the volcanic bodies.

The geomorphologic position of the volcanic bodies as conspicuous elevated
landforms was partly caused by tectonic uplift of the volcanics and Kapuany—
Hubugovce horst in the uppermost Neogene and Quaternary along a system of
marginal faults.

The hydrogeological conditions of the structure in question are controlled largely
by the amount of rain- and snowfall which are the main sources recharging ground
waters. Other factors include the volume of water coming from the effusive
complexes, fracturing of the volcanic bodies and the character of permeability of the
disturbed formations.

Percolating ground waters mostly enter the deep cycle and eventually discharge
onto the surface through springs of variable yield located largely at the contact
between thick Quaternary accumulations and plastic formations at the foot of the
volcanic bodies which supply water to landslide slopes. These springs frequently form
swamps in the divisional portions of landslides. The rain water is likely to partly enter
the deep groundwater cycle thus reducing slope stability largely because of its
buoyancy.

Conclusion

Owing to their geological position and differentiated tectonic pattern, volcanic
complexes of the Slanské vrchy Mts. are extremely favourable for the formation and
evolution of slope failures in the mountain range concerned and its periphery. A
thorough knowledge of the geologic-tectonic and/or geologic-geomorphologic
structures (favourable for slope failures) is an essential precondition to successful
activity of any kind on these landslide arecas. One of such favourable structures is
represented by volcanic bodies cutting older sedimentary and volcanosedimentary
formations giving rise to landslides around these bodies.

As shown on the foregoing pages of this article, the intensively disturbed slopes
around the volcanic bodies and the presence of active landslides suggest that the
region concerned has a high potential for the reactivation of dormant landslides and
formation of new ones. This fact should not be overlooked particularly by engineering
geologists investigating this region for various purposes.

The landslide hazard also affects farming and forestry in the area in question.

Translated by L. Bohmer
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ZovrtaN SridAk

Svahové deformécie po obvode vulkanickgch telies v Slanskych vrchoch

Resumé

Uzemia budované terciérnymi vulkanickymi komplexmi, ktoré vznikli v prostredi sedimentdrnych svvrstvi
neogénu a paleogénu, si &asto porufené rozsiahlymi svahovymi deformaciami, ktoré poruuji rigidné
Casti vulkanickych Struktir a vytvdraji poruchy blokového typu, resp. porufuji plastické sivrstvia
sedimentdrneho podloZia so vznikom rdznych foriem zosuvov. Najvi&ia &ast tychto deformécii sa viaZze
na okraje vulkanickych komplexov, kde v priebehu geologického vyvoja vzniklo niekolko charakteristickych
geologicko-tektonickych Struktiir, ktoré vytvéraji velmi priaznivé podmienky pre ich vznik a rozvoj. Jedna
z takychto priaznivych 3truktir vznikla prienikom plytkointruzivnych aZ extruzivnych vulkanickych telies
cez starSie sedimentirne sivrstvia neogénu a paleogénu. Prienikom telies doglo k silnému porugeniu a
deformécii prerdZangch sivrstvi a stlatenim deformovangch sivrstvi k vyraznej zmene napifového pola
v prospech tlakovych napiti.

Sedimentirne sivrstvia 7 pdvodného subhorizontilneho uloZenia boli vztylené do polohy
s dklonom 70—80°. Postupnym vyzdvihom tzemia, najmd v obdobi kvartéru a néslednou eréziou,
dochédzalo k uvoliiovaniu tlakovych napiti stlatenych sivrstvi a k vytvdraniu fahovych zén po obvode
vulkanickych telies. Intenzivnymi zvetrdvacimi procesmi dochddzalo k vyraznej zmene
fyzikadlnomechanickych vlastnosti poruSenych sivrstvi a k vzniku rozsiahlych zosuvov.

V severnej fasti vulkanického pohoria Slanskych vrchov bol takyto typ geologicko-tektonickej
Struktiry priaznivej pre rozvoj svahovych deformécii zmapovany v dvoch pasmach. Prvé prebieha na sv.
aZ v. okraji Slanskych vrchov od HuboSoviec aZ k Juskovej Voli s moZnym jv. pokralovanim, druhé pasmo
prebicha v jz. Zasti pohoria od V. 3arifa a¥ ku Kecerovciam a Herfanom. V &4nku st podrobnejsie
opisané geologické pomery plytkointruzivnych aZ extruzivnych vulkanickych telies a vjvoj zosuvov po ich
obvode na lokalitdich Lys4d Strd?, Maglovec, Oblik, Obl4 a Valenéica v sv. pdsme vulkanickych telies.
Intenzita porudenia svahov po obvode tychto telies poukazuje na vysoky stupeii néchylnosti tychto tizemi
na reaktiviziciu upokojenych zosuvov, resp., vznik novych zosuvov.
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MikurA$ KrippEL

Long-term monitoring of selected slope failures in Slovakia

(5 figs., slovak summary)

Abstract The article deals with the objectives of long-term slope-failure monitoring on the Slovak
territory, describes applied methods and gives a brief characteristics of eight selected localities.

Introduction

Like the Titanic catastrophe, which had very favourable impact on the security of
marine transport, the consequences of the disasterous Handlova landslide can now,
some decades later, also be highly appreciated. While prior to 1961 geologists paid
little attention to landslides, the Handlov4 disaster triggered extensive research, survey
and stabilization of landslides, which required much work and finance. This can well
be illustrated by the fact that landslide survey, survey-stabilization and stabilization
works in 19701980 cost some Ké& 380 million (Nemeok—Anpor—FusscANGER—MaLcor,
1981). Such precautions still cost 4-5 times less than the subsequent landslide
stabilization excluding direct and indirect damage caused by activated landslides
(Neméok—Anpor—Fussancer—Mawcor, 1981). This proves how significant the preventive
measures are and that is why our knowledge of slope failures in Slovakia is so
thorough.

The research and survey of Slovakia’s slope failures is performed on three levels:
nation-wide, regional and local. The former includes slope-failure registration whose
results are stored at Geofond, Bratislava. This register contains all known landslides,
each of them being characterized by its areal limits shown on a 1:25 000 map and a
regisuiation card which provides data on the type and activity of the slope failure
concerned, damaged and threatened objects, hydrogeological data, information on the
geology and geometry of the sliding slope, detailed description of the slope failure and
the cause which gave rise to it and — if it was stabilized — the ways of its stabilization.
The register is computerized. The third stage of the registration is being concluded
right now and so we may say that only a minimum number of slope failures has not
yet been registered.

RNDr. M. KrippEL, Dionyz Stir Institute of Geology, Mlynskd dolina 1, 817 04 Bratislava




Slope failures are not evenly distributed on the Slovak territory. Some geographic
units are particularly richly endowed with landslides (in some areas they disturb more
than 60 % of the total area). In such areas, landslides belong among major adverse
factors limiting construction. They frequently extend across the area’s borders and
therefore such geographic units are investigated on regional scale, which comprises
mapping on scales 1:10 000 or 1:5000 and technical works (drilling, geophysical and
geodetic measurements and/or special drillhole logging) at characteristic localities and
subsequent laboratory tests (soil-mechanic and hydrogeochemical analyses), sometimes
even trial stabilization, and therefore the investigations at some of these localities
resemble those performed on the local level. In addition to the final report, the
investigations also result in three maps — those of engineering geological condition,
engineering geological zoning and documentation points Handlov4, Liptov and Ziar
basins have been illustrated on these three kinds of maps.

The local-level investigations focus on landslides which threaten or damage some
objects (roads, railway lines, residential areas, mines etc.). The extent of works
performed varies from one place to another but it mostly includes mapping, surface
geophysics, core drilling, test pits, laboratory analyses of waters and soils, geodetic
measurements and/or also special surfacc measurements (e. g. measuring residual
surface stress) or measurements in specially equipped drillholes (geoacoustics,
inclinometric surveys). These works subsequently allow to compile a geologic-
morphological map on scale 1:1000 or 1:2000, characteristic engineering-geological
sections including stability calculations before and after the implementation of the
stabilization works and a summarizing final report. Aside from the stabilization
elements, such local-level investigations also comprise equipping most drillholes either
for piezometric or special measurements and setting up fields of geodetic points. The
local-level survey evidently is a good start for consequent long-term slope-failure
monitoring.

Long-term slope-failure monitoring

Any complex long-term slope-failure monitoring must pay attention to all basic types
of slope failures. The slope failure registration was carried out in accordance with a
slope-failure classification scheme put forward by Nemcox—Pagex—Rveak (1974). This
classification divides slope failures into 4 major groups according to their rate of
movement and mechanism: creep, sliding, flow and rock-falls. Understandably, flows
and rockfalls are too fast to be monitored for a long time and therefore our long-term
monitoring focused exclusively on creep and sliding slope failures.

Monitoring of creeping slope failures
As creeping slope failures are very slow (several mm/yr) and mostly occur on high
mountains or on inaccessible places (upper parts of slopes), they do not pose a major

threat to man (mine shafts in block fields and rifts of the Vta¢nik Mts. are an

24



Z5

00,9
5%

S

-71, B — block rifts, C — morphologically important
J — tuffs, K — deluvial deposits

, b — Sokol: A — target gague TM

E — landslides, F — main scarps of landslides, G — cracks, H — andesites,

Fig. 1 Monitoring of creeping slope failures: Localities: a — Borda
, D — block fields,

blocks,

&



exception from this rule). The monitoring of such slope failures is therefore aimed to
prove that the mountain ranges concerned or their parts are being uplifted. We
assume that any, even the slightest vertical movement (uplift) results in changing
stress conditions on the slope which in turn will activate slope failures. The economic
importance of such monitoring is evident e. g. at Borda where proved uplift may
adversely affect the construction of the Kecerovce nuclear power plant. Our objective,
of course, is to monitor the dynamics of the slope failure in question. Selected
localities are investigated by crack gauge called Target meter TM-71 based on
mechanic-optical principle (Ko#iik, 1979). The gauge is lowered into cracks 0.5 to
3 m wide, its rods being anchored in both blocks adjacent to the crack. The relative
movements of the blocks are passed through the rods into the measuring gauge itself
which consists of two disks equipped with optical nets. The relative movement of the
blocks makes the nets eccentric which in turn gives rise to mechanic interference that
allows derive the rate of the movements. The inaccuracy of such measurements does
not exceed 0.1 mm/yr (Ko$iik, 1979). As the gauge contains two disk sets in two
planes perpendicular to each other (horizontal and vertical), repeated measurements
give information on relative movements of blocks in space.

Aside from the measurement results, geological records from each locality also
comprise a schematic section of the slope failure to explain the mechanism of its
movement and a geological map of the wider area around the slope failure concerned
on scales 1:10 000 or 1:25 000.

Two localities (Borda and Sokol) in the Sldnske vrchy Mts. have so far been
equipped and monitored in this manner. The locality selection and monitoring in both
cases were performed by Z. Spisik.

At the locality Sokol a volcanic zone composed of volcanoclastic material and
lava flows is gradually broken down. A failure plane as much as 40 m high is thus
formed (Sedax in Kaucuk et al., 1986) and so is a block field with distinct blocks
which move downslope on subjaccnt clays into the Bukovsky potok brook. Although
the absence of blocky crevices suggests that the most intensive movements have
already ceased, the existence of open cracks and measurements in them have shown
that this slope failure is still active.

The locality Borda similarly consists of a complex of andesite breccias and lava
flows which, however, does not rest on clays but on epiclastic rocks. The andesite
complex was broken to blocks which partly sank into the plastic epiclastics, but the
slope failure morphology is less obvious (fissures up to 1 m thick, local rockfalls, but
no block fields). Our measurements at both localities revealed movements in the
opposite directions (the localities are situated on the opposite slopes of the ridge and
are only slightly more than 3 km apart; Fig. 1), which proves the uplift of the area
concerned (south of Strechov stratovolcano).

Monitoring of sliding slope failures

Unlike the creeping slope failures, the sliding ones increasingly threaten man-made
structures. That is why a monitoring grid was built in the landslide body. In this case,
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local aspects of long-term monitoring are equally significant as the regional ones, but
their objectives, methods and criteria to select localities for long-term monitoring are
different.

The objectives of long-term monitoring of selected landslides may be summarized
as follows:

1. Monitoring of changes (e. g. changes in the effectiveness of dewatering
elements in time, changes in surface morphology reflecting landslide activization or
further evolution) and relationships (e. g. changing positions of geodetic points with
respect to rainfall or pore pressure).

2. Prognosing further development of the landslide and verification of the
prognosing in practice. Provided that the measurement density is sufficient (currently
is not), critical warning levels may be defined and subsequently verified.

3. Informing the owner of the endangered structure about major changes related
to the landslide (silting of a drainage element, formation of new cracks, faster
movements of geodetic points etc.) and about their consequences and/or proposal of
a remedial action.

4, Regional generalization of the knowledge and its application in territories of
the same geological structure.

To achieve the above objectives, the following methods will be employed:

1. Mapping

2. Measuring movements of selected surface points

3. Measuring subsurface movements

4. Regime monitoring

5. Regular water sampling and hydrochemical analyses

6. Repeated measurements along selected profiles.

An example of monitored landslide is represented on Fig. 2.

Mapping

The mapping includes geological mapping of wider area around the landslide on scale
1:25 000 aimed at providing information on the geological setting in the landslide’s
vicinity and repeated geologic-morphological mapping of the landslide itself on scales
1:1000 and 1:2000. The objective of the geologic-morphological mapping is to provide
basic data for subsequent works (characteristic sections, proposing location of follow-
up works) and to register changes in the surface morphology relative to the initial
state and possibly to explain them on the basis of other observations and measure-
ments (e. g. to explain the formation of partial landslides due to extreme precipitation,
silting of drainage system, changes in the distribution of surface stresses etc.). The
initial state is the state of the slope failure on the date of the first mapping. If the
landslides selected for long-term .monitoring were investigated on the local level
(Handlov4, Harvelka, Lubietova, Okoli¢né, Oravsky Podzdmok), then maps compiled
during the earlier investigations serve us as the initial data. The repeated geologic-
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Fig. 2 An example of landslide monitoring — locality Okoliéné (adapted according FUSSGANGER et al.,
1976):

A — active parts of landslide, B-— main scarps of landslide active parts, C — potential pr.its of landslide,
12 — main scarps of landshide potential parts, E — morphologically important blocks, F — direction of
feed, G — deluvial deposits on Flysch substratum, H — V4h river terrace, 1 — subsurface drainage, 2
— subdrainage borings, 3 — regularly remeasured geophysical profiles, 4 — points of geodetical net, 5
— piezometres, 6 — inclinometric drill holes, 7 — pore pressure gauge, 8 — railway line (Bohumin) —
Zilina—Kogice
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morphological mapping mostly will not cover the whole area. Its objective is to record
local changes in the landslide morphology.

Measuring movements of selected surface points

The measurements of surface movements include two techniques-geodetic methods
and measurements along a line of complex geodetic points. The former are used to
quantify the changes in the location of selected points on the surface of the monitored
slope failure. This allows to derive changes in the movement dynamics which are the
best indicator of changing landslide activity in the observed point. If their frequency
is sufficient (at least twice a year), such measurements can be used to establish critical
warning levels. The geodetic methods require the existence of a geodetic point field.
All localities selected for prolonged monitoring are currently equipped with a geodetic
point field, except for Fintice where it is under construction. The geodetic point field
in each locality consists of fixed points used to derive the movement of monitored
points evenly distributed on the landslide surface. The movements of the monitored
points are measured by various techniques, the selection of which depends on the
geodetic net character. The calculated mean errors of location changes seldom exceed
15 mm and those of vertical changes 10 mm. The movement of each point is verified
by testing. Basic data on the geodetic point fields and geodetic surveys on landslides
selected for long-term monitoring are given in Tab. 1.

Table 1 Basic data on geodetic point fields and geodetic surveys at monitored localities (as on
October 31, 1991)

Locality Landslide Number of Date of initial Number of
area points measurements further
(kmz) survey stages
Fixed | Moni-
tored
Handlova 1.5 9 51 May 1969 6to 12
Harvelka 0.35 6 31 October 1972 12
Hlohovec 2.5 6 31 July 1979 8
Kliestina 0.11 K 19 August 1989 6
Lubietova 0.32 5 25 November 1987 4
Okoliéné 0,16 2 21 December 1971 12
Oravsky
Podzamok 0.065 2 26 December 1971 14

Measurements along a line of complex geodetic points are much easier (but also
less accurate) than geodetic surveys. In this case, monitored objects are complex
geodetic points, i. e. special stakes. The distance between individual stakes is
measured by an extensiometric band with the accuracy of tenths of mm. Unlike
geodetic surveys, we do not measure absolute movements but only movements of
individual stakes relative to other stakes. The monitored points are situated along
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downslope lines (the points presumably move along these lines) and the distance
between two adjacent points cannot exceed 20 m (length of extensiometric band) and
thus the repeated measurements provide us with a clear picture of the movement
dynamics along the monitored line, which is the objective of the investigations. If such
a line is situated on a cha-acteristic profile, along which most other measurements will
be made, it will reveal the relationship between the movement of the landslide (or its
parts) and its causes.

Measuring subsurface movements

Subsurface movements can be measured in three ways: inclinometric, geoacoustic or
extensiometric drillhole logging. These surveys are aimed at assessing changes in the
activity (geoacoustics) and the rate of movement of subsurface parts of landslides
(inclinometry, rope extensiometry).

The inclinometric surveys are based on measuring deformations of a plastic tube
due to lateral movements in soil. The tube deformations are monitored by means of
an inclinometric probe capable of registering the casing’s dip at predetermined depth
intervals (largely 1 m). The measurements can be made in two mutually perpendicular
directions (in practice, however, the measurements are made only in the direction of
assumed movement), the measuring direction being set by grooves inside the tube.
Dips in individual depth intervale reflect the course of casing, and thus the repeated
measurements made it possible to derive the movements in individual levels of the
slope failure and thereby also to determine the depth of failure plane.

The geoacoustic method measures elastic waves of extremely low amplitude
caused by. ongoing microfracturing of the rock massif. In geoacoustic drillholzs, such
waves are caused by a brittle clay-cement grouting between the rock and casing in
bent or compressed intervals. The casing is filled with water which passes the impulses
onto geophones. Geoacoustic impulses per a time unit and their relative amplitude,
i. e. sum total of impulse amplitudes per time unit, are measured. An example of the
survey evaluation is illustrated in Fig, 3.

The inclinometric and geoacoustic surveys can be performed in a single drillhole
which, however, must meet the following requirements: the casing must be
impermeable (for geoacoustic reasons), grooved, with the grooves open throughout
the casing length and mus\ bottom at least 6 m below the lowermost failure surface
(for inclinometric reasons). Such a geoacoustic-inclinometric drillhole is schematically
illustrated in Fig. 4.

Unlike the two foregoing methods, the evaluation of rope-extensiometer readings
is very simple: the movement of an anchor drifting amidst the sliding earth is passed
through a rope to a reading device which directly shows the movement in a given
place. Devices manufactured in Czech republic allow to make measurements in 6
levels at a time. The method is handicapped by the fact that the measurement levels
must be determined in advance. On the other hand, this technique makes it possible
to take readings in very short time periods.
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Fig. 3 Geoacoustic borehole evaluation — borehole J 25 A, locality Harvelka (NESVARA—BLAHA, 1985:
1 — clay, 2 — sandstone boulders, 3 — clay loam, 4 — sandstone, 5 — mudstone, 6 — weathered
mudstone, 7 — failure surface according the drill core, 8 — failure surface according geoacoustics

Regime monitoring

The regime monitoring entails monitoring groundwater level in piezometric drillholes
and the yield as well as temperature of water flowing from nearly horizontal de-
watcrmg drillholes. From a professional viewpoint, the measurements of groundwater
level should reveal its relationship to landslide activity expressed by the movement rate
of surface or subsurface monitored points. A practical result of such research is
defining the critical groundwater level. Such critical warning levels, when exceeded,
require various measures ranging from increased frequency of readings to immediate
stabilization works. Another objective in the groundwater level monitoring in a
landslide is to verify the effectiveness of stabilization elements. The local-level
investigations mostly end as soon as dewatering reduced groundwater level to an
acceptable depth. The dewatering elements, however, gradually become silted or
otherwise damaged, which results in increased groundwater level.

At present, all monitored landslides except for Kliestind are equipped with
piezometric to indicate groundwater levels. Nevertheless, we have so far failed to
perform the regime monitoring regularly. Our surveys 2 to 6 times a year are only of
an orientative character and are nsufficient to make conclusions on the ielationships
or to determine critical warning levels. The observations should be made regularly
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Fig. 4 The geoacoustic-inclinometric dn’llhcjlc6 equipment: 1 — hinge, 2 — hinged lid, 3 — dismantleable
signal rod, 4 — terrain surfacef 5 — concrete, 6 — terrain, 7 — discharge hole, 8 — gravel layer, 9 —
water proofing, 10 — iron casing pipe, 11 — drill hole surface, 12 — plastic casing pipe — minimum
inner average is 50 mm, 13 — cement or clay-cement grout, 14 — water-proof casing joint, 15 — pure
water, 16 — water-proof borehole sealing, 17 — plug, 18 — closure, 19 — measure series number i, 20
— measure series number i+1

(preferably 1 to 2 times a week) by a local operator or automatically, which is the
most urgent task. In addition to measuring groundwater levels, it is also highly
desirable to measure pore pressure. This technique, however, is so far only seldom
used to investigate Slovakia’s landslides.

Regular water sampling and hydrochemical analyses

Hydrochemical analyses of selected samples are aimed to confirm changes in the
groundwater regime. The samples for the hydrochemical analyses are collected from
nearly horizontal drillholes at four localities (Handlova, Harvalka, Okoli¢né and
Oravsky Podzdmok) largely twice a year.
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Repeated surveys on selected profiles

The objective of the repeated measurements on selected profiles is to obtain a great
number of readings made as frequently as possible. Understandably, because of
limited capacities and finance, it is impossible to cover the whole landslide surface
with measurements of desirable density. The concentration of the measurements on
a selected profile is therefore a compromise between the research needs and realistic
possibilities, and so the above described surveys will be made on selected profiles. The
profile should contain one or two points of the geodetic point field and piezometers.
The other elements should also be concentrated on this profile. This applies to
drillholes equipped for monitoring subsurface movements or to a line of complex
geodetic points which should essentially be identical with the profile. Furthermore,
repeated geophysical surveys (resistivity profiling and pulsed electromagnetic emission
method) and measurements of horizontal surface stress should be made on the
profile. The fundamental precondition to these surveys is to remove earth from the
centre of the measuring cross. A hole 20 cm across and 3040 cm deep is thus
formed. The hole is being filled with earth at pressure stress and widened at tensile
stress. A comparison between the measurements on the profile and those on an
undisturbed slope at an equal distance from the hilltop or ridgetop will provide us
with a good review of pressure and tensile zones on the profile.

The prolonged monitoring of selected landslides will result in a set of
information on each landslide. If we manage to realize all the planned works at each
locality, the information set will comprise:

1. A geologic-morphologic map on scale 1:1000 or 1:2000 along with maps
showing changes in the landslide morphology over time on the same scale. This model
will show the morphologic evolution of the investigated slope failure over time.

2. A characteristic section of the slope failure expressing the mechanism of the
landslide movement and describing its geologic structure and geometry, which can
serve us as a basis for stability calculation. ’

3. Stability calculations on a characteristic profile and stability calculations with
respect to changes taking place in the landslide (e. g. changing landslide activity or
groundwater level).

4, Databases: a database of physical-mechanical properties, a database of
readings on geodetic point fields, a database of groundwater level readings, a database
of yield of dewatering elements, a precipitation database and a database of landslide
information which contains all data on landslides stored at Geofond, Bratislava (at the
moment 413 reports, 3 to 150 pages each plus graphic enclosures). All the databases
use programme DBASE IV. In all but one (latest) database, each locality makes up
a separate set.

5. Final reports assessing observations and readings made during a certain period
of time.
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Locality selection

Understandably, our sclection of localities for long-term monitoring was based
primarily on a regional criterion — abundance of slope failures in a given area. The
map in Fig. 5 shows Slovakia’s principal engineering-geological division (MatuLa—Pa-
Sex, 1986) into taxonomic units of the 1 and 2™ order — regions and areas. In
addition, Tab. 2 characterizes the slope-failure distribution. Obviously, slope failures
are unevenly distributed in the Slovak territory. In volcanic mountains and flysch hilly
countries, slope failures disturb more than 10 % of the whole area and that is why the
majority of landslides selected for prolonged monitoring is situated in these terraines.
Localities Fintice, Handlov4, and Lubietova are located in volcanic mountains, while
Harvelka, Kliesting, Okoli¢né and Oravsky Podzamok lie in flysch hills. Slope failures
are fairly abundant in high core mountains as well. However, the slope failures here
are mostly represented by creep, the survey of which requires different techniques.
Situated in an area where landslides occur only exceptionally, ‘the last locality —
Hlohovec consists of an 18 km long belt between Hlohovec and Sered which, aside
from tectonic activity, is also affected by erosion of the V4h river and therefore the
wholc area some 1.95 km® large is covered with slope failures of different activity.
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Fig. 5 The ingeneering-geological regions and arcas map of Slovakia (MATULA—PASEK, 1986) with
indicated monitored localities:

Region of core mountains: A -~ zrea of high core mountains, B — area of core highlands. Region of
Carpathian Flysch: C — area «. Flysch highlands, D — area of Flysch uplands. Region of Neogene
volcanics: E — area of volcanic highlands, F — area of volcanic uplands. Region of neogene tectonic
depressions: G — area of intra-mountain depressions, H — area of intra-Carpathian lowlands. Localities:
1 — Borda, 2 — Fintice, 3 — Handlov4, 4 — Harvelka, 5 — Hlohovec, 6 — Klietind, 7 — Lubietova,
8 — Okoli¢né, 9 — Oravsky Podzdmok, 10 — Sokol
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Table 2 Distribution of slope failures in individual regions of the Slovak Republic (NEMCOK, 1982)

1st order 2nd order Number of Area of Share of
taxonomic units taxonomic units failures failures failures
on the
whole area
(km®) (%)
Region of core - Area of high core 691 160.6 5.
mountains mountains
- Area of core 40 30.0 0.36
highlands ‘
Region of - Area of Flysch uplands 147 514 117 |
Carpathian - Arza of Flysch highlands 4392 774.0 11.6
Flysch ‘
Region of Neogene - Area of volcanic uplands 2500 366.9 12.0
volcanics - Area of volcanic high- 75 420 1.6
lands
Region of Neogene - Area of intra-mountain 1265 80.7 0.86
tectonic depressions basins
- Area of intra-Car- 51 50 0.036
pathian lowlands
Table 3 Characteristics of selected landslides
Locality Land- Land- width * Differ- | Aver-
slide slide ence in age
area length eleva- slope
2 Accumu- Trans- Source tions h
(km (m) lation sport area (m) *)
area area
(m) (m) (m)
Fintice 0.85 2450 340 180 340 265 6
Handlova 15 2250 800 100 250 350 9
Harvelka 03st*
Hiohovec 195+
Kliestina 0.11 600 60 35 85 100 9
Lubietova 0.32 1200 80 400 170 8
Okoliéné 0.16 750 240 170 260 230 17
Oravsky
Podzamok 0.065 540 150 80 220 154 16
+

For flow slides only

*+  Area of landslide territories
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Table 4 Review of installed monitoring and stabilization objects

Estimated from a map

— — =i ey
Type of object Fintice Handlové Harvelka Hlohovec Kliestina Lubietova Okolitné Oravsky
Podza-
mok
Number of installed
piezometers 5 34 64 36 0 1 36 40
Number of functioning
piezometers 5 23 35 6 27 8
Year of installation 1990 1972, 1979 | 1977 1982 1977 1975 1982
1992
Number of points in geodet- 0 6C 37 37 23 30 23 28
ic point field
Other functioning survey 5 geo- 5 inclino- 2 inclino-
objects acoustic- metric metric
in-clino- drillholes drillholes
metric 4 geoacus- 2 pore-
drillholes tic inclino- pressure
metric gauges
drillholes
Number of subdrainage
borings 0 29 29 19 0 11 9 10
Length of subsurface drain-
age (m) 120 260
Length of surface drainage
|_ditches (m) 16 390+ 1540 4200+ 440 495




Further criteria to select the localities comprise the amount of data available on
them, hazards related to them and their activity. As regards the former criterion,
localities investigated on the local level were selected (Harvelka, Hlohovec, Lubietovi,
Okoli¢né, Oravsky Podzdmok). As far as the amount of drilling and stabilization
works is concerned, Handlova landslide could also be assigned into this group, but the
works performed at this locality are incomplete. The landslides at the above localities
are of economic importance because they threaten or damage major roads (Handlova,
Oravsky Podzamok), railway (Okoli¢né) or a planned water reservoir (Hlohovec). The
extensive investigations at Harvelka were performed because a road here was
threatened. However, a bypass was later built because of the construction of the Nova
Bystrica reservoir, a future source of potable water. Today, the landslide complex
should be monitored duc to landslides disturbing the banks of the reservoir which
have identical geological structure. Like Handlova, an earthflow at Lubietovéa was once
proclaimed a natural disaster. When the brook Hatné was covered, the danger to the
village of Lubictova diminished. Nowadays, it is interesting to study the effects of the
recultivation on slope stability. The locality Fintice was selected for long-term
monitoring because a road and gas pipeline are damaged here. At that time no
landslide in the Eastern Slovakian Neovolcanics was investigated on a local level
although the territory is one of the worst affected regions in Slovakia. An earthflow
at Klie&tina was neither investigated nor had economic impacts. It was chosen for the
long-term monitoring thanks to its activity. Our monitoring started soon after the bulk
of the landslide had broken loose. Brief characteristics of the geological setting at the
investigated localitics and the state of their equipment are described below and in
Tab. 3 and 4.

Fintice

In the Sarmatian, Karpatian claystones were cut by andesite extrusions (hills Stréa,
Maliniak). During the Pleistocene glacial ages, the domal andesite bodies weathered
intensively and loamy-stony talus several metres thick piled up around them. These
talus accumulations along with the parent domes form a large infiltration area
supplying springs on the talus periphery which add water into the surrounding
fractured claystones. Aside from the uplift of its upper tract as well as presence of
fractured claystones and water, the flow slide was also triggered by blasting in nearby
quarries.

The flow slide itself consists of two parts. The upper one is dominated by sliding
blocks of loamy-stony talus, while the lower one (which damaged a gas pipeline and
a road) is composed of clays.

Handlovd

The flow slide here is developed in a Middle Sarmatian formation of the "hanging-wall
clay" overlain by a detrual volcanic formation present in the upper portion of the
landslide. Andesites and agglomeratic tuffs which form the uppermost parts of the
slope are tectonically dissected and individual blocks sink into the unconsolidated
sediments of both formations and slide downslope. These slides at a maximum rate
of mm per year are powered by tectonic uplift-sinking movements which persisted
from the end of the Sarmatian till the present day. Block rifts and block ficlds are
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formed in this manner. Clays in valleys between transversal ridges disrupted by the
block movements slide. Flow slides are thus formed whose starting scars sometimes
extend into the upper third of the slopes. A major activation agent is water infiltrating
into highly fractured andesite block rifts and block fields which thus recharges the
adjacent upper portions of the landslide. Poor maintenance of dewatering elements
and extremely high precipitation resulted in the reactivation of one of such flow slides.
The disasterous Handlova landslide now monitored by us was thus formed.

Lubietovd .

The structure of this flow slide is affected primarily by the pre-Mesozoic Lubietova
zone running in the valley of brook Hutni. Germanotype tectonics, parallel as well as
perPendicular to this zone, is responsible for the fact that the area no more than 0.32
km® in size is composed of Mesozoic rocks (Lower Triassic quartzites below the
front), Paleogene flyschoid filling of the Lubietov4 depression (claystones, siltstones,
marlstones underlying nearly the whole landslide) and a Neogene volcano-sedimentary
complex present in the immediate vicinity of the landslide. Its oldest member (clays,
tuffaceous deposits, sands) underlier and surrounds the starting scar and landslide
track. A volcanic complex (agglomeratic tuffs, tuffaceous sediments) forms mighty
blocks and block fields fringing the landslide from above and from both sides.
Polymictic gravels in the uppermost parts of the slope recharge the whole landslide
with water. Like in Handlova, alo here three factors gave rise to the landslide: tectonic
activity, sliding blocks disrupting the underlying plastic deposits, and water. Owing to
the presence of huge andesite blocks in its neighbourhood, the flow slide has a
noteworthy morphology: material from three large landslide scars concentrates to form
a single flow.

Harvelka

The slope failures here < r¢ underlain by the Magura flysch Bystrica unit sediments,
namely the Zlin Member (Middle to Upper Eocene). The member is dominated by
claystones prevailing over sandstones, and therefore physical-mechanical properties of
its deluvia are favourable for the formation of landslides. Nevertheless, the most
significant phenomenon which decisively contributed to the formation of slope failures
here is tectonics: starting scars are mostly identical with tectonic lines.

The landslide area consists of several slope failures of different types ranging
from sliding earth blocks to flow slides. Geodetic surveys suggest that none of these
flow slides is stabilized. Although the whole locality will be monitored, the majority
of our long-term surveys will focus on a single characteristic profile of one flow slide
so that the surveys are as thorough as possible.

Kliesting

The earth flow lies on the contact between the Klippen Belt (Kysuca succession) and
Magura Paleogene (Bicle Karpaty unit). Obviously, tectonics plays a significant role
in the flow activation. The Kysuca succession is composed of variegated marlstones
and claystones of Lower Campanian age which underlie the flow accumulations. The
starting scar and sliding portion of the landslide rest on Eocene formations of the
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Magura Paleogene characterized by alternating sandstones and marlstones. Water
infiltrating into the sandstones is intercepted by impermeable Kysuca succession
marlstones and recharges in the place of landslide scar. As a result, water is another
key destabilizing agent aside from tectonics.

Okoli¢né

The flow slide rests on a clay formation of the Central Carpathian Paleogene
(Zakopané Member) composed largely of fine-sandy clays. Highly tectonically
fractured sandstone intercalations amidst impermeable clays act as aquifers facilitating
deep water circulation in the landslide concerned. They are recharged through the
sandstone Chocholowa Member in the highest parts of the slope. The aquifers are
confined and locally their groundwater level is markedly positive. Aside from the
groundwater buoyancy and tectonics, the slope stability is also adversely affected by
a railway cut in the landslide front which activated the landslide in 1949. Another
destabilizing factor is the clogged subsurface drainage system. On the other hand,
loamy gravel of one of the Vih river low terraces acts as a stabilizing factor because
it drains the landslide front. The active tracts of this flow slide include its starting scar
and a sheet slide immediately above the railway line.

Oravsky Podzdmok

The flow slide and its neighbourhood are assigned into the Inner Klippen Belt. The
territory is composed of rocks of the Magura Flysch Orava-Magura unit: Posidonia
Member (marly shales below the accumulation), a Tithonian—Neocomian formation
in the Kysuca-series development (marly limestones, cherts, shales below the central
tract of the landslide), a flyschoid formation of Albian-Cenomanian age (marlstones
interclayered with limestones and sandstones underlying the upper portion of the
slide) and finally the Paleogene (variegated claystones to marlstones in which is the
landslide scar). Alluvial gravels below the landslide front naturally drain the lower part
of the slope. The downslope movements of the landslide deluvia on their clayey-marly
substratum were caused mainly by tectonic movements and Orava River lateral
erosion, which is suggested by the fact that the landslide front is currently active
whereas the movements slow down with increasing distance from the river.

Hlohovec

Alternating highly plastic impermeable clays and fine-grained water-bearing sands in
the Pliocene beds of the Nitra Upland form a structure favourable for slope-failure
occurrences. On its western side, the structure is continuously undercut by lateral
erosion of the Vih river. This gave rise to an 18-km-long belt between Hlohovec and
Sered continuously covered with slope failures of different types (from block
movements, through slides to earthfalls into the river) and different activity (active to
stabilized), some parts of which are currently being reactivated. An important role in
the formation of the slope failures is also played by precipitation which recharges
permeable sandstone beds. The groundwater reduces slope stability by its weight,
buoyancy (in the structure there are 2 to 3 horizons of confined groundwater posi-

tioned one above another), flow pressure (washing out and removing fine sand),
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destructing structures (dissolving calcareous cement) and changing state of clays
(Orerka et al., 1983). Of the whole stretch, only a part betweeen Hlohovec and the
village of Posddka was seclected for prolonged monitoring because it may cause
problems by the construction of a planned water reservoir.

Conclusion

Only landslides previously investigated on the local level were selected for our long-
term monitoring. The expenditures were thus considerably reduced, but still financing
of the project remains a key problem. Of the total amount of planned works, we have
so far realized mapping, equipped most localities with geodetic point ficlds and with
a set of piezometers for monitoring groundwater levels in the landslides. We still have
to choose some creep slope failures for long-term monitoring and equip them with
target gauges, to set up lines of complex geodetic points on selected landslides, to drill
and equip holes for monitoring subsurface movements at most localities and possibly
replace damaged piezometers. But most importantly, we must make the measurements
regularly. Our employees are only able to carry out the works at creep slope failures,
repeated mapping and regime observations (but not of ideal frequency), surveys on
a line of complex geodetic points and hydrochemical analyses. The other works will
have to be done by a contractor, and steady financing will therefore be needed over
a period of several decades. It is the only way to do the survey continuously. As slope
failures are widespread in the Slovak territory, we think that such spendings are fully
justified. If we manage to realize all the proposed works, they will provide us with
valuable information on the relationships between precipitation, surface stress, pore
pressure and movement dynamics of slope failures, and furthermore slope stability
above significant man-made objects will thus be guaranteed.

Translated by M. Bohmer
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MIKULAS KRIPPEL
Dlhodobé sledovanie vybranych svahovych deformdcii na Slovensku

Resumé

Autor élanku sa zaobera dlhodobym sledovanim svahovych deformécii na tzemi Slovenska, kde svahové
deformécie si najroziirenej§im a najnebezpeénej$im geodynamickym javom. Dlhodobé sledovanie sa
zameriava na deformécie zo skupiny plazenia a deformécie zo skupiny zosivania. Ciefom dlhodobého
sledovania svahovych deformécii zo skupiny plazenia je jednak sledovat pohyb konkrétnej deformacie,
jednak preukazat vertikdlne pohyby vybranych oblasti. Meranie sa vykonéva na puklinich dilatometrom,
ktory pracuje na optickom principe.

Ciefom dlhodobého sledovania zosuvov je sledovanie zvislosti medzi rdznymi meranymi veli¢inami
a nasledni prognéza spravania sa zosuvu a jej zovieobecnenic na celi oblasf. Metédami dihodobého
sledovania si opakované mapovacie préce, meranie pohybu bodov na povrchu (geodetické merania a
merania -na linii komplexnjch geodetickjch bodov), merania podpovrchovjch pohybov (presnd
inklinometria, geoakustika, extenzometrické merania), refimové pozorovania a pravidelné odbery vod a
ich hydrogeochemické analyzy. Vysledkom merani si sibory a banky nameranjch udajov zhodnotené
v zavereénych spréavach.
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Zipadné Karpaty, sér. hydrogeoldgia a inZ. geol. 11, p. 43—58,
Geol. Ust. D. Stira, Bratislava, 1993

Maria Fiscuerova—Icor MobLirsa

Slope deformation occurrences in Zilinsk4 kotlina basin and their use

(12 figs., slovak summary)

Abstract Comparison of number of occurrence of slope deformations in Zilinska kotlina basin with
other basins of Slovakia places rhis territory among those with higher frequency of occurrence. 201 places
devastated by slope deformation of different type are shown in (Fig. 1). Devastated area covers
approximately 40 km®, or 9.4 % of entire area of basin (Tab. 1). Devastated areas had been used as
meadows, pastures, forests and as fields (Tab. 2). Habilitation of mentioned areas is rather difficult and
requires professional interest of agriculturalists and engineering geologists. Rehabilitation consists mainly
of draining ground and underground water and application of special soil cultivation technology and of
growing of plants with high transpiration ability. On some occasions, an original use of devastated area
will be hate to be changed, into recreation purpose, for example.

Introduction

Renewal of slope deformation causes negative impact on environment (disruption
ecological balance, deterioration of aesthetic level and decrease of land value), and
limits its original use as land for farming, building, lumbering or recreation.

As a result of compiling of slope deformation sites, performed by geologists of
Dionyz Stir Institute of Geology, Bratislava within the territory of Slovakia during the
period from 1982 to 199G, there have been listed over 13,000 localities of different size
effected by slope deformation. The destroyed area is bigger than 4 % of entire area
of Slovakia. It is nothing extraordinary when somewhere (basins, valleys and uplands
built by flysh) devastated land covers 30-50 % of entire area. For this reason slope
deformations and associated phenomena are significant fraction of our country. A land
use of devastated area will decide whether slope deformations become negative
phenomena or, after man’s purposeful activity, (draining, recultivation, exploitation)
a positive phenomena. We should not allow to turn devastated land into fallow and
be satisfied with idea, thai these areas will be used only as less useful land. We should
consider it as undifferentiated part of an entity with specific characteristics and
conditions of its use. Unfortunately, in reality, it has been turned into less valuable
land. The reason is not only in development of natural hazards themselves but in

Mgr. M. FiscHEROVA—RNDY. I. MobpLITRA, CSc., Dionyz Stiir Institute of Geology, Mlynsk4 dolina 1,
817 04 Bratislava
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man’s disinterest to solve this problem, in his amateurish attempts at solving and in
his unwillingness to subordinate to nature. Specifically to accept given natural
conditions of country. The nature can easily punish cruelly man’s indifference to
hazards by magnifying originally solvable hazards of catastrophic dimensions.

The effort to change a devastated area into a positive element of the land has
two aspects: '

The first one can be called "aesthetic". It involves solving problems associated
with efforts to return environmentally damaged area into original state. Its results are
the attainment of acceptable aesthetic value and ecological balance of the land.

KYS.N.MESTO

[/ zaujmové Uzemie

Fig. 1 Location map of investigated territory

44



The second one can be named “economical”. It attempts to solve a range of
problems aimed towards returning the land to economical use. The result is
renovation of geological environmental and attainment of possible economic use.

The goal of this article is to suggest, through analysis of selected issues, the
necessity of efficient solution of the problem in part Zilinsk4 kotlina basin, and using
it as a model area. Size of model area is 20 km” and it includes central and northern
part of basin.

Conditions of slope deformations arising

Geological structures of slope deformation

Karasnv (1983) has specified six geological structures which create suitable conditions
for landslides in Zilinsk4 kotlina basin.

As type A he has selected complex of horizontal beds position (Fig. 2) in which
beds of different thickness, grain size, strength and permeability alternate. They are
most often composed from alternating of Quaternary gravel, soils, clays, sand and
their variations. Existence of water-bearing layers is relevant to sliding as well. Water
can saturates soils (mainly cohesive soils), and significantly decrease their strength,
and through hydraulic pressure, it can play a decisive role in sliding. Terrace drifts of
the river V4h in territory of Mojové Li¢ka and Varin villages are a typical example
of such a structure. Frontal and areal landslides with rotational surface of rapture are
characteristic.

As type B he has suggested a geological structure composed of flysh (alternating
of mudstone, claystone and sandstone) where beds typically dip into slope. The angle
between the dip of beds and the dip of slope is from acute to right angle. This
structure can be classified into a group of "insequent” geological structures (Fig. 3).

Complex of these beds can be characterized as alternation of impermeable,
massive unstable soils and semihard rocks with moderate plasticity and low strength
with fragile, permeable (pore and crack permeability) massive stable hard rocks of
relatively high strength.

Other important features of both rock types relative to revival of slope
deformation is their resistance factors of physical weathering. The most relevant
factors are frost resistance and sensitivity to physically bound water in rocks. Slope
deformations arise mainly in places where dipping bedding was cut by erosion or by
acta of man (road cut).

Type C is typical form in tectonically disturbed rocks, mainly in geologically
young and probably still active faults (Fig. 4). Along such faults a zone favourable for
development of surface of rupture can arise. Favourable conditions for it are created
by decreased shear strengths of souils caused by more intensive physical and chemical
weathering, by increased of dip angle of slope and by accumulation of underground
water. Beside a tectonics, topography and a plastic sub-base play an important role
in development of slope deformation.
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Fig. 2, 3,4, 5, 6 Geological structure favourable for genesis of slope movement (M. KAPASNY, 1983)
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These structures has been identified on the border of Zilinsk4 kotlina basin with
Mal4 Fatra mountain (for example in area between Kunerad and Vidiiové).

Type D consists of older Tertiary and Cretaceous flysh beds (envelope of Bradlo
Belt) covered by thick layers of eluvial, deluvial, and proluvial (soils, debris, clay),
which are characterized by the dependence of shear strength on contained water and
by specific hydrogeological conditions. The favourable conditions for development of
surface of rupture are clays of middle to high plasticity, and with soft consistence,
especially if they overlay bedrock (Fig. 5).

Areal and flow-shaped slides are the most common type of slope deformations
of this structure. It occurs most parts of Zilinsk4 kotlina basin (Stranske, Rosiny,
Nededza, Gbely, Horka).

Type E is represented by structures of hard rocks in which system of cracks and
intensive ravelling makes good conditions for rockfall in oversteepened slopes. This
structure is only found in valleys of Mald Fatra mountain and near village Lietava

(Fig. 6).
Occurrence of slope deformations

Mass movement such as block gliding, landsliding, and rockfall have been identified
last few years as result of cataloguing of slope deformations, engineering geological
mapping, investigation and stabilization of landslides:

Block gliding has occurred mainly in eastern part of locality "Dubeit” (north edge
of Zilina, between Teplitka nad Vahom and Zilina town). Its occurrence is connected
with a geological structure which bears typical features of structure of B type. In its
upper part there are mostly hard rocks with non-plastic deformation i. e. fragile rocks
such as sandstone. In its lower part are found prevailingly softer, lower strength
semihard rocks soils, which are characteristic plastically deformed. Typical example
of this type of structure is on locality Dubeii. Its lower part is built from soil envelope
of "Bradlo Belt", and its upper part is limestone. Erosion of Véh river and tectonics
faults are an important factor causing instability of this locality as well. Topography
of terrain, mainly the height of main scarp indicates great vertical movements, and it
appears that this movement have been relatively fast compared to slope deformation
of block type at other localities.

Condition for their developing probably arose in Pleistocene, mainly due to
erosion of Vah river and tectonic movement. Occurrence of block gliding is
accompanied by intensive and significant loosening of rocks in upper part of slope. As
result of this loosening there are deep and widely open cracks parallel to the
mountain range. For example in locality Dubefi they can be traced westward from
Teplitka nad Vdhom village. They are 50-170 m long. A loosening is probably based
on overpressed zone of tectonic fault along the river.

Other occurrences of block deformation were found in Kuneridska valley
eastward from Turiec viliage in La¢ansk4d Mal4d Fatra mountains and in Krivafiska
Mal4 Fatra mountains, and are bound with some type of Mesozoic rocks. Indications
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Fig. 7 Typical topography of sliding slope in Zilinské kotlina basin, eastward from Zilina. Photo by M. Kapasny.



of above mentioned loosening of structure were recorded in Paleocene basal
conglomerate beneath castle Lietava.

Landsliding is connected with development of thick surface deposits (deluvial-
eluvial deposits) of Zilinsk4 kotlina basin, i. e. territories covered with clayey debris
and clayey soils. These deposits are products of Pleistocene periglacial weathering and
solifluction.

This type of slope movement has devastated area of about 40 km’ of Zilinsk4
kotlina basin (Karasny, 1983): 13.2 % is devastated by active landslide, 83.2 % is in
danger of reactivation of landslide and only 3.6 % of area can be considered as
completely stabilized.

Landslides occurs mainly on slopes with gradient range from 10° to 15°
(inclination of a join of highest and lowest point of a slope). Occasionally occurrence
of landslides were recorded on slopes with dip angle less then 4° and from 15° to
25°, Karasny, 1983).

From the stand point of development of landslides in the investigated area
Karasny (1983) has distinguished two evolutionary generation:

a) stabilized and potential landslides with blank smooth topography. Their
beginning can be dated into historical time of man.

b) still active landslides with variable topography which have arisen recently or
have been reactivated in recent history. Their topography significantly differ from
topography of surrounding area.

According to shape landslides of investigated territory can be divided into three
types:

a) sheet landslides which include 70.3 % of entire number of landslides
(documented near villages Kunerad, Stranske, Poluvsie),

b) flow-shaped landslides (18.2 % documented near village Divina),

c) frontal-type landslides which count 11.5 % of the entire number of landslides.
They were identified on river-terrace of Vah river near villages Varin, StraZ and
MojSova Licka, and o river terrace of Rajéianka river near Lietavska Lacka village,
and on stream-terrace of Varin stream northeastern from Bel4 village.

Rockfall is rare type of slope movement in the area. Only one occurrence was
recorded near Lietava village (on cliff bellow Lietava castle%.di}nut many of them were
recorded in valleys of Mald Fatra mountains surrounding Zilinsk4 kotlina basin.

Number of slope deformations

Quantity of occurrence of slope deformations is directly dependant upon geological
construction so they are spread out irregularly. It has been found out, that average of
9.42 5 of entire area of Zilinsk4 kotlina basin is devastated by slope deformation,
which is twice the Slovak average.

The next table shows ratio of devastated area and area of particular geological
complex of Zilinsk4 kotlina basin. It points out the significant slope deformations in
"Central Carpathian Palcogene Flysh" and by "Bradlo Belt".
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Table 1 Extent of area devastated by slope deformation in Zilinsk4 kotlina basin as factor of geological
conditions

Geological complex Entire area Area of slope Occurrence of
deformation slope
deformation

(km’) (km’) (%)

Central Carpathian 100.0 17.0 17.0 I

Paleogene

Flysh 275 45 16.5

Mesozoicum — KriZna

Nappe 19.0 1.7 8.9

Mesozoicum — envelope

of Mald Fatra Mts. 60.0 4.6 7.6

River-Terraces 20.0 1.5 7.5

Envelope of "Bradlo

Belt" 148.0 1045 7.0

Basal Paleogene 6.0 0.35 58

Fluvial of Rivers and

Streams 31.0 0.0 0.0

Total 421.5 40.0 9.4

Use of devastated slopes

As it was stated previously, entire area of studied territory is about 201 km® and
11.6 % (2.1 km?®) of it is devastated. Use of this land during our research (1986—
1988) is shown in shown in Table 2. It suggests that biggest part of slope deformation
are on meadows and pastures (7.9 %). Majority of them are used either extensively
or not at all. The areas are overgrown by wind-seeded trees and bushes (Fig. 8, 9, 10).
Many of them have seasonal surplus of moisture, mainly during Spring and Winter.
This moisture causes slower heating of earth’s surface after Winter, and delays the
beginning of vegetation growth. It causes an intensive soil erosion removing nutriments
and other elements necessary for the growth of plants, because erosion is more
intensive in muddy soil (Juva et al., 1984).

Grass growth is not uneven because of difficult access to the effected area.
Gradually, vegetation unsuitable for pasture has grown on meadows and pastures;
mainly acid kinds of grass with hard skin and sharp thorn covered with HSiO, acid.
Among these grasses belong, for example, Carex, Juncus, Deschamp Caespitos act.
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Fig. 8 Pasture deteriorated by landslide. Upper part of landslide is overgrown by wind-sown wood. Locality Konské. Photo by M. Fischerova.




Fig. 10 Wet areas overgrown by typical wet-land vegetation. Locality Krasfiany. Photo by M. Fischerova.
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Table 2 Use of devastated land of study area

Use of Land Area Percentage of devastated

Area

(ha) (%)

Meadows and Pasture 888.85 3791
Forests 830.70 35.76
Fields 375.40 16.03
Unused Ground 125.05 583
Gardens and Orchards 78.40 337
Built up Area 3250 1.40
Others Areas 3.40 0.15

Note: Category "meadows and gardens” includes area of cottages with gardens as well; "built up area”
includes all areas with buildings, constructions sites, roads, railways act.; unused ground includes areas
which are not used for farming, lumbering or in another way because of steep slope or rocky surface and
land which is temporary not in use because of devastation by landslides.

But pasture on unstable land is not suitable only because of low grass quality,
but also because of dangerous scarps. Another danger for livestock is swamp water
which is found on slope deformed land.

Grazing livestock themselves have negative impact on slope stability. They walk
along level lines and graze grass resulting in parallel and steppy "girland ground” (Fig.
11). Such devastated land is near Krasiiany village, where the surface of accumulation
zone of landslide is totally without vegetation, resulting from intensive erosion during
rainfalls.

There are two factors resulting from neglect of pastures and meadows:

1. In the past, former private farmers took care of their small fields, which were
threaten by slides. They built very simple but useful protective elements (for example
draining ditches), to control the run off of the surface and underground water and to
drain swamps resulting from nearby landslides. Fields used to look like little terraces
elongated along level lines, which contributed to protection slopes. Thus controlled
slopes had been plowed, and used for growing of crop. Slopes with occasional revival
of movement were used as meadows or gardens (Nemcok, 1982). But this early activity
of our ancestors required effort and hard work. The people willing to do it were
farmer owners, who werc dependent on efficient utilization of their ground. But
establishment of colossal state farms with huge fields has neglected these good habits.
Since slopes damaged by sliding were in accessible to big earth works machines, the
interest of socialist farmers these lands has been gradually lost. They turned this
devastated land into pasture and unused fallow and finally, they took it out of farming
practice entirely.
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2. Regulation of devastated land surface and its stabilization requires high
financial investment, which is only slowly repaid. And when on many occasions this
cost has not brought expected rewards a fear to invest in this way has arisen. For big
socialists farms it was more convenient (paradoxly more economical as well) to leave
this land rather than struggle to return it to its former function.

However Jova et al. {1984) affirms that properly done, though financially and
technically exacting draining of land is highly efficient. He predicted that as result of
draining, harvest can be potentially increased 70—120 %. Additionally he indicated that
draining can decrease "the coefficient of erosional danger K". The next table shows
that land with several years of grass decreases the coefficient "K" 12.5 times a year
after sowing, 33.3 times 2 years after sowing and 100 times 3 years after its sowing,
compared with ungrassed land.

Table 3 Coefficient of erosional danger "K" of different plants (JUVA et al. 1984)

Plant Coeff. "K" Plant Coeff. "K"
uncultivated fallow 1.00 pea, lentil 0.35
sugar beet, maze 0.85 grass of several years:
potatoes, sunflower 0.75 1 year 0.08

050 2 years 0.03
ensilage maze 0.40 3 years 0.01

In devastated area, 80.70 ha (5.75 %) is recorded as forested ground. Forest
growing on effected area is often partly or completely damaged which is manifested
mainly by deformed tree trunks and their high indicence of drying or rotting.
According to Kusiny et al. (1983) such forest gives less timber yield, with wood of
lower quality, and its surface results in more difficult lumbering and transportation
conditions. Losses from damaged area are 97 mha/year of wood. In estimating looses
from damaged forest, it must be borne in mind that recultivation in accessible forest
often with muddy surface is difficult. And despite of all the effort, the new wood will
not have quality as the one on stable, undamaged land (Fig. 12). It would be a
mistake to count losses as production of wood only. Other functions of forest (source
of oxygen, water, protection against erosion and deflation, recreational background
etc.) have, together, higher value.

The entire cultivated ground in devastated area is 72.4 ha (16.0 %). Despite the
fact that this area is large, no slope deformation is presently active. Damaged area is
henceforward usable for agricultural purposes and losses of harvest yield due to slope
movement are minimal. It is probably the result of cultivating the land which positively
regulates run off of water. Soils in the investigated area belong among the less
productive. Its category is 45 (range of this categorization is 1-5). The reason is not
more active slope deformation, but the fact that for farming purposes the land used
is that with slope dip of less then 7° which are not involved in slope movement.
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Fig. 12 Forest damaged by landsliding. Locality Krasfiany. Photo by M. Fischerova.
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As displayed in Table 2, unstable slopes which are economically unused cover
125 ha, i. e. 5.8 % of entire unstable area and majority of them are still active.
Originally, they were used for various purpose (meadows, pastures etc.). Currently this
area has become overgrown with wind-born trees, bushes, acid grass, and devastated
by open cracks and typical "wild" topography.

Habilitation of devastated slopes

As we have stated above slope deformations limit the use of land. It involves rather
large economically underused areas (for farming, lumbering, recreation). Our effort
is in returning the devastated land to its original or other useful function. The way to
this is unambiguous — stabilizing and recultivating of affected land.

Judging the effectiveness of revilizating efforts we have to consider the fact that
this effort includes:

1. Stabilization of unstable slopes by

a) simple constructions eliminating pressure in foot of the slope (pillar wall, load
dikes etc.)

b) deep drainage by use of horizontal draining wells.

2. surface draining of unstable slopes by:

a) "biological” draining through planting of plants with high transpiration ability.
This can be used only on not highly saturated land.

b) technical draining which include digging of draining ditches and channels on
the surface and placing of draining pipes under ground.

3. Regulation of affected land and revitalization of vegetation. It include planing
of uneven surface, filling up of cracks, remove of unsuitable woods, revitalization of
soil horizons and original flora, etc.

In evaluation of revitalized unstable slopes dedicated to a farming it is necessary
to consider:

a) only small part of unstable land has slopes favourable for plowing, Suitable
slopes is less then 7° (Jova et al., 1984) and only 27.65 ha of devastated land of
investigated area has this acceptable slope.

b) entire area devastated by slope deformation (including slopes with dipping
over 7°) is 72.4 ha. However typical features of a moving surface were eroded off,
and access to fields for agricultural machines is good.

We have reached conclusion that although cultivation can not prevent develop-
ment of slope deformation, it can significantly reduces its impact, mainly by slowing
down the mass movement. The sliding assumes character of creep, and plowing
smoother the undulation and other roughness. But this is acceptable only: if suitable
machines are used for field works i. e. these do not needlessly damage soil horizons
by their high unit weight; if proper method of cultivation is used; and if right type of
plants are grown. If these principles are not followed, mass movement can be
accelerated.

To practice optimal methods of cultivation for both, slope stability and good crop
yield, coordination of expcrts from both farming and engineering geology is required.
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This team should commonly: work up a optimal principles of working with ground
threatened or damaged by sliding; guide the follow-up of suggested principles;
regularly evaluate effectioness of suggested principles and make new flexible decisious
in case of earlier errors. Fundamental condition of their common success is the search
for reasonable compromise which will satisfy often almost opposite demands.

It is welcome when both sides of experts agree on common demands in
reduction of water and wind areal erosion of soil, needless stripping of soils, etc.

As conclusion, reached experiences and economical analyses, we suggest that
unstable slopes as less suitable for any kind of activity. However, their value can be
increased by appropriate professional treatment which must include methods for
stabilization and revitalization and successive use of land. All these methods, as part
of preventions effort, must respect preservation/renewal of ecological balance of the
land as a entity. .

To return the slide damaged area to its original function and to optimal use, it
has been recomended: i

a) reduction of erosion, improvement of stability of slopes and increasing the
production of meadows and pastures by draining and agrotechnical works,

b) planting of forest on part of unused land, not only for wood but as an
environment for field animals and birds,

¢) an unstable slopes near town and villages, use the area for building of vacation
cottages and gardening,

d) on part of devastated slopes near Zilina town set up a park, serving as
recreation green zone for inhabitants of Zilina. Relaxation centers and stadiums, paths
with benches should be built up, and suitable kinds of trees planted in this area.
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MARIA FISCHEROVA — IGOR MODLITBA
Vyskyt zosuvnych svahov v oblasti Zilinskej kotliny a ich vyuZitie
Resumé

Cast Zilinskej kotliny bola vybran4 ako modelové tizemie na hodnotenie podmienok vyskytu svahovych
deformécii a moZnosti rekultivicie devastovanych ploch na pdvodné alebo iné vyuZivanie (obr. 1).
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Podla KAPASNEHO (1983) sa na tzemi Zilinskej kotliny vgskytujc 201 lokalit dplne alebo &iastoéne
devastovangch pohybmi. Ich celkovd plocha je priblizne 40 km®, &0 predstavuje 9,4 % z celkovej plochy
kotliny. Tieto plochy boli v minulosti vyuZivané najmi ako liky, pasienky, orné pdda, na zéstavbu, sady
a zdhrady a pod. (tab. 2).

Vyskyt svahovych deformécii typu plodnych a pridovjich zosunov, frontélnych zosunov, blokovych
pohybov a riitenia je viazany na Sest geologickych 3truktdr (tab. 1). Pri vjvoji svahovjch pohybov sa
uplatiiujé najma Struktiry flySoidngch hornin (paleogénne a mezozoick€) — t. j. striedanie pieskovcov
a flovcov. Vyskyt viak bol evidovany i v hornin4ch kvartéru (ilovité hliny a ily), v mezozoickych hornindch
kriZfianského prikrovu a obalu Malej Fatry (ilovce, sliefiovce) a vynimoéne aj v hornindch bazlneho
paleogénu — v zlepencoch (skalné ritenie).

Svahové deformicie sa vyskytuji najmi na svahoch so sklonom spidnice v rozsahu 10—15°.
Ojedinely vyskyt viak bol evidovany i na svahoch so sklonom okolo 4° a do 25° (KAPASNY, 1983). PribliZne
18,4 % lokalit z celkového poétu si zosuvy v aktivnom pohybe.

Ako sme uviedli, vatSina devastovanych pléch je sice vyu¥ivan4, ale extenzivne, pripadne je
ponechané ako Ghor. Pritinu zanedb4vania zosuvnych pléch treba vidief:

1.V polnohospodirskej vefkovyrobe, ktord nemala zdujem o vyuZivanfe pofnohospodérskych pléch
permanentne poruovanych svahovfm pohybom a s "divokou” morfolégiou povrchu. Takéto pozemky
neumoZiiovali mechaniziciu polnohospodérskych pric vo velkom. Ich obrébanie vy?aduje najmi ruéni
pricu a neustdlu osobitni starostlivosf o odvodfiovanie pozemku, stabilizovanie svahu a povrchovi
upravu terénu.

2.V pomemne zna¢nych finan¢nych nékladoch potrebnych na spristupnenie pozemkov s dlhodobou
névratnosfou. Velkovyroba na devastovanych plochich musela byf krytd nedmerne vysokymi finan&nymi
nékladmi na zabezpefenie mélo efektiviej nemechanizovanej price pri vtedajom nedostatku pracovnych
sil.

Uvedené aspekty sa prejavovali najmé pri snahe rekultivovat liky a pasienky, a to i naprick tomu,
Ze ich Gpravami bolo moZné podfa JUvuU et al. (1984) zviRit produktivitu rastlinnej vyroby o 70 aZ 120 %
a vyrazne zniZit efekt plodnej erézie (tab. 3). Menej sa uplatiiovali pri ornej pdde, kde permanentné
intenzivne obrébanie zniZovalo priebeZne nepriaznivé prejavy svahovych pohybov. V takychto tizemiach
bol zaznamenany relativne pomal$i a menej destruktivny pohyb svahovych sedimentov, ktory mal &asto
charakter aZ plazivého pohybu (creepu).

V pripade lesnych porastov straty na drevnej hmote sa pri aktivnom svahovom pohybe pohybuji
okolo 97 m” /ha/rok prirastku drevnej hmoty a znaéne sa zniZuje tzv. vieuZitofn4 funkcia lesa, ako napr.
vodoochrana, protierézna a protideflaénd funkcia a pod. Vzhladom na odfahlost a nepristupnost
devastovanych pozemkov a spravidla i znainé znehodnotenie drevnej hmoty svahovym pohybom
(zakrivenie a poldmanie kmefiov, vjvraty a pod.) lesné podniky nemaji ziujem o rekultiviciu a
stabilizdciu takychto ploch, prifom prostriedky vyélenené na sanéciu svahovych deformacii vylerpaji uZ
pri sanovani lesnych komunikécii poskodenych zosivanim.

Z predbeiného hodnotenia vyplyva, ¥e rekultivicie a sanicie zosuvngch svahov s polno-
hospodérskou a lesnou pddou by sa mali v prvom rade zameraf na prevenciu i¢innym odvodfiovanim
pozemkov. V pripade aktivovania pohybu svahu odporifame pouZivat jednoduché stavebné konstrukcie
na zachytévanie tlakov v pite svahu (kamenné miry, ochranné siete a pod.), hlbkové a povrchové
odvodnenie pomocou rigolov, ryh, studni a pod., ako aj pouZivanim tzv. "biodrena¥e” vysidzanim rastlin
s vysokou transpiranou schopnostou. DoleZité si terénne tpravy (zasypavanie trhlin, vyrovnanie
nerovnosti terénu a pod.), likvidicia néletovych porastov, obnova pdvodného pddneho horizontu a
polnohospodirskych kultir i vhodna technolégia obrabania pddy, ktorad by nerusila povodné odtokové
pomery na pozemku.

Pri navrhovani dprav a spGsobu vyuZivania devastovanjch pozemkov je potrebné zosiladif
poZiadavky polnohospodérov — odbornikov na pestovanie rastlin a inZinierskych geolégov, ktori by mali
hladaf vzdjomny kompromis pri presadzovani optimalneho rie$enia rekultivicie a stabilizicie svahov.
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Zapadné Karpaty, sér. hydrogeolégia a inZ. geol. 11, p. 59—69,
Geol. Ust. D. $tiira, Bratislava, 1993

MaAria Kovacikova

Landfills in Protected water-resource area Zitny ostrov

(1 figs., slovak summary)

Abstract From the economic viewpoint, Zitny ostrov (Rye Island) is a very significant area. Its
environmental protection also ertails registration of pollution sources including landfills. This contribution
deals with the results of registration in the area concerned, characterizes the wastes, landfills and applied
registration technique as well as assigns the registered landfills into categories according to selected
criteria with regard to their environmental impact.

Introduction

Landfills, as a pollutior source, were subjected to virtually no regulations in the
previous economic-political system. As a result of this unmanaged "wild" landfills
clearly prevail over managed ones. The first step to be taken in resolving this situation
is landfill registration.

There are a number of reasons why the Protected water-resource area (PWRA)
Zitny ostrov was selected for our landfill registration: it is a centre of intensive
farming and related food industry as well as a major water source in a direct contact
with the recently constructed water reservoir Gabéikovo. These, often contradictory
characteristics, make Zitny ostrov an ideal place to study relationship between man
and the environment.

Any assessment of landfills should be based on

— natural conditions reflecting geological history of the territory,

— past and present-day economic activities in the given territory.

Geological and morphological characteristics of the territory

The studied territory is a part of the lowest morphological level of the Danube
Lowland designated by Hromadka (1956) in the Danube Plain.

The surface here is even, generally inclined from the NW to SE. In the centre
of the territory there is a longitudinal elevated belt up to 15 km wide in the upper

RNDr. M. KOVACIKOVA, Dionyz Stir Institute of Geology, Mlynské dolina 1, 817 64 Bratislava
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tract and 6—4—2 km in the lower tract. The elevated belt consists of a Late Pleistocene
core composed largely of gravels, sandy gravels and sands topped with loessy soils or
Holocene loams and bogs, rarely with wind-blown sands.

On both sides, the elevated belt passes into shallow (2-3 m) depressions parallel
with both streams (Danube and Little Danube) fringing Zitny ostrov. The depressions
are filled with Holocene bogs, flood-plain loams underlain by sandy gravels.
Throughout its periphery, Zitny ostrov is lined with a slightly elevated belt of Late
Holocene levees composed of gravels, sands, loamy and other flood-plain deposits.

The whole Zitny ostrov is completely covered with Quaternary sediments without
exposures of the underlying Neogene substratum of variegated lithological composition
(clays, sands, sandy gravels). The Quaternary sandy gravels cannot be reliably
distinguished from the subjacent gravels and sands assigned into the Upper Pliocene
(Levantian). These stratigraphically undifferentiated sandy gravels termed Danube
sandy gravels with minor lenses of gray coal clays are up to 300 m thick (Dunajska
Streda area). To the west, towards Bratislava, and to the east their thickness drops
to 3015 m. As far as landfill location and possible spreading of contamination into
ground waters are concerned, surface cover plays an important role. The surface cover
consists of two facies:

— flood-plain facies

- oxbow lake facies.

The flood-plain facies extend throughout the territory, sometimes as a continuous
cover, sometimes in the form of patches and locally it is completely absent. In the
latter case, the above-mentioned sandy-gravel complex is exposed on the surface. As
regards their grainsize composition, the flood-plain facies sediments are mostly
composed of loam and/or clay fractions, rarely of sand or small-gravel ones. They are
of Holocene age (until the last glacial age). The flood-plain deposits form several
generations of flood muds and loams. Their thickness is irregular, generally growing
from the N to S central core towards Danube and Little Danube levees. The
maximum thicknesses attain 5 m, averaging 1.5-2 m.

The flood muds (and/or sandy gravels) are interlaced with oxbow sediments.
They occur either on the surface or are buried. Lithologically, the deposits are loamy,
highly humic sediments — silty and clayey loams locally with sand lenses, gravel layers
and bogs. Their thickness varies from 2 to 4 m.

Lesser volumes and areas are occupied with fluvial-aeolian sands. All the facies-
genetic types are covered with recent soils.

The fluvial sediments are major unconfined aquifers. Their hydrogeologic
characteristics reflect grainsize composition, spatial distribution and groundwater
recharge. Gravel beds with a low sand content play a dominant role. Filtration
parameters decrease with increasing content of the psammitic-pelitic component. In
general, it can be said filtration coefficient of the sandy gravels to a depth of 30 m is
roughly 10° m/s.

The aquifer can be divided into two zones:

— near-surface zone 0 a depth of 15-20 m with intensive water circulation
through bank infiltration from the Danube river,

— deeper zone with slower water circulation.
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The main source of the groundwaters is the Danube river, in the inner part to
a lesser extent also precipitation.

Economic potential of the territory

Thanks to the favourable hydrogeological and geological setting, the resources of
potable groundwaters in the studied territory are of European importance. According
to Porik et al. (1983), the water sources ISTROCHEM — Vltie hrdlo, Slovnaft,
Kalmovo Samorin, B4¢, Gabéikovo, Baka and Lehnice have a combined yield of
19.8 m*/s. That is why the tcmtory was proclalmed as a protected water-resource area
in 1978. A significant economic activity in the area studied is agriculture. The territory
has excellent soils and climatic conditions to reach the highest yields of all agricultural
products.

The coexistence of these two economic functions brings some problems by the
increasing amount of nitrates in groundwater.

Agriculture is not the only significant characteristics of the studied territory.
Other ones are is associated with food industry, local workshops, services etc. The
construction of industrial facilities and dwelling houses (particularly after the
disasterous in the year 1965 flood) requires large amounts of construction materials.
The area concerned has enormous resources of high-quality gravels (to a lesser extent
also sands) which are extracted from the bottom of the Danube river and (especially
for local consumption) a number of small gravel pits have also been excavated in the
v1c1mty of villages and small towns. Such numerous abandoned pits are a characteristic
sign of today’s Zitny ostrov. They are often used for waste disposals.

Wastes in protected water-resource area Zitn§ ostrov

With regard to their origin, wastes in the studied area can be divided into:
— household
— agricultural
— industrial.

Household wastes are extremely heterogeneous, and their composition and
properties change from one area to another. Household waste in a small-town or
village landfill understandably contains less organic matter than that from a large town
with concentrated collecting to trash bins and containers. In the former case, the
waste management is wiser — organic materials serve as animal feed or compost and
consequently the ultimate volume of wastes dumped in the landfill is smaller. Such
reduced volumes of relatively organics-poor wastes are dissolved by solar radiation,
precipitation and temperature changes, and do not pose a major threat to the
environment. The case is quite different in large landfills where waste from several
villages or towns or from a single major town is concentrated. Furthermore, municipal
wastes differ from rural ones in their considerably higher content of organic matter.
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The process of decay is much longer, producing larger volumes of leachate of higher
concentration. The leachate hazards to groundwaters are further aggravated by the
fact that such landfills are not managed. The landfill substratum is not sealed, there
is no drainage to remove percolating water and the waste is not interlayered with an
inert material. Assessiny the impact of household wastes on the environment, it is
necessary to take into consideration that, in addition to organics, the waste here also
contains hazardous components such as batteries, fluorescent tubes, refrigerators, used
oils and oil-polluted materials, drugs, which are treated separately in developed
countries. In Slovakia there, is no separate collection of these hazardous materials and
so they are dumped on common landfills.

Agricultural wastes account for a fairly high percentage of wastes because
farming is intensive in this area. Once again, we may state that, if dumped in minor
amounts, these wastes are not hazardous. However, concentrated collecting gives rise
to the processes similar to those described above. A special kind of agricultural wastes
is represented by remnants of fertilizers, their wrapping and pesticides which, because
of their character, are in fact chemical wastes. Similarly, dung heaps, silage pits etc.
represent a special case which was not studied by the author.

Industrial wastes comprise a wide range of wastes controlled by the type of local
industries.

Building industry produces large volumes of building wastes (surplus earth,
excavations, concrete, panels, asphalt, glass, wood, plastics etc.) particularly in places
of extensive construction of dwelling houses (Bratislava, Dunajska Streda). Further,
wastes originate from demolished old buildings. The relatively larger number of
landfills in the studied area in comparison with other areas can be explained by the
disasterous flood in 1965.

As far as their impact on the environment is concerned, building wastes can be
regarded inert or having a slight impact on groundwaters.

Food industry produces wastes which, because of their content of organics or
technological chemicals, can be dangerous for groundwaters. Wastes from sugar mills
are a good example. Food-industry wastes partly serve as animal feed and so the
percentage of organics in them is relatively lower.

Petroleum industry and thermal power plants in the Bratislava area produce
wastes as well. The oil-refinery Slovnaft has a special place in the PWRA Zitny ostrov.
Leakage of oil derivatives into the ground has invalidated the water source at
Podunajské Biskupice and threatens the whole Zitny ostrov. A hydraulic barrier on
the eastern rim of Slovnaft reduces this danger.

Slovnaft produces chemical, oil and oil-polluted wastes which are disposed of by
incineration. Cinder left by the incineration as well as polluted earth are temporarily
dumped on the spot. Insufficient separation of the polluted and unpolluted earths and
their joint dumping on landfills is a drawback. Sludge deposited from industrial water
supplied from the Danube River is dumped on unsuitable places (without a basal
liner). There is a justificd supposition that the sludge has high contents of heavy
metals.
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In comparison with other pollution sources Slovnaft is the largest source of
contamination in the area concerned. The astessment of its influénce on the
environment would require a separate article.

A municipal incinerator on the SE rim of Slovnaft produces cinder by the
incineration of household waste. The incineration is imperfect, takes place at a
temperature of 600 °C and so the cinder contains a high proportion of unburned or
insufficiently burned waste. Such a waste can be classified as hazardous. Coal cinder
can be seen in landfills throughout the PWRA.

Landfills

Landfills in the PWRA are mostly located in abandoned gravel pits, morphological
depressions — oxbow lakes or in other nonproductive sites. Wastes are dumped on the
landfills without any basal lincr. There is only one landfill, at Cukarska Paka, which
could be classified as managed one in the whole investigated area. All other landfills
are unmanaged. Some of them, however, are officially classified as managed — are
surrounded by a fence, are guarded and their surface is levelled. These landfills were
declared legal by local authorities that issued a permission for them but in essence
they are nothing more than wild landfills.

To evaluate landfills, several criteria can be applied. As far as their registration
is concerned, landfills may be exposed or buried (recultivated). Special attention
should be paid to the latter ones, because they were converted to field, meadows,
playgrounds, football stadiums, building lots etc. with no surface signs of dumped
waste.

Further categories are given in registration forms (Appendix 1), e. g. legal -
illegal, managed — unmanaged (wild), above- or below-terrain etc.

Another significant criterion is the environmental impact of the landfill. This
criterion is described in more details in the chapter on waste classification.

Technique applied to landfills inventory in the PWRA

The previously applied system of landfill management did not entail a systematic
inventory of landfills in maps. Numbers of landfills and/or dumped materials were
reported and statistically evaluated. Such data, however, were biased by personal
opinions of the reporting authorities as well as by intentional attempts to hide
problems and to report the situation better than it really was. Inventory by an
impartial organization is therefore a key precondition to the objective knowledge of
the real state.

Landfill inventory consists of two successive steps:

— summing up available data on landfills and their surroundings,

— field mapping (ve:ification) of the situation.

Landfill location requires good maps to be studied. Best time-honoured maps for
this purpuse are those on scale 1:10 000 covering the whole territory of Slovakia. The
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map study should identify favourable areas which may serve as landfills. These include
mainly abandoned gravel pits, surface depressions — gullies, oxbow lakes and
nonproductive areas. Field investigations in such favourable areas reveal mostly buried
(recultivated) landfills. It is desirable to study maps dating from different periods —
recent ones allow easy orientation while earlier provide us with information on old
pits and other surface depressions which have later been levelled.

The preparatory study naturally comprises summing up all data available on
landfills in the area concerned (data by the Slovak Statistical Bureau, local authorities
and residents) which have to be verified in the field. A good technique to reveal
landfills is the study of serial maps. Such maps of the PWRA have been made to
assess environmental impacts of the Gabiikovo water reservoir. Black-and-white
photographs were used for landfills identification. The most convenient scale of the
serial photos seems to be similar to the scale of topographic maps — 1:10 000. Such
magnified photos have less contrast, but could have been studied without any
equipment. The aerial photos compared with topographic maps made it possible to
identify probable landfill sites. Such aerial landfill identification may sometimes be
erroneous because a landfill seen from above resembles an active gravel pit, building
yard or a haystack in disorder, a large dung pile etc. All selected sites must be
verified in the field. The interpretation of aerial photos made it also possible to
identify such landfills which could not be discovered by commonly applied techniques.

Multispectral photos of the PWRA Zitny ostrov are also available. A set of
multispectral photos in true and false colours showing the vicinity of Slovnaft and
Dunajska Streda were made by the Remote Sensing Centre. The assumption that such
photos could reveal negative effects of landfills on the nearest vegetation or discover
buried landfills was not confirmed. These photos, however, are much more useful in
built up areas. E. g. in the Slovnaft plant, only a colour photo allowed to distinguish
landfills (dumps of polluted earth and mud) from other industrial installations
(buildings, power lines etc.). The multispectral photos are rather expensive (500—600
Sk/photograph) and therefore can hardly be used for regional investigations. Simple
geodetic photos are sufficient for landfill registration.

The field mapping is aimed at the verification and detailed description of
identified localities. Each landfill is marked on a topographic map on scale 1:10 000
and described in a registration form which contains basic data on the landfill, its
material composition, surroundings and outlines its environmental impact
(Appendix 1).

A special task, logically associated with the foregoing stages, is to summarize the
registration results and to evaluate environmentl impact of the landfills.

Results of landfill inventory

Our preparatory works for the landfill inventory included:
— elaboration of topographic maps on scale 1:10 000 covering the PWRA,
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— interpretation of 81 geodetic photos of the PWRA,

— field verification of some 400 sites in which 219 landfills were described.

Each landfill has its inventory form and is marked on a 1:10 000 map. A review
of landfills on scale 1:10 000 is given in Appendix 2 and that on scale 1:50 000 is in
the next table:

Map sheet 1:10 000 Number of lanfills
45-11 14
44-24 47
45-13 80
45-14 3
45-31 49
45-32 23
total 216

Waste classification

In general, wastes can be classified for various purposes and according to diverse
criteria. Waste classification is directly linked to landfill classification and therefore
both these classifications should apply criteria of the same character. In both cases,
the impact on the environment — groundwater, soil and atmosphere — is a basic
criterion. The impact on these principal elements can consequently affect human
beings too. Wastes can be classified as:

— safe, inert, which do not affect groundwater, soil and air quality. These
comprise building wastes, surplus (unpolluted) earth from excavations and household
wastes with low percentage of organics.

— wastes whose leachates produced by extremely complicated chemical reactions
between the dumped maicrial and rain and/or ground waters threaten the environ-
ment. These include household, agricultural and industrial wastes.

— hazardous wastes whose toxic, bacteriologic, explosive, combustible and
carcinogene properties are dangerous.

Most wastes on the PWRA fall into the first or second group. The third group
only includes chemical wastes dumped in Slovnaft and/or cinder left by burning of
communal wastes.

Landfill classification

Like the waste classification, the landfill classification is also based on environmental
impacts. Wastes are dumped in a certain environment whose characteristics also play
a decisive role in an assessment of the landfills environmental effects. Rock
environment (earths - in our case) is a space through which leachate percolates until
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it reaches groundwater. The major factors in assessing environmental impact of a
given landfill are:

— waste material

— permeability of the environment

— water table.

Waste material

Landfills mostly contain wastes of more than one kind. Single-component waste
landfills are only those in Slovnaft refinery) and very rarely building and agricultural
landfills in major towns (e. g. Dunajska Streda). Material dumped on each landfill is
marked in its registration form (V — excavation, S — building, B — concrete and
panels, D — household etc., see Appendix 1).

Environmental permeability is a hydrogeological characteristics which expresses
the rate of groundwater movement in a given rock environment. It amounts roughly
to 1.10° m/s in well-sored gravels and to 1. 10° m/s in clays. Between these two
marginal values (very simplified) there is a wide range of substances — silty earths,
sands, loams etc. From the lithological viewpoint, the PWRA is composed of
Holocene gravelly deposits. The permeability of these sediments averages some
1.10° m/s. They are topped with flood deposits composed of sandy loams, loams,
clays, silty and bog sediments whose combined thickness varies from 1 to 5 m
averaging 1.5-2 m. Assuming that their thickness and composition are sufficient and
their areal distribution is uniform, these sediments might act as a temporary barrier
controlling spreading of pollution. Unfortunately, the flood- sediment cover is
discontinuous and locally is completely absent. Furthermore, its protective function is
invalidated by a number of landfills located in abandoned gravel pits where this layer
was removed. The extraction proceeded to considerable depths, very frequently as
deep as the water table. We may generally conclude that the ﬁltratlon coefficient in
landfills in abandoned pits is on average very high, up to 1.10° m/s. It is the worst
situation as regarde spreading of contamination.

In some cases it is impossible to determine whether the landfill rests on an cven
terrain or on an old graveil pit.

Water table under individual landfills can be inferred from a map of the
maximum groundwater-level contours. In assessing a landfill, it is important, but often
also very difficult to determine whether the landfill bottom is in contact with
groundwater (with its maximum level).

The criteria selected for the classification of landfills registered in the PWRA are
applied in this manner:

— 1% category — landfills whose environmental impact is slight or none,

— 2™ category — potentially hazardous landfills,

— 3™ category — hazardous landfills.

67



The individual categories are characterized as follows:
1" category:

— landfills of inert wastes,

= landﬁlls of household, agncultural and building wastes of a very limited extent
(below 500 m’, thickness below 2 m®) in a very permeable environment or in direct
contact with groundwaters

= landﬁlls of household, agricultural and building wastes of a limited extent
(below 1 000 m’, thickness below 2 m, outside surface depressions) underlain by flood
loams, clays etc

2™ category:

— landfills with all kinds of wastes except of hazardous ones, divided into two
subcategories according to their size:
2a - landfills of a minor areal extent (up to 6 000 m®) and small thicknesses (up to
some 3 m)

— the water table is not in contact with the dumped material (or the contact is
very limited)
2b — landfills of large areal extent and thickness, the dumped material contacts
groundwaters

3™ category
— landfills of hazardous wastes (including assumed ones).

Buried, recultivated landfills, where the above mentioned criteria can only hardly
be applied, were treated separately. The numbers of landfills assigned into the
individual categories follow:

1" category - 45
2™a category - 68
2"b category -53
3™ category e

recultivated, buried — 52

Conclusion

The presented landfill classification based on environmental impacts illustrates the
situation in the whole Protected water-reserve area Zitny ostrov. The area is
characterized by a high number (52) of buried — recultivated landfills accounting for
23.7 % of the total number of landfills. Only one landfill was placed into the third
category (hazardous landfills), although three landfills assigned into the 2™ b category
are very close to the 3" «ategory. 45 landfills, or 20.54 %, were assigned into the first
category. These landfills are safe, causing only aesthetic problems and, because of
their small volume, could easily be liquidated.
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121 landfills, or 55.25 %, were put into the 2™ category. Like the 3™ — category
landfills, they also requirc further attcntion.

Our assignations should be verified by inexpensive techniques, primarily
geophysics which could provide further data on the dumped wastes — thickness,
material composition as well as the surrounding environment — depth and surface of
the substratum, its lithological composition, hydrogeological parameters, direction and
distance of pollution spreading etc. Some landfills will require monitoring wells to
verify their assumed pollution, and some others will have to be equipped with
monitoring systems which will provide us with quantitative and qualitative parameters
of the contamination. When summarized, all this information will make it possible to
propose further measures aimed to liquidate the numerous unmanaged landfills in the
Protected water-resource area Zitny ostrov.

Translated by M. Bohmer
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Resumé

Uveden4 kategorizicia sklddok podla vplyvu na Zivotné prostredie poukazuje na celkovii situaciu CHVO
Zitng ostrov. Pre oblasf je charakteristicky velky pofet sklddok zakrytfch — zrekultivovanych — 52, &o
je 23,7 % z celkového poftu. Len jedna sklddka bola zaradena do II1. kategérie — nebezpedné skladky,
hoci tri skladky v kategérii IIb si na rozhrani Ilb—IIL

45 skladok (20,54 %) je zaradenych do 1. kategéric. Si to sklddky neSkodné, predstavuji len
estetick’ z4fa? prostredia. Izh likvidacia by vzhfadom na malé objemy nemala byt problematicka.

121 skladok (55,25 %) je zaradenych de IL kategérie a spolu so sklddkami III kategrie vyZaduji
daldiu pozornosf,

Z hladiska dalieho postupu je potrebné lacnymi prieskumnymi met6dami overif zaradenic do
prisluingch kategérii. Odporita sa vyuZif najmi geofyzikilne metédy prieskumu, ktoré umoZiiuji na
urtitej trovni upresnif charakteristiku odpadov — mocnost, materidlové zloZenie i charakteristiky
prostredia — hlbku a priebeh podloZia, jeho litologické zloZenie, hydrogeologické parametre, smer Sirenia
znelistenia, jeho dosah a pod. Na niektorych skladkach bude nutné vybudovat kontrolno-indikatné vrty
na overenie predpokladaného znefistenia, na ingch monitorovacie systémy, ktoré umoZnia urdif
kvantitativne a kvalitativne parametre znelistenia. Sumariziciou vSetkgch tychto informécii bude moZné
urdit daldi postup pri likvidécii velkého pottu divokgch sklddok na dzemi CHVO Zitn) ostrov.
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Geol. Ust. D. Stira, Bratislava, 1993

Marmin ONDRASIK

Assessment of environmental geofactors in broader vicinity of Vricko

(4 figs., slovak summary)

Abstract Problems related to environment protection require new, up-to-date techniques in
technical as well as natural sciences. The contribution of geological sciences to this topic involves study
and mapping of geological environmental factors (geological hazards) which are dealt with also in this
article.

Geological environmental factors described in this paper have been analysed on a model territory
in broader vicinity of Vricko. Three factors, which are the most important from the viewpoint of
anthropogeneous activity, have been mapped and illustrated on analytic multipurpose regional maps of
predisposition to slope failures, weathering and erosion.

Introduction

The old days when it was possible to carelessly affect and damage the environment
are over. We now face the problem how to relieve the results of our past careless
attitude, how to prevent further devastation of the environment and to achieve an
optimum harmony between the man and the nature.

To achieve such a harmony, it is necessary to know all environmental aspects of
our neighbourhood so that we can adapt ourselves to them and/or cope with them.
The only way to achieve this state is a wide cooperation among working teams of
diverse geoscientific disciplines. That is why several teams directed by the Diongz Stir
Institute of Geology in Bratislava preparean album of maps environmental geofactors
on scale 1:50 000.

There are a number of reasons why human activity moves more and more into
areas unfavourable from the geological and geomorphological points of view. In such
areas, an unsuitable activity may result in various adverse geodynamic and
hydrogeological phenomena (e. g. erosion, weathering, slope failures, groundwater
contamination, dewatering of rock environment etc.) which devastate the territory as
well as threaten the construction of new structures and safe usage of existing ones.

The territories posing gcological, geomorphological and engineering problems
undoubtedly comprise mountain areas and therefore these should be paid much more

RNDr. M. ONDRASIK, Geologicky dstav Dionyza Stira, Mlynsk4 dolina 1, 817 04 Bratislava
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attention than they are at present. That is the reason why we carried out studies on
a model territory situated between the Ziar and' La¢ansk4 Mal4 Fatra Mts. (vicinity
of the village of Vricko, Fig. 1). Our model was aimed at obtaining initial material for
a discussion on a wide spectrum of problems invariably associated with each new,
emerging idea. The crucial problems are: which theoretical premises should be
employed, which phenomena should be studied and how they should be treated as
well as how to compile maps of environmental geofactors, what should be included
in these maps and how they should be presented to potential users. The above brief
review of problems suggests that the spectrum of questions to be answered is really
wide.

Methodic procedures apnlied to solve the task

The available definitions and classifications given in encyclopedic and professional
literature (see Regulations on the compilation of engineering-geological maps 1983,
Regulation N° 1/1989 on the compilation of engineering-geological maps 1989,
MoLpan, 1983, Matura—Onpradik, 1990, Reznicek—PaSex—Zeman, 1980, OnpraSik, 1989,
Petro et al., 1989) clearly indicate that the term "geological environmental factor" does
not imply any new phenomenon in our neighbourhood. The assessment of geological
factors on a given territory essentially represents a sort of programmed evaluation of
known geological phenomena and processes affecting the environment, their
comprehensive observation and evaluation in the interaction with human activity. This
procedure is aimed at the optimum utilization of the territory concerned, minimizing
environmental impact of any kind and creating good harmony between the man and
the nature as was mentioned earlier in this article.

The only way to obtain this optimum state is to map the present-day environ-
ment and prognose its hypothetical development under diverse conditions. One of the
most effective means of cxpressing the most significant constituents of geological
environment in relation to human activity is a geological map. Among various kinds
of engineering-geological maps, so called "Maps of geological environmental factors"
are increasingly employed to illustrate environmental phenomena. Their contents and
character should be simple so that even a nongeologist can easily understand them
and at the same time they should supply information for databases of the geographic
information system that is currently being prepared.

To achieve this, three maps of environmental geofactors were compiled in the
above-mentioned model area near the village of Vricko as part of Onpra3ik’s (1989)
diploma work:

Map of predisposition to slope failures (Fig. 2)

Map of predisposition to weathering (Fig. 3)

Map of predisposition to erosion (Fig. 4)

The maps are analytical multipurpuse ones with elements of prognosing,
compiled in the form of engineering-geological regions. Such a regional division
assessing geological environment of the studied territory with its engineering-geological
properties differs from a iypologic regional division because the latter evaluates the
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geological environment regardles of the relief (solely the geological structure). Such
a regional division was most clearly reflected in a map of predisposition to erosion in
which individual regions were evaluated with respect to their geological structure,
engineering-geological properties of rocks, length and energy of slopes. The climatic
conditions throughout the investigated territory were classified as uniform.

A crucial precondition to the compilation of these maps was the existence of a
geological map on scale 1:25 000 compiled by Raxis et al. (1984) and related report
as well as the existence of other works on engineering-geological and hydrogeological
situation in the broader vicinity (such as Boum et al., 1971, Onpragik—Hvainkova, 1981).
Further source of information was aerial imagery and materials deposited at Geofond.

The compilation on the maps was preceded by detailed field mapping and
recording geodynamic phenomena in the model territory. The field works were
performed by Mopuraa in 1984 as part of slope-deformation registration project and
by the author of this articie in 1986 and 1987 as part of his diploma work.

Physical-geographical situation on the territory

The model territory is shown in Fig. 1. Its area totale 114 km’ and, according to the
valid orographic division (Atlas of the Slovak Socialist Republic, 1980), belongs into
three orographic units:

1. LiCanskd Mald Fatra Mts. — this mountain range is further subdivided into
the units Ky¢ery, Klak, Vricka dolina valley. The territory’s morphology is dominated
by Mt. Partizdn (1147.8 m above sea level), Dutd skala (1050 m) and Skalky (1
190.2 m). The relief is mountainous, covered with woods, the lower elevations being
occupied by grassy hills. This orographic unit comprises almost the whole northern
tract of the territory in question.

2. Ziar Mits. — this mountain range is further subdivided into two parts: Sokol
and Vy3ehrad. It occupies the central and southern parts of the studied territory. This
mountainous and wooded area is dominated by Mt. Sokol (1010 m above sea level).

3. Turlianska kotlina Basin — this unit occupies the whole eastern tract of the
investigated territory. It is further subdivided into the Valéianska pahorkatina Upland,
Diviacka pahorkatina Upland and alluvial plains Tur¢ianske nivy.

The geomorphological character of the territory is controlled by the lithology and
tectonics. The relief is dominated by Alpine landforms with steep slopes.

The areas underlain by crystalline rocks generally have a fairly smooth relief. In
contrast, Mesozoic rocks of the KriZzna nappe give rise to a more rugged topography.

Depressed landforms largely occur on soft rocks such as marls, claystones, marly
limestones which are abundant in the Cretaceous series (mostly Albian), Carpathian
Keuper and Lunz Member.

Elevated landforms evolved on solid rocks such as limestones, dolomites,
radiolarites etc. which commonly occur in Triassic and Jurassic series. Layers of solid
rocks amidst semirocks frcquently form conspicuous steps, e. g. in the Skalka area
where Lower Cretaceous marly limestones are intercalated with limestones.
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The Sturec nappe is mostly present in the form of outliers giving rise to cliffs
(Duté skala).

The Str4Zov nappe forming the Sokol massif gave rise to a notable erosion relief
with steep slopes developed on the Wetterstein Dolomites characterized by angular
disintegration.

The territory concerned is highly dissected, mainly by fault tectonics which, at
least in some areas, is directly responsible for landslides (Raxus, 1984).

From the hydrographic point of view, the studied territory is part of three
drainage areas: those of Turiec, Rajtianka and Nitra River. The watershed leads
through the highest peaks of the main ridges of the La¢ansk4 Mald Fatra and Ziar
Mts.

The predominant part of the territory is drained by the Turiec River with its left-
hand tributaries Vrica and Val&iansky potok along with its tributary Sloviansky potok
(96.4 km®). 12.2 km” are drained by Lesnianka, a right-hand tributary of the Raj¢ianka
River, and a more 5.5 km® are drained by left-hand tributaries to the Nitra River.

Geological structure of the territory

The oldest, pre-Mesozoic complexes on this territory occur in the crystalline core of
the La¢anskd Mald Fatra Mts. They occupy only an insignificant area near the
northern edge of the map sheet. The complexes include medium-metamorphosed
psammitic-pelitic series, biotite paragneisses with indistinct schistose structure and
medium-grained massive biotite granodiorites with quartz phenocrysts visible by
unarmed eye.

The Tatric envelope series are nowhere exposed on the surface. Their absence
can be explained by the existence of Valéa fault as well as by the fact that the Tatric
envelope is overlain by the KriZna nappe.

The territory concerned is dominated by Mesozoic series, mainly by the KriZna
nappe (covers 69 % of the area) here represented by the Zliechov development. Its
oldest members are thick-bedded Ladinian limestones overlain by dolomite, limestone,
marlstone, marly-limestone, claystone, radiolarian-limestone, radiolarite and sandstone
series of diverse thicknesses continuing uninterrupted until the Middle Cretaceous.

These complexes are in turn overlain by outliers of Sturec nappe composed of
limestones, dolomites and a thin claystone intercalation (Lunz Member). The rocks
range from the Anissian to Norian. In the southern, tectonically sunken tract of the
territory, this nappe makes up a relatively significant percentage of the Ziar Mts.

Owing to tectonic downthrowing of this block, the StraZov nappe was preserved
above the Sturec nappe in the Sokol massif. The former consists of Middle Triassic
limestones and dolomites, largely the Wetterstein Limestones characterized by their
noticeable angular decomposition.

No Inner Carpathian Paleogene sediments occur on the studied territory but
there is no doubt that they covered at least a part of it (Raxis et al., 1984).
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The Turéianska kotlina Basin is largely filled with Neogene sediments (whole
eastern tract of the territory concerned) which have been assigned into the Pannonian.
These clastic rocks (clays, claystones, gravels, sandy gravels, sandstones, conglomer-
ates) are dominated by pelitic rocks which account for more than 50 % of the filling.
The sandy gravels are unsorted, the average size of the pebbles is 2-3 cm, exception-
ally 7 cm. The gravels and conglomerates consist mainly of limestone pebbles.

Apart from the bedrock composition, the deposition of the Quaternary sediments
is closely associated with the neotectonic and geomorphological evolution of the
territory whose central part is occupied by the Tur¢ianska kotlina Basin. This process
persisted from the Badenian till the present day, i. e. it has been going on for some
15 million years (Onora3ix, 1988, OnpraZik—RyBAR, 1991).

Minor landforms were shaped by selective erosion, largely along faults. Neogene
erosion is suggested by the presence of mainly gravel accumulations in the adjacent
part of the Tur¢ianska kotlina. Following an onset of cold climate in the Quaternary,
alternating cold and warm periods were dominated by deep erosion and slope erosion,
respectively. The earliest stream terraces above the present-day Turiec River indicate
that the depth of the Quaternary erosion reached about 40 m (Harouzka in Raxis et
al., 1984), i. e. on average some 0.05 mm per year.

The products of Neogene and Quaternary weathering moved downslope mainly
as a result of run-off, volume changes due to intermittent freezing and thawing,
solifluction, intermittent streams and downslope movement. In the lower altitudes, the
weathering products accumulated in the form of deluvia, largely on the periphery of
the mountain range. The deluvium is mostly loamy-stony, on steep slopes stony.

Part of the deluvial material reaches streams which, in the upper portions, flow
through steeply inclined valleys and therefore are able to transport fairly large
fragments, particularly at increased water levels. When the streams reach the flat
basin, the stream gradients abruptly drop and their load is laid down in the form of
fluvial sediments.

Hydrogeological setting

From the hydrogeological point of view, the studied territory can be divided into four
units:

1. Hydrogeological unit of the Mal4 Fatra crystalline. It is positioned at the
northeastern edge of the studied territory (NE of the Val&ianska dolina valley) and
is composed of granitoid rocks. From the hydrogeological viewpoint, the rocks are of
little importance as they are unsuitable for large groundwater accumulations feeding
significant springs. The observed springs have low yields (max. 0.5 1/s, mostly 0.1 to
0.2 1/s). In spite of the absence of significant springs, the valley drained by
Trebostovsky potok brook has a relatively high specific run-off which indicates that
the rocks here are highly fractured and/or faulted and the Quaternary sediments are
considerably permeable.
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2. Hydrogeological unit of Mesozoic rocks. Three basic, hydrologically distinctive
rock groups can be established within this lithologically variegated unit:

— Werfenian, Lunz, Keuper, Jurassic and Cretaceous formations composed of
shales, marls and sandstones. Hydrogeologically, these rocks make up a slightly
permeable to almost impermeable complex acting as an aquiclude above and below
aquifers, mostly Middle Triassic limestones and dolomites.

— a variegated group of marly limestones, Cretaceous limestones, cherty
limestones and spongolite limestones ranging from the Triassic to Neocomian. In
these formations, fissure permeability mostly prevails over karst one. Clayey, marly
and sandy admixtures in the limestones reduce or even completely supress their
permeability.

— Middle Triassic limestones and dolomites. In the limestones, karst permeability
prevails over fissure one. In addition to large and concentrated springs, the limestones
are characterized by karst relief with its typical vegetation and scarce surface streams.
Such important hydrogeological structures occur in Val&ianska and Slovianska dolina
valleys where karst springs have a yield as much as 40-58 1/s and 53-94 1/s,
respectively (Kuriman in Rakis et al., 1984) and in the Ziar Mts.

Vast areas in the Ziar Mts. Mesozoic complex are covered by the Sturec unit and
StraZov unit dolomites. They are drained by a number of springs situated on the
periphery or in the centre of the mountain range above impermeable rocks of the
Kri?na unit. Their abundance depends on the prevailing rock type (limestones or
dolomites). The northern tract is drained by Vricky potok brook, either directly or
through minor springs scattered in the Predvricko area. More concentrated springs
occur in the SW part of the mountain range dominated by limestones.

3. Hydrogeological unit of Neogene rocks is composed of impermeable clay
layers as well as permeable gravel, sand, conglomerate and sandstone beds. These
nearly horizontal alternating permeable and impermeable layers are a precondition
to the formation of confined pressure aquifers filled directly with groundwaters from
the mountain range, particularly in places of their tectonic contact with Triassic
carbonates.

The groundwater level is fairly deep (below the range of common excavations).
Only in spring and in depressions can the groundwaters approach the surface.

The Neogene sediments are exposed directly on the surface or are covered with
alluvial deposits thus forming a single aquifer with an alluvial regimen (Klastor pod
Znievom area).

4, Hydrogeological unit of Quaternary rocks is - characterized, from the
hydrogeological point of view, mainly by marginal conditions controlling the depth of
the groundwater level and its regime. It allowed to distinguish the following types
(Bonm et al., 1971):

a) Flood-plain sediments with their groundwater regine controlled by the amount
of water in the stream.

b) Alluvial fans whose groundwater regimens are intermittently controlled by the
surface streams and rainfall.

¢) Deluvial-eluvial sediments of little hydrogeological importance.

A fairly significant hydrogeological unit is the alluvial fan of Vrica brook. Its
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detailed hydrogeological characteristics, however, are only available for a combined
complex of Quaternary and Neogcne gravels. The yields of individual drilled wells in
these gravels very from 3.8 to 14.6 1/s at groundwater level lowering of 1.5-2 m
(Busarka, 1973).

Modern geodynamic phenomena

The present-day relative stability of earth-crust verical movements in the Turéianska
kotlina area has been proved by accurate geodetic measurements put forward by
VyskociL (in Boum et al.,, 1971). Nevertheless, some geomorphic phenomena attest to
minor contemporary differentiated movements along individual faults. The recent
movements are indicated, for instance, by some conspicuous steps and gullies in soft
rocks of the Turéianska kotlina Neogene filling as well as by Paleogene sandstones
thrust onto several-tens-of-cm-thick alluvial gravels as was noted by Zairuea (in
OnpraSik—RyeAR, 1991) in the excavations for the Krpelany dam. They also disturbed
Quaternary sediments in an alluvial fan below Kl43tor pod Znievom and affected the
morphology of the present-day Turiec river bed (Boum et al., 1971).

Geological structures most likely to cause slope failures occur in the valleys of
Valéa, Sloviansky potok, Suchy§ potok and Vrica, which is also suggested by a number
of landslides at these localities. Elsewhere throughout the studied territory there are
virtually no slope failures.

These geological structures include (MopLea in Raxis et al., 1984):

a) slope loams of loamy to loamy-stony character on poorly permeable
substratum or with loamy-clayey layers (surface landslides),

b) formation of solid rocks and semirocks of claystone-marlstone character
intercalated with claystone-, dolomite- or sandstone-type solid rocks (creep movement
in deeper zones),

¢) highly fractured limestone- and dolomite-type solid rocks forming cliffs of
rugged relief (blocks rolling downslope).

Another ongoing process is karst. However, only scarce quantitative data on the
subject are so far available. Its presence is suggested by large karst springs in
Slovianska dolina, rare small caves formed on fold-fault structures (Dut4 skala) and
minor karst manifestations on rock outcrops, such as karren and limestone
karstification along fissures. No significant karst phenomena have been noted on the
territory of the map sheet concerned.

Serious problems arise from recent disintegration (weathering) of dolomites on
the erosional relief and in artificial excavations in the rock environment. The dolomite
breaks into angular fragments (angular disintegration of the Wetterstein Dolomites)
which are often subsequently transported downslope by solifluction to form extensive
deluvia at foothills.

The contemporaneous processes are caused not only by the natural environment
but also by human activity. These anthropogeneous processes considerably affect the
shaping of the relief. Deforestation, which has been going on since historic times till

78



the present day, triggered areal erosion that in turn is responsible for increased load
in local streams.

The studied territory falls into seismicity categories 7-8 MCS and 8 MSK-64
(Czechoslovak standard 73 0036). Since 1400, no earthquake epicentre was situated
on the territory concerned. The nearest noted earthquake epicentres were on Mt.
Sturec and near the village of Necpali in the Velk4d Fatra Mts., near the town of
Martin in the Turéianska kotlina and close to the town of Rajec in the Rajeckd
kotlina Basin (Scuenkova—KArNik—Scuenk, 1984).

Analysis of environmental geofactors

The mapped territory is dominated by Alpine relief composed of Mesozoic rocks.
Only insignificant area in the northeastern part consists of crystalline rocks which gave
rise to a relatively gentler mountain relief, and the eastern part with its hilly
topography is composed of Neogene sediments.

The whole territory is covered with young Quaternary sediments of variable
thicknesses. They exceed one-meter thickness only in places favourable for their
accumulation: flood plains, surface depressions, on readily weathering substratum, on
tectonically fractured rocks, in places of slope failures and on foothills.

Thanks to its gentle, smooth morphology, the eastern part of the territory is
fairly thickly populated (with residential, production as well as linear structures) and
intensively farmed on.

The central and western parts of the territory serve as a rich source of wood,
pastures as well as recreational resort (State Natural Reserve Klak). The only
noteworthy man-made structures are the village Vricko in the Vricka kotlina Basin
and recreational facilities in Val&ianska dolina valley. The area is an important
groundwater reservoir, in Valtianska and Slovianska dolina valleys there are artificial
groundwater springs.

Residential buildings concentrate on foothills, i. e. in places of the largest deluvial
accumulations which, when resting on a poorly permeable or impermeable substratum,
form an ideal landslide structure. The landslide hazards increase, if the foot of the
slope is carelessly removed. That is why it is desireable to identify in time places of
potential slope failurews. Possible hazards are illustrated with the example of the
construction of an up-to-date assembled two-storey charity house in the village of
Vricko. Excavations here removed the foot of the slope which was replaced only by
an insufficient, shallow unanchored support wall. The slope foot is composed of loamy
to loamy-stony water-bearing deposits of a recent landslide and therefore, if not
properly dewatered, the renewal of slope movements is only a question of time.

Similarly, construction of forest roads (and their maintenance) necessary for
mechanized logging as well as the logging itself imply a number of problems.
Roadcuts excavated in steep slopes at unfavourable places, without proper drainage
of surface waters, trigger new or resume pre-existing slope failures. Such phenomena
took place in Sloviansky potok valley, on the southern slope of Holica and in Suchy
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potok valley where a forest road was completely destructed. The landslide here also
obliterated trees on an area of 100 by 150 m.

The cost of road maintenance depends upon the rate of rock weathering and
debris falling from the walls of unprotected roadcuts. This process is particularly
intensive in spring when water in fissures intermittently freezes and thaws. Some
roadcuts are gradually obliterated and the ultimate slope gradient depends upon the
internal-friction angle of the slope material which is subsequently covered with
vegetation. Roadcuts made in solid rocks are stable even if their height is considerable
but the road is permanently or at least temporarily endangered by debris falling from
the walls, the process controlled by the fracturing of the rock massif, mainly its near-
surface horizons. The most serious problems are associated with roadcuts made in
dolomite-type rocks characterized by intensive angular disintegration (e. g. Wetterstein
Dolomites in the Sokol area). These readily disintegrating rocks constantly add new
fine dolomitic deatritus and so new vegetation is unable to start growing on it.
Furthermore, the pre-existing vegetation above the roadcuts moves downslope and
ultimately falls onto the road. That is why roadcuts in such rocks require regular
maintenance.

Deforestation leads to increased kinetic energy of surface waters and to increased
vulnerability of rocks by erosion. Deep wheeltracks made on the forest roads by heavy
machinery are suitable routes of concentrated run-off. Gullies are thus frequently
eroded, especially in rocks sensitive to the presence of water, such as Carpathian
Keuper variegated shales, Middle Cretaceous marly shales as well consolidated and
unconsolidated loams with a low filtration coefficient.

On the territory concerned there occur karst waters (in Middle Triassic
limestones of Val&ianska dolina, Sloviansky potok and Sokol massif) which are most
sensitive to contamination. Groundwaters, however, must be protected throughout the
territory concerned, and this can only be done by identifying current and potential
contaminators, infiltration areas, thorough analysis of the geological setting and its
reactions with contaminations etc.

Fortunately, sources of contamination on this territory are much more limited
than those in other industrial areas. The worst contamination on this territory is
associated with farming: usage of artificial fertilizers, leakage of liquid fertilizers and
wastes (dung water), intentional disposing of liquid wastes to abandoned gravel pits.
Such contaminations, along with problems associated with residential areas and
infiltration of contaminated waters from the Turiec River into alluvial deposits,
concentrate in the low-lying sections of the territory.

The mountainous areas are contaminated by seasonal cattle raising, logging
machines in bad technical condition, casual carelessness of humans and acid rain.

The spreading rate of contaminants is controlled by the properties of the rock
environment and groundwater regime. The areas most vulnerable to contamination
are those composed of Mesozoic rocks with karst and fissure-karst permeability.
Groundwaters rapidly flow through these systems with a minimum absorbtion.
Permeability of this kind prevails in Middle Triassic limestones (Sloviansky potok and
Valtianska dolina valleys, Sokol massif). In other Mesozoic units, karst permeability
occurs only locally (limsstones of Sturec nappe outliers, Kri*na nappe limestones
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ranging in age from the Upper Triassic to Lower Cretaceous). Such karst-permeability
aquifers are relatively thin (up to 30 m) and are situated amidst impermeable beds,
and therefore their waters are isolated.

The most widespread type of permeability is fissure one typical of all unkarstified
limestones, dolomites, sandstones, crystalline rocks etc. Their sorbtion properties
depend upon the thickness of fissures and rock type.

Pore permeability occurs in all loams, regardless of their degree of compaction.
These include cover Quaternary units and Neogene sediments of the Turdianska
kotlina. They often irregularly alternate with impermeable loams. Contamination in
them spreads at the lowest rate controlled by their filtration coefficient and sorbtion
properties which are here several times better than in solid rocks and semirocks.

Cover formations (together with relief energy) significantly influence infiltration
of surface waters. They are the first to contact these waters (with their contaminants)
and affect their chemistry.

Serious problems are related to structures built in areas of unsuitable engineering-
geological properties or in places threatened by floods. Such cases are mostly confined
to valleys of the mountainous areas and in the Turéianska kotlina where all human
structures are concentrated and where high groundwater levels (southeastern tract of
the territory) as well as loams susceptible to freezing and volume changes occur.

It is also necessary to take into consideration a high degree of seismicity (7 - 8
MCS according to Czechoslovak standard 73 00360 as well as the proximitz of
neotectonic Valéa fault and other faults whose origin and activity are associated with
the neotectonic history of the territory.

The submitted geofactor analysis clearly suggests that slope failures, weathering
and erosion are the most significant engineering-geological phenomena in the studied
area. Their dynamics and resulting effect control the environment of the model
territory. That is why these three geodynamic phenomena as the crucial environmental
geofactors were analysed by us in detail, the results being shown in enclosed maps and
tables (Figs. 2 - 4 and Tabs. 1 - 3).

Regional division of the territory from the viewpoint of the key environmental
geofactors

1. Slope failures

According to its predisposition to slope failures, the territory was divided into three
principal regions. The individual regions are further divided, according to their
geological and structural properties and activity of movements, into several subregions
(Fig. 2, Tab. 1).

The region predisposed to slope failures includes active as well as dormant slope
failures which can be morphologically recognized in the field and, provided that some
conditions are met, they can again become active as rapid slope failures. This region
also comprises areas with rock-fall hazards.
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The region is unsuitable for construction or, with respect to the concrete site and
construction project, activity and characteristics of the slope failure, it can be viewed
as marginally suitable. Any construction in this region requires detailed exploration,
extensive precaution measures, and permanent monitoring and maintenance once the
structure was erected.

The region relatively predisposed to slope failures comprises slopes with creep
deformations, blocky fields and crevices as well as undisturbed slopes with a thick
loamy-deluvial cover.

Unwise activity in this region may trigger slope failures on a previously stable
slope or resumption of blocky-field-type deformations. That is why such areas should
be classified as marginally suitable. The construction conditions must be individually
assessed in each single place with respect to the projected construction site, extent of
the construction on the concrete geological structure.

The stable region includes slopes made up of fresh, resistant rocks of consider-
able stability degree, hilly areas underlain by Neogene gravels and alluvial plains. Such
areas in their natural form display no signs of slope failures. Minor landslides may
locally occur only in excavated foundation pits (even in plains) and in deep cuts made
in susceptible rocks (Kripper, 1988).

Although the territory may be regarded as suitable for construction, the proposed
construction site should be assessed individually with respect to its concrete
engineering-geological situation (material inhomogeneity, high relief energy,
complicated tectonic structure etc.).

2. Weathering

The whole territory was divided into four regions on the basis of its predisposition to
weathering. The individual regions are further divided, according to their geological
structure, into several subregions (Fig. 3, Tab. 2).

The region of rocks sredisposed to weathering includes thick layers of marlstone-
and claystone-type rocks interbedded with thin layers of more resistant rocks
(limestones, dolomites, sandstones etc.) and tectonically fractured dolomites with
intensive angular disintegration.

In their natural state, the rocks are not subjected to intensive weathering as they
are protected by plant cover and weathering products. If this natural shield is
removed, however, they undergo rapid weathering. Marly and clayey rocks change
their volume in response ‘o the water content. Dolomites of angular disintegration are
also decisively influenced by the presence of water. Alternating drying up and
watering, freezing and thawing cause intensive weathering advancing depthward into
the massif. If the weathered material is eroded away or is removed in any other way,
the process continues at a steady rate. If the weathered material remains in place, the
process slows down or even completely stops provided that the protective layer (new
weathering crust and plant cover) is sufficient.

The region of rocks relatively predisposed to weathering comprises variegated
formations composed of r=adily-weathering rocks (marlstones, claystones) alternating

85



T %N
AN

R b N ’
N

N
N\
NN Javorina
m X
g

N //1 2N
N

~Slgviansky p/"° o o
S S

o o °

° o
e ©
o
o
e © o o
o o o
. 7
i o °
N R R e
N Nox
\\\\\\\\\\ c o o
N %
\ S Y
NN N
DR

e \_ N~

O NN\ pa N
Par tizan, \
AN XN N \

Mg N 3
x %

~
N
N

MAP OF PREDISPOSITION
TO WEATHERING
Compiled by M.Ondrasik
. (Based on geologizal map by
M.Rakus |
~ Q0 05 1 15 2km

Fig. 3 Mpa of predisposition to weathering. Compiled by M. ONDRASIK (based on geological map by M. RAKUs et al., 1984). For explanations see Tab. 2



L8

Table 2 Explanation to Map of predisposition to weathering
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relatively predisposed
to weathering

Carpathian
Keuper {-ane-
gated claystones,
dolomites sand-
stones), marl-
stones of Mid-
dle Cre

steep slopes
(unfractured
Keuper), flat
ridges, gentle
slopes, negative
landforms, gul-
Ties, |

Setick

impermeable
material, abun-
dant springs of
small yield at
contact with
overlying rocks,

dolomites of

int, angular dis-
integration into
dolomite rubble

relief

high steep
slopes narrow
ridges, deep
narrow V-
shaped valleys,
distinct erosion-
al relief

"

fissure perme-
ability, springs
of small yield,
shallow ground-
water circula-
tion

swelling, free-
zing, increa-

sing viscosity,
decreasing ¢

water-resistant
large accumula-
tions of dolo-
mitic talus may
cause loam-
stone flows
after heavy rains

mostly i
disintegration,
compact delu-
vium is formed

mostly very in-
tensive disinte-
gration, uncon-
solidated delu-
vium is formed

in dry state even
steep slopes hold,
only small frag-
ments are mechani-
cally loosened,
weathering does not
proceed depthward;
in wet state it
swells, its visco-

sity increases, small
landslides may oc-
cur, weathering pro-
ceeds to depth, up
to 30 cm of weathe-
ring crust may be
formed annually

in dry state frag-
ments intensively
break off the walls,
disintegration pro-
ceeds deep into the
walls thus under-
cutting the slope
and destructing
plant cover above
the cut, in wet

state the process in-
Lt iall
by alternating freez-
ing and thawing,
due to erosion, dis-
integration process
in cuts and pits
proceeds mainly la-
terally




% Table 2 — continuation

Region Subregy Sch i Sym- Geological Morphological Hydrogeological P and Character of Behaviour in open
Section bol Setting Setting Setting changes caused Weathering Construction Pits
by Water and Cuts
variegated for- 3 alternating lay- steep or gentle alternating aqui- maristones and slight disinte- in dry state even
- mations ers of solid slopes, flat fers and aqui- claystones swell gration and steep walls hold,
rocks and semi- wide ridges, lo- cludes (fissure when wet, their decomposition, only small fragments
rocks lime- cally landslide and fissure-karst viscosity in- consolidated break off mechanic-
5 stones, dolomi- relief, fresh permeability), creases, § de- deluvium is ally, in wet state
£ tes) marlstones, solid rocks abundant creases; lime- mostly formed this process intensi-
o claystones etc.), locally form springs of small stones and fies due to increased
9 8 frequently thick rock steeps yield, intermitt- dolomites are viscosity of unstable-
§ 2 deluvia ent swamps, water-resistant -volume members,
- shallow ground- water pressure etc.,
o g water circula- solid rocks make up
'% 4 tion a framework pre-
- venting fast weathe-
£ e
8 massive solid 4 intensively tec- high rounded fissure perme- chemical weath- slight disintegra- in dry state rock
g rocks, intensive- tonically frac- slopes, deep ability, shallow ering intensifies tion and decom- fragments only ex-
ly tectonical- tured solid and wide val- groundwater cir- position, uncon- ceptionally break off
ly fractured rocks granodio- leys, wide ridges culation, abun- solidated delu- the walls, in wet
rite, brotits dant intermit- vium is mostly state due to torrent-
paragneiss) tent springs of formed ial rains and parti-
small yield cularly repeated
freezing and thawing
the weathering pro-
cess intensifies,
particularly along
dense discontinuity
planes
"o‘ 8 massive solid 5 limestones, rock walls, fissure-karst water-resistant very slight de- in dry and wet state
2 £ o rocks dolomites steeps table permeability, ex- composition forms safe vertical
i S E ins, high ptional and disintegra- walls, fragments and
4q o steep slopes springs of high tion, unconsoli- large blocks casu-
g § S yield /karst dated deluvium ally break off due to
X P g springs is formed quarrying and blast-
g § ing. Natural weathe-
ring visible after
decades




68

s e
Region Subregion Schematic Sym- Geological Morphological Hydrogeological Processes and Ch of Beh in open
Section bol Setting Setting Setting changes caused ‘Weathering Construction Pits
by Water and Cuts
alluvial and 6 clayey, loamy gentle deluvium- highly aniso- ble vol 1 hang in dry state even
deluvial soils and loamy-stony -covered slopes, tropic perme- swelling, free- consolidated steep walls hold,
soils, in alluvia landslide relief, ability - poorly zing, their vis- d , un- fragr break off
— loamy gravels flood plains permeable along cosity increases, consolidated only mechanically,
beds, imperme- & decreases gravels in wet state the
able across beds process intensifies,
construction pits
- may suffer from
B sliding and solifluc-
§. ton
o .8 . : - i .
'g S gravels 7 mosly molasse hills, flood plain pore permeabili- water-resistant slow demmpog- in dry state gravels
© Neogene gravels ty, free ground- tion, unconsoli- hold even in vertical
s 8 water table, pos- dated walls, only casually
w7 sible occurrenc- break off mechani-
g. 5 es of confined cally, in wet state
k= groundwater disintegration inten-
g g level sifies due to water
= pressure, maximum
3 disintegration takes
E place in spring and
autumn
talus 8 accumulations talus fans, seas very good pore waler-resistant slight decompo- in dry and wet state
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with layers of more resistant rocks (marly limestones, radiolarian limestones,
sandstones, limestones, dolomites etc.). The region also includes tectonically fractured
crystalline rocks (granodiorite, biotite paragneiss). In open construction excavations
their weathering continues fairly quickly. The weathering proceeds under conditions
similar to those described in the foregoing region, but here the rapid weathering of
some constituents is slowed down by the presence of more resistant rocks. Members
resistant to weathering sometimes weather out selectively, with regard to their
fracturing, and shield the little resistant rocks from the direct influence of water and
exogene agents.

The region of rocks resistant to weathering consists of massive compact rocks
which are not fractured and faulted (limestones, dolomites). Occasional disintegration
and falling of rock fragments from the walls are caused by prolonged exposure to
alternating freezing and thawing of water in natural (tectonics, bedding etc.) or man-
made fissures (blasting, quarrying).

The region of redeposited weathered material includes all redeposited and
weathered materials whose thickness exceeds 1 m, i. e. Quaternary and Neogene
sediments. Weathering can possibly affect only gravels (chemical weathering), but its
effects are insignificant. That is why we may state that the region’s rocks are resistant
to weathering, because they already underwent this process and adapted themselves
to the new physico-mechanic and chemical conditions.

3. Erosion

The territory is divided into three principal regions according to their predisposition
to erosion. The regions are further divided into subregions with regard to erosional
manifestations after the natural conditions were artifically changed (assessed were
geological structure, engineering-geological properties of rocks and relief energy), (Fig.
4, Tab. 3).

The region predisposed to erosion is composed of thick claystone and marlstone
formations (Carpathian Keuper, Middle Cretaceous), loamy and loamy-stony deluvial
material, dolomites with intensive angular disintegration and Neogene gravels. The
whole region has a high relief energy and is divided into two subregions: 1. area with
significant erosional manifestations and 2. area with significant erosional manifesta-
tions due to human activity which disturbed the natural state. In the first case the
territory contains crevices and gullies eroded on tectonically pre-weakened zones,
slides of fractured rocks, areas disturbed by logging and grazing as well as intensive
run-off. In the second case, the engineering-geological properties of rocks and relief
energy are favourable for erosion which, however, did not take place yet. Devastating
erosion may be started by removing the plant cover or damaging the surface by heavy
machines. Erosion is supported mainly by intensive weathering of this material and
its vulnerability to water. The stream load ranges from particles hundredths of
millimeter in size to centimeter-large fragments.

The region relatively predisposed to erosion includes tectonically fractured and
weathered compact rocks (granodiorite, biotite paragneiss) as well as variegated
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Table 3 Explanations to Map of predisposition to erosion

Region

Subregion

Symbol

Geological Setting

Morphological Setting

Size of transported
Particles

Erosion Character

Area predisposed
to erosion

Area relatively
predisposed to

Area resistant to
erosion

F

erosion

area with significant mani-
festations of erosion

area with significant mani-
festations of erosion
caused by human activity

area with slight manifesta-
tions of erosion caused by
human activity

area with local manifesta-
tions of erosion caused by
human activity

area without erosion even
due to human activity

area with very slight mani-
festations of erosion due
to human activity

loamy and loamy-stony
deluvium, thick mostly
claystone and marlstone
formations disturbed by

logging, slope failures etc.

1. dolomite of intensive
angular disintegration

2. Neogene gravels

3. mostly claystone and
marlstone rocks — undis-
turbed (slope failures due
to excessive water influx
etc.), deluvial-eluvial sedi-
ments

1. tectonically fractured
and weathered solid rocks
(granodiorite, biotite para-
gneiss)

2. variegated formations or
solid rocks and semirocks
(limestones, dolomites,
marly limestones, marl-
stones, claystones)

aaluvial sediments (loams
and loamy gravels), delu-
vial-eluvial sediments
(loamy and loamy-stony
soils), Neogene gravels

seas of rock with boulders
exceptionally 3—5 m large,
rock talus with frag-
ments 2—6 cm large

massive solid rocks (lime-
stones, dolomites)

active erosional guilies and
scours, landslide rugged
relief

1. high steep slopes, deep
narrow V-shaped valleys,
distinct erosional relief

2. hilly country with gentle
slopes

3. broad flat ridges, gentle
slopes

1. high steep slopes, deep
valleys, broad ridges

2. high slopes, rock steeps
composed of rocks weath-
ering out selectively, local-
ly landslide relief

flood plain, lowland

seas of rock, rock talus

rock walls, steps, table
mountains, high steep
slopes

from clay particles to tens
of centimeters large solid
rock fragments

1. mostly angular dolomite
fragments several mm to
3 cm large

2. gravels 2 - 3 cm excep-
tionally 7 cm in diameter
3. clay particles to frag-
ments of undecomposed
claystones several mm

large

1. stony deluvium of sever-
al mm to tens of cm-large
fragments

2. clay particles to 5 cm
fragments, exceptionally
tens of cm large

from clay particles to 3 cm
large gravel pebbles, ex-
ceptionally larger pebbles

no erosion

fragments several tens of
cm large

distinct gully to scour
erosion in tectonically
pre-weakened zones,
areas of recent logging,
in places of strong water
influx

strong erosion after re-
moval of plant cover, ero-
sion advances rapidly due
to intensive weathering of
dolomites, maristones
and claystones, and loose
Neogene gravels

after removal of plant
cover weathered and
loosened material is
eroded away, further ad-
vance of erosion depends
on rate of decay of the
massif, more resistant
and fresh members pro-
tect less resistant ones
from erosion

erosion only in walls of
construction pits, inten-
sity depends on time du-
ring which the pit is
open, in flood plains —
lateral stream erosion

erosion improbable be-
cause material devoid of
loam has high pore
permeability

erusion takes place by
torrential rains, only
aterial loosened by
quarrying is eroded




formations of compact rocks and semirocks (limestones, dolomites, marly limestones,
marlstones etc.). In this region with a high-energy relief, only slight manifestations of
erosion should be expected following an artificial intrusion as the erosion here is
limited by the degree of disintegration and weathering rate of compact rocks resistant
to water. Similarly, like in the region relatively predisposed to weathering, also here
more resistant rocks protect less resistant ones from intensive erosion. E. g., these
resistant rocks form minor waterfalls and steps in gullies. The stream load varies from
a fraction of a millimeter to ten-centimeter fragments.

The region resistant to erosion comprises massive, fresh, compact rocks, seas of
rocks (also on high-energy relief), deluvial sediments, deluvial-eluvial sediments and
Neogene gravels alid down on a low-energy relief. In this region, erosion is very
unlikely to take place even if the natural state is disturbed by human activity. Erosion
in compact rocks may only be caused by extreme torrential rains in places affected
by quarrying. The size of transported fragments varies from several cm to tens of cm.

In plains, erosion can only locally take place in little resistant rocks - in
construction excavations and therefore while excavations are being made this
possibility must always be born in mind, particularly if they remain open for long. The
size of transported material varies from clay particles to gravel pebbles several cm
large. Flood plains are affected by lateral stream erosion as well.

Conclusion

The compilation of the three environmental geofactors maps (Maps of predisposition
to slope failures — Fig. 2, Map of predisposition to weathering — Fig. 3, Map of
predisposition to erosior: — Fig. 4) of a model Alpine territory was aimed at providing
concrete fundamental data for a comprehensive assessment of environmental
geofactors from the engineering-geological point of view. Practical experience obtained
by the compilation of these maps should make it possible to identify problems which
will arise during mapping and thus anticipate and direct the controversial initial purely
theoretical discussion on environmental geofactors.

We have taken advantage of all available rapid and inexpensive techniques
including a study of aerial imagery, literature and archives as well as detailed field
mapping.

The compilation of maps was based on the principle of engineering-geological
regional division (see Slovak Bureau of Geology regulation No. 1/1989 for the
compilation of engineering-geological maps). Regional division for maps of slope
failures was put forward long ago (MaLcor, 1973). The regional divisions for maps of
predisposition to weathering and to erosion were worked out by the author of this
article.

The geological structure of the territory was taken over from a geological map
on scale 1.25 000 with an enclosed report compiled by Rakis et al. (1984).

The maps themselves were compiled as prognostic analytical multipurpose maps
analysing the present-day state of geodynamic phenomena as environmental geofactors
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and prognosing possible aftermath of artificial intrusion into the geological environ-
ment.

Experience obtained during the compilation of the environmental-geofactor maps
on the model territory in the vicinity of Vricko as well as the compilations of similar
maps of the Turtianska kotlina Basin (Kova¢i et al., 1991) indicates that the study
of geodynamic phenomena as environmental geofactors should view individual
phenomena as the phenomena of the geological setting composing this territory rather
than territorial phenomena. These geological phenomena should be assessed by
objective analytical and quantitative methods, and the geodynamic phenomena should
be areally illustrated on separate maps and briefly characterized in easy-to-review
tables employing a simple three-class classification (each class represents one level of
potential activity).

The geological-setting phenomena will be converted to territorial phenomena by
correlation relationships defining the intensity of the influence of the individual factors
on a given geodynamic phenomenon (e. g. in assessing a territory’s predisposition to
erosion, these factors will include resistivity of geological environment to erosion,
intensity and amount of rainfall, length and gradient of slope etc.).

The maps of environmental geofactors compiled in this manner will allow flexible
and versatile treatment of obtained field data as well as their simple digitalization and
storing in a database of the currently prepared geographic information system.
Similarly, gradually obtained, more complete and accurate correlation relationships
will make it possible to evaluate environmental geofactors in more detail without a
need to rework the basic field data.

The materials of this kind are so simple and easy-to-understand that they can be
read by broad nongeological public, which could prevent numerous risky intrusions
into geological environment. Such materials are particularly useful in territorial
plannning and in working out various projects which can affect the geological setting
and/or environment. The projecting engineers can thus readily and at low cost
evaluate the present-day state of the territory, to select the best locality for the
projected object and to foretell the territory’s reaction to the planned activity. In
addition to the evaluation of the actual state of the territory concerned, it is also
possible to stress likely hazards and to propose the most efficient way of its
improvement and protection.

The submitted article also suggests that the outlined topic requires close
cooperation of all geoscience disciplines, because the project of environmental
protection put forward by us is unthinkable without professional approach of all
involved parties.

Translated by L. Bohmer
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MARTIN ONDRASIK
Hodnotenie geofaktorov Zivotného prostredia SirSieho okolia Vricka

Resumé

Z4merom zostavenia troch mdp geofaktorov Zivotného prostredia (mapa nichylnosti na svahové
deformacie, obr. 2, mapa nachylnosti na zvetravanie, obr. 3, mapa néchylnosti na er6ziu, obr. 4) v mode-
lovom tzemi horského typu bolo ziskanie konkrétneho podkladového materidlu na siborné spracovanie
geofaktorov Zivotného prostredia z hladiska inZinierskej geolégie. Na zdklade praktickych skidsenosti
ziskanych pri zostavovani tychto map sa mal identifikovat okruh problémov, ktoré sa prejavia aZ pri
mapovani, a tym posunif a usmernif rozpaéitd, &isto teoreticki wUvodnd diskusiu o geofaktoroch
Zivotného prostredia do nového svetla.

Pri mapovacich pricach boli pouZité vietky dostupné, ¢asovo a ekonomicky nendrolné prostriedky,
t. j. $tadium leteckych snimok, dostupnej literatiry, archivov a detailné terénne mapovanie.

Samotné zostavenie mdp bolo realizované na principe inZinierskogeologickej rajonizdcie (pozri
Smernicu SGU &. 1/1989 na zostavovanie inZinierskogeologickych mép). Rajonizicia pre mapu svahovych
deformécii bola vypracovana uZ davnejSie (MaLcor, 1973). Rajonizdcia pre mapy nachylnosti na
zvetravanie a néchylnosti na eréziu si povodnym autorovym rieSenim.
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Ako hlavny podklad geologickej stavby tizemia sliZila geologicki mapa v mierke 1:25 000 so
sprievodnou sprévou zostavenou RAKUsOM et al. (1984).

Samotné mapy si zostavené ako prognézne analytické viacidelové mapy analyzujiice sidasny stav
geodynamickych javov ako geofaktorov Zivotného prostredia a prognozujiice moZné nésledky po umelom
zésahu do geologického prostredia.

Zo skiisenosti, ziskanych vypracovanim map geofaktorov Zivotného prostredia na modelovom tzemi
okolia Vricka, ako i zostavovanim siboru obdobnych mép z Turtianskej kotliny (KOVACIK et al., 1991),
sme dospeli k zéveru, Ze pri tidiu geodynamickych javov ako geofaktorov Zivotného prostredia by sme
sa mali sustredif na jednotlivé javy nie ako na fenomény izemia, ale ako na fenomény geologického
prostredia tvoriace toto zemie, objektivnymi analytickymi a kvantitativnymi metédami ich zhodnotif a
pomocou jednoduchej trojstupfiovej klasifikicie (kaZdy klasifikaény stupefi predstavuje droveil
potencidlnej aktivity) geodynamické javy ploSne zndzornif na samostatnych mapich a struéne slovne
charakterizovaf v prehfadnych tabulkich.

Ich transformécia z fenoménov geologického prostredia na fenomény izemia bude zabezpefen4
pomocou korelalngch vztahov definujicich intenzitu vplyvu jednotlivych faktorov na dany geodynamicky
jav (napr. pri hodnoteni néchylnosti dzemia na er6ziu si takymito faktormi odolnost geologického
prostredia voéi erézii, intenzita a mnoZstvo zra¥ok, dlZka a sklon svahu a pod.).

V takomto zmysle zostavené mapy geofaktorov Zivotného prostredia umoZnia pruZné a viestranné
nardbanie so ziskanymi terénnymi Udajmi a ich jednoduchi digitalizéciu a uloZenie do databanky
pripravovaného geografického informaéného systému. Rovnako, postupnym dopliianim a upresfiovanim
korelalnych vzfahov v budiicnosti bude moZné relativne presnejSie hodnotenie geofaktorov Zivotného
prostredia bez prerdbania zékladnych terénnych udajov.

VuyZitim materidlov tohto druhu Sirokou verejnosfou a vdaka jeho jednoznanej a [ahkej
Citatelnosti aj verejnostou laickou, sa v praxi d4 predisf neuvd¥enym a &asto i nebezpeénym z4sahom do
geologického prostredia. Vhodny je najmi pri izemnom planovani a pri vypracovévani réznych projektov,
ktoré réznym spdsobom ovplyvnia geologické, respektive Zivotné prostredie. Projektantom umoznia rychlo
a lacno zhodnotif siasny stav tzemia, vybraf najvhodnejsiu lokalitu pre projektovany zdmer a predvidaf
reakciu izemia na pldnovany zisah. Si¢asne zhodnotenim redlneho stavu, v ktorom sa tizemie nach4dza,
je moZné upozornif na jeho pripadné ohrozenie a navrhnif najvhodnejsi spdsob népravy a ochrany.

Z predloZeného materidlu taktieZ vyplyva, Ze naértnutd problematika nevyhnutne potrebuje tesni
spolupricu vietkych geovednych disciplin, pretoZe takto navrhovany projekt ochrany Zivotného prostredia
vyZaduje profesiondlny pristup zo strany rieSitefov.




Zipadné Karpaty, sér. hydrogeol6gia a inZ. geol. 11, p. 97—139
Geol. Ust. D. Stiira, Bratislava, 1993

Franti$ek Bavak—Jozer Marcor—Viasta JAnova

Slope failures in the western tract of the Liptov Basin

(25 figs., slovak summary)

Abstract The article deals with the results of investigations of slope failures, mainly landslides, in
the western Liptov Basin. It describes in detail the conditions and factors controlling the formation of
slope failures, their types, principles governing their evolution and areal distribution, economic impacts
as well as engineering-geological assessment of the territory in question. These data can essentially reduce
hazards and costs of planned constructions and contribute to environmental protection.

Introduction

Like in many other basins in Slovakia, slope morphology in the Liptov Basin is also
significantly shaped by slope failures. Their formation and evolution result from
favourable natural conditions.

Landslides and other slope failures are a geodynamic process which influenced
construction activity and farming in the Liptov region since the earliest times. In the
last decades, the intensive construction activity converted many previously potential
landslides into active ones.

The investigation of slope failures in the Liptov Basin was necessary because of
problems related to the construction of the water reservoir Liptovskd Mara and
damaged buildings in the village of Potok.

Project definition and applied techniques

Because of the above-mentioned problems, the Slovak Bureau of Geology ordered
engineering-geological investigation of the Liptov Basin which was performed in
1978—1984. The investigations concentrated on two separate areas: a) Slope failures
in the western Liptov Basin (carried out by the Department of Geotechnics, Faculty
of Civil Engineering Slovak Technical University) and b) Slope failures in the vicinity
of the village Potok (state company IGHP = Engineering-Geological and

Assoc. Prof. PhDr. F. BALIAK—Assoc. Prof. PhDr. J. MALGOT — Department of Geotechnics, Faculty of
Civil Engineering Slovak Technical University, Radlinského 11, Bratislava
Dr. V. JANOVA, Dionyz Stir Institute of Geology, Mlynské dolina 1, Bratislava



Hydrogeological Survey, division Zilina). The IGHP company is currently investigating
slope failures in the eastern tract of the Liptov Basin which, however, are not dealt
with in this contribution.

'

THE VELKA FATRA MTS.

CHRBTY MTS.

THE LOW TATRAS MTS,

Fig. 1 Geographic division of the investigated territory (after Atlas of the Slovak Republic)
Division of Liptov Basin: 1 — Liptov flood plains, 2 — Choé Mts., 3 — Matiasovce groves, 4 —
Smreéany hills, 5 — Hybe hills, 6 — Galovany groves, 7 — Lubela hills

The investigated area, 380 km’ in size, comprises the western part of the Liptov
Basin and foothills of the adjacent mountain ranges in the stretch between
RuZomberok and Liptovsky Hradok.

According to the Atlas of the Slovak Socialist Republic, the Liptov Basin is
divided into: 1. Liptov flood plains, 2. Cho& Mts., 3. MatiaSovce groves, 4. Smreéany
hills, 5. Hybe hills (outside the mapped area), 6. Galovany groves and Lubela hills.

From the geomorphological viewpoint, the Liptov Basin is an extensive
depression of irregular <liape. The investigated area is 32 km long and up to 19 km
wide.

The surface and ground waters are drained by the Vih River which forms a
hydrographic axis of the studied territory. Side streams and their valleys alternating
with N-S§ ridges further subdivide the basin which thus has the character of a typical
basinal rolling country.

The hydrological conditions in the Liptov Basin were significantly influenced by
the construction of the water reservoirs Llptovské Mara and Beseniova. Changes took
place not only in the nydrological, but also in the hydrogeological and climatic
conditions which in turn influence some contemporary geodynamic processes.

The investigation programme also includes an analytic map of slope failures in
the western Liptov Basin on scale 1:25 000 as well as a related map of engineering-
geological regions and a reference map. The western end of the Liptov Basin was
mapped by us on scale 1:10 000 on three map sheets. Selected localities were mapped
in more detail, on scales 1:5000 (Konsk4) or 1:2000 (H4je, Liskov4, Potok). In the

98



course of the mapping, we noted a total of 898 slope failures, for which record forms
were elaborated. In addition to mapping, 57 vertical cored holes (1524 m) and
6 horizontal holes (900 m) were drilled. 236 soils samples and 43 water samples were
collected for hydrochemical investigations. Apart from the drilling, detailed study of
the localities also included geophysics, special field measurements, monitoring of
groundwater levels, geodetic monitoring of landslide movements using a grid of stable
and monitored points, radionuclide measurements, measurements of shear-plane
indications and landslide activity. The stability of landslides at the individual localities
was assessed and remedial action was proposed. Aside from the employees of the
company IGHP Zilina and Slovak Technical University, the works were also
performed by the Mining University at Ostrava and D. Stdr Institute of Geology,
Bratislava.

The engineering-geological maps of slope failures are supplemented with sections.
These are based on mapping and exploration drilling carried out within this (Maur
et al., 1984) or earlier exploration projects.

The above works allowed us to compile a detailed study on the present-day state
of slope stability in the western Liptov Basin, principles of slope-failure formation and
areal distribution, natural factors and causes which give rise to slope failures.

Review of investigations

Geologically, the Liptov Basin is fairly well explored. Most works have so far dealt
with geological, tectonic, stratigraphic and paleontological problems. The earliest of
them date back to the early 19th century. Although the works often concentrated only
on partial problems and the validity of their results is now limited, they still brought
valuable information. All earlier works in the area concerned were listed and briefly
assessed by Gross—Koncer et al. (1980).

Out of the immense number of geological reports, we mention only a few ones
dealing with slope failures, e. g. Mariska (1927, 1935), Vorek Staromorsky (1932),
Kourek (1935) who mapped landslides in the Cho¢ Mts. and Liptov Basin, Stapky
(1938) who compiled a map of the RuZomberok area, Axprusov—Kurnan (1944), and
fairly recent maps on scale 1:200 000 plus related explanations to the sheet Banska
Bystrica (MaskeL et al., 1964) etc.

Latest detailed and systematic research of the Liptov Basin sediments was
performed by Gross—Konier et al. (1980) who studied the area since 1968. In addition
to the geological map (published on scale 1:50 000), they also studied fauna, petrology,
lithology, rock chemistry, hydrogeology, hydrochemistry and geophysical properties.
This map served us as a basis for the compilation of the map of slope failures.

From the hydrogeological viewpoint, the territory was investigated very
irregularly. Most projects focused only on very limited areas in compliance with the
investor’s instructions. Regional investigations were performed by Busaka (1960), Susa
(1966), Ciika (1972), Kuroman—Zaxovic (1974), Hanzer (1971-1976), Franko (1975,
1978) but mainly Tuzinsky et al. (1971), (in Gross—Kouier et al., 1980).
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Similarly, engineering-geological investigations have so far been carried out on
very small areas. They mostly assessed the properties of foundation soils for large
structures, particularly on alluvial deposits of the Vdh River and its tributaries.

Slope-failure investigations concentrated on the largest failures in relation to the
construction of roads, railways, water reservoir Liptovsk4d Mara, etc. These include e.
g. landslide at Okoli¢né described by Nemcok (1966) and Fusscancer—Japrot (1977);
landslides in motorway cuts around the water reservoir Liptovskd Mara investigated
by MencL—Gromm—KucraAr—RErka (1975) and Japrok—Fusscancer (1974) on the slopes
of Cebrad; landslides near the water reservoir Liptovsk4 Mara studied by Macu (1968)
and Incr—Fexec (1973), and roads near L. Michal (3. Kucnir, 1976).

Regional slope-failure researches in the territory concerned started with their
registration in 1960—1963.

Landslides in the Liptov Basin were studied by a team directed by Neméok. The
systematic regional investigations by the Department of Geotechnics, Fagulty of Civil
Engincering Slovak Technical University continued also in the following years. The
region of the Liptov—Poprad Basin was characterized by Nemcok—Marcor—Bauiak
(1970). Crystalline units adjacent to the basin were investigated by Maur (1976) and
Mesozoic ones by Bauak (1978). The latest knowledge of slope failures and remedial
actions in the area concerned is presented in A. Nem¢ok’s monography (1982).

Conditions and factors of slope-failure origin

Slope failures are extremely widely distributed in the Liptov Basin. The reasons
include conditions and factors favourable for their origin evolved during the
geological-geomorphological history, favourable physical-mechanical properties of
loams and rocks in the Liptov Basin as well as favourable climatic and hydrogeological
conditions. The modern geodynamic processes and intensive anthropogeneous factors
also significantly influence the contemporary evolution of landslides.

Fig. 2 Map of slope failures in western Liptov Basin

1 — anthropogeneous sediments, 2 — alluvial deposits, 3 — alluvial fans — proluvial sediments, 4 —
travertines, 5 — loamy-stony landslides, 6 — terrace fluvial sediments, 7 — glaciofluvial sediments (1 —
7 Quaternary), 8 — fluviolacustrine sediments (Neogene), 9 — nonflysch sandstone-conglomerate facies,
10 — flysch luthofacies, 1’ — claystone lithofacies, 12 — basal transgressive lithofacies (9 — 12
Paleogene), 13 — Hronicum—Cho¢ nappe, 14 — Fatricum—KriZna nappe, 15 — Mesozoic,
undifferentiated (13—15 Mesozoic), 16 — crystalline units (Paleozoic), 17 — faults (proved, assumed),
18 — thrust lines, 19 — water courses, 20 — lakes, 21 — blocky deformations, 22 — landslides, active,
23 — landslides, potential, 24 — landslides, stabilized (a — sheet, b — flow, ¢ — frontal), 25 — small
landslides (potential, active), 26 — rockslides, 27 — stony-loamy flows (mures), 28 — earth flows, 29 —
talus accumulations, 30 — geological sections (compiled after Gross (1979) map).
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Geologic-tectonic structure of the territory

The Liptov Basin is composed of Quaternary cover units and Inner-Carpathian
Paleogene formations underlain by the Mesozoic Choé and KriZna nappes which are
exposed on the slopes on the nearby mountains. In the SE part of the mapped
territory there rise southern slopes of the Z4padné Tatry Mts. composed of the
Paleozoic Gneiss series which is not described in this article because of its limited
areal distribution.

a) Mesozoic

The Mesozoic rocks continuously fringe and underlie the Paleogene basinal filling.

The map (Fig. 2) shows that the adjacent slopes are dominated by the Cho¢
nappe except for the central Cho& Mts. and the Nizke Tatry Mts. between Slia& and
Deminova valleys where the KriZna nappe prevails.

The Cho¢ nappe here consists of the Biely Vah series. The mapped territory
largely contains thick layers of Middle Triassic limestones and dolomites with less
abundant dark shales and sandstones (Lunz Member) and light limestones of Norian
age.

The Krizna nappe is made up of the Zliechov (ITanovo) series. Prevailing rocks
comprise relatively plastic Cretaceous marlstones and marly limestones (Hauterivian)
and shales intercalated with schistose limestones (Middle Albian).

Drillholes at Beseiiovd and Vlachy revealed that the Eocene basinal filling is
underlain by Mesozoic rocks at a depth of as much as 1200 m (Fig. 3), (CumeLix,
1963).

b) Paleogene (Middle to Upper Eocene)

Detailed geological investigations allowed Gross et al. (1980) to divide the Inner
Carpathian Paleogene of the Liptov region into the following formations:

1. Basal transgressive lithofacies (Upper Lutetian)

2. Claystone lithofacies (Upper Lutetian—Priabonian)

3. Flysch lithofacies

4. Nonflysch sandstone-conglomerate development (Priabonian—Lower Oligo-
cene).

Basal lithofacies

The Nizke Tatry Mts. are more or less regularly fringed with basal deposits (Fig. 2).
Near the northern margin of the basin, the sediments sank along the Choé-Subtatric
fault system (Fig. 3). In this formation of variable thickness, Gross et al. (1980) have
identified breccias and conglomerates, detrital dolomite or limestone sandstones and
sandy limestones, organodetrital and organogenic limestones (nummulite, locally reef
limestones).
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1 — loamy-stony landslides, 2 — alluvial deposits (1—2 Quaternary), 3 — flysch lithofacies, 4 — ciaysione lithofacies, 5 — basal transgressive lithofacies
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Claystone facies attains great thicknesses and spreads on a vast area in the
western and central tracts of the basin.

Its lowermost formation consists of locally developed nummulite-type claystones.
These non-calcareous claystones are composed of siliceous-clayey cryptocrystalline
matter. The claystones are overlain by a thick and monotonous formation dominated
by calcareous claystones clearly prevailing over thin sandstone beds.

If unweathered, the claystones are massive, gray to gray-yellow or green-blue. In
contrast, weathering results in their schistose, leaf-like or sometimes even conchoidal
disintegration. The completely weathered rock is converted into highly plastic clayey
loams. The formation contains thin intercalations of siltstones which are 1020 cm
thick, fine-grained sandstones, fine- to medium-grained conglomerates and
organodetrital sandy limestones. The thickness of the claystone lithofacies verified by
drilling attains 600-800 m (CameLik et al., 1962, Franko, 1978). It was assigned into the
Middle Priabonian.

Flysch lithofacies is characterized by multiple hemicyclic rhytms (Anxprusov, 1965)
composed of layers of different grainsize. Sandstone beds alternating with aleuritic to
pelitic siltstone and claystone layers are typical (Fig. 4).

The flysch in the mapped territory is characterized by the prevalence of
claystones over sandstones. The sandstone beds are commonly 2 to 30 cm thick,
exceptionally in the coarse-rhythmical development even 400 cm. The claystones are
calcareous, of schistose or leaf-like disintegration. In addition to layers of pure
claystones, sandy and silty claystones occur as well.

Non-flysch sandstone-conglomerate development

Near the villages of Slia¢ and Bukoviny there occur sandstone-conglomerate
formations probably deposited as submarine alluvial fans. Because of their great
variability, abrupt pinching out and the presence of multiple irregular beds, they have
the character of a chaotic facies. Their areal extent is small.

c) Neogene

The Pliocene fluvio-lacustrine sediments have only a limited distribution in the
investigated basin. They form erosional remnants resting on the partly eroded
Paleogene surface between the villages of NiZny Sliaé and Partiz4dnska Lupéa. In the
northern tract, they top flat hills between the villages of Bobrovéek and Bobrovec.
Lithologically, the sediments are sandy, strongly loamy, considerably weathered gravels
up to 30 m thick.

d) Quaternary cover units
are extremely significant for the formation of landslides. These sediments involve
several genetic types.

Freshwater limestones were deposited from mineral springs. They have different
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forms — from unconsolidated (sandy) brittle calcareous tufas, strongly cavernous
bioclastic limestone to massive solid bedded travertines.

Eluvia have only limited distribution on flat ridges and passes. Their thicknesses
vary from 1 to 3 m. Their grainsize is very variable, controlled by the properties of
the parent rocks.

A strange feature of the Liptov Basin is eluvia resting on Quaternary units,
mainly Early Pleistocene fluvial sediments and alluvial fans (Gross et al., 1980).

Deluvial sediments are the most widespread of all units. Owing to the effects of
diverse slope-modelling processes (creep, solifluction, slope-wash, landslides etc.) and
different properties of parent rocks, their lithological composition is very variable. The
sediments locally have the character of loess loams, sometimes resemble loams to
clayey loams. They frequently contain fragments of sandstones, limestones and shales
or pebbles. These sediments are as much as 4-25 m thick.

Deluvial-fluvial sediments fill the bottoms of undrained bathtub-like erosional
valleys. These up to 2 m thick sediments owe their origin to forrential rains.

Fluvial sediments laid down by the V4h River and its tributaries belong among
the most significant Quaternary units in the Liptov Basin.

The fluvial sediments mostly form compound terraces composed of the eroded
substratum (erosional terrace) and depositional surface. In general, with respect to
their relation to valley bottoms, Vagkovsky (in Gross et al., 1980) distinguishes four
groups of terraces: flood plains, low, middle and high terraces.

Alluvial fans are genetically closely associated with the river terraces. They lie
on the foothills fringing the Liptov Basin. Like the river terraces, the fans form several
levels overlying each other, and gradually pass into the river terraces. Their evolution
temporally coincides with that of the terraces. Three kinds of fans have been noted:
low, middle and high. The fans were preserved to a different degree, with the middle
and low fans being better preserved than the high ones. The alluvial fans are
composed of poorly rounded fragments of variable size and a loamy-sandy admixture.

The Liptov Basin is a vast E-W-trending tectonic depression confined by the
largest West Carpathian megaanticlinal belts — Nizke Tatry and Zapadné Tatry
passing into the Cho& and Velké4 Fatra Mts.

In the western and central tracts of the basin, Gross et al. (1980) have
distinguished two basic fault systems: 1. earlier faults whose strike is parallel with the
basin’s longitudinal axis, 2. younger faults, roughly perpendicular to the earlier ones.

Egarlier faults. The most important of them is the Choé-Subtatric fault which
confines the basin in the north. It has a normal-fault character (Fig. 3, 4) and dips
steeply to the south (Gross, 1980).

The younger faults are transversal. They extend into the basin either from the
north (Cho&, Zapadné Tatry) or from the south (Nizke Tatry) and considerably
disrupt the originally linear course of the earlier E-W faults.

The intersections of the transversal faults with the Cho¢ — Subtatric ones gave
rise to numerous springs of gas-free or gaseous mineral waters as well as emanation
of dry gases (Dovina et al., 1980).

Many of the described faults were formed prior to the Paleogene, while others
became active in the Paleogene or soon afterwards. During and after the Helvetian
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disturbances, repeated movements took place along these faults irrespective of their
previous sequence of formation.

Geomorphological history

The geomorphological setting of the Liptov Basin and nearby mountain ranges was
significantly controlled by the geological history of the territory in the Pliocene but
mainly in the Quaternary.

Its geological-tectonic history, rock properties and exogene agents shaped the
characteristic relief of the studied territory composed of piedmont foothills and hilly
landscape formed on the surface of the tectonically confined sunken morphostructure
(megastructure with a tectonic-basin morphostructure).

In the area of this basin lined with normal faults, diverse kinds of relief can be
distinguished according to the presence of erosional or depositional exogene agents
during the Quaternary.

The erosional-depositional activity of streams was of prime importance. The
water courses shaped various landforms.

The morphologically significant depositional landforms include flood plains, and
low, middle as well as high terraces and proluvial rolling plains.

Depositional-erosional relief is represented by landforms such as proluvial-fluvial
rolling country and proluvial-fluvial eroded rolling country. The relief of this kind
dominates the basin.

Erosional-denudational relief was formed at the basin’s margins characterized
by relatively smaller subsidence. It is a piedmont relief eroded by streams.

Aside from the erosional-depositional activity of streams, the basin microrelief
was also shaped by slope failures. In the Pleistocene, when the basin was situated in
a periglacial area, freezing of surface layers and solifluction played a major role.
During interglacials, massive landslides were triggered largely by climatic factors.
Because of the degradation of rocks filling the basin, landslides became one of the
most important processes shaping slopes in the Pleistocene and recent.

The last stage in the morphological history of the basin was significantly
influenced by human activity which is so intensive that the relief frequently has an
anthropogeneous character, particularly in the vicinity of major towns such as
RuZomberok, Liptovsky Mikul4$ and Liptovsky Hradok. Considerable changes were
caused by the modifications of farmland and water courses, by the construction of
water reservoirs Liptovskd Mara and Begefiova etc.

The relief of the sourrounding mountain ranges (Choéské vrchy, Zapadné Tatry,
Nizke Tatry and Velki Fatra) is characterized by the morphostructure of core-
mountain tectonic elevations separated from the basin by active fault systems. The
closely adjoining slopes are therefore morhologically conspicuous, evolved on tectonic
dislocations.

The principal exogene agents here were water courses and their predominantly
erosional activity which shaped the relief to form a highland eroded by streams.
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Climatic and hydrogeological conditions

From the climatic viewpoint, the area in question comprises a wide range of climatic
areas falling into individual types and subtypes. According to the division of climatic
regions (Climatic Atlas of the Czechoslovak Socialist Republic, 1958; Climatic Tables
of the Czechoslovak Socialist Republic, 1961), the area concerned belongs into a
moderately warm area, district B,, which is characterized as moderately warm, humid
with cold or moderately cold winters. Only some small marginal portions of the basin
adjoining the surrounding core mountains are classified as cold, district C, (moderately
cold). Thanks to the great differences between the altitudes in valleys and summits
there are also considerable differences in climate over fairly short distances. Aside
from the general circulation and solar radiation, which are the main characteristics of
climate in a given area, the altitude and exposition also play a major role.

In assessing the effects of climatic conditions on slope stability in a given
territory, it is necessary to pay attention mainly to the amount of rain- and snowfall.

The precipitation in the area concerned depends on the overall circulation in
Central Europe. Precipitation comes almost exclusively as the so called western
situations which bring moisture from the Atlantic Ocean. Precipitation within the air
masses is also considerable, particularly in summer (local storms). Maximum rainfall
comes in summer (July), while February is the dryist month. The distribution of the
annual precipitation is very variable. Long-term measurements in the Liptov Basin
indicate that the most abundant precipitation occurs in the western and eastern tracts
of the basin, €. g. in the vicinity of RuZomberok which receives 762 mm /yr, whereas
the central tract is relatively drier. The precipitation grows with the increasing altitude
and the highest values have been recorded on the western windward slopes. The
studied area is covered with snow from mid-December to April.

The slope stability is influenced cheifly by prolonged rains in spring and autumn
as well as by summer torrential rains.

As far as the temperature is concerned, the mean annual temperature varies
from 5 to 7 °C, with 32 warm and 160 frost days per year. The warmest month is
July (16 °C) and the coldest one is January (-5.3 °C).

Western and north-western winds prevail, their speed being mostly 2—4 °C.

One of the fundamental factors controlling the character of hydrogeological
situation in the investigated territory is the geological structure. With respect to the
geology, we can distinguish several hydrogeological units characterized by different
hydrophysical properties of the rock setting, regime as well as chemistry of
groundwaters.

The Mesozoic rocks of the KriZzna nappe can be classified as hydrogeologically
very slightly favourable or unfavourable with insignificant accumulation capacity. This
unit acts as an aquiclude below carbonatic erosional remnants of the Cho¢ nappe. The
course of the KriZna/Cho¢-nappe contact controls the groundwater circulation. This
fact is extremely important for the formation and activation of block-type failures. The
Cho¢ nappe Mesozoic is very valuable from the hydrogeological viewpoint, but its
presence on the studied territory is confined to a few erosional remnants.
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Very favourable conditions for groundwater circulation and accumulation are in
Triassic carbonates which make up a single aquifer with carbonatic breccias,
conglomerates and organogenic limestones of the basal Paleogene lithofacies. The
complex has fissure to fissure-karst permeability and the springs here are mostly
barrier ones with a very high discharge (Gross—Konter et al., 1980).

The above-described circulation of groundwaters is reflected in their chemistry.
The groundwaters are of calcium-magnesium and calcium-magnesium-bicarbonate type
and their T. D. S. varies from 514.9 to 98.0 mg/l (Gazoa in Zakovic—Hanzer et al.,
1976).

Because of their lithological composition, the separate Paleogene sediments are
very poor in groundwaters. The best hydrogeological conditions occur in carbonatic
sediments of the basal transgressive lithofacies with fissure to fissure-karst permeabili-
ty. The springs here have only a limited discharge and are concentrated in valleys,
either at the contact with the claystone lithofacies or on small joints. From the
chemical viewpoint, the waters are of HCO,-Ca-Mg (calcium-magnesium-
hydrocarbonate) type, their T. D. S. ranging from 0.3 to 0.6 g/l. The sandstone-
conglomerate sediments mostly have fissure to fissure-pore permeability. The springs
have stratal character and are located on the contact between the sandstone-
conglomerate sediments and the underlying claystone lithofacies. The scattered springs
give rise to extensive swamps. Their discharge is insignificant — around a mere 0.1 1/s.
The waters here are of HCO,-Ca-Mg type and their T. D. S. amounts to 0.4—0.5 g/.

Groundwater circulation in the flysch lithofacies is bound to sandstone beds with
pore-fissure permeability. The springs are stratal ones, mostly located in sandstone
talus, both in landslide and landslide-free areas. The springs are either concentrated
or dispersed, the latter causing fairly extensive swamps. The spring discharges amount
to tenths of 1/s. The waters are of HCO,-Ca-Mg type with an insignificant shift to
HCO,-Na type (Gazpa, 1975).

In the claystone lithofacies, the only aquifers are rare sandstone layers with pore-
fissure permeability. Likc in the ﬂysch lithofacies, small amounts of water are bound
to the zone of weathering. The spring discharge is below 0.1 1/s. The specific
groundwater recharge in this lithofacies has been estimated by A. Tuimsky at 0.8-1.04
1/s km’. The waters are of HCO,-Ca-Mg type and their T. D. S. varies from 0.2 to
0.8 g/l

Major aquifers in the studied territory include Quaternary deposits, primarily
fluvial sediments of the V4h River and its tributaries as well as glacial and glacio-
fluvial deposits at the foothills of the Zapadné Tatry Mts.

The waters in fluvial deposits in different stretches of the Vih River have
different hydrogeological parameters Their filtration coefficient has been estimated
by Tuznsky (1971) at 107 to 10* m/s. Similar filtration coefficients have also been
recorded in the deposits of the Vah tributaries where they amount to 10°-10° m/s
and the water table is 0.5 to 2.0 m below the surface. The waters are of calcium-
(magnesmm) bicarbonate type and their T. D. S. varies from 200.5 to 2492.0 mg/I
averaging 555.7 mg/l (Gazoa in Zaxovic, 1976).

Glaciofluvia! deposits in the NE tract of the basin are also fairly permeable as
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their filtration coefficient varies from 10 to 10? m/s, but still higher permeability
coefficients (even around 10° m/s) have been noted in glacial deposits.

The other Quaternary genetic types, such as proluvial and loamy-stony deluvial
sediments, are littrle significant for the accumulation of groundwaters because of their
high loam content.

As regards the formation of slope failures, the hydrogeologically little valuable
subjacent rocks play a significant role. Their Quaternary cover, largely Pleistocene
terraces and glaciofluvial deposits, is a good aquifer, its ground waters being
concentrated at its base, i. e. at the contact with the subjacent flysch. The direction
of the groundwater circulation is controlled by the relief and dip direction of this
contact. Landslides occur in places where the contact between the cover and subjacent
units, whose dip is favourable for groundwater circulation, is exposed on a slope. Such
places include underground depressions of inverse relief reached by erosion,
underground depressions exposed in the upper ends of side valleys or on their slopes.
In such places, a flysch slope below a spring line is permanently water-logged. These
soaked slopes are destructed much more quickly than those where the Quaterna-
ry/Paleogene contact is well drained or dry, i. e. where the contact dips downslope
or forms a subsurface ridge. Abundant rainfall results in an increased infux of
groundwater and consequently also in the reactivation and enlarging of existing
landslides.

Rock impermeability, particularly that of claystone lithofacies, is also a
phenomenon favourable for the formation of scour erosion caused by torrential rains
which may seriously threaten stability of an impermeable territory.

Rock properties

As far as the formation and evolution of slope failures in the Liptov Basin are
concerned, rocks of the Central Carpathian Paleogene and Quaternary sediments are
of prime importance. The vast majority of slip planes and zones occur in deluvial
sediments and weathered claystones.

Sandstones, conglomerates and breccias mostly occur as a passive member in
block-type failures. These rocks increase shear strength of earths and thus influence
properties of landslide deluvia.

The only Paleogene rocks which, owing to their properties, can influence the
character of landslides are claystones and siltstones. These rocks, however, are
multiply intercalated within the Paleogene formation and cannot be assessed
separately. The claystones contain abundant silt particles. In some layers, silt even
prevails and claystones are thus converted to siltstones. That is why these two rock
types are described under the joint name of claystones. The properties of Paleogene
claystone are controlled by the degree of weathering. Their average values are given
in Tab. 1.

To study slope stability, it is necessary to know physical as well as mechanical
properties of deluvial landslide earths.
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Tab. 1 Average physical-mechanical properties of claystones and landslide deluvium in western Liptov Basin

15.7

Properties Y°-3 n Ip I Yy’ ¢ Y c, E
g.cm % % o kPa o kPa MPa
Rock
fresh claystones - - - - 43 90 - - 255
partly weathered 223 29.8 276 1.40 31.0 30 - - -
claystones
weathered claystones 2.09 34.0 23.0 1.18 23.6 13 16.6 0.0 -
decomposed 2.06 36.9 235 1.02 224 10 17 0.0 -
claystones
landslide deluvium 2.00 409 25.0 0.91 20.5 9.3 0.0 -




Landslide deluvia display fairly confused patterns even within a single landslide.
The landslides mostly involve loams and clayey loams with rock fragments. If the
percentage of sandstones in the parent rocks is high, fragments are more plentiful and
the landslide acquires the character of a stony-loamy talus. The heterogeneity of the
landslide deluvia is responsible for the fact that their mechanic and physical properties
vary greatly. The average values can be seen in Tab. 1.

Natural factors of slope stability

Processes taking place in the Liptov Basin area include mainly deep stream erosion,
slope modelling, weathering as well as rainfall and temperature anomalies.

Deep stream erosion cyclically repeated throughout the Quaternary and gave rise
to the described river terraces. Each erosional cycle undercut existing slopes modelled
in periods of climatic and tectonic quiescence dominated by deposition.

The deep cyclical erosion also triggers cyclical landslides. The increasing height
and angle of slopes during erosional cycles is therefore one of the major factors
controlling landslide formation. That is why landslides in the basin are likely to be
activated during interglacials. Their stabilization during glacials is disrupted by another
major phenomenon — deep freezing which gives rise to numerous shallow landslides
and solifluction.

Weathering processes are of progressive character in the recent. They cause
gradual degrading of rocks forming slopes, reduce their long-term strength and bring
them to an unstable state.

Processes of slope modelling

Transformation media often carry material into depressions above the foothills and
bottoms of valleys. Trausversal depressions filled with deposited material are thus
formed on the slopes and give rise to the majority of landslides in the basin.

Deluvia tend to accumulate in such transversal depressions mainly in periods of
tectonic quiescence or in glacial periods characterized by the accumulation evolution-
ary cycle. They cause permanent instability in the next erosional cycle.

Rainfall and temperature anomalies are the most frequent immediate causes
which activate pre-existing landslides whose stability is close to balanced.

Abundant rainfall supplies enormous volumes of water into the landslides which
increase the water level, buoyancy and significantly reduce slope stability. In water-
logged slopes, properties of rocks are degraded, their specific gravities increase and
hydrodynamic effects of groundwaters grow. With some delay, the recharged water
triggers slope failures which are mostly activated during spring snow thawing.

The majority of potential landslides in the Liptov Basin are activated as a result
of anomalous precipitation but this activation is preceeded by a long period of slow
creep.
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The role of precipitation in landslide activation has been demonstrated in a
number of landslides in the Liptov Basin. Detailed data on the subject were provided
by groundwater-level monitoring in model landslides near Liskov4, Konsk4, H4je and
Potok (Masur et al., 1984).

Effect of anthropogeneous factors

Recently, slope stability is significantly affected by human activity. Landslide slopes are
vulnerable places particularly sensitive to any human intrusion. This is the case in the
vicinity of towns and villages scattered virtually throughout the basin where new
objects, communication routes, pipelines, dams etc. are being built. Human activity
takes place in the fairly densely populated and economically exploited Liptov Basin
as an especially intensive factor which frequently has adverse effects on slope stability.
The most commonly encountered practices are:

1. Wrong soil recultivation, unwise areal agricultural dewatering and irrigation
which may cause extensive infiltration of rain and surface waters into landslide bodies.
Prolonged humus removal and unwise farming practices promote scour erosion, speed
up weathering, freezing and increase groundwater buoyancy.

2. Undercutting disturbed slopes changes the ratio of forces affecting a given
slope in favor of active ones.

Slopes are commonly undercut by house construction in villages gradually
expanding into little stable areas. Particularly dangerous situation is in the vicinity of
villages surrounding by landslides, mainly Turik, Medodany, La¢ky, Potok, Prosiek,
Vlasky, IZipovce, Liptovsky Trnovec, Bobrov&ek, Trstené, Liptovskd OndréaZova,
Konské, Liptovsky Ondrej and Benadikova. Villages expanding into dangerous terrains
in the southern tract ot the basin include Ludrova, Liptovski Stiavnica, Sliale,
Malatiny, Dibrava, Galovany, Liptovsky KriZ and ZivaZzni Poruba.

Landslides triggered by slope undercutting in RuZomberok occurred in 1943
below Cabrad and in 1949 below Mnich (Fig. 5). A dangerous landslide activated by
widening a railway line near Okoliéné (Fusscancer et al.,, 1977) is also well-known.
Undercut slopes in a local farming cooperative in the village of Ludrovad were also
disturbed by landslides.

A multitude of problems related to securing stability of excavations also occured
by the construction of the Liptov motorway, left-bank 2nd-catcgory road bypassing the
water reservoir Liptovskd Mara near the villages of Liptovsky Michal, Malatiny,
Lubela and Liptovsky KriZ as well as a right-bank road near Potok (Fig. 6).

Numerous minor landslides in the Liptov Basin were triggered by excavations for
various pipelines.

3. Removing material from landslide accumulations is a hazardous if the slide
surface is rotational. Landslides of this kind were triggered by the construction of a
playground near ZavaZzné Poruba and in a clay pit near Liptovskd OndraZova.

4. Additional loading of active parts of existing landslides mostly takes place by
road constructions in elevated portions of slopes. Such a landslide caused by the
construction of a road between RuZomberok and Likavka destroyed three dwelling
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Fig. 5 Rockslide on the southern slope of Mt.
RuZomberok in 1949

Fig. 6 Failure plane of an active slide near the village of Potok



Fig. 7 A road near the village of Veternd Poruba disturbed by an active landslide

Fig. 8 Agricultural objects near the village of Konsk4 threatened by a potential landslide
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houses. A road bank erected near Veternd Poruba also activated landslides (Fig. 7).
Road banks in the vicinity of Galovany required expensive stabilization. A slope can
also be loaded by the construction of various objects which can activate slope failures,
as was the .ase near Konské (Fig. 8) and north of the flooded village of Liptovska
Mara.

5. Dynamic tremours due to heavy traffic can speed up landslides (Okoliéné and
elsewhere).

Blasting in stone quarries activated landslides on the slopes of Mnich II near the
village of Martincek.

6. Construction of water reservoirs Liptovskd Mara and Beseiiova affected slope
stability on the banks. Stabilization of the so called Mara landslide (Fig. 9) is well-
known.

A higher number of preexisting landslides reactivated by human activity in the
Liptov Basin is alarming. Given the ever-increasing construction and the existence of
numerous landslides, this trend is likely to continue in the years next.

Fig. 9 Construction of a stabilizing berm to stabilize the potential Mara slide
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Types of slope failures

The above analyses indicate that extensive slopes in the studied territory offer
conditions suitable for the formation of regular slope failures. In many, there evolved
a typical slope deformation structure defined by Nemcox (1966). The structure is
mostly composed of Quaternary (and/or Neogene) terrace gravels atop flat ridges
resting on weathered claystone and/or flysch-like Paleogene or the structure is
developed in places where transversal valleys of the Vih tributaries cut through fronts
of Paleogene sandstones and shales. The third type of the deformational structure
occurs in places where Quaternary travertines overlie Paleogene substratum. The last
structure is characterized by special kinds of deformations in Mesozoic rocks where
solid limestones and dolomites of the Cho& nappe rest, in an advanced position, on
the relatively plastic Neocomian of the KriZna nappe composed of marly claystones
and clayey marls.

As a result of natural and anthropogeneous factors, slopes of the geological
structures in the Liptov Basin are largely modelled by gravity rock movement — creep,
rolling, flow and mainly rockslides. In accordance with Nem¢ok—Pa3ex—RyeaR’s (1974)
classification, we have distinguished the following kinds of slope fauilures (Fig. 2):

1. Block-type failures

2. Landslides

3. Stone-loam flows (mures)
4. Rock falls.

1.Block-type slope failures

evolved in places where

a) Middle Triassic limestones and dolomites of the Cho& nappe rest on the
KriZna nappe Neocomian,

b) Quaternary travertines overlic weathered claystone and flyschlike Paleogene,

¢) Enormous beds of proluvial cones or Quaternary terraces rest on the same
substratum as in b).

The process of the block-failure evolution starts with the formation of blocky
crevices (blocks subside vertically in situ) which create crevice fields. Their dimensions
and areal distribution are controlled mainly by tectonics. Breaking down of the crevice
fields starts at the toe of the slope. The blocks move horizontally, subside and become
separated from each other, and a characteristic blocky field is thus formed in space.

Individual blocks form morphologically conspicuous elevations as much as
100 x 200 m in size which move downslope.
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2.Landslides

Landslides disturb many mild slopes in the Liptov Basin. Sheet, flow and frontal
landslides have been distinguished with respect to the shape of their surface and their
relationship to relevant factors.

Sheet landslides occupy extensive areas. They were mostly caused by areal
factors, such as precipitation anomalies, rock weathering etc. Such landslides, as much
as 500 x 1200 m in size, occur on the mildest slopes. Their surface is largely water-
logged with a number of springs. The sheet landslides often are not associated with
the current stream erosion, and their accumulations "hang" on the slope well above
the valley bottom.

Flow landslides are formed in partial depressions on slopes. They are up to
200-1400 m long and 50—450 m wide. These landslides occur in places of deluvial
accumulations in transversal depressions with concentrated linear groundwater flows.
In most cases, their accumulations stretch as far as the valley bottoms. They generally
appear younger and more active than the sheet landslides. Their surface is intensively
reshaped by landsliding. Groundwater occurrences here are abundant.

Frontal landslides were caused by lateral stream erosion. These 100—400 m long
landslides almost continuously fringe slopes of tributaries to the Véah River. Frontal
landslides are largely caused by activation of pre-existing flow and sheet landslides. In
many areas, they are the most active landslide form, most sensitive to human
intrusions.

With regard to their activity and sensitivity to relevant factors and therefore
partly also their temporary stability acquired after the completion of the sliding stage,
three principal types of landslides have been distinguished on the slope-failure maps:
stabilized, potential and active.

Stabilized landslides represent the oldest type characterized by a high degree of
stability. They were formed by the action of extreme climatic factors, most probably
in the latest Pleistocene, and currently are so stable that their activation by the
present-day climatic factors is unlikely. They can only be activated by intensive lateral
stream erosion or unwise activity of man.

The surface of the stabilized landslides is almost even, without major signs of
landslide microrelief. Their failure plane, accumulatrions as well as lateral borders are
indistinct and therefore only a fairly experienced geologist can recognize them.

Potential landslides are most abundant and most extensive. They were caused
by modern factors and their current stability is rather low, so low that any factor may
activate a part of these landslides. The surface has a clear landslide microrelief. The
limits, failure surfaces and accumulations of these landslides are clearly visible. Their
surface is often water-logged and scarred by minor active landslides. Such areas are
mostly used as poor pastures.

Active landslides are recent landslides bearing clear signs of activity — surface
with fresh scars. disturbed grass, damaged man-made objects, etc. Their rate of
movement is so great that landslide landforms cannot be removed by areal run-off and
other surface-shaping agents.
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Landslides identified in the Liptov Basin form extensive landslide areas which
are defined as slopes composed of a set of landslides of different ages, shapes and
activity. Only an experienced geologist can determine correct typologic and genetic
forms of landslides in this variegated setting. Division of a given landslide area into
individual types is a fundamental step in detailed stability analyses and in projecting
remedial stabilization actions in landslide areas. A special kind, so called rockslides,
was identified by us in areas composed of Mesozoic rocks. The rockslides are
commonly accompanied by block deformations which occur under similar conditions.

3.Stony-loamy flows (mures)

These flows occur in transversal valleys in the mountains surrounding the basin
(Chotské vrchy, Zapadné Tatry, Nizke Tatry). Studies of aerial photos allowed us to
plot them into the slope-failure maps. We have distinguished reception areas of mures
and their alluvial cones. Thanks to fairly small differences in altitudes in the adjacent
fold moutains and because of their forest cover, mures are of limited practical
importance.

4 Rock falls

Rock falls in the studied territory are mostly dump-type ones taking place on steep
rock bluffs composed of Mesozoic rocks. Their practical significance is small.

Principles governing the evolution and areal distribution of slope failures

One of the objectives of our slope-failure researches in the Liptov Basin was to clear
up principles governing the evolution and areal distribution of slope failures, the most
important of which are landslides. That is why special attention was paid to detailed
field investigations and mapping of landslides.

The way in which the mapped landslides were classified is described in the
foregoing section. The limits (failure plane, lateral limits and front accumulation) of
each classified landslide were plotted on the map. If the map scale was sufficient,
partial failure surfaces were also plotted. With regard to the scale, all major
hydrogeologic manifestations (springs, swamps, undrained depressions) were recorded
as well.

Each identified landslide was described in detail using "Record forms” prescribed
by Geofond.

Aside from their informative character, the record forms served us as a basic
material for statistic landslide-data treatment.

Our studies in the Liptov Basin made it possible to distinguish several
typologically regionally different kinds of slope failures:

— slope failures on slopes of the adjacent core mountains
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— landslides on the periphery of accumulation terraces

— landslides on the periphery of travertine piles

— landslides on slopes composed exclusively of Paleogene rocks.

In the following text, we shall statistically investigate the set of landslides in the
Liptov Basin.

The distribution of Pleistocene river deposits influences certain principles of
geomorphological history involving also landslide evolution.

On the right-hand (northern) side of the basin, the evolution of the Vih terrain
is clearly delayed upstream. Terrace deposits in its western tract were completely
eroded and the relief is considerably dissected, whereas in the eastern tract terrace
remnants are extensive and the topography is generally flatter.

On the left (southern) side, this phenomenon has not been noted. Terrace
remnants are regularly distributed and erosion is generally less deep.

These differences suggest that the Quaternary uplift was more intensive on the
right-hand side of the basin and therefore also depositional landforms were eroded
more swiftly. That is why landslides on the periphery of gravel terraces in the
northern tract of the basin occur exclusively in the Smre¢any Upland.

In that upland, landslides clearly disturb gravel deposits on the periphery of a
Pliocene erosional remnant between Bobrovec and Bobrovéek. Landslides of this kind
make up a continuous landslide area some 8 km long on the left bank of the
Bobrovec brook and about 8.5 km long on the left bank of Smrefianka. Notable
landslides of this type are on the slopes of Trnovec brook, near Konské and from
Liptovsky Ondrej as far as Befiadikova.

Landslides bound to gravel deposits near left-hand tributaries to the V4h River
are evident at a water divide between Sliatanka and Lup&ianka, in the upper tract of
the brook Dibravka and in the vicinity of village Dibrava.

A partly discontinuous belt of frontal landslides also disturbs middle left-bank
terraces of the V4h River between the villages of Stiavni¢ka and Liptovsky Michal and
near ZévaZna Poruba.

1.Slope failures fringing core mountains

The mountain ranges closely surrounding the Liptov Basin are disturbed by block
fissures, rockslides, rockfalls and mudflows. The most disturbed place is Mt. Cebrad
situated a short distance NW of RuZomberok.

The slope-failure map (Fig. 10) shows that Mt. Cebrad (1054 m above sea level)
is intensively dissected by enormous block fissures in a moderately advanced stage of
development (Fig. 11).

The block dislocations evolved in a site where Choé-nappe limestones and
dolomites rest on Kri7na nappe marls of Neocomian age. On Mt. Cebrad, a 30 m-
high rock bluff was formed along which a block of Choé-nappe limestones up to
200 m — thick subsided and was displaced horizontally. On the southern slopes of
Cebrad there are systems of such subsided blocks separated from each other by
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undrained depressions which are partly or completely filled with material fallen from
the fronts of higher blocks.

In the foreground of the block deformations there are sheet and flow landslides
threatening suburb Rybérpole, a railway line and cause problems in projecting a
motorway (Jmaoﬂ et al., 1974).

Further minor block deformations occur north of the village Martinéek on the
slopes of Cho&ské vrchy in places whose geological setting is similar to that at Cebrad.

Rockslides in the described geological structure were formed on the rims of
erosional outlier Mnich north of RuZomberok. A well-known landslide in this structure
was triggered by undercutting the southern toe of Mnich in 1949 when a railway
station at RuZomberok was being enlarged (Fig. 5).

Rockslides bound to the Cho&/KriZna-nappe contact also occur north of Licky,
near Liptovskd Anna and Matiadovce. They have been noted south of the village
Ludrova in the Nizke Tatry as well (Mt. Kundrak and Gregorov vrch).

22Landslides on the rims of depositional
terraces

Landslides on the slopes whose upper parts contain remnants of proluvial cones and
terrace accumulations were formed under special conditions. The sandy-gravelly
accumulations of cones and Pleistocene terraces, irrespective of their relative altitude
above the valley bottom, significantly influenced the evolution of lanaslides on slopes.

Gravelly material is highly permeable. Such layers 10-30 m thick contain large
volumes of groundwaters which give rise to stratal springs on the periphery in the
source areas of landslides. The sliding material is thus permanently saturated with
water streaming from the gravels. The landslides contain permeable gravel layers
separated from each other in the upper parts and therefore groundwater pressure is
considerable. That is why landslides in this structure represent a separate regional
type, homogeneous and suitable for statistical analyses.

Another criterion which can be applied for a more detailed differentiation of this
regional type is the character of the Paleogene substratum. Even a brief glance at the

Fig. 10 Map of slope failures on the southwestern slope of Mt. Cebrad near RuZomberok

1 — anthropogeneous sediments, 2 — fluvial sediments of alluvia and low terraces, 3 — deluvial
sediments, 4 — stony-loamy block slides, 5 — terrace fluvial sediments (1—5 Quaternary), 6 — light
limestones (Norian), 7 — nodular limestones (Upper Ladinian), 8 — dolomites (Ladinian), 9 —
limestones (Anissian), 6—9 Cho¢ nappe — Hronicum, 10 — shales and schistose limestones
(Barremian—Middle Albian), 11 — maristones and marly limestones (Berriasian—Hauterivian), 10—11
Krizna nappe—Tatricum, (6—11 Mesozoic), 12 — failure planes of block fields, 13 — blocks in a block
field, 14 — blocks in landslides, 15 — active sheet slides, 16 — potential sheet slides, 17 — stabilized
sheet slides, 18 — potential flow slides, 19 — reception area of mure flows, 20 — mure-alluvial fans, 21
— failure planes of rockfalls, 22 — faults, 23 — streams, 24 — springs, 25 — exploited springs, 26 —
water-logged areas, 27 — nappe thrust planes, 28 — alternative motorway routes
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Fig. 11 Block slides on the southwestern slope of Mt. Cebrad near Rufomberok

map (Fig. 2) reveals differences in the development of landslides on the rims of gravel
deposits overlying:

a) claystone-dominated Paleogene

b) typical flysch-like Paleogene

c) non-flysch Paleogene.

3.Landslides on the rims of travertine
bodies

The conditions of their formation resemble those of the foregoing type. Springs of
aggressive mineral waters here, however, speeded up chemical weathering of the
surrounding Paleogene rocks, degraded their physical-mechanical properties and
created special conditions for the formation of landslides.

Travertines occur in the western tract of the basin. Landslides on the rims of
travertine piles near the village of Ludrov4 were activated by minor excavations for
the construction of objects of a local farming cooperative on a 6° slope. Similar
highly sensitive landslides also occurred by the villages of Liptovsk4 Stiavnica and

122



Vysny Slia&. Vadkovsky and Lozek (1977) described travertine piles here disturbed by
block deformations.

Dangerous landslides on the periphery of travertine piles were also formed at the
village of Li¢ky and near Bedefiova. Landslides in the valley of the village Potok may
have partly been caused by inflows of aggressive artesian mineral waters.

4 Landslides on the slopes composed of
Paleogene rocks

Landslides in the Liptov Basin largely occur on the slopes composed exclusively of
Paleogene rocks. Their evolution depends primarily on the properties and composition
of the subjacent Paleogene rocks as well as slope geomorphology and its history.

a) Landslides on sandstone-conglomerate slopes

These landslides occur in a geological structure similar to the preceding ones.

The sandstone-conglomerate Paleogene in the basin locally forms flat hills and
ridges, the slopes of which are composed either of claystone of flyschoid rocks. Once
again, structures predisposed for the formation of landslides but also block
deformations occur here.

A flat ridge above the village of NiZny Slia¢ is strongly deformed in this manner.
The whole periphery of this structure is continuously disturbed by potential and active
landslides as well as block deformations.

A strongly disturbed structure of this type occurs on the periphery of Mt.
Mnichov vrch SW of Prosiek and NW of the village Liptovsky Trnovec.

Only 15 landslides have been noted on this rock type, which is an insufficient
number for statistical treatment. Potential, fairly large landslides prevail.

b) Landslides on claystone Paleogene

The claystone Paleogene dominates the western and southern tracts of the basin. The
claystones gave rise to a relatively flat, finely-shaped relief, the slopes of which are
controlled by the physical-mechanical properties of the substratum and deluvium, and
are in long-term equilibrium with strength characteristics.

Landslides on the claystone Paleogene, totalling 205 in the western Liptov Basin,
are mostly areal and considerably reshaped. Stabilized types prevail, but still they are
very sensitive to human-caused changes in the current stability regime. The average
landslide area is 0.08 km’ and average angle of slope is 9.26° (Fig. 12). The size of
the landslides mostly amounts to 0.02-0.05 km’ (Fig. 13).

Landslides on the claystone Paleogene are fairly inhomogeneous due to different
properties of the subjacent rock or rocks forming the slope.
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Fig. 12 Curves showing frequencies of landslide slope angles
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Fig. 13 Histograms of landslide occurrences on Paleogene claystone substratum
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Out of this group of landslides, we have studied in detail the one near the village
of Liskova (Fig. 14). At this locality we have made slope-failure maps on scale 1:2000
(Fig. 15). This voluminous landslide, whose failure plane is up to 37 m deep (Fig. 16)
and dimensions of the main flow are 910 x 420 m, was studied because it intersects
the proposed motorway D-1. Aside from drilling and laboratory tests, which allowed
us to make a slope-stability analysis, the investigations also included geophysical and
radionuclide methods aimed at finding out the depth of failure planes, geodetic
measurements in a grid of 9 fixed and 17 monitored points to observe landslide
movements as well as regime monitoring of groundwater levels in drillholes.

The investigations have shown that the degree of stability of the main landslide
flow is very low — the landslide can be classified as transient between a stabilized and
active type. The stabilization of this landslide would be extremely expensive and
therefore we have proposed to locate the motorway to the south than originally
planned, although in this case it would partly lead above the surrounding terrain
(Janova, 1982, Masr ct al., 1984).

Fig. 14 Landslide area near the village of Liskové
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Fig. 15 Map of slope failures near the village of Liskové

1 — alluvial deposits, 2 — deluvial loams, 3 — loamy-stony landslides (1—3 Quaternary®, 4 — claystone
lithofacies (Paleogene—Upper Focene), 5 — failure planes of potential landslides, 6 — failure planes of
active landslides, 7 — accumulation ramparts of potential landslides, 8 — accumulation ramparts of active
landslides, 9 — block dislocations, 10 — springs, 11 — water-logged areas, 12 — cored drillholes, 13 —
fixed points of geodetic grid, 14 — monitoring points of geodetic grid, 15 — sections
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¢) Landslides on flysch substratum

They make up the most severely disturbed areas in thc nesthern part of the basin
(Matia3ovce Grooves, Smredany Upland and Cho¢ Mits.).

The relief in the flyschoid tract of the basin is rolling, with greater differences
in altitude than in areas underlain by claystones. The landslides totalling 478 are
controlled by the properties of their substratum and groundwater occurrences.

Flow-type, both active and potential landslides, prevail. The slopes are largely
steeper (10.5° — Fig. 12) than in the two foregoing groups. The landslides mostly
occupy an area of 0.02-0.05 km? but many of them (110) exceed 0.1 km® The
number of small landslides (60) is not insignificant as well (Fig. 17).

The flysch landslides make up a fairly homogeneous statistical set. It seems that
landslides on flysch rocks are not influenced by the rock properties to such a high
degree than landslides o: Paleogene claystones (Veset, 1987).

This group of landslides is exemplified by those below hill Hije near Liptovsky
Mikul4¥ (Maur er aL., 1984). The hill’s northern slopes are disturbed by a huge
landslide whose central active part damaged a monument and an access road (Fig.
19). Investigations similar to those at Liskova have shown that also here the degree
of stability in a section 1-1” (Fig. 20) is very low (according to Pettersson’s method
F = 0.96, according to Janba’s method F = 1.03), which means that the landslide will
continue to be active, particularly in the central and southern parts of the slope.

We have proposcd measures to stabilize the slope (Bauak—Maccor, 1987)
including measures to stop lateral erosion of a brook which undercut the slope, and
drilling horizontal dewatering holes into the landslide body to reduce groundwater
buoyancy.

Landslides on the Paleogene substratum which do not fall into the three above-
described sets (sandstone-conglomerate, claystone and flysch) are so rare that they
could not have been statistically treated because the results thus obtained would be
unreliable.
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Fig. 17 Histogram of landsiide occurrences on Paleogene flysch substratum

Economic impacts of slope failures

Slope failures in the Liptov Basin pose a significant economic problem. Mapping in
the western tract of the basin revealed 898 slope failures, 728 of which were
landslides. The landslides occupy 58.24 km, accounting for 15.3 % of the whole
mapped area.

Slope failures here have serious economic consequences. They partly or totally
degrade the disturbed areas and pose a direct or potential threat to existing and
projected objects. They have a major negative impact on the land’s economic value
and environment.

l.Impact of slope failures on agricultural land

Farmlaad is frequently degraded by slope failures. In the Liptov Basin, farmland
disturbed by slope failures is mostly used as meadows or, on steep slopes, as pastures.
Stab#tized landslides were sometimes converted to arable land. In contrast, active
landslides marked by red colour on the slope-failure map cannot be used for
agricultural purposes.
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Fig. 18 Active landslide area on the western slope of hill Haje near L. Mikulas

w E

750—1

700—

650—

6007

550—

b Fig. 20 Section of landslide Haje 1—1’
O 1 — alluvial deposits, 2 — deluvial loams, 3 — loamy-stony landslides (1—3 Quaternary), 4 — claystones and sandstones of flysch lithofacies
(Paleogene—Lower Oligocene), 5 — landslide failure planes, 6 — cored drillholes, 7 — groundwater pressure level
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Fig. 19 Map of slope failures below hill Hije near L. Mikul4$

1 — alluvial deposits, 2 — terrace sediments, 3 — deluvial loams, 4 — loamy-stony landslides (1—4 Quaternary), 5 — flysch lithofacies (Paleogene—Lower
Oligocene), 5 — flysch planes of potential landslides, 7 — failure planes of active l3andslides, 8 — accumulation ramparts of potential landslides, 9 —
accumulation ramparts of active landslides, 10 — blocks in landslides, 11 — gullies, 12 — springs, 13 — exploited springs, 14 — water-logged areas, 15 —
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The surface of active landslides is very uneven and water-logged and is therefore
inaccessible for agricultural machines.

An extensive landslide area near the village of Potok is a good example. The
3.0 km*-large landslide is largely a meadow, with 20 % of the area being pastureland
(Fig. 21).

2Impact of slope failures on industrial
objects

Slope failures endanger or damage settlements as well as industrial plants.

Our mapping has revealed that 30 villages and settlements lie on or are
threatened by landslide slopes.

Here are some of the most endangered ones:

— virtually the whole village of Konsk4 is situated on landslide slopes. Walls of
dwelling houses are fractured, and unwise human activity may activate partly stabilized
landslides to such an extent that dwelling houses may be totally destructed (see Fig.
22).

— the southern part of the village Potok is threatened by an active partial
landslide which regularly damages 5 dwelling houses.

— other villages whose objects are threatened by slope failures include: Lacky,
Turik, Kalameny, Mado&any, Bobrovéek, Pavlova Ves, Liptovsky KriZ, Krme$, NiZné
Malatiny, NiZny Slia&, Dibrava etc.

Endangered industrial objects comprise Benzinol at RuZomberok and a brick-
plant at Ondragova (Fusscancer—Smorka—HRric, 1983).

3.Effects of slope failures on communication
routes and engineering installations

Our slope-failure mapping in the western Liptov Basin has revealed 48 places where
roads lead through a landslide area.

Such places include a bypass of state road No. 18 which leads through numerous
landslides between Stredné Malatiny and Galovany. The road construction here also
implied landslide stabilization, which sharply increased constructon costs
(MaLv—Janovie, 1976).

Road No. 18 and a railway bypass near the village of L. Michal required
excavations in a landslide slope (Fig. 23). Furthermore, roads leading across landslides
near Potok, to Veterna Poruba and near Sliade deserve to be mentioned.

Another major problem is the projected motorway in *the Liptov Basin. Its
construction has so far encountered no significant problems related to slope failures
because it leads in an area devoid of major landslides.

However, the projected motorway tract between Hrboltovd and Likavka will
either lead through a tunnel beneath Mt. Cebrad or the mountain will be bypassed
in the south. The surface alternative would intersect several stabilized landslides. The
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Fig. 21 Active part of sheet landslide near the village of Potok

Fig. 22 A disturbed dwelling house situated on the accumulation part of a landshde in the village of
Konska.
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Fig. 23 A landslide treating a state road and railway line near Liptovsky Michal. It was stabilized by
removing part of its

Fig. 24 High-voltage power lines threatened by a landslide near the village of Galovany
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underground alternative would lead beneath an extensive blocky deformation on the
slopes of Cebrad (Fig. 10, 11).

The tract between Likavka and Liskova will lead across several landslides, the
most extensive of which, above the village of Liskova, was described in the previous
chapter (Fig. 14, 15, 16).

The railway line from Zilina to Kosice is endangered by landslides (in western
Liptov Basin) in these places: railway station at RuZomberok — rockslide on the SE
slopes of Mnich (Fig. 5), Rybarpole — landslide beneath Cebrad (Fig. 10, 11),
Liptovsky Michal — sheet landslide (Fig. 23) — all of which have already been
discussed in this article and a landslide near Okoli¢né (Fusscincer—Japrox, 1976).

Aside from the communication routes, slope failures also threaten power lines,
the poles of which frequently rest on landslides, particularly if the landslides are so
extensive that it is impossible to avoid them by erecting the poles on stable ridges.
Landslides near the villages of Potok, Konsk4, La¢ky, Lubela, Galovany (Fig. 24) etc.
are good examples.

4 Effects of slope failures on the construction
of water reservoirs

Slope stability is a fundamental engineering-geological problem in the construction of
water reservoirs. In some cases, slope stability is a decisive factor controlling the
location of a given water reservoir.

Slope failures, primarily so called Large Mara landslide and Small Vlachy
Landslide, also complicated the construction of the water reservoir Liptovskd Mara
in the Liptov Basin.

The former landslide is 900 m long, 500 m wide and its maximum thickness in
the accumulation area attains 40 m (Incr—Fexze, 1973). To prevent landslide activation
by waters of the reservoir, the front of the landslide was reinforced by a massive
gravel stabilizing berm reaching the height of the maximum water level (Fig. 9). It is
one of the largest stabilizing berms in the whole country It is 620 m long, 230 m
wide, 6~7 m thick and its volume totals 700 000 m’. Another stabilizing element is
underground dewatering by horizontal drillholes and surface ditches on the periphery
of the landslide.

The small Vlachy landslide measures 300 by 150 m and the thickness of its
landslide deluvia is 5-12 m (Fig. 25). In 1974, as a result of extreme precipitation and
partial undercutting, the landslide became active. It moved some 40 m downslope at
a rate of 1 m in two months, and was eventually stopped by a gravel stabilizing berm
(StoLe¢ran—Lirva, 1974).

Engineering-geological assessment of the area

The engineering-geological phenomena in the area concerned were areally evaluated
on maps of engineering-geological regions on scales 1:10 000 and 1:25 000. The
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Fig. 25 A landslide near the village of Vlagky, below dam Liptovskd Mara

principal criterion applied in this assessment is slope stability and therefore the maps
are analytic ones, although they pay attention to other engineering-geological
phenomena as well. These, however, are of minor importance.

The analytic maps of engineering-geological regions are useful in some areas in
resolving special problems where certain geological phenomena may play a decisive
role. The very unstable slopes in the western Liptov Basin justify our approach in
which slope stability is a key criterion.

With respect to slope failures, their types as well as geological, morphological
and hydrogeological settings, we have distinguished three basic regions composed of
eleven districts on scale 1:25 000 (Appendices 1-2 in Masr et al., 1984).

Region I — Unstable areas

District: 1. Active landslides
2. Dormant landslides
3. Stabilized landslides
4. Areas threatened by falling rock fragments and rockslides
5. Loamy-stony flows — mures
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Region II — Relatively stable areas

District: 6. Slopes predisposed to landslides
7. Slopes of sensitive stability
8. Blocky-field areas

Region III — Stable areas

District: 9. Alluvial deposits, terraces and alluvial fans
10. Flat and mild slopes
11. Steep slopes in solid rocks

The areas were assigned into individual regions and districts so that, when
engineering-geological criteria are met, individual districts had roughly equal
conditions for the construction of engineering objects. Each civil engineer regards a
map of regions more understandable than that of engineering-geological conditions.

By the map compilation, with regard to its purpose, the map was simplified
because of its scale and rather strict criteria were employed in assigning the territory
into individual districts.

The map’s contents depend on its scale. At larger scales, e. g. 1:10 000, we could
have distinguished detailcd taxonomic units with a detailed description of engineering-
geological conditions and a higher degree of their homogeneity (Appendix 2-2 in
Masr et al., 1984).

The maps contain an easy-to-review table which describes basic preconditions to
the formation of slope failures (geologic, geomorphologic and hydrogeologic),
character and activity of the movements, forecast of their evolution and brief
characteristics for building purposes in each district.

Despite its small scale and resulting simplifications, this map of regions may
serve us as a basic material in early stages of projecting construction in the western
Liptov Basin.

In an easily understandable form it illustrates dangers of disturbing slope stability
by construction and emphasizes the need to investigate slope stability by a detailed
engineering-geological survey.

Individual regions are marked by traffic-light colours. Hazardous landslide areas
of unstable regions are marked by red and individual districts are shaded with red and

gray strips.

Conclusion

Slope failures are the most widely distributed geodynamic processes which control
engineering-geological conditions in the Liptov Basin. Slope failures in the studied
territory have caused extensive damage to various man-made structures. Previously
dormant or stabilized landslides reactivated by unwise human activity are particularly
harmful.
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Our project also included compilation of a special analytic engineering-geological
slope-failure map of the western Liptov Basin on scale 1:25 000 (380 km®). This map
is a good basis for detailed engineering-geological investigations preceding construc-
tion in a given area.

This map was used to compile a map of engineering-geological region composed
of taxonomic units reflecting slope stability. Construction conditions are roughly equal
throughout each region. Such a map of regions can easily be understood by a wide
spectrum of specialists. In a territory densely dotted with unstable areas, e. g. in the
Liptov Basin, this map may be a basis for planning urban construction.

In the western end of the Liptov Basin, several major investments are planned.
That is why we have compiled a relatively detailed analytic engineering-geological map
of slope failures in this are on scale 1:10 000. This map was supplemented with a map
of engineering-geological regions.

These basic maps may considerably increase safety and reduce construction costs.

Aside from their practical value, the maps are also valuable from a theoretical
viewpoint because they allow to define basic structural types of landslides.

Four localities (Konsk4, Haje, Liskova, Potok) have been studied in more detail
as part of this project, which made it possible to clear up the formation, evolution and
character of landslides in the basin concerned. In addition to drilling, detailed
investigations also included geophysics, special field measurements, groundwater-level
monitoring, geodetic monitoring of landslide movements, radionuclide measurements,
measurements of failure-plane indications and movement activity.

The localuities were selected to provide further data and to resolve some
practical problems concerning slope stability. The stability of landslides at individual
localities was assessed and remedial works were proposed.

Individual landslides in the studied territory were characterized using "Landslide
data forms" which are deposited at Geofond, Bratislava. These form have been
employed in our statistical analyses aimed to study principles governing the evolution
and areal distribution of slope failures.

Translated by M. Bohmer
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FranmiSex BaLiak—Jozer MaLcor—Viasta JANovA
Svahové poruchy v zipadnej ¢asti Liptovskej kotliny

Resumé

Svahové pohyby v oblasti Liptovskej kotliny predstavuji fenomén, ktory mé véZne ekonomické dosahy.
Uzemia poruSené svahovymi deforméaciami si znacne znehodnotené a predstavuji priame alebo latentné
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nebezpelenstvo pre existujiicu a pldnovand vystavbu. Vyrazne vplyvaji na vyuZitelnost krajiny a tvorbu
Zivotného prostredla

Mapované Gzemie mé plochu 380 km zaberd zdpadni Cast Liptovskej kotliny a okraje prilahlych
pohori v iseku medzi RuZomberkom a Liptovskym Hradkom. Odvodiiované je rieckou Véah a jej pritokmi.

Podas systematického tcrénneho vyskumu bolo zaregistrovanych 898 svahovych deformacii
s celkovou plochou 58,24 km ¢o predstavuje 15,3 % mapovaného udzemia. Velké plo$né rozsirenie
svahovych porich vyplyva z priaznivych podmienok pre ich vznik a vyvoj. Si to predovietkym geologicko-
tektonické, geomorfologické, klimatické a hydrogeologické pomery tzemia a tieZ fyzikdlno-mechanické
vlastnosti hornin.

Uzemie Liptovskej kotliny je budované horninami vnitrokarpatského paleogénu a pokryvnymi
kvartérnymi dtvarmi. PodloZie paleogénu a svahy prifahlych pohori si budované horninami mezozoika,
z ktorych vyrazni prevahu maji strednotriasové vipence a dolomity chofského prikrovu a sliefiovce a
slienité vipence krizflanského prikrovu. Paleogén je reprezentovany horninami bazilnej transgresivnej
litofécie, ilovcovej litofécie, flySovej litofacie a neflySového pieskovcovo-zlepencového vyvoja.

Kvartérne pokryvné itvary maji z hfladiska vzniku svahovych deformicii najvacsi vyznam.
NajrozirenejSie si deluvidlne sedimenty s velmi variabilnym litologickym zloZenim, dalej si zastipené
eluvidlne, deluvidlno-fluvidine a fluvidlne sedimenty, proluvidlne néplavové kuZele a sladkovodné
véapence.

Tektonické pomery si definované dvoma hlavnymi systémami zlomov — starsie, zhodné s osou
kotliny a mlad3ie prieéne zlomy sj. smeru.

Z. geomorfologického hladiska previdda na uzemi erézno-akumulaény reliéf charakteru kotlinovej
pahorkatiny a akumulaény reliéf zastipeny porie¢nou nivou, terasami a proluvidlnymi zvinenymi rovinami.

Klimatické pomery predstavuji pestri paletu klimatickych typov a podtypov. Na stabilitu svahov
maji vplyv najma dlhodobé zraZky v jarnych a jesennych mesiacoch a nahle privalové dazde v letnych
mesiacoch.

Hydrogeologicky priaznivé podmienky pre vznik a reaktivizdciu svahovych porich poskytuji
nepriepustné slienité vipence krizianského prikrovu, ktoré sa nachidzaji v podloZi priepustnych
vapencov a dolomitov chofského prikrovu. Paleogénne horniny si na vodu chudobné, najpriaznivejsie
hydrogeologické podmienky maji sedimenty bazilnej transgresivnej litofacie. Vo flySovej a ilovcovej
litofacii je obeh podzemnej vody viazany na vrstvy pieskovcov s porovo-puklinovou priepustnosfou.
Vyznamnym kolektorom podzemnej vody si kvartémne fluvidlne sedimenty Vdhu a jeho pritokov.

Svahové deformicie s viazané prevaine na deluvidlne sedimenty a na z6nu zvetranych ilovcov.
Priemerné hodnoty fyzikdlno-mechanickych vlastnosti tychto zemin sd v tabuflke 1.

Hlavnymi faktormi vzniku a v§voja svahovych deformécii si: hlbkova erézia vodnych tokov, procesy
zvetrdvania, procesy svahovej modelécie, zraZkové a teplotné anomdlie a antropogénne faktory.

Autori prace podavaji podrobni charakteristiku jednotlivych typov svahovych porich, hodnotia
ich z hladiska charakteru pohybu, aktivity, morfol6gie povrchu.

Velky doraz sa kladie na analyzu zdkonitosti vzniku, v§voja a plodného rozsirenia svahovych porich
na svahoch prilahlych jadrovych pohori, po obvode akumulaénych terds, po obvode travertinovych kop
a v jednotlivych litofacidch paleogénnych hornin.

Hodnotené su i hospodarske dosledky svahovych porich.

Na zédklade analyzy stablity svahov a dalSich zloZiek inZinierskogeologického prostredia bola
zhotoven4 mapa svahovych porich zépadnej &asti Liptovskej kotliny v mierke 1:25 000 (obr. 2) a mapa
inZinierskogeologického rajénovania, na ktorej boli vyélenené tri zakladné rajény — rajén nestabilnych
uzemi, rajén relativne stabilnych dzemi a rajon stabilnych dzemi. Zapadna €ast uzemia bola spracované
do map mierky 1:10 000.
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Zipadné Karpaty, sér. hydrogeol6gia a inZ. geol. 11, p. 141—151,
Geol. Ust. D. Stira, 1993

Arena KrLukaNova

The loess sediment types of Slovakia and their microstructures

2 figs., 8 pls., slovak summary

Abstract The paper deal with microstruciural analyses of four basic groups of loess sediments. They
are: typical loess, sandy loess, clayey loess and loess-like sediments. They differ each other in their fabric,
microstructure, genesis, physical and mechanical properties, tendency to collapse and others.

Introduction

The Slovak Carpathians are distinguished by a considerable vertical relief of the
terrain, great climatic and morphologic zonality and variability of the geodynamic
processes in the Quaternary. These factors have a considerable influence on formation
of the loess cover of the Carpathian system, because they conditioned and determined
the particularities of hypergeneous processes and their evolution. They determined the
acidity or basicity of the environment, the content of Fe and Mn hydroxides,
carbonates, chlorides, sulfates, chemical composition of pore solutions, organic matter
and the origin of secondary minerals. All these factors were active to a different
degree and in certain cases even determined the formation and origin of various loess
lithotypes. We found four principal types of loess sediments in Slovakia. They are
typical loesses, sandy loesses, clayey loesses and loess-like sediments. For all these
types we give their microstructural characteristics, which need not be valid only for
the Carpathian region, but they can be applied on a larger scale.

Method used

The microstructural analysis was done on samples with undisturbed structure by the
scanning electron microscope (SEM) produced by JEOL. type JSM 840, at the Dionyz
Star Institute of Geology (GUDS) Bratislava. Grapowska-Ovszewska et al., (1984)
classification, was used.

R¥Dr. A. KLUXANOVA, CSc  “seologicky dstav Diongza Stira, Mlynski dolina 1, 817 04 Bratislava
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Physical properties have been determined in the laboratory of soil mechanics in
IGHP Bratislava and Geotest Brno according to methods corresponding to the
respective Czechoslovak standards or in accordance with the generally applied
procedures. The results are in tables 1 and 2.

The mineral comoosition was determined by the X-ray and DTA methods in
GUDS Bratislava. The results are in table 3 and 4.

Table.1 Physical properties of loess sediments
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Typical loess

The loess soils are characteristic by being non-bedded, primarily calcareous and with
capillary porosity. They are generally dry, yellow to dark yellow colour with dominant
grain-size composition ranging from 2 to 63 ‘m (aleuritic fraction). Samples of this
type of loess soil (from the Mnegice brick plant near Nové Mesto nad Vahom) were
thoroughly studied. Their stratigraphy was determined by Kukia et al. (1962).
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Table 3 Mineral composition of loess sediments determined by RTG (*) and DTA (#)
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loess moril- nite spar nte mite matter nte nite thite
sediment lonite

Mnesice typical » 3 * - ’ * » » ” . g * ” ”
loess
VySkovee sandy Ll L | L . N} . . 8
loess
Hajnacka sandy - 8 * L . L . . #
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Jesenske clayey . LS * 8 L LA g
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Satirikovo clayey . g . . g # 8
loess
Table 4 Mineral composition of loess-like sediments determined by RTG (*) and DTA (#)
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Microstructural analysis indicated that the basic but also the sole type of
microstructure of typical loess sediment is the skeletal microstructure (sensu
Grasowska-Orszewska et al,, 1984). The loess soil has expressively homogeneous,
isotropic and non-oriented fabric. The schematic representation of the typical loess
fabric is shown in Fig. 1. The plates I-1I are typical loess from Mne3ice.

The structural elements of loess are various the genetic types, from which the
dominant are the non-clay grains of the aleuritic, resp. psammitic fraction. They are
formed mostly from quartz, calcite, dolomite, more seldom feldspars and others.

The pelitic fraction is represented by primary and secondary clay particles, and
in a lesser measure, even by non-clay particles. The clay particles are represented
mainly by illite, montmorillonite and kaolinite. They form discontinues, non oriented
soil matter found at the contacts of grains in the form of connectors and films on the
aleuritic and psammitic grains. They have a leafy shape and polygonal boundaries. In
the soil they occur in the form of single crystallas of the size ranging from 1 to 10 pm
and were probably formed by eolian activity in the subaerial environment, as shown,
apart from their size, by their angular shape and character of crystals. Apart from the
above mentioned singles, clay particles occur in soil also in the form of complicated
microaggregates of the size ranging from 1-100 pm These have a varied genesis. To
these belong the secondary (autigeneous) particles formed by coagulation from the
surface waters and secondary postgenetic particles, forming reaction edges with the
amorphous SiO, as film around globules (Komisareva, 1979). These particles, forming
the microaggregates, have contacts most frequently of the edge to edge type and face
to edge, which results in a considerable intermicroaggregate space takes place, which
influences the capillary forces acting in the soil. The primary clay particles have
contacts face to face type and face to edge. The phase contacts occur in the soil
confer a considerable stability to the loess soils.

The non-clay grains forming the skelet are found most frequently in the aleuritic
and psammitic fraction. The grain morphology varies according to their genesis. The
soil contains single rounded aleuritic grains. Corrosion and intergranular types of
pores developed only locally associated with fossil soil horizons, which we ascribe to
the circulation of low concentration solutions. The samples contained all the contact
types of non-clay particles. The dominating contacts are clay bridges and clay
buttresses. The soil has an uniform grain and mineral composition.

The pore space of loess soils is formed principally by the intergranular types of
pores of isometric singly longitudal shape. In common with the shape, the size of
pores depends on size and shape of aleuritic and psammitic grains.

From the engineering geological point of view-of physical properties, it is possible
to value these loess soils as typical eolian cohesive soils. According to grain-size
analyses, the soils are characterized by a high content of aleuritic fraction 67 to 72 %,
by lower pelitic fraction content 13 to 17 %, and psammitic fraction 15 to 20 %. The
soils are also character:»<d by a relatively low natural moisture, which ranges from 9.6
to 14.9 %. The water content depends on the content of clayey particles, which due
to their nature and size of specific surface bind the predominant part of physical water
in the soil. The liquid limit, as a sensitive indicator of clay mineral content, is also
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Fig. 1 The schematic representation of microstructure

a — typical and sandy loess (skeletal microstructure), b — clayey loess (matrix microstructure)

1 — 4 grains: 1 — mica, 2 — quartz, 3 — feldspars, 4 — carbonates; 5—9 clay minerals: 5 — clay
bridges and clay buttresses, 6 — clay films, 7 — pseudomorphoses, 8 — resedimented particles, 9 —
microaggregates, 10 — pores
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low. According to the liquid limit value and consistency index we classify the loess as

low to medium plastic, with strong to hard consistency. The physical properties of
loess sediments are given in Table 1. The mineral composition is given in Table 3.

Sandy loess

The sandy loess are most frequently non-bedded or finely bedded. They are usually
slightly calcareous, less porous than typical loesses, but have the same colour. This
type of loess is characterized by a mixture of grains 2 to 63 pm and 200 to 500 pm
size (fine-grained sand, medium-grained sand). The loess was analysed on samples
taken from the VySkovce locality in the Ipel basin and Hajnatka locality in the
Filakovo mountains (southern Slovakia). Schematic representation of sandy loess
microstructure is shown n Fig. 1a.

According to the microstructural analyses, the sandy loesses present a typical
skeletal microstructure formed by predominating psammitic grains. On a microscale
they are homogeneous with isotropic fabric. Plates III-IV are sandy loesses from
Hajna&ka.

The non-clay grains are, as a rule, wrapped in fine clay films. They present an
angular to subangular shape (in the sense of Perruonn et al., 1973) and are composed
of grains of quarty, feldzpars, mica and minerals of heavy fraction. The composition
of the psammitic fraction is directly proportional to the petrografic composition of
rocks in the source area. The contacts between the grains are of indirect type, that
is, they are mediated by clay bridges. The grains are occasionally corroded,
occasionally also perforated by intragranular types of pores of usually elongated shape.

The clay minerals are in the pelitic fraction and in the sediment they are found
as of weakly aggregated films covering the aleuritic and psammitic grains, and also in
the form of irregular clusters. They are represented by illite, montmorillonite and
kaolinite. The enclosing raicroaggregates have the contacts types face to face and the
microaggregates forming the clusters have contacts edge to edge and face to edge.
According to the physical nature of forces, all the three types of contacts are found
in the sandy loess: phase, point and coagulation contact.

The soil was also formed by eolian transport, but the source area of sandy
loesses were areas with rock composition other than typical loess.

The grain-size analyses of the soil indicated: pelitic fraction (less than 2 pm)
from 7.38 to 9.43 %, aleuritic (from 2 to 63 pm) from 35.34 to 40.0 % and psammitic
(more thau 63 pmn) fron 52.62 to 55.23 %. A higher content of the psammitic fraction
at the detriment of the pelitic one results in a lower moisture, content lower values
of plasticity limits, etc. Moisture at the liquid limit ranges from 23.8 to 24.71 %, the
limit of plasticity from 20.68 to 21.26 %. According to the liquidity limit and
consistency indexes the soil is classified as low plasticity and hard consistency soil. The
carbonate content was varied from 5.58 to 11.57 %. Physical properties of sandy loess
are in Table 1 and mineral composition is in Table 3.
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Clayey loess

The clayey loess is non-bedded, and has low porosity, and lower carbonate content,
with colour similar to typical loess. The largest proportion have aleuritic (grain-size
from 2 to 63 pm) and pelitic fractions (less than 2 pm). This type of loesses occurs
in Saférikovo and Jesenské localities in Rimavsk4 basin (southern Slovakia). Schematic
representation of clayey loess is found in Fig. 1b. Plate V are clayey loess from
locality Jesenské and Plate VI from locality Saférikovo.

The clay loesses have a matrix, skeletal-matrix to matrix-laminar microstructure.
On the microscale, these soils are heterogeneous, with predominantly isotropic fabric;
however, areas of anisotropic structure were observed, which are caused primarily by
oriented clay and less non-clay particles of elongated shape. The fabric elements are
represented by pelitic, aleuritic and psammitic fraction, however the relationship
between the individual fractions is variable.

The pelitic fraction is represented by clay minerals illite, montmorillonite and
kaolinite, secondarily even by non-clay minerals, fine crystals of secondary calcite, and
Fe-oxides.

The microstructural difference in content with the typical loess is seen in the
dominant type of contacts between the microaggregates of clay minerals — face to
face, in their better aggregation and in the form of matrix. The aleuritic and
psammitic graines differ {rom the grains in typical loesses by the types of contacts: the
concealed contacts dominate over the direct ones.

Clay loess pores are represented principally by the microaggregate types of
ellipsoid to longitudal shape. The intergranular types of pores in the soil are also
developed, however, they do not affect the properties of soils to such a measure as
those in the typical loess.

Microstructural analysis of clay loess suggests their origin as eolian, but they
were considerably transformed by the influence of climate and geomorphologic
conditions of the basin.

The grain-size analysis of the soil from Saférikovo locality shows it to contain
38 % of pelitic, 51 % aleuritic and 11 % of psammitic fraction. The Atterberg liquid
limit is 56 %, the plasticity limit 30 %. The liquid limit and consistency index the soil
classifies it as highly plastic of solid consistency. The CaCO, content amounts to
11 % and of organic matters is 4 %. Physical properties of clayey loess are in
Table 1. Mineral composition determined by X-ray and DTA methods are in
Table 3.

Loess-like sediments

Under loess-like sediments we understand the eolian material, which sedimented
during various secondary processes (allochthonous loess-like sediments) or which was
changed in situ (autochthonous loess-like sediments), e. g., non-eolian matter what
was changed by the eolian process. Often, instead of eolian process, they were
submitted to the process of loaming or gleization. They are less porous than typical
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loesses, some are completely non-calcareous, and they differ also in colour. This type
was found in samples taken from the Kréava locality in the Podvihorlat hilly country,
Ipelsky Sokolec locality in the Ipel basin, Fabianka locality in Lugenec basin and
Rimavsk4 Se¢ in Rimava basin.

On a microscale, the loess-like sediments are, as a rule, notably heterogeneous,
and frequently have a mosaic structure. Under this concept we include soils in which
zones of certain microstructural form repeat in an irregular manner. According to the
orientation of the structures and especially structural elements, the loess-like
sediments have both isotropic and anisotropic fabric. This means that the sediments
may or may not show directional structures. The schematic representation of loess-like
sediment fabric is shown Fig. 2. Plates VII-VIII are loess-like sediments from locality
Kr&ava.

The heterogeneity is stressed also by the occurrence of several fundamental types
of microstructures: we detected the matrix, skeletal, laminar even signs. of the
honeycomb microstructure. The fabric elements of loess-like soils are of various
genetic types, with local domination of the clastic non-clay grains of aleuritic fraction,
or the clay microaggregates of pelitic fraction.

The pelitic fraction is represented by primary, often secondary clay particles, and
to a lesser measure, aslo by non-clay particles, such as secondary carbonates and in
some areas of the Eastern Slovakian lowland also by the Fe and Mn oxides. The clay
particles are represented by illite, montmorillonite and kaolinite. They form as a rule
a connected, sometimes preferentially oriented matrix, occurring frequently in the
form of isolated areas with matrix and honeycomb microstructure; sometimes they
form a connected matrix with laminar microstructure, e. g., they are in the form of
irregular loops or films on the aleuritic and psammitic grains in areas with skeletal
microstructure. The secondary clay microaggregates, when present in the soil, form
reactionary edges to pseudomorphoses along the clastic non-clay grains, or they form
clusters or irregular shapes. The clay minerals present a varied shape; there were
observed also kaolinite singles with crystalline pseudohexagonal and rhombic
limitation. As a rule, however, they have a leafy and plate shapes. In the soil they are
well aggregated and they are found in the form of complicated microaggregates of the
size above 10 pm, but in other areas they are in the form varying from slightly
aggregated microaggregates to singular element. Their structural position in loess-like
sediments differs considerably from their position in the typical loesses. They probably
originated from the weathered sub-base neogeneous rocks through reorientation and
recrystallization. They have all the types of contacts and according to the physical
natural of forces acting on the contacts, they have most frequently mixed contacts.

The non-clay grains forming the skeletal microstructure consists most of often
by quartz, less by feldspars, mica and minerals of heavy fraction (granates, amphi-
boles, Zircon, etc.). The primary grains of carbonates are lacking as a rule. The grain
shape is varied, dependent on the postsedimentary changes of the sediment and
mineral composition. They were observed to very from well rounded to angular grains.
The contacts between the grains are of all types (there were observed also direct
contacts, which do not cccur at all in loess).
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Fig. 2 The schematic representacion of lcess-line sediment microstructures
a — laminar microstructure, b — honey-comb microstructure, ¢ — skeletal microstructure, d — matrix
microstructure; 1—4 grains: 1 — mica, 2 — quartz, 3 — feldspars, 4 — carbonates, 5 — 9 clay minerals:
5 — clay bridges and clay buttresses, 6 — clay films, 7 — pseudomorphoses, 8 — resedimented particles,

9 — microaggregates, 10 — pores
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The porous space is made by various types of pores, of varied shape, dependent
on the type of microstructure and the grain-size composition of the soil. There were
observed also pores of chamber type, which did not occur at all in the typical loesses.
The fabric elements are locally of brittle deformation.

We have used the loess-like soil from Kréava locality for characterizing loess-like
sediments. According to the grain-size analyses this loess-like soil is distinguish by a
high particle content of pelitic fraction — 45 % (The loess-like sediments from
southern Slovakia — from 16 to 30 %). The aleuritic fraction was found — 48 % (The
loess-like sediments from southern Slovakia — from 55 to 63 %) and psammitic
fraction — 7 % (The loess-like sediments from southern Slovakia — from 14 to 23 %.
The content of organic matter determined by laboratory tests amounted 0.1 % and
the carbonate content is 1.01 %. The value of carbonate content is significantly lower
when compared with typical loesses of similar age. The loess-like soil is less porous,
the pore content is 34 %. The natural soil moisture (12.1 %) depends on the type and
quantity of clay particles, which due to their crystallographic and structural nature
bind the predominant part of physical bound water in the soil. The degree of
saturation is 90.4 %, the specific density 2690 kg.m™ and the bulk density of dry soil
1680 kg.m™. According to the value of liquidity limit (53.3 %) and consistency index,
the loess-like soil is characterized as highly plastic clay of hard consistency.

Conclusion

The formation of the basic fabric of loesses, the organization and the mutual action
of its elements, whether they are solid, liquid or gaseous phase is governed by various
geochemical processes. It concerns above all the processes, which took place during
the formation of the loess material (glacial crushing, frost weathering), its transport
and geochemical processes, which acted during the deposition of the sediments. After
the loess mass deposition and during the lithogenesis, there were taking place other
processes, governed by site conditions. Since site conditions in the Western
Carpathians, because of their relief are vary, process of lithogenesis resulted in four
types of loess. They are typical loess, sandy loess, clayey loesses and loess-like
sediments. The laboratory test showed that each of these types is distinguished not
only by a varied fabric, but also by variable geotechnical properties.
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ArLena KLukaNOVA

Typy sprasovych sedimentov Slovenska a ich mikrostruktary

Resumé

Formovanie z4kladnej vnitornej stavby sprasi, usporiadanie a vzdjomné pdsobenic jej elementov, & uZ
si v pevnej, tekutej alebo plynnej faze, je dané geologickymi procesmi a ich zvi4Stnostami. Tyka sa to
predovietkym procesov, ktoré sa odohravali pri tvorbe spradovéhc materidlu, jeho transporte a
geochemigkych procesov, ktoré pdsobili pofas sedimentécie. Po usadeni sprasovej hmoty potas litogenézy
prebiehajui iné procesy, ktoré si vyvolané stanovidtnymi podmienkami. KedZe stanovidtné podmienky
v Slovenskych Karpatoch si vzhfadom na ich Elenitost rbzne, v procese litogenézy vznikali tyri typy
sprafovych sedimentov. Si to typické sprade, piestité sprade, ilové sprale a spradoidné sedimenty.
Laboratéme skigky ukazali, Ze kaZdy z tychto typov sa vyznafuje nielen réznou mikroStruktirnou
stavbou, ale aj variabilngmi geotechnickymi vlastnostami.

Explanation of Plates I—VII

Plate I Microstructure of typical loess. Locality Mne3ice brick plant near Nové Mesto nad Vihom
Fig. 1 Surface parallel to bedding. Isotropic fabric of skeletal microstructure
Fig. 2 Surface perpendicular to bedding. Isotropic fabric of skeletal microstructure

Plate I Microstructure of typical loess. Locality MneSice brick plant near Nové Mesto nad Vdhom
Fig. 1 Surface parallel to bedding. Skeletal microstructure. The dominating contacts between two grains
are clay bridges and clay buttresses

Fig. 2 One part of disturbed globula

Plate III Microstructure of sandy loess from Hajnalka locality

Fig. 1 Surface parallel to bedding. Skeletal microstructure

Fig. 2 The sandy loess present a typical skeletal microstructure formed by predominating psammitic
grains. The grains are weakly covered by clay minerals

Plate FV Microstructure of sandy loess from Hajnacka locality
Fig. 1 Surface peerpendicular to bedding. The typical skeletal microstructure formed by psammitic grains
Fig. 2 Contacts between grains

Plate V Microstructure of clayey loess from Jesenské locality
Fig. 1 Surface parallel to bedding. Heterogenous fabric of skeletal-matrix microstructure
Fig. 2 Surface perpendicular to bedding. Skeletal microstructure

Plate VI Microstructure of clayey loess from Safdrikovo locality
Fig. 1 Surface parallel to bedding. Matrix microstructure
Fig. 2 Surface perpendicular to bedding. Matrix-skeletal microstructure

Plate VII and VIII Microstructure of loess-like sediments from locality Kréava
Fig. 1 Surface parallel to bedding. Matrix microstructure
Fig. 2 Surface perpendicular to bedding. Matrix-skeletal microstructure with the heterogenous fabric

Plate VIII

Fig. 1 Surface parallel to bedding. The skeletal microstructure
Fig. 2 Surface parallel to bedding. The honey-comb microstructure
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Geol. Ust. D. Stira, Bratislava, 1993

Ruporr OnprASIK

Geotectonic history reconstruction of West Carpathian geological
structures for the assessment of state and behaviour of rocks

(12 figs., slovak resumé)

A bstract Data obtained so far on the geological structure and geodynamic phenomena as well as
on general principles controlling the evolution of geological structures made it possible to fundamentally
reevaluate the previously valid views on the West Carpathian tectonic history in the Uppermost Neogene
and Quaternary. It has been pioved that the principal type of young differentiated tectonic movements
is gravitational tectonics. The reconstruction of the history of young gravitational tectonics allowed us to
assess its influence on the present-day state of the rock environment and to analyse regional regularities
in the development of geodynamic phenomena.

Introduction

In addition to the study and analysis of their properties, the state of rocks can be
recognized and their behaviour foretell by understanding the history (genesis) of rocks
and geological history in the investigated area.

The importance of studying rock genesis for the evaluation of rock state and
behaviour under the West Carpathian conditions was assessed in detail by Marura
(1969). He stresses the special role of the territory’s tectonic regime which directly
affects the evolution of geological structures, relief and its energy, evolution of cover
units and exposing of the substratum, stress conditions, hydrogeological conditions and
vertical climatic zoning.

Over time, technical practice has fully justified the application of this genetic
approach to the study of rocks. A lot of new data were accumulated since the date
of the publication of the above-mentioned work and therefore we feel it is appropriate
to synthetize them so that they agree with the latest conceptions of the West
Carpathian geotectonic history. We attempt to match these earlier data with the
evaluation of rocks and geodynamic phenomena as well.

RNDr. RUDOLF ONDRASIK, CSc., Department of Engineering Geology, Faculty of Natural Sciences,
Comenius University, Mlynskd dolina 1, 842 15 Bratislava
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Definition of terms

The term rock state designates lithologic composition, texture, water content in rocks
as well as their stress and properties in a certain time period. A particularly significant
role is played by their textural-structural characteristics controlled by the spatial
distribution of minerals, bedding, fissures, secondary changes such as weathering,
faulting etc., and structural bonds. For our purposes, structural bonds can be
classified, according to Osipov and Sokolov (in Sercevev et al., 1985), as loose,
coagulation, transient, crystallization-cementation and mixed.

Behaviour means changes in rock state over time, i. e. changes in their
composition, water content, stress and properties as well as strain of their structures
and movement. These changes may take place under constant conditions — in this case
they gradually come to an end, or they may happen under changing conditions and
then their evolution is complicated, changing over time.

Specific forms of rock behaviour are termed geological processes and the
resulting forms are designated as geological phenomena. If we are interested solely
in changes in the physical state of rocks, then we speak of geodynamic processes and
phenomena.

Relationship between the age of rocks and their properties

In the West Carpathians there occur diverse rocks ranging in age from the
Proterozoic to recent, which represents a time span of more than a thousand million
years. Unless subjected to retrograde alterations, rocks of the pre-Paleozoic units
(more than 250 m. y. old) are characterized by strong crystallization-cementation
bonds and rock character. Rocks of Mesozoic units (65 to 250 m. y.) are dominated
by strong crystallization-cementation bonds, but weaker transient and crystallization
bonds occur as well. In Cenozoic rocks (less than 65 m. y.), weaker bonds prevail
(transient, coagulation, mixed and loose). Strong crystallization-cementation bonds are
common only in flysch rocks, largely of sandstone character, and in effusive Neogene
volcanics. Similarly, in Cenozoic sedimentary units, the share of rocks with strong
bonds increases with their age, i. e. Paleogene units (65 to 24 m. y.) contain more
strong-bond rocks than Neogene ones (24 to 2 m. y.), the youngest Pliocene and
Quaternary units (less than 5 m. y.) contain almost exclusively rocks with weak bonds
(loose and mixed).

Massifs of solid rocks may also include layers of semirocks represented by clayey
and marly sediments with unstable bonds (coagulation and mixed) little resistant to
weathering. There also occur secondarily weakened zones of diverse genesis. They
include various discontinuities ranging from fissures to thick faults as well as
hydrothermally and pneumatolitically altered or weathered rocks.

The crucial evolutionary events for the assessment of weakened zones and
present-day stress fields in the West Carpathians, which significantly control the state
and behaviour of rock massifs, are the latest ones assigned into the neotectonic
evolution stage which ¢haped the modern relief.
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The formation of the modern West Carpathian relief commenced in the Upper
Badenian, i. €. some 15 m. y. ago. During the subsequent evolution, old geological
structures were significantly but irregularly reworked and new ones were formed in
the geological setting composed of young mountain systems. That is why structures
of different generations exist side by side or some tracts of geological setting contain
multi-generation structures overlapping each other. This fact is responsible for the
great diversity and inhomogeneity of the geological environment, which makes it
difficult to study it and therefore our information on the environment is unevenly
distributed and incomplete.

Main stages in the history of the West Carpathian geological structures

Review of opinions on the history of the West
Carpathian geological structures

The history of the West Carpathian geological structures includes several successive
stages of Alpine disturbances which also reworked pre-existing structures formed prior
to the Alpine cycle. Three principal stages of the Alpine cycle have been distinguished
(Anprusov, 1958, Maukei, 1986):

1. Paleoalpine stage — Upper Badenian to Middle Cretaceous. It was concluded
by folding of the Central West Carpathians and thrusting of Mesozoic nappes in the
Upper Cretaceous.

2. Mesoalpine stage — Upper Cretaceous to Lower Miocene, which was
concluded by folding of the Outer Flysch Belt and thrusting of flysch nappes.

3. Neoalpine (neotectonic) stage — Lower Miocene (Badenian) to Quaternary,
which started with intensive volcanic activity and vertical tectonic movements. The
tectonic movements of this stage were designated by some earlier authors as
germanotype tectonics. They gave rise to the present-day shape of the West
Carpathians composed of a mosaic of mountain ranges and basins (Luknig, 1964,
Mazir, 1964, 1965). Intermittent volcanism persisted until the Early Pleistocene.
Vertical tectonic movements continue till the present day and are characterized by an
overall uplift of the West Carpathians with notable differences in the movement of
individual blocks confined by faults.

In agreement with the new global tectonic conception, the whole evolution of the
West Carpathians is influenced by the approaching and collision of the African and
Eurasian plates (e. g. Horvaru—Rovpen, 1981). The Mesozoic geosynclinal development
in the end of the Paleoalpine stage (between the Turonian and Senonian, i. €. some
70 m. y. age) was followed by folding and thrusting of Mesozoic nappes. Maugi (1986)
explains the folding and thrusting in this period by double subduction from the
northwest under the northeastern edge of the Pannonian block and under the
northeastern margin of the southern Veporicum with a subsequent block collision.
Another subduction zone persisted until the next period in front of the northwestern

.and northern limits of the Fatro-Tatric segment. The nappe thrust lines trend

NE-SW. Folding and thrusting in the adjacent Eastern Alp area presumably advanced
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to the north (Crar, 1973 in De Jone—SchoLten, 1973), with a flysch geosyncline being
preserved in the foreground of the nappes.

In the Mesoalpine stage, the sedimentary area of the flysch geosyncline was
shortened as a result of oceanic-crust subduction beneath the Central West
Carpathians. The sedimentary area was subsequently folded and thrusted onto the
edge of the Eurasian platform.

Horvatui—Roypen (1981), Rovoen et al. (1982, 1988) assume that in the Upper
Cretaceous, i. e. prior to the beginning of the Mesoalpine stage, Adriatic tip of the
African plate collided with the edge of the Eurasian plate and consequently the
Pannonian-Carpathian block was laterally expelled to the east. This event was
accompanied by the subducton of the Eurasian plate towards the south and west,
gradual narrowing of the flysch sedimentary area and thrusting of flysch nappes onto
the Eurasian plate margin. The thrusting began in the Eastern Alps in the
Ottnangian—Eggenburgian (23 to 19 m. y.) and continued in the West Carpathians in
the beginning of the Karpatian (19 to 16.5 m. y.). The stage of lateral expulsion was
associated with heating of the upper mantle and lower crust as well as with the Lower
Miocene (22 to 15 m. y.) volcanism which persisted until the Quaternary. This was
followed by a diapiric uplift whose centre was situated in the Pannonian area and
which resulted in crust extension in the east-west direction in the Middle Miocene (17
to 12 m. y.). This period, corresponding to the end of the Mesoalpine and beginning
of the Neoalpine stage in the West Carpathian history, was also the period of
culminating volcanic activity. This stage of extension is designated by the above-
mentioned authors as the initial stage in the development of the Great Hungarian
Plain. In the Upper Miocene (12 to 5 m. y.) there was only local crust extension and
lithosphere cooling with subsequent subsidence which continued in the Great
Hungarian Plain until the Pliocene and Quaternary (5.0 to 0 m. y.). The thickness of
Pliocene sediments there attains as much as 510 m and that of the Quaternary is as
much as 690 m. The above authors refer to this evolution stage as thermal one. The
diapir uplift gave rise to tensile stress in the apex of the diapir arc which, with regard
to analogous situations elsewhere, has been estimated at 200 MPa. As a result, the
crust thinned above the apices of the diapir in its partial sections by up to 6 km. All
this period was also characterized by increased horizontal stress and horizontal
thrusting along a complex fault system forming full-apart depressions, such as the
Vienna Basin, as well as near-fault depressions. Thrusting of flysch onto the Eurasian
platform foreground continued as well. The thrusting in the northeastern part of the
Carpathian arc persisted until the Badenian (16.5 to 13.3 m. y.). At the northeastern
and eastern flanks of the East Carpathians, the thrusting went on until the Pannonian
(10.5 to 7.0 m. y.), and at the southeastern margin until the Pliocene to Pleistocene
(7.0 to 0.1 m. y.).

Barra (1982) links the arching of the West and East Carpathian arcs with strike-
slip displacements along transform faults through the Pannonian Lowland, the faults
trending SW—NE and bending northward into eastern Slovakia. The southeastern flank
was presumably displaced to the northeast along these faults. With the principal
direction of horizontal stress from the south to the north, the eastern tract of the
West Carpathians rotated anticlockwise and at the same time the West Carpathians
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were arched to the north. According to Balla, the rotation movement is indicated by
paleomagnetic measurements in neovolcanics. It started in the Hungarian
Zwischengebirge (Intramountains) in the Oligocene and ended in eastern Slovakia in
Middle Miocene.

Similar conceptions have also been put forward by some Slovak authors
(Pospidn—Vass, 1983, Kovac et al, 1989 etc.). Transform movements, of closely
unspecified age, presumably took place along a number of faults as is suggested on
a tectonic map of the Czechoslovak West Carpathians (Masxei et al, 1984). The
transversal movements are likely to have controlled the evolution of some basins in
the West Carpathians as well.

The diapir-uplift stage with the formation of depressions in the Pannonian area
and West Carpathian foreground was analysed by Cecu—Zeman (1984) and Cecu
(1988). The latter author views the formation of these depressions as polygenetic in
relation to stress. Nevertheless, he assumes that the role of transversal displacements
in the formation of depressions is overestimated by some authors and that vertical
movements were much more significant.

The above views, which are in accordance with a model of orogenic continnetal
evolution put forward by Meissner (1989), thoroughly resolve the problem of volcanism
migration and folding of the outer Flysch Belt advancing from the west to the east as
well as subsidence of the Pannonian depression central parts. However, they only
insufficiently deal with the question of relationship between horizontal and vertical
stresses in earth crust and their changes over time.

Analysis of West Carpathian geological structures with regard to the evolution of
geodynamic processes

Reconstruction of stress state of rock setting

Our reconstruction of the stress history of the rock setting is based on the premise
that the stress in the initial stages corresponds to gravitational field whose maximum-
stress axis ¢, and g, are horizontal, they correspond to lithostatic load in quiescence
and deviations from this state are associated with tectonic stresses and changes in
lithostatic load. There is evidence suggesting that the West Carpathian stress field
changed over time due to changing lithostatic load and tectonic pressures.

No extreme values of recent stresses have been noted in near-surface environ-
ment of the Slovak West Carpathians. Increasing horizontal stresses, exceeding values
derived from their depth below surface and deformation properties, have been noted
in basins, e. g. in the Bénovsk4 kotlina Basin where Paleogene sediments display
stresses 0.4—0.6 MPa (Menct, 1988). Minor volumes of Paleogene flyschoid rocks
thrust onto young Pleistocene fluvial deposits in the Tur&ianska kotlina Basin (Ziruga,
1964) and horizontal calcite-filled fissures in near-surface levels of Neogene sediments
in the Moldavsk4 kotlina Basin (Ne$vara—Onpra3ik, 1978) provide indirect evidence
of increased horizontal stresses.
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Horizontal stresses are commonly reduced above the division plane of landslides
and increased in their accumulation portion as was noted by Fusscincer—Japror
(1977). A similar state may be expected in the upper and foothill tracts of steep slopes
devoid of landslides. Furthermore, the principal stress axes on the slopes deviate from
the vertical and horizontal levels (Goopman, 1980). The axes, however, may deviate
also for reasons other than the presence of steep slopes, mostly in the vicinity of
discontinuities, underground hollows and near the contact of two geological bodies or
as a result of regional tectonic stresses. Tectonic stresses cause thrusting and
displacements. Regionali tensile stresses give rise to normal faults as well as diverse
manifestations of gravitational tectonics and related geodynamic phenomena. It has
turned out that abundant slope failures in the Slovak Carpathians are associated with
gravitational tectonics.

A significant role in the development of rock stresses is played by groundwater
pore pressure. The effect of groundwaters on stress fields and rock deformations has
not yet been sufficiently investigated.

The analysis of the West Carpathian history suggests that increased horizontal
stresses of regional scale can be expected in Paleo- and Mesoalpine evolution stages
of the West Carpathians. Their role in the formation of zones of weakness can best
be studied in crystalline rocks which were not subjected to such an intensive folding
as sedimentary rocks. Nevertheless, also in the case of crystalline rocks we must be
very careful in making conclusions because crystalline massifs emerged from depth in
different time periods of orogenic history (KrAL in Kraus, 1989) and underwent diverse
evolution even during the latest stages. Individual parts of the massifs were signific-
antly affected by local stress fields which may have been quite different from regional
ones.

Horizontal stresses culminated in the Upper Cretaceous at a time when
Mesozoic nappes were being thrust in the Central West Carpathians along
ENE—-WSW trending thrust lines. The maximum main stresses of tectonic forces were
perpendicular, i. e. their direction was NNW—SSE. This direction of the maximum
main stresses controls the existence of numerous high-angle to vertical faults and
fissure systems trending roughly N-S and NW-SE, i. e. in the direction of assumed
maximum shear stress. Scueeccer (1982) supports this assumption by prevailing
directions of Central European basins in the pre-Tertiary times which follow fault
zones of displacements. These directions occur on the Inner West Carpathian territory
as well (Fig. 1). The author analysed them in detail as part of a territory evaluation
for projected hydroelectric power plants and for assessment of construction en-
gineering-geological conditions in several regions of Slovakia (OnpraASik, 1988, ONDrASIK
et al.,, 1987, 1990).

Any reconstruction of geotectonic history of geological structures requires good
knowledge of the behaviour of the least resistant members, i. e. those whose rock
state undergoes the most substantial changes in response to changing conditions.
These are usually rocks with the relatively weakest structural bonds. To understand
the behaviour of rock units of different hierarchic levels, it is necessary to know the
properties of their rocks with the relatively weakest structural bonds and their position
within a higher geological unit. To achieve this, all available data on the geological
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structure of the territory concerned and its lithostratigraphic and/or geotectonic units
should be employed. This allows to estimate weak components in the rock environ-
ment of each studied area and to prognose their response to technical activity. This
knowledge is particularly useful in sedimentary formations. A more complicated
pattern characterizes crystalline units which contain rock types with weak bonds, such
as phyllites, mica schists, biotite gneisses etc., as well as various dislocations and
hydrothermally degraded zones whose distribution is largely irregular. In this case,
geomorphic criteria can successfully be used. E. g. our application of geomorphic
criteria in granitoid massifs was based on the following premises (Onpra%ik, 1985): 1.
erosion has selective character and is preferentially bound to zones pre-weakened by
faulting, 2. selective erosion is supported by contemporaneous differentiated
movements along faults, 3. sunken blocks accumulate cover units and, on older relief

Fig. 1 Rosc diagram showing relative share of lengths and directions of straight stretches of valleys in
the western Slovenské rudohoriec Mts.
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elements, also fairly thick eluvium, 4. on elevated blocks, slightly weathered rock
substratum is exposed on the surface, 5. fault dislocations have a zonal character and
their strike is parallel with dominant fissure systems, 6. general strike of a higher-
order fault dislocation need not necessarily be identical with those of individual lower-
order fault dislocations in all its parts, 7. fault dislocations displaying contemporaneous
tectonic activity are associated with slope failures disturbing pre-Quaternary
substratum, 8. recent differentiated movements are reflected in the shape of valleys
and stream gradients.

Data obtained by studies of geological structures suggest that gravitational
movements of the earth crust upper portions along inclined discontinuity planes, weak
and weakened zones are associated with its vertical tectonic movements. Such
discontinuity planes and zones of weakness include e. g. subduction sutures and nappe
thrust zones as well as plastic zones and discontinuities of diverse dimensions and
genesis. Fairly extensive plastic zones in the earth crust presumably exist at depths
ranging from 10 to 20 km. Their existence is indicated by zones of reduced seismic
velocities (Stewarr, 1971, Anperson et al., 1983) as was also proved by a more than 10
km deep drillhole situated in Kola Peninsula (Nikoravevskry, 1987).

GavriLenko and Guecuex (1989) associate the existence of the plastic lower layer
of the crust with liquids enclosed in nearly horizontal, vertically isolated discontinu-
ities. Compressed liquids in the closed discontinuities cannot be expelled into lower-
pressure areas and therefore high neutral stresses build up corresponding to the
lithostatic load of the overlying rocks. As a result, even crystalline rocks with strong
crystallization-cementation bonds behave like viscose-plastic materials. The model put
forward by us assumes the presence of the discontinuous discontinuities with enclosed

B) Extension

Fig. 2 Schematic relationship between thrust zones and faults in contraction period (A) and extension
period (B) through faults (after DALY, 1988).
a — thrust and fold zone, b — system of horsts and depressions, S — shear zone widening with depth
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liquids at depths of 10—32 km, the majority of occurrences lying at a depth of 17 km.
To depths of 10-15 km there prevail vertically continuous discontinuities allowing
expulsion of liquids from high-pressure zones to lower-pressure ones or eventually to
the surface in the form of so called juvenile waters or gases. The upper layers of the
crust generally behave like a brittle material although there occur plastic beds or even
whole formations.

In the plastic zone, changing stresses result in continuous extension or shortening,
whereas the overlying levels undergo brittle deformations. Some authors (e. g.
Anperson et al., 1983, Nixoravevskiy, 1987) assume the existence of arched (listric)
faults in the upper levels of the earth crust. The faults are steeply dipping in the
upper levels but at depth their dip gradually decreases. Some others suppose
dissection by even faults of "domino-like" distribution.

Notable changes in stress in the upper levels of the earth crust are associated
with movements of the lithosphere and upper mantle. These take place e. g. by
subduction, block collision as well as anticlinal and synclinal warping as was noted e.
g. by Stewarr (1971), and Anperson et al. (1983).

The changing stress results in gravitational movements along inclined discontinu-
ity zones. Such zones mostly include zones of old thrusting dating from the period of
horizontal tectonic pressures, as is suggested e. g. by Dawy (1988, Fig. 2). In places
where directions of the maximum horizontal stresses from the foregoing stage are not
identical with modern direction of pressure releasing, we assume movements along
pre-existing planes combined with movements along newly formed creep zones and
discontinuity planes. This increases the irregularity of movements in space which may
include relative displacements along faults parallel or nearly parallel with the direction
of the movement.

The movements in the upper levels of the earth crust are also partly caused by
lunar movements and seismic tremours. A significant role is also played by neutral
stresses of pore solutions at contacts between aquifers and overlying aquicludes.

The gravitational movements of large earth-crust sections are very slow and
irregular, with a pulsative character of moving areas of releasing and concentration
of stress as well as movements. The stages of a sudded acceleration of the movement
with subsequent releasing of stresses is likely to be linked with earthquake foci.

The existence of such discontinuity zones dipping from the Outer West
Carpathians towards the Pannonian Basin as well as the existence of listric faults are
indicated by refraction seismic profiles across the West Carpathian region (Rovoex,
1988, Tomex et al., 1989). The shortening of the Carpathian area in the early stages
of history probable caused thrusting along these zones. Because of predominant crust
extension in the West Carpathian region, downward movements probably take place
along these discontiuity zones in the neotectonic stage.

Dynamics of basin evolution

The evolution of depressions and horsts with manifestations of block tilting is related
to movements along inclined discontinuity planes and sinking along listric faults.
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During the sinking along listric faults, the movement vector is controlled by their
deep-scated relatively flatly dipping section, as is illustrated in Fig. 3. In the near-
surface levels, the original maximum stress o, prior to the movement was vertical and
the two others were horizontal (Fig. 3a). The movement, however, results in the
reduction of horizontal siresses (relative tensile stresses) and/or formation of absolute
tensile stresses (Fig. 3b), a process which increases the difference between the main
maximum stress 0, and main minimum stress ¢, as well as increases tangential
stresses. The induced change in the stresses gives rise to rock strain and deviation of
the main axes of stresses as is schematically illustrated in Fig. 3c. In the direction of
maximum tangential stresses, shear planes begin to form and near-fault deformations
develop in the form of partial normal faults or schistosity or dragging reworking and

a b

T I T I I T T T T T, vorrd

Fig. 3 Scheme showing evolution of a listric fault (after ONDRASIK, 1988)

a — distribution of stresses in the initial state in an undisturbed geological setting, b — magnitude of
displacements along listric fault in individual sections at movement vector 1 without rock strain, ¢ — rock
strain in near-fault zone. d — resulting situation on listric fault: 1 — sedimentarv filling of near-fault
depression, 2 - - original surface layer, 3 — listric fault, 4 — partial fault dislocations in the zone of near-
fault deformations, 5 — schistosity, cleavage and plastic rock strain
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cleavage (Fig. 3c). These ncar-fault deformations begin to develop as soon as
horizontal stresses decline and therefore a loosened space in the upper section of the
listric fault as is illustrated in Fig. 3b will in fact never be formed. It will only give rise
to temporary fracturing or formation of open fissures and crevices which may act as
routes of percolating water with colloids as well as clayey, sandy and gravelly fraction
from the surrounding rocks or from the surface. The situation gradually becomes
consolidated and earlier fracturing is only indicated by clayey and loamy fissure
fillings. This process is particularly evident in crystalline rocks, as was proved by
exploration works as well (Matys—Onpra3ik, 1991, OnpraSik et al., 1987).

The near-fault deformations develop irregularly and so the course of the main
fault is mostly complicated. If its dip is steep and vertical differences are substantial,
the main fault affected by partial near-fault deformations may become crooked as
shown in Fig. 3d. The shape of the main fault is largely even more complicated. Its
formation is also accompanied by movements along pre-existing discontinuities which
were founded at different stress ficlds and therefore the course of the faults need not

-
e~

B L
2
1

Fig. 4 Two kinds of near-fault deformations noted in crystalline unit near the upper Ipel River

A — asymmetric near-fault deformation developed either along lower-order fault dislocations (on ground
plan 1) or along newly formed dislocations and has the character of division plane of a landslide (on
ground plan 2) or the so called "corner effect” takes place by the intersection of two faults (on ground
plan 3), B — symmetric near-fault deformation controlling the course of a valley (on ground plan 4) or
passes across mountain ridges (on ground plan 5)
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necessarily be identical with the maximum tangential stresses reached throughout the
history of the listric fault concerned. The main movement may also shift from the
original main fault to marginal, more flatlying faults which previously had the charac-
ter of near-fault deformations. A wide zone of rocks is eventually intensively fractured
and faulted.

Depression formed on the inner side of a listric fault is further shaped by erosion
or is filled with sediments. Deformations disturb slopes formed in this manner and,
on foothills or even in marginal parts of basinal filling, main stresses deviate and
horizontal stresses build up as shown in Fig. 3d.

Some types of near-fault deformations, as were observed in a granitoid massif
near the upper tract of the Ipel River, are illustrated in Fig. 4 (Onpra3ix et al., 1987).
Results of theoretical and experimental solutions concerning the evolution of a fault
zone and gradients of vertical movement component in a sedimentary cover above
faulted basement are given by Gricorev et al. (1987).

Deep-seated fault zones connect isolated aquifers and act as routes for ascending
solutions and gases, frequently aggressive ones, from deep structures. Near the
surface, these are contaminated with waters of vadose origin. Water circulating along
fault zones is aften hot and dissolves fine fractions of tectonically fractured rocks
giving rise to clay minerals as is the case in up to 2 m-thick clay layers amidst
crystalline rocks encountered by an explorarory adit for the Ipel hydroelectric power
plant (Onpra3ik et al., 1987). The in-situ-altered clay material can sometimes hardly
be distinguished from clay washed into the fissure from the surrounding. When the
movements come to an end, the loose fractured material gradually becomes
consolidated. Open-space fissure zones become routes of groundwater circulation. In
contrast, clay-filled zones act as impermeable barriers to fissure waters. E. g. such a
water-bearing dislocation was intersected by a hole drilled in a side above Satov
quarry as part of the exploration for Sttovo hydroelectric power plant in the
Krivéiiska Mal4 Fatra Mts. The dislocation dips at 70°. Several drillholes up to 80 m
deep intersected a number of water-bearing horizons with substantial free overflow.
E. g a horizon intersected by drillhole J-5 at a depth of 9 m yielded 111 1/s. Water
levels in the individual drillholes influenced each other, and water from a brook above
the drillholes disappeared (Pora3kova, 1967).

The faults themselves represent a broad zone of complex structure and
manifestations of partial movements. They are overlain by plastic sediments which
adapt themselves to these partial movements in the substratum by plastic deformations
whereas competent layers amidst them are boudinaged. The process is accompanied
by their tilting as was the case with Mal4 Fatra fault near Lipovec (OnoraZix, 1988).

Neotectonic movements as a regional factor controlling the formation and evolution
of modern geodynamic processes in the Slovak Carpathians

Gravitational tectonics disturbs large tracts of the earth crust. The movements are
triggered by any deviation from dynamic equilibrium. Nowadays, the dynamic
equilibrium in the West Carpathian earth crust is regionally disturbed by differentiated
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vertical movements between the relatively subsiding Pannonian depression and raising
Outer West Carpathians. The subsidence of the former is suggested by Quaternary
sediments accumulated in the Pannonian Basin. On the other hand, the uplift in
mountain ranges of the Inner as well as Outer West Carpathians is indicated by
increased levelled Neogene surfaces and Quaternary terrace horizons. A map of
tendency to young vertical movements, corresponding to Moho discontinuity dips (Fig.
5), was compiled by Mazir and Kvrxowi¢ (in Buzxovsky, 1986) on the basis of an
analysis of thicknesses of Late Neogene and Quaternary deposists and relative
differences in altitudes of levelled surfaces. Stress released in the roof of the arches
and gravitational pressure parallel with Moho-discontinuity dips give rise to opposite
movements in the upper and lower levels of the crust. In the lower crust levels we
assume movements in the direction of Moho-discontinuity dip, i. e. from the
Pannonian depression towards the Outer Carpathians, whereas movement in the upper
crust levels is opposite, i. €. from the Outer Carpathians to the Pannonian depression.
It has not yet been cleared up whether the releasing of stresses in the diapir roof in
the Pannonian depression is associated exclusively with its uplift or whether, as a
result of cooling of partially melted material in the roof of the diapir, its volume
diminishes and the overlying crust in the arch roof subsequently subsides and adjacent

20 40 60km

Fig. 5 Neotectonic displacements on the Slovak territory (after MAZUR—KVITKOVIE in BLIZKOVSKY, 1986).
Vertical displacements of the i2v:lled Upper Badenian surface are given in meires

1 — deeper than -3000 m, 2-——from-150010-3000m,3——from0to-1500m,4—-—fmm0to900m,
5 — from 900 to 1500 m, 6 — more than 1500 m, 7 — Moho-discontinuity dip (after NovoTNY in
BLIZKOVSKY, 1986)
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Fig. 7 Schematic kinematic model illustrating evolution of the Turtianska kotlina Basin along geophysical

profile K III (after ONDRASIK, 1988)
C — crystalline unit, M — Mesozoic and Paleogene, N — Neogene, arrows mark direction of movement
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tracts of the Inner West Carpathians move along inclined discontinuity planes. A
scheme of the gravitational movements in the upper crust levels across the West
Carpathians compiled on the basis of a geophysical section is shown in Fig. 6.

Gravitational movements were even more distinct above partial arched elevations
of the upper mantle as is illustrated by schemes in Fig. 7 and 8 based on geological
maps (Mauei, 1964), geophysical profile K-III (Beranex et al., 1979) and geological
sections by Bupay (1961), Anprusov and Kurhan (1944) in the Mald Fatra and
Turdianska kotlina areas. i

According to Korecky (1972), the uplift in the West Carpathians since the Upper
Badenian (some 15 m. y.) totalled 800 m (i. . about 0.05 mm/yr) in the Outer Flysch
Belt, 1600—2000 m (i. e. about 0.1-0.13 mm/yr) in the Vysoké Tatry Mts., whereas
the Danube Lowland subsided by as much as 5000 m (i. e. about 0.33 mm/yr). Hanzer
et al. (1984) state that the uplift of the Vysoké Tatry Mits. relative to the Liptovska
and Popradsk4 kotlina Basins took place mostly since the Pannonian times, i. €. in the
last 10 m.y., which indicates an annual rate of 0.16 to 0.2 mm. The thickness of
Quaternary deposits (as much as over 400 m) on the subsiding block makes it possible
to infer the subsidence rate in the Quaternary amounting to 0.5 mm/yr.

Relative vertical displacement between the Mal4 Fatra Mts. and Turcianska
kotlina Basin attained 1600—2000 m which, over the last 15 m. y., corresponds to
0.06—0.35 mm/yr (OnprASIK, 1985).

The rate of these movements varies greatly over time and that is why different
time periods display different subsidence or uplift even in the same area. The
movement rate changing over time is suggested by the results of repeated measure-
ments and resulting interpretation of vertical movements on maps of different time
periods. The differentiated movements along faults are likely to be related to seismic
tremours whose hypocentres in the West Carpathian territory largely lie at depths
below 10 km, their magnitude attains 6.5 Magnitudo and take place once in 200—400
years (Zarorex, 1979).

The diapiric uplift of the Carpathians, whose centre lay in the Pannonian Basin,
and a partial anticlinal uplift at the margin of the Inner West Carpathians along the
Peripieninic lineament resulted in irregular spreading of the earth-crust upper levels
and their faulting into a block mossic composed of horsts and basins. The outer
margin of the Central West Carpathians in thus lined with asymmetric horsts inclined
to the north and asymmetric basins. The horsts and basins are often arranged to form
irregular anticlinoria and synclinoria. Such horsts include the Malé Karpaty, Mala
Fatra, Cho¢ and Vysoké Tatry Mts. whereas Turé¢ianska kotlina and Liptovska kotlina
are examples of asymmetric basins. Horsts with sedimentary envelope are inclined
towards the outer side of the Carpathian arc. In the most elevated areas, the
sedimentary cover was removed by Late Neogene erosion and the crystalline core was
exposed on the surface. Horsts on the inner side of the Carpathian arc confined by
steeply dipping faults (Fig. 6, 7, 8) which locally separate crystalline rocks from the
Paleogene and/or even Neogene filling of the depressions. This contact is frequently
covered with enormous proluvial deposists. Similar horsts, but with different tilting,
occur in the other core mountains. Understanding the mechanism of their evolution
makes it possible to understand regional principles which gave rise to irregularities in
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the geological structure and related slope failures as well as further geodynamic
processes.

Gravitational movements of large structures in the earth crust significantly
control the evolution of smaller structural units in near-surface horizons of the earth
crust. Local elevations in horsts are responsible for the formation of transversal de-
pressions and passes cutting mountain ranges. Lama& pass in the Malé Karpaty and
Stre¢no pass in the Mal4 Fatra are good examples of this. In the latter, the process
probably also involved torsion stresses due to different tectonic regimes in the
Lac¢ansk4 and Krivanska Mal4 Fatra (Fig. 7, 8). Pre-existing depressions and grabens
evolved further as well. As shown in Fig. 9, the rate of Neogene deposition suggests
that the subsidence started in the Ipelskd kotlina Basin and later it spread into
marginal depressions. Deposition in the Inner Carpathian depressions and partial
depressions of the Danube Basin began and evolved gradually in different periods in
the end of the Lower and during the Upper Miocene. In some basins, Neogene
sediments were completely eroded away or only their remnants were preserved.

Faults separating a horst from a depression cause abrupt changes in stream long
profiles. The elevated block is subjected to erosion whereas the sunken block is a
suitable place for the deposition of voluminous alluvial fans (Fig. 8) which are
sometimes joined together to form a continuous belt of foothill proluvia and alluvial
fans of several generations. The thickness of proluvia at Mal4 Fatra foothills and in
Turéianska kotlina attains as much as 34 m (FusscAncer—Jabror, 1975) and in the
upper Ipel valley 35 m (Marescek, 1985). Deluvial and glacial sediments at the foothills
of the Vysoké Tatry Mts. adjoining the Liptovsk4 and Popradsk4 kotlina basins attain
as much as 400 m in thickness (HanzeL et al., 1984).

In addition to accumulations of cover units, relatively sunken blocks may also
contain preserved thick eluvia (up to 1020 m thick in the West Carpathians) which
are sometimes buried beneath younger sediments. In contrast, relatively elevated
blocks undergo erosion of the weathered surface and, as a result, weathered or fresh
rocks are exposed on the surface. Thick eluvia have been preserved even on the tops
of mountain ridges in fractured zones above listric faults as is the case e. g. in the
sunken fractured part of the Velkd Lika massif in the La¢anskd Mal4d Fatra
(OnprASIK, et al., 1990). The thickness of intensively weathered rocks here is up to
20 m (Satacova, 1983).

Fig. 8 Schematic sections of different hierarchic levels (ONDRAZIK, 1989)

A — Kinematic model of the evolution of the Turfianska kotlina Basin, K — crystalline unit, M —
Mesozoic, P — Paleogene, B — Schematic section of northern slopes of the Velkd Fatra Mts. and
Turéianska kotlina Basin, 1 — crystalline unit, Envelope unit: 2 — Mesozoic sandstones, claystones and
carbonates, 3 — thrust zone, KriZna nappe: 4 — Middle Triassic limestones and dolomites, 5 — claystone
and maristone formation of the Carpathian Keuper; Inner Carpathian Paleogene: 6 — claystones,
sandstones and conglomerates; Quaternary: 7 — fluvial gravelly sediments, 8 — gravels and loams of
proluvial alluvial fans, 9 — landslides. C — Section of a landslide slope near Turany. 6 to 9 as in section
B, 10 — marly clays, presumably Neogene to Early Quaternary
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Fig. 10 Schematic section of slope failure in Mesozoic sediments in the vicinity of a listric fault on the
northern slopes of the Velkd Fatra Mts.

KriZna unit: Triassic: dT, — dolomites, T, — claystones, marlstones interlayered with dolomites and
sandstones, T—T — limestones; Jurassic: J, — claystones, marlstones, J, , — limestones, J,, , — marly
limestones; Cretaceous: K, — marly limestones intercalated with marlstones, K;, — marlstones,
sandstones. Cho¢ unit: Triassic: T, ;, — dolomites. Arrows mark direction of movement
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Fig. 11 Schematic section of slope failure in Mesozoic sediments on northern slopes of the Velka Fatra
Mits.

Krizna unit: Triassic: T, ; — dolomites, T, — claystones, marlstones interlayered with dolomites and
sandstones, T-J — limestones; Jurassic: J,, — claystones, marlstones interlayered with limestones, T —
limestones, J, ; — limestones. Quaternary: d., — deluvial sediments. Arrows mark direction of movements
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Tectonic depressions are lined with slope failures associated directly with
differentiated movements along faults (Fig. 10). If plastic formations were reached by
erosion there starts a slow downslope movement towards the centre of depression
accompanied by landslides in the frontal sections (Fig. 11). The downslope movement
mostly takes advantage of pre-existing discontinuity planes such as nappe thrust lines,
bedding planes or has the form of a viscous-plastic flow of clayey and marly
formations carrying also overlying rigid complexes. Fig. 12 exemplifies different types
of downslope movements on opposite flanks of a fault in monoclinal flysch complexes.

\\ iy
| 0 02 04 06 08 1km é' >

Fig. 12 Section of slope failures on slopes of a fault valley in the Skorudinské vrchy Mts. in the Outer
Flysch Belt (KOVACIK—ONDRASIK, 1989)

Flysch complex (Paleogene): 1 — thick-bedded sandstones intercalated with claystones, 2 —
claystone—sandstone formation. Slope failures: 3 — planar creep of sandstones along claystone
intercalations, 4 — landslide across beds along a rotation shear zone

The gravitational movements of rock masses from elevated structures to adjacent
depressions causes relative tensile stresses with fracturing in the upper parts of the
elevated structures and increased horizontal stresses in their lower parts and in
adjacent depressions (Fig. 10, 11). This is exemplified by the elevation of the Vt4¢nik
Mts. where downslope movements towards a nearby depression damaged a coal shaft
in Neogene sediments of the Handlova brown-coal field at a depth of more than
300 m (Zirusa—Menct, 1987).

172



Young, mostly unconsolidated sediments accumulate in basins and depressions.
If the water table in them is lowered, they start to consolidate and subside. In
construction pits and cuts and sometimes also in streambanks, suffosion and liquid
sands may occur. Aeolian sands sensitive to winnowing and loesses likely to compact
and subside piled up on the periphery of basins and lowlands during the Pleistocene.
Local depressions in basins and lowlands frequently contain marches such as Jursky
Str and peat bogs in Zhorie at Malé Karpaty foothills. Fine-grained, poorly
permeable sediments are laid down in the subsiding flooded areas and therefore their
substratum contains aquifers with confined groundwater level. The existence of these
confined groundwaters makes it very difficult to dewater such water-logged sites, the
most serious problems of this kind being encountered in the Eastern Slovakian
Lowland. Local marshes of mountain peat-bog character also occur in depressions on
flat water divides as a result of eluvial colmatage e. g. in the Li¢ansk4d Mal4 Fatra
(Orprasik et al., 1990).

Fault zones in carbonate complexes give rise to distinct manifestations of surface
as well as underground karst phenomena. Faults also connect individual carbonate
formations separated from each other by layers of sediments resistant to karstification,
which rendered it impossible to construct dams in a number of otherwise suitable
valleys underlain by Mesozoic carbonate formations (Nesvara, 1970, Sarix, 1982). Fault
zones also give rise to linear surface and underground karst phenomena in otherwise
poorly permeable silicified limestones and dolomites as is the case below the dam of
the upper reservoir of the Cierny V4h hydroelectric power station (Nevicky, 1980).

Conclusion

The knowledge of the geological structure of the West Carpathians as well as their
individual parts and reconstructions of their neotectonic history have been useful in
a number of cases, particularly in locating exploration works and interpretation of
exploration results. They can also be successfully employed in evaluating and
prognosing slope failures as well as further geodynamic phenomena, which is
exemplified by several cases. It is therefore desirable to proceed in this study of the
geological setting and pay attention to weak and weakened zones not only in projects
of regional character but also in exploration for concrete structures.

References

ANDERSON, R. E.—Z0BACK, M. L.—THoMPsON, G. A., 1983: Implication of selected subsurface data
on the structural form and evolution of some basins in the Northern Basin. Bull. Geol. Soc. Amer.
(New York), 94, 1055—1072.

ANDRuUsoV, D., 1958: Geoldgia Ceskoslovcnskjch Karpét, I, Bratislava, Veda. Vyd. Slov. Akad. Vied, 303.

ANDRUsOV, D.—KUTHAN, M., 1944: Vysvetlivky ku geologickej mape Slovenska, list Zilina (4361/2). Préce
8t. geol. Ust., (Bratislava), 10, 196 s.

BALLA, Z,, 1982: Ranne alpijskaya geodinamika Karpato-panonskovo regiona. Doklady 27. MeZd. geol.
kongr. Tektonika (Moskva), 7, 63—73.

173



BERANEK, B.—LEZKO, B—MAYEROVA, M., 1979: Interpretation of seismic measurements along the
Trans-Carpathian profile K III. Geodynamic investigations Czechoslovakia. Final report. Bratislava,
Veda, Vyd. Slov. Akad. Vied, 193—200.

BLIZKOVSKY, M., 1986: Geofyzikdlni model litosféry. Zivereén4 zpréva dkolu OFTR — CGU ¢&. 82-160
za obdobi 1982—1985. Geofyz. tst. CSAV, Manuskript — archiv Geofyzika, n. p. Brno.

BUDAY, T., 1962: Neogén Turtianskej kotliny. Zbor. UUH, 27, 475—502.

Cech, F.—ZEMAN, J., 1984: Genéza a dynamika mezihorskych pénvi v alpinsky mobilnej Eurépe. Z4pad.
Karpaty, Sér. Geol. (Bratislava), 10, 67—107.

CecH, F., 1988: Dynamics of Neogene Carpathian basins in relation to deep structure, crustal type and
fuel deposits. Zipad. Karpaty, Sér. Geol. (Bratislava), 12, 121—2%4.

DALy, M. C,, 1988: Crustal shear zones in Central Africa: a kinematic approach to Proterozoic tektonics.
Episodes (Ottawa), 11, 1, 5—11. '

DE JonG, K. A.—ScHOLTEN, R., 1973: Gravity and tectonics. New York, Willey, 502.

FussGANGER, E—JADRON, D., 1975: Turany — prieskum zosunu. Ziver. spr. Manuskript — archiv
IGHP, n. p. Zilina.

FussGANGER, E—JADRON, D., 1977: Engineering geological investigation of the Okoli¢né landslide using
measurement of stresses existing in soil mass. Bull. IAEG, 16, 203—209.

GAVRILENKO, P.—GUEGUEN, Y., 1989: Percolation in the crust. Terra nova, 1, 1, 63—&63.

GoobpmaN, R E., 1980: Introduction to rock mechanics. New York, John Wiley & Sons.

GRIGORIEV, A. 8., 1987: Voprosy interpretacii sovremennych dviZenij zemnoj poverchnosti, obusloviennych
dviZeniami fundamenta osadolnogo d&echla. In Sovremennyje dviZenija zemnoj kory (Moskva),
Nauka, 7-—16.

HANZEL, V.—GAZDA, S.—VASKOVSKY, 1, 1984: Hydrogeoldgia juZnej &asti Vysokych Tatier a ich pred-
polia. Zipad. Karpaty, Sér. Hydrogeol. inZ. Geol. (Bratislava), 5, 206.

HorvATH, F.—ROZDEN, L., 1981: Mechanism of the formation of the Intra-Carpathian basins: a review.
Earth Evolution Sciences. 3—4, 307—316.

KOPECKY, A., 1972: Hlavni rysy neotektoniky Ceskoslovenska. Sbor. geol. V&d, R. A. (Praha), 6, 77—155.

KovA¢, M.—KRYSTEK, L.—Vass, D., 1989: Vznik, zAnik a migracia sedimentaénych priestorov Zapadngch

" Karpét v neogéne. Geol. Price, Spr. (Bratislava), 88, 45—88.

KOVACIK, M.—ONDRASIK, R., 1989: The effect of Quaternary uplift on the stability of slopes in the central
part of the Skorudinské vrchy mountains, in the Carpathians. Quaternary Engineering Geology.
Preprints of papers for the Engineering Group of the Geological Society. Heriot-Watt University
10—14 Sept., 599—606.

KRAL, J., 1982: Dating of young tectonic movements and distribution of uranium in apatite of granitoid
and metamorphosed crystalline rocks of the West Carpathians. Geol. Zbor. Geol. carpath. (Bra-
tislava), 33, 5, 663—664.

KRraus, 1., 1989: Kaoliny a kaolinové ily Zipadnych Karpit. Z4pad. Karpaty, Sér. Mineral. Petrogr. Geo-
chém. Metalogen. (Bratislava), 13, 287.

Luknig, M., 1964: Pozostatky starSich povrchov zarovnévania reliéfu v éeskoslovenskgch Karpatoch. Géogr.
Cas. (Bratislava), Cas. Slov. Akad. Vied, 16, 3, 289—298.

MAHEL, M., 1986: Geologick4 stavba Ceskoslovenskych Karpét 1. Bratislava, Veda, Vyd. Slov. Akad.
Vied, 8—70.

MAHEL, M., 1964: Vysvetlivky k prehfadnej geologickej mape CSSR, list Banské Bystrica. Bratislava, Ust.
Ust. geol., 270 s.

MAHEI, M.—Igonm, O.—MALKOVSKY, M., 1984: Tektonické mapa CSSR 1:500 000. Bratislava, Geol.
Ust. D. Stira.

MATEICEK, A., 1985: PVE Ipel — prehfadné sprava. Manuskript — archiv IGHP, n. p. Zilina.

MATEICEK, A., 1985: Vsledky inZinierskogeologického prieskumu na lokalite PVE Ipel. In: Zbornik pred-
né4$ok InZinierska geolégia a energetické vystavba. (Brno). CSVTS, Dim tech., 35—43.

MATuULA, M., 1969: Regional Geology of Czechoslovak Carpathians. Bratislava, Slov. Akad. Vied, 225.

MATYS, M.—ONDRASIK, R. Foundation of a bridge over the Danube river in Bratislava (Czechoslovakia)
in faulted granitoids. Bull. IAEG, 43, 69—73.

MAZUR, E., 1964: Intermountain Basins and characteristic element in the relief of Slovakia. Geogr. Cas.
(Bratislava), Slov. Akad. Vied, 16, 2, 105—126.

174




MAzUR, E., 1965: Major features of the West Carpathians in Slovakia as result of young tectonic
movements. Geomorphological Problems of Carpathians (Bratislava), Slov. Akad. Vied, 9—53.

MENCL, V., 1988: Mechanika zemin a zakladanie stavieb. Manuskript — archiv IGHP, n. p. Zilina.

MEISSNER, R., 1989: Rupture, creep, lamelae and crocodiles: happenings in the continental crust. Terra
nova, 1, 1, 17—28.

NEMCOK, A., 1977: Geological-tectonical structures — an essential conditions for genesis and evolution
of slope movement. Bull. IAEG, 16, 127—130.

NEMCOK, A., 1982: Zosuvy v Slovenskych Karpatoch. Bratislava, VEDA, Vyd. Slov. Akad. Vied, 318 s.

NESVARA, J.,, 1970: InZinierskogeologickd typizdcia a rajonizicia krasu na Slovensku. Manuskript —
Geofond, Bratislava.

NESVARA, J.—ONDRASIK, R., 1978: Weathering crusts in the Czechoslovakia mountaineous areas. Proc.
IIL. Inter. congr. IAEG, 4—38 sept. 1978, Madrid, Sec. I vol. 1, 72—76.

NEvickY, V., 1980: Krasové dutiny pod horou nédrfou preferpévacej vodnej nidrie Cierny Vih.
Miner. slov. (SpiSskd Nové Ves), 12, 4, 343—350.

NikoLAJEVsKU, V. N., 1987: Volnovody zemnoj kory. Priroda (Martin), 7, 54—60.

ONDRASIK, R., 1985: Vplyv neotektonickych pohybov na vystavbu vodnych diel v Streénianskom prelome.
Miner. slov. (SpiSskd Nové Ves), 17, 5, 466—470.

ONDRASIK, R—WAGNER, P.—MATEICEK, A., 1986: PoutZitie 3truktirnych modelov pre hodnotenie
nerovnorodosti horninovych masivov. Zbor. ref. Progresivne smery v inZinierskogeologickom
vyskume (Bratislava), 31—42.

ONDRASIK, R—WAGNER, P—MATEICEK, A., 1987: InZinierskogeologické aspekty zlomovych porich
v granitoidnom masive PVE Ipel. Zbor. ref. z konfer. (Brno), 49—54.

ONDRASIK, R—HOVORKA, D.—MATEICEK, A., 1987: Prejavy murinsko-divinskej z6ny vo veporskom
krystaliniku v $tdIni PVE Ipel. Miner. slov. (Spisskd Novd Ves), 19, 1, 29—44.

ONDRASIK, R., 1988: Vzfah geodynamickych javov k neotektonickym Struktiram v centrdlnych Z4ipadnych
Karpatoch. Miner. slov. (Spifskd Nova Ves), 20, 6, 499—S505.

ONDRASIK, R., 1989: Analyza geologickych Struktir pre hodnotenie seizmicity Gzemia. Zbor. ref. Seiz-
mologie v infenfrské a hornické praxi (Ostrava), V3B, 7—12.

ONDRASIK, R—MATEICEK, A.—TRABALIKOVA, T., 1990: Engineering geological evaluation of the
Lu¢anskd Mald Fatra mts. crystalline rock heterogeneity. Acta Univ. Comen., Geol. (Bratislava),
45, 237—246.

PoLASKOVA, M., 1967: Siitovo — horné nédr, etapa orientaéného prieskumu. Manuskript — Geofond,
Bratislava.

Pospi3IL, L.—Vass, D., 1983: Vplyv stavby litosféry na vznik a vjvoj vniitrokarpatskych a tylovych mo-
lasovych panvi Karpéit. Geol. Prace, Spr. (Bratislava), 79, 169—183.

ROYDEN, L.—HORVATH, F—BURCHFIEL, B. C., 1982: Transform faulting, extension and subduction in the
Carpathian-Panonian region. Geol. Soc. Amer. Bull. (New York), 73, 717—725.

RoYDEN, L. H., 1988: The Panonian basin, a study in basin evolution. Memoir (Amer. Assoc. Petrol.
Geol.), (Tulsa), 45, 394 s.

SERGEJEV, E. M., 1985: Teoretieskije osnovy inZenernoj geologii. Fyziko-chimifeskije osnovy. Moskva,
Nedra, 288.

SCHEIDEGGER, A. E., 1982: Principles of geodynamics. Moskva, Nedra, Springer-Verlag. 383 s.

STEWART, J. H., 1971: Basin and range structure: A system of horsts and grabens by deep seated extention.
Geol. Soc. Amer. Bull. (New York), 82, 1019—1044.

SALAGOVA, V., 1983: Liufanskd skupina Malej Fatry. Zéverednad spréva z vyhladévacieho hydrogeolo-
gického prieskumu. Manuskript — Geofond, Bratislava.

SARIK, 1., 1982: InZinierskogeologicky prieskum krasovych oblasti so zameranim na stavbu vodnych diel
v Zapadnjch Karpatoch. Manuskript — archiv IGHP, n. p. Zilina.

ToMmek, C.—IBRMAJER, —KORAB, T.—BIELY, A.—DVORAKOVA, L.—LEXA, J.—ZBORIL, A., 1989: Korové
struktury Zipadnych Karpat na hlubinném reflexnim seizmickém profilu 2T. Miner. slov. Spissk4
Novéa Ves), 21, 3—26.

Vass, D., 1976: Molasové pénvy a globalno-tektonicky model Karpat. Zbor. ref. konf. Ceskoslovensk4
geolégia a globélna tektonika. (Bratislava), VEDA, 111—117.

Vass, D., 1989: Zhodnotenie rychlosti sedimentécie v alpinskych molasovych panvach Zipadnych Karpét.
Geol. Price, Spr. (Bratislava), 88, 31—43.

175



Vass, D.—CecH, F., 1983: Sedimentation rates in molasse basins of the West Carpathians. Geol. Zbor.
Geol. carpath. (Bratislava), 34, 4, 411—422.

ZARUBA, Q., 1964: Geologische Erfahrunger beim Bau der Wasserkraftanlagen an der V4h (Waag).
Osterr. Wasserwirtsch. (Wien), 16, 11—12, 262—270.

ZARUBA, Q.—MENCL, V., 1974: Infengrsk4 geologie. Praha, Academie, 511 s.

ZARUBA, Q.—MENCL, V., 1982: Landslides and their controle. Amsterdam, Elsevier. Praha, Academia, 324.

ZATOPEK, A., 1979: On geodynamical aspects of geophysical synthesis in Central Europe. Geodynamic
Investigations in Czechoslovakia. (Bratislava), Veda, Vyd. Slov. Akad. Vied, 91—104.

RUDOLF ONDRASIK

Rekon3trukcia geotektonického vyvoja geologick§ch Struktar pre hodnotenie stavu a
spriavania hornin v Slovensk§ch Karpatoch

Resumé

Na udzemi Zipadnych Karpét sa vedla seba vyskytuji horniny od proterozoika aZ po silasnosf, &o
predstavuje &asové rozpitie viac ako 1 miliardy rokov. Horniny z predmezozoickych itvarov (starsie ako
250 miliénov rokov), ak nie si postihnuté retrogrddnymi premenami, sa vyznaluji pevnymi
krystalizalnymi véizbami a skalnou povahou. V najmladsich dtvaroch nie si horniny v8bec spevnené.
Vieobecne plati, Ze &im si utvary starie, tym je v nich viac pevnejSich hornin. Ale aj uprostred masivov
skalnych hornin mezozoika sa mdZu vyskytovat polohy slabo spevnengch poloskalnych ilovitych a slienitych
sedimentov s veImi nepriaznivymi stélostnymi vlastnosfami. Vo vietkych skalnjch hornin4ch, bez ohladu
na ich vek, sa vyskytuji druhotne oslabené z6ény roznej genézy. Patria sem rozmanité diskontinuity od
puklin aZ po Siroké zlomové poruchy, ako aj hydrotermélne, pneumatolyticky a zvetrdvanim degradované
horniny. NajmladSie horniny z konca pliocénu a z kvartéru, t. j. z poslednych asi 2—3 miliénov rokov,
predstavuji prevaZne nespevnené alebo slabo spevnené sedimenty, ktoré sa oznafuji ako pokryvné
utvary. Z hladiska hodnotenia oslabenych z6n a siasnych poli napiti si rozhodujicimi najmladsie fazy
vyvoja Zapadnych Karpét, ktoré pretrvavaji do sidasnosti, t. j. neotektonick4 etapa vyvoja.

Hromadiace sa poznatky z vysledkov $tidia geologickych $truktiir ukazuji na spitost tektonickych
vyzdvihov zemskej kbry a pohybov jej &asti po uklonenych zénach nespojitosti. Medzi takéto plochy
nespojitosti patria napriklad subdukéné z6ny a nésunové zény prikrovov, ale aj plastické zény réznych
rozmerov a genézy. Rozsiahlejsie plastické zény sa predpokladaji v zemskej kére v hibkach 10—20 km.
Prejavuji sa ako zény zniZenych rychlosti $irenia seizmickgch vin (STEWART, 1971, ANDERSON et al., 1983),
ako to bolo doloZené i vysledkami viac ako 10 km hibokého vrtu na Kolskom polostrove (NIKOLAJEVSKL,
1987).

GAVRILENKO-GUEGUEN (1989) existenciu plastickej zony v spodnej &asti kdry dévaji do sivisu
s kvapalinami uzatvorenymi v subhorizontélnych, vertikilne nespojitjch diskontinuitich. KedZe stlaéené
kvapaliny z uzatvorenych diskontinuit nem6Zu unikaf do prostredia s niZ$imi tlakmi, vznikaji vysoké
neutrdlne napitia zodpovedajiice litostatickému tlaku nadloZia a hornina sa spréva viskézno-plasticky.
V modeli, ktory predloZili, sa nespojité diskontinuity s vzatvorenymi tekutinami vyskytuji v hlbkach
10—30 km s maximom v 17 km. Do hibky 10—15 km previddaji vertikdlne nespojité diskontinuity
s moZnosfou pridenia kvapalin a s ich dnikom zo zén zvy¥eného napitia do nadloZnych z6n s niZ¥im
napitim. V tejto zéne kvapaliny ovplyviiuji efektivne napitie vefmi nerovnomerne a kdra sa sprava
krehko.

V plastickej z6ne sa pri zmene napéti uplatni spojité roztiahnutie alebo skritenie, v nadloZnych
Castiach v8ak dochédza ku krehkému porueniu. Podla jednych autorov (papr. ANDERSON et al., 1983,
NIKOLAJEVSKU, 1987) vo forme strmo uklonenych zakrivenych, smerom do hibky sa zmierfiujicich zlomov
(listrickych), podfa ingch je to po rovnych zlomoch s "dolomitovym" naskladanim blokov.

Vyrazné zmeny napédtia vo vrchnej &asti zemskej kdry sivisia s pohybmi litosféry a vrchného
plasta. Je to napriklad pri subdukcii, kolizii blokov, ale aj pri antiklindlnych a synklindlnych priehyboch
litosféry.
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Profily z refrakénej seizmicity cez zemie Zépadngch Karpit (ROYDEN-HORVATH et al., 1988,
ToMEK et al., 1989) poukazuji na zény nespojitosti a na existenciu listrickych zlomov. Pri skréteni
priestoru Karpét v starSich fézach vfvoja po tychto zénach zrejme dochéddzalo k nédsunom. V
neotektonickej etape vjvoja pri previddajicom roztiahnuti vrchnej &asti kbry Zipadngych Karpét sa na
zbénach nespojitosti pravdepodobne uskutoffiuje spitny pohyb od vyzdvihovaného vonkajiicho oblika
Zipadnych Karpét k poklesdvajicim centrflnym lastiam PanOnskej niZiny.

Nésledkom diapirového v¥zdvihu Zipadngych Karpét s centrom v Pantnskej niZine a &iastkovym
antiklindlnym vyzdvihom okraja centrdlnych Zépadnych Karpit pozdlZ peripieninského lineamentu doglo
k nerovnomernému roztahovaniu vrchnej fasti zemskej kdry, k jej rozpadu na mozaiku blokov a ku vzniku
asymetrickych, k severu uklonenych hrasti a asymetrickgch kotlin. Do velkej miery boli usporiadané do
nepravidelnych antiklin6rif a synklinérii. Medzi také hrasti patria Malé Karpaty, Mald Fatra, Chpiské
vrchy, Vysoké Tatry. K asymetrickym kotlindm patri Turtianska kotlina a Liptovsk4 kotlina. Hrasti so
sedimentdrnym obalom si uklonené k vonkajSej strane karpatského oblika. V najexponovanejdich
tastiach sedimentdrny’ obal v mladSom necogéne podlahol erézii a na povrch vystipilo obnaZené
kryStalické jadro. K vniitornej strane Karpatského oblika si hrasti obmedzené strmo upadajicimi
zlomami, na-ktorych sa miestami styka kryStalinikum s paleogénom, pripadne i s neogénnou vypliiou
depresii. Tento styk je z velkej fasti prekryty mohutngmi proluvidlnymi uloZeninami. Podobny typ hrasti
s rozdielnymi prejavmi naklonenia predstavuji i daldie jadrové pohoria. Pochopenie mechanizmu ich
vyvoja umoZiiuje i pochopenie regionédlnych zékonitosti vzniku nerovnorodosti geologickej stavby a na ne
viazanych svahovych pohybov, ako aj dalfich geodynamickych procesov.
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