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Introduction

In the W est Carpathians there  ex ist in general favourable geological, hydro- 

geological, m orphological and clim atic  conditions for the occurrence  of 

slope m ovem ents, Only in the te r r i to ry  of Slovakia th e re  w ere reg is te red  

and mapped by system atic  engineering geological investigation approxim ately 

5,800 slope deform ations which cover an a rea  of 850 km ^, Many of them 

cause destruction of o r th reaten  the roads, ra ilw ays, houses and other 

engineering s tru c tu re s . F rom  all p re sen t geodynamic phenomena in the 

Czechoslovak W est Carpathians p a rt, the slope m ovem ents affect very  se ­

riously  the environm ent and landscape. The dem ages caused by slope 

deform ations a re  a serious problem  m ainly in the te r r i to ry  of Slovakia, It is 

why a g rea t attention is  devoted to the study of slope m ovem ents.

The im pulse to s ta r t  the engineering geological investigation of slope 

m ovem ents was the landslide which in D ecem ber 1960 destroyed p a rt of the 

m ining town of Handlová (Záruba-M encl, 1969), In the y ears  of 1962-63 a 

system atic  reg is tra tio n  of landslide a reas  in Czechoslovakia was c a rrie d  out 

(M atula-Nemcok, 1966), The reg is tra tio n  was followed by a coordinated 

investigation of the conditions of occurrence  and developm ent of landslides 

and of o ther slope m ovem ents, which was rea lized  m ainly by the Geological 

Institu te of the Czechoslovak Academy of Sciences in Prague and by the 

D epartm ent of Geotechniques of the Faculty of Engineering, Slovak Technical

Slovak Technical U niversity, B ra tis lava , Czechoslovakia
K atedra geotechniky SvT SVST, Badlinského 11, 884 20 B ra tis lava ,
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U niversity  in B ra tis lav a , The growing num ber of data on the slope movements 

enabled the transition  from  the analysis of phenomena to a certa in  syn thesis,

A system atic  study of slope m ovem ents produced documents for stating m ore 

generally  valid conclusions on the studied geodynamic phenomenon,

As one of the re su lts  of system atic  study of landslides and of o ther slope 

m ovem ents was th e ir  classification  (N em zők-PaSek-Bybár, 1972), Based on 

the m echanism  and velocity of m ovement the slope m ovem ents a re  divided into 

4 fundamental groupe (creep, sliding, flow and fall),

C r e e p  , The te rm  creep  is  used by the authors in the general rheologic 

definition to indicate a slow flow of substance. From  the geological view point 

it  is  a long -term , m ostly  not acce lerating  movement of rock m a sse s , The lim it 

against the solid u n d erlie r is  not c lea r in m ost c a se s , When the movement 

acce le ra tes  and reaches a c ritic a l velocity, it p asses  into sliding, flow o r 

fa ll, In such a case creep  is  a p rep a ra to ry  phase of sliding, flow o r fall,

S l i d i n g ,  is  re la tive ly  a fast, sh o rt- te rm  movement of rock m asses  on the 

slope along one o r m ore shearing  p lanes,

F l o w  is  a fas t sh o rt- te rm  m ovement of rock m asses  in v iscous s ta te , The 

m ass in the separation  a rea  flows out and is  displacing along the surface to a 

g rea t d istance , In som e cases even w ater tran sp o rt takes place of rock 

p a rtic le s  (but the w ater p a rt does not exceed the p a rt of the rock m asse s ,

F a l l  is  a sudden sh o rt- te rm  movement of rock m asses  on steep slopes, The 

affected rocks a re  loosened and lose contact for a sho rt tim e with the u n d erlie r, 

The movement takes p lace in a free  fa ll,

The slope m ovement is  separa ted  in the classification  (for e x ,, sliding) which 

is  a phenomenom from  slope deform ation, which is  the resu lting  form  of this 

phenomenon (for e x ,, landslide), Types of slope deform ations a re  schematically 

drawn within the fram e of each fundamental group,
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The slope deform ations p re sen t th e ir specific ch arac te r in individual 

geological-tectoni cal units of the W est C arpathians. Based on the homogeneity 

of the geo tecton ical developm ent and s tru c tu re  of the individual W est 

Carpathian p a rts  Matula (1969) delineated the following 4 engineering 

geological reg io n s;

A - Region of core mountains

B - Region of the Carpathian flysch

C - Region of the Neogene volcanites

D - Region of the Neogene depressions,

Slope deform ations in core  mountains

In the a reas  of high core mountains and core mountains r is e  the o ldest (and 

in substance also  the strongest m echanically) rock com plexes, from  the 

P ro terozo ic  to the M esozoic. The mountain co res a re  built by the 

P recam brian  and Paleozoic m etam orphosed rock com plexes and the 

V a ris sian granito ids, which a re  covered by the m antle of younger su rfic ia l 

and Secondary sed im entary  rocks in s tra tig rap h ic  and tectonic superposition .

The slope m ovem ents a re  ra re  in the c ry sta lline  cores of the m iddle- 

-m ountains. In the high core mountains (T a tras , Low T a tra s , L ittle  F a tra , 

and the Cho^ské mountain ridge) a re  built steep slopes with d ifferences of 

level 500 to 900 m . As the regional investigation of these  mountains has 

shown (M ahr-Baliak, 1973), even in the c ry sta lline  co res of high mountains 

of the W est Carpathians th e re  is  a su rp ris ing ly  high num ber of slope deform a­

tions, in spite of the g rea t m echanical streng th  of the rocks, building the 

c o re s . T here a re  h e re  types of slope deform ations belonging to all the funda 

m ental groups according to the above mentioned c lassification .

Many slopes in the high c rysta lline  m ountains of the W est Carpathians a re  

dislocated by estensive deep-seated  creep  deform ations. Of the a reas  built 
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by m etam orphosed rocks and g ran itto ids, they a re  found m ainly in the T a try  

M ts. w here we re g is te red  77 deform ations (deform ations on the Polish side 

of the T a try  M ts. not included) and 54 deform ations in the NÍzke T atry  M ts. 

Only 7 deform ations w ere detected in the Malá F a tra  M ts. No deform ations 

have yet form ed in the Velká F a tra  M ts,

According to Ter-Stepanian§ (1966) division they belong to the rotational 

depth creep  deform ations of slopes, They w ere studied in m ore detail in 

connection with som e of the b igger engineering constructions in the Alps 

(Zischinsky, 1966). Of the engineering geologists Nemzők and Pa^ek (1969) 

w ere the f i r s t  to describe  them in the C arpathians.

The m orphological form s of these deform ations in the Carpathians a re  

expressive  m ainly in the c re s t p a r t. The exposures of sh ea r planes on the 

su rfa c e  a re  m a n ifes t as ro ck  s tep s  and fu rro w s running p a ra lle l  w ith the 

c re s t .  Small lakes and double c re s ts  form  on the rid g es . The furrow s a re  

detectable on the deform ations in granito ids of the cen tral p a r t (exposures of 

the sh ear planes inclined tow ards the slope). In m ore p lastica lly  deform ing

m etam o rp h o sed  ro ck s  the defo rm ation  in  the c e n tra l p a r ts  of s lo p es  is  

expressed  by the rippling of the slope, as well as enorm ous sca tte rin g  of 

m easured  s tr ik e s  and dips of foliation p lanes. At the foot of the slope the 

rocks a re  th ru s t out into the valley and tran sp o rted  rapidly  by strongly  eroding 

s tre am s , o r  covered by accum ulation form s of slope modeling.

C reep deform ations of slopes in m etam orphosed rocks show a form  of 

gravitational folding and in m ore iso trop ic , m ore b r ittle  and m ore solid 

granito ids a ch arac te r of fan-like d isin tegration  of mountain slopes (Nemzők, 

1972-a). In both cases, however, a s im ila r  m echanism  of movem ent can be 

assum ed.
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As an example of deform ation in m etam orphites we give the creep  defor­

m ation on th SE slope of the Báztoka ridge built m ainly by b io titic  and 

tw o-m ica pa rag n eisses  and siliceous gneisses (proterozoic), D eep-seated 

creep  deform ations in the c re s t  a re  m anifest by a se t of rock s tep s , The 

biggest of them attains m ore than 40 m in height. The total width of the 

deform ed slope is  690 m . The re la tiv e  height above the Z iarska  valley 

is  H = 812 m , The length of deform ation is  1, 660 m and the average slope 

angle is  26°, The a re a  of deform ation covers 2,38 km ^, The sum e of 

heights of rock steps is  A H = 54 m , Fig, 1 shows as chem atic c ro s s -  

section under the condition of a con tract -  and dilatation behaviour of 

the rocks in the slope, In the upper and low er p a rts  of the slope w here th e re  

is  a sm alle r norm al s tre s s  the rocks behaves d ilatantly  and it  is  why its  

deform ation occurs along sharply  delineated sh ea r planes (Mencl, 1968), 

Foliation planes a re  in te rrup ted , In the cen tra l p a rt of the slope high 

p re s su re s  a re  the cause of the con tractan t behaviour of the rock m asse s ,

A thick deform ation zone takes p lace in which the foliation planes show a 

ch a rac te ris tic  form  of the le tte r  S,

Among creep  deform ations in granitoid rocks the deform ation in the easte rn  

slope of the Polská Tom anowá ridge attains the biggest height (H = 854 m).

The low er p a r t of the slope is  built up of twomica granodiorites 

(Carboniferous) and the upper p a rt of pegm atite-aplito id  g ran ites  of the

upper m arginal zone with re lic s  of the m antle , The length of deform ation is
o

1,925 m , the width 1,600 m and the a rea  covers 2,52 km , The slope angle 

is  24°, In the c re s t p a r t the exposures of the sh ea r planes a re  m anifest as a 

se t of rock steps of the height between 1 .5  to 7 .0  m , The sum  of heights 

of the exposures of the sh ea r planes is  A H = 11,0 m . Four p a ra lle l furrow s 

can be observed in the cen tral p a r t of the slope, The height of the ou ter walls 

of these furrow s is  0 .5  to 4 ,0  m , They a re  the exposures of the planes on 

which the rock blocks subsided antithetically  owing to com pression and crushing 

of a contractan t zone, In the schem atic  p ro file  (Fig. 2), i t  is  indicated by a
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denser jointing. The course of sh ea r planes inclined tow ards the slope in 

its  cen tral p a r t  can be well observed (and outlined re la tive ly  well in the 

profile) on the w alls of the g lacial cirque which form ed in the N p a rt of 

the deform ation. M orphological form s found on the creep  deform ation in 

the te rra in  correspond well to the theo re tical considerations based on the 

assum ption of con tractan t dilatation behaviour of the rock in deform ation, 

Feda (1973) dealt with the developm ent of the deform ation under th is 

assum ption.

Based on the regional study i t  was found that the creep  deform ations a re

not proportionally  d istribu ted  in the individual high mountain ranges of

Slovakia, We explain i t  by an unequal situation within the geom orphological

developm ent cycle, On the o ther hand a num ber of deform ations occur to a

corresponding degree in a re as  built up of m etam orphites and gran ito ids, On

the whole we found 137 deform ations covering an a rea  of 65,3 km . The

average height is  351 m (max, 914 m), the average length 690 m (max,

1925 m), the average width 675 m (max, 3030 m ), the average a rea  
2 20,473 km (max, 3,29 km ) and the average angle of the deform ed slopes 

28° 30/ (max, 49°),

The tectonic deform ation of rocks c rea te s  suitable p red ispositions for the 

occurrence  of deep seating gravitational deform ations, In teresting  re su lts  in 

th is sense w ere provided by the m easurem ent of s tr ik e s  of movem ent of 

deep-reaching  deform ations, (77 reco rd s) in the T a tra s  (F ig ,3), An expressive  

maximum shows the SE s tr ik e , The m ain s trik e  of join ts and deform ation 

zones in the T a tra s  is  NE-SW with a SE dip, The graph in F ig ,3 proves the 

assum ption that deep-seating  deform ations take advantage of the tectonic 

p red ispositions and of tectonically  weakened zones,

Dips of slopes d isturbed  by deepseating gravitational deform ations a re  

usually  given within the range of 18° -  50°,
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Zischinski (1969) gives dips in d isturbed m etam orphosed rocks within the 

range of 18° -  24°. A ccording to Badbruch-H all et a l, (1976) the angle of 

dip of the deform ed slope of Contact Mountain, Montane, is  approxim ately 

31°.

From  a regional study in the high mountain ranges of the W est Carpathians

it  re su lts  that the dips of deform ed slopes range from  18° to 49°, with

arithm etical mean of 28° 307 (137 reco rd s) . In granito ids deform ed by the

Alpine tectonics the dips of slopes range between 18° -  49° (92 reco rds)
o oand in le ss  strongly  m etam orphosed rocks within the range of 18 -  37 

(45 reco rd s). In Fig. 4 the heights of deform ed slopes H a re  co rre la ted  

with th e ir  lengths L in granitoid ro ck s . The curves of maximum and 

minim um  angle of deform ed slopes a re  to be included within the ranges of 

deform ed zones (Mahr, 1977). The re la tionship  between the sum of heights 

of the exposures of sh ear planes A  H and the total heights of slope H is  

labelled  £  . It is  to be considered as a certa in  indicator of stab ility  of the

deform ed slope, (Mahr -  Nemzők, 1977).

The su rfic ia l creep  in a re a s  built up of m etam orphosed rocks and granito ids 

is  m anifest in the form  of debris  and rock g lac ie r slide , Nemcok and Mahr 

(1974) reg is te red  in the T atry  M ts. and the Low T atry  M ts, 49 m oraines 

a fte r rock g lac ie rs .

Slope m ovem ents of the sliding group a re  r a re  in the c ry sta lline  core 

m ountains, T here  w ere found only 21 lo calitie s  of rockslides which re la te  

m ostly  to m etam orphites (P ríslop , Malá kopa, Holy vrch).

The rockfalls a re  the typical slope deform ation for the dexcribed a re a , 

Meanwhile the m ajo r p a rt of rockslides is  re la ted  to m etam orphites, the 

rockfalls develop above a ll in m ore b r it t le  granitoid rocks. In the crysta lline  

rocks of the high core mountains of Slovakia 76 rockfalls  w ere reg is te red  

(Mahr, 1976).
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From  the flow group in the c ry sta lline  high core mountains th e re  a re  above 

all hundreds of rock s tream s (mury),

Mury a re  a serious th rea t to the environm ent m ainly in the Alpine valleys and 

in the C aucasus, In the high mountains of Slovakia th e re  a re  known only two 

cases when the rock s tream s damaged the s tru c tu re s . In 1970 the rock 

s tream  destroyed a chalet in the rec rea tio n  cen tre  of Zverovka in the W est 

T a try  M ts. (Ingr-Sárik, 1970) and a catastroph ic  rock s tream  which 

destroyed a p a r t of the ^tefanová village and in which 14 persons perished .

In the sedim entary  s e r i e s  of the m antle core  mountains from  among the 

slope m ovem ents of deep-seated  creep  the block deform ations a re  developed 

(Nemzők -  Pa&ek -  R ybáf, 1977).

C oarse-sheeted  and m ass rock com plexes (mainly lim estones and dolom ites) 

of the m iddle- and upper T r ia s , D ogger-M alm ian, e t c . , lie  on the Alpine 

folded sem i-ro ck  basem ent which is  rep resen ted  by the shale complexes 

(mostly clayey shales and m arls ) of the K euper, V erfenian and Neocomian, 

These p ro p e rtie s  of the M esozoic s e r ie s  applied well in the d ifferentiation of 

rock  m asse s . The gravitational slope m ovem ents made it e ith e r m ore 

pronounced o r in many cases destroyed it , A m orphological m anifestation of 

th is deform ation developm ent a re  the broken blocks of rig id  com plexes along 

predisposed , m ainly tectonic planes which sink and ro ta te  (block rif ts )  and la te r  

slide along the basem ent in the form  of iso lated  blocks (block fields) into the 

valleys. The blocks a re  subjected to w eathering, d isin teg ra te  and the créep 

movement p a sse s  into fall, sliding o r flow.

The m ost a ttrac tive  deform ation of th is type is  rep resen ted  by the deform ation 

of the S iv / vrch  c re s t and of the Radové skaly rocks in the T a tra s  (Fig. 5). 

D eform ation in the c re s t  p a rt attains the width of 1,100 m (E-W), max. 

deform ation length in the NW-SE s trik e  is  also. 1.100 m, the average angle
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of the deform ed slope is  20°, the re la tiv e  height of deform ation of the slope

is 396 m ,

As it is  seen from  the profile  the dolom itic-lim estone c re s t  rep re sen ts  the 

denudation ou tlie r of the Cho# m antle which lie s  on the anticlinally  arching 

and tectonically  reduced s tra ta  of the Neokomian, Ju ra ss ic  and T ria s  of the 

K rizna m antle and cover s e r ie s .  The axis of the antlicline is  in substance 

corresponding with the c re s t  s trik e  (Nemtfok-Baliak, 1977),

In the sedim entary  s e r ie s  of the high core mountains of the W est Carpathians 

Baliak reg is te red  (1978) 119 slope deform ations of the block type, 111 

landslides and 180 rock fa lls . The average length of deform ations of the block 

type is  1,025 m, the width 764 m and the height of deform ed slope 963 m , As 

to surface these deform ations cover b igger a reas  than in the c rysta lline  

rocks,

Slope deform ation in flysch highlands and hilly lands,

The region of the Carpathian flysch form  a coherent s trip e  near the outher 

m argin of the W est C arpathians, Into th is region in engineering geological 

zoning Matula (1969) incorpora tes also the Klippen belt.

A ccording to the lithological view point the ch arac te r of the region is  sim p ler 

and m ore monotonous than the region of core m ountains. The basem ent here  

is  built up of rock com plexes of flysch form ation with the predom inance of 

rhythm ic sandstone-clayey alternation of s tra ta .

The alternation  of perm eable rocks of higher m echanical strength  (sandstones, 

conglom erates, etc) with im perm eable, le ss  solid, p lastica lly  transform ing  

rocks (claystones, s ilts to n es , m arly  sh a le s ) , form s one of the geologic- 

tectonic s tru c tu re s  suitable for the occurrence  of slope m ovem ents (Nemzők, 
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1977), A part from  the geologic and hydrogeologic conditions (form ation of 

lifting horizons), th e re  a re  in the region of the Carpathian flysch also 

suitable c lim atic  conditions for the occurrence  of slope deform ations, 

because m ainly in the w estern  p a rt of the region there  a re  high to tals of 

p rec ip ita tions attaining 1,600 m m /y e a r. In the region of the Carpathian 

flysch there  w ere re g is te red  m ore than a half of the total slope deform ations 

in the Czechoslovak p a r t of the W est C arpathians, M ore than 3000 slope 

deform ations -  m ostly landslides, w ere mapped in th is region,

In the regional investigation of the Czechoslovak sec to r of the Carpathian 

flysch i t  appeared that the slope m ovem ents p re sen t a different ch arac te r 

in the flysch highlands than in the flysch hilly lands,

F l y s c h  h i g h l a n d s  a re  the m ost uplifted p a rts  of the flysch zone,

They a re  built up of tectonically  uplifted a rc s , meanwhile the flysch hilly 

lands spreading between them a re  re la tive ly  le ss  uplifted tectonic depressions, 

To the flysch highlands belong, for ex, ,  the White C arpathians, the M oravo- 

-S ilesian  Beskydes, the Spi&ská M agúra, e tc.

These mountains a re  ch arac te rized  by a monotonous geologic-tectonic 

s tru c tu re . Geologically predom inate the sandstones over the p lastic  m em bers 

of the s tr a ta - s e r ie s  of the Paleogene and the C retaceous, The s tra ta - s e r ie s  

is  folded into lengthwise anticlinal synclinal zones in the Carpathian a rc  s tr ik e . 

The re lie f  is  re la tive ly  articu la ted  with re la tiv e  d ifferences of level 200-600 m ,

In flysch highlands there  occur le ss -s lo p e  deform ations than in  the hilly 

lands, T here predom inate creep  deform ations, of the block type m ainly along 

the pred isposed  p lanes, Huge sheets of sandstones move along a thin s tra tum  

of claystones o r  m a rls , dipped correspondingly with the slope, The movement 

s ta r ts  usually when the erosion affects the continuity of the upper sandstone 

com plex,
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One of the slope deform ations of th is type developed on the n o rth -easte rn  

slope of the Bukovina n ear Jeze rsk o  in the Spiáská Magúra (Figo 6), The 

lay ers  p re sen t a corresponding s trik e  with the main c re s t  and dip under 

an angle of 15 -  20° to the NE, By a creep  m ovement the upper p a rt of the 

sandstone- s e r ie s  d isin tegra ted  into blocks which by a slow creeping 

m ovement d isplace into the valley . On the NE slope of the Bukovina a block 

field occu rred  with mutually d isplaced and inclined blocks. The blocks in 

two places dammed the Jeze rsk y  potok brook and form ed two sm a lle r lak es . 

The total slope deform ation a rea  m easu res 7 ha (Nemcok, 1972-b),

A fu rth er type of creep  deform ations in the flysch highlands a re  the block 

r if ts  and block fields which form  on thick s tra ta s e r ie s  of predom inantly 

pelitic  rocks, Of s im ila r  ch arac te r a re , for e x ,, the creep  deform ations on 

the creep  deform ations on the c re s t  of the Kubinska hofa in the O ravská 

Magúra and p a rtia lly  also the slope deform ation on the c re s t of Lukäince 

in the M oravosilesian Beskydes (Fig. 7), In th is locality  the mutual 

m ovement of two blocks was m easured  for 4 y e a rs . According to the 

m easuring re su lts  Novosad (1966) estim ates the absolute velocity of the block 

m ovement on the no rtheastern  slope of Luk&inec to 1 c m /y e a r.

The landslides a re  a le ss  frequent form  of slope deform ations in the flysch 

highlands. The sliding takes place above all along the predisposed , p laner 

sh ea r planes dipped conformably with the slope,

F l y s c h  h i l l y  l a n d s  a re  a le ss  uplifted p a rt of the flysch zone. To 

them  belong, f o r e x . ,  the Kysucké m ountains, the S ari&ská hilly land, 

the Vízovická hilly land, e tc , They p resen t a monotonous geological s tru c tu re  

in a typical developm ent of rhythm ic flysch with equilibrium  of psam m ites 

and pe lites, o r  with the predom inance of claystones, m arls tones and silts tones 

in the s t r a ta - s e r ie s .  The re lie f  of flysch hilly  lands is  c h a rac te ris tic  by 

re la tive ly  low fla t c re s ts , extending in the d irection of the Carpathian a rc  
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with re la tive  d ifferences of level 30-300 m , While denudation and tran sp o rt 

of m a te ria l predom inate in the highlands, accum ulation predom inates in 

many places of the h illy  lands giving r is e  to the form ation of m antle rocks 

15-20 m thick m ainly in the lengthwise dep ress io n s , The occurrence  of 

thick m antle covers a re  frequently re la ted  to slopes which cut the fronts o r 

sides of m onoclinally deposited la y e rs . The slopes m odelled p ara lle ly  with 

the dip of lay ers  a re  covered with a le s s e r  quantity of m antle form ations,

For flysch hilly lands typical slope deform ations a re  sliding, flow and 

su rfic ia l c reep  of cover loam y-stony and loamy form ations,

In the flysch hilly lands th e re  is  concentrated the g re a te s t num ber of 

l a n d s l i d e s  , which had been known for a long tim e in th is a re a , The form  

of th e ir sh ear planes is  p lanar, but m ost frequently combined, ro ta tional- 

p lan ar, The basa l sh ea r plane lie s  usually on the lim it between the basem ent 

and the cover form ations w here the ground w ater outflows from  the m ore 
perm eable  basem ent horizons a re  usually concentrated ,

In the p laces of concentrated ground and surface w ater outflows, with regard  

to a predom inant p a r t of easily  slaking of illitic  m inera ls  in pe litic  fraction , 

th e re  frequently take place dangerous earth flow s, The b est known one had 

destroyed in 1962 the locality  of L iesková which was situated  in its  

separation  a rea  and p a rts  of two o ther localities in the valley of the P re^n ica  

brook, into which the earthflow  had flown, damming the brook. The 

earthflow  was brought about a fte r an abundant ra in fall when the 15 m thich 

slaked loam y-stony debris went into m otion, They w ere of s lu rry  

consistence, so that the su rface  of the earthflow  was absolutely inaccessib le  

during the f i r s t  days. The length of the earthflow  was 950 m and its  cubage 

was estim ated  to 900,000 m ^, The g re a te s t m easured  velocity of m ovement 

was 25 m /h o u r, (Repka, 1963).
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The slope deform ations in the Carpathian flysch region use to be of serious 

economic consequences and in many cases they requ ired  expensive co rrec tiv e  

m easu re s . What reg ard s  railw ays, for e x ., they w ere the landslides near 

Podbiel, Ni£ná, Z arieő í, Puzbachy and e lsew here. As for roads they w ere the 

landslides n ear M estecko, H arvelka, O ravsky Podzámok, Sobos, Holcikovce, 

e tc . Deformed and destroyed w ere severa l houses, as well as the m entioned 

locality  of Lieskové, o r  p a r t of the K rivé village,

P roblem s caused by landslides a ro se  also  in the construction of hydraulic 

works in the Carpathian flysch, As exam ples we give the securing  of the 

Hri&>v-Mik&ová differentiation channel, co rrec tiv e  m easu res of theD om a^a „ 

and O rava re se rv o ir  banks amd stab ility  problem s in the construction of the 

Zerm anice, Sance and Moravka dam s, I t is  why a g rea t attention is  devoted to 

slope stab ility  in designing hydraulic works in this region. In designing the 

Nová B ystrica  hydraulic work in the Kysuscká hilly land a study on the slope 

stab ility  of the adjoining a rea  of the future w ater re s e rv o ir  was p repared  

('Mahr -  Malgot -  Baliak, 1977), Form ing p a rt of the rep o rt was also  the map 

of slope deform ations as illu s tra ted  in F ig, 8, The landslides in the map a re  

drawn according to the form  and activ ity , Such a study gives the designer a 

possib ility  to chose m ore safely the dam profile , to suggest lines of rep lacem ent 

com m unications on the bank of the future re s e rv o ir  and a certa in  possib ility  to 

p red ic t the future transform ation  of the re s e rv o ir  bank.

Slope deform ations in the region of volcanizes

In the cen tral p a rt of the neovolcanite mountains slope deform ations a re  ra re .  

Quite iso lated  they a re  also on the boundaries, if  lava and p y roc lastics  lie  

d irec tly  on rock M esozoic and o lder form ations.

The m ost extensive slope deform ations in the West C arpathians, however, 

a re  found th e re  w here rig id  rocks of the Neogene volcanic complex (andesites,
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rhyo lites and th e ir  tuffs) lie  on soft p la stic  sed im entary  o r sed im entary- 

volcanogeneous rocks (Paleogene claystones and clayey shales, Neogene 

clays, claystones, m a rls  and clayey tu ffites), T herefore  th e re  occurs one 

of the typical geological tectonical s tru c tu re , su itable to cause slope 

deform ations (Nemzők, 1977). The displacem ent of the p lastic  underlie r 

by the weight of the overlying s tra ta  is  described  by Hollingworth et a l.

(1944).under the name of bulging and cam bering, Ter-S tepanjan (1974) 

c lass ifie s  th is  p ro cess  into the com pensating depth creep  of slopes. Tensile 

s tre s s e s  occur in the overlying rig id  rocks as a re su lt of the p lastic  

un d erlie r d isplacem ent (bulging). B rittle  rig id  rocks b reak  off from  the 

rocks m ass , using the planes of m echanical discontinuity (M algot-M ahr,

1978) and in the form  of gigantic blocks sink into the un d erlie r, o r  slide on 

i t .  So fa r as the blocks only move round o r sink in p lace, they form  b l o c k  

r i f t s  with the c h a rac te ris tic  re lie f  g radients (Fi g, 9, ) ,

The underlying rocks of re la tive ly  le s s e r  streng th  a re  exposed to long lasting  

considerable s t r e s s e s . Even if these s tre s s e s  do not reach  the strength  

lim its  deform ation takes place in tim e, corresponding to rheologic p ro p e rtie s  

of the underlying ro ck s , Creep deform ations in the underlie r occur in a big 

zone. The depth and in tensity  of th is p ro cess  depends on the o v e rlie r weight 

and on the p ro p e rtie s  of the p lastic  u n d e rlie r. The p ro cess  is  accom panied 

by a gradual degradation of the p ro p e rtie s  of the underlying clayey rocks,

Blocks in the block r if ts  p a rt and slide down the s lo p es . T heir m ore 

expressive individualization takes p lace . Single blocks form  elevations 

m orphologically apparen t. They a re  frequently  of up-slope inclination proving 

thus a deep deform ation of th e ir  u n d e rlie r. A set of such blocks form s 

a b l o c k  f i e l d  (Fig, 9),

All th is  p ro cess  s ta r ts  when la te ra l o r  deep erosion reaches the contact 

between the overlying and underlying complex of ro ck s . It advances re la tive ly
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fa s t t i l l  the final d is in teg ra tio n  of the  r ig id  com plex (R ybár, Nemtfok, 1968).

It is  bound above all to elevation tectonic s tru c tu re s  (Malgot, 1977). The 

speed of d isin tegration  depends a lso  on hydrogeological and clim atic  conditions, 

a s  well as on rock p ro p e rtie s . This is  why slope deform ations in varied  stages 

of development a re  found on the boundaries of the volcanic mountain ranges of 

Slovakia.

The a c t i v i t y  of slope m ovem ents is  of p rim ary  im portance from  the 

safety  view point of the engineering w orks. T here  a re  sev era l geologic and 

geodetic evidences of p re sen t creep  m ovement activ ities of block types on the 

boundaries of volcanic mountain ranges in Slovakia.

In the Hnadlová basin  a re a , as w ellas on the eas te rn  boundaries of the 

K rem nické pohorie mountain range between andesite blocks th e re  a re  fresh  

c racks not filled with debris  reaching to depth of severa l tens of m e te rs , This 

proves the p re sen t activ ity  of m ovem ents, otherw ise the cracks would have 

a lready  been filled up and buried  under.

The detection of absolute m agnitudes of v e ry  slow creep  m ovem ents of block 

type is  difficult. The cu rren t geodetic methods would req u ire  m easurem ents 

c a rrie d  out for long tim e periods of severa l decades. It is  m ore suitable to 

use m easuring  devices capable of m easuring  very  sm all m ovem ents.

Points of a trian g u la r network w ere m easured  in the Handlová basin  in 1907 

and in 1930, Some of them  w ere placed on blocks of the block fields and block 

r if ts .  Repeated m easurem ents a t the points of the trian g u la r network, based 

on moving blocks of volcanic rocks give undisputed evidence of the activ ity  of 

block m ovem ents (Malgot, Paäek, Stella, 1974).

Two points placed on block r if ts  show an average movement of 1 .1  m m /y ea r 

and 4 .0  m m /y ea r. The average movem ent of blocks in the block field is  10 to 

15 m m /y ea r and individualized blocks influenced by landslides show 30 to 45 

m m /y ea r.
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On the eas te rn  boundary of the K rem nické mountain range 10 d ila tom eters 

type TM-71 (Ko&fák, 1969) w ere placed on the slope above the Velká studSa 

o re  deposit. The devices a re  placed on c racks 60 to 300 cm wide, between 

blocks of agglom eratic  andesite tuffs. They can m easu re  the mutual movement 

of two blocks in th ree  space d irections with a sensitiv ity  of +0 , 0 3  mm,  We 

have a t ou r d isp o sa l a t p re s e n t 7 m e a su re m e n ts  c a r r ie d  out w ithin the p e rio d  

of 25 m onths, Based on these m easurem ents we can find out that the movement 

of blocks re la tiv e  to each o ther takes p lace continuously with a speed of 0 ,5  to 

0 ,6  m m /y ea r.

The movem ent of blocks in the Handlová basin  detected by longterm  

observation a re  re la tive ly  big, This may be caused for instance by non 

uniform  m ovem ents, The values of long-term  observations may contain 

quicker sh o rt- te rm  d isp lacem ents.

The difference of block m ovement speed in the Handlová basin  as against the 

a rea  on the easte rn  boundaries of the K rem nické m ountainrange can be 

explained also  by the varie ty  of geotechnical p ro p e rtie s  of the underlying 

p la stic  complex (Mahr, Malgot, 1977),

The p resence  of block deform ations m ay be of serious e c o n o m i c  

c o n s e q u e n c e s  , W est of Banská B ystrica , in the Velká Studha locality  

th e re  is  a prom ising  deposit of H g-o res, The Hg m ineralization  (verm illion) 

form s im pregnations o r veins in crum bly sandstones of basa l Paleogene,

The top p a rts  of the steep slope above the H g-ore deposit a re  d isturbed by 

la rg e -sc a le  block r if ts  and them iddle p a r ts  by typical strongly  d issected  

block fields (Fig, 10), M orphologically w ellm arked blocks of agglom eratic 

tuffs attain a size  of up to 50 x 100 m , The layer of blocks is  45 to 100 m 

thick, as was determ ined by boring . The blocks move on p lastic  Miocene clays, 

which above the deposit a re  20 -  50 m thick. As it has a lready  been m entioned
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the ac tiv ity  of m ovem ent w as de tec ted  by the  TM -71 type d ila to m e te rs , 

Lithologically, they a re  m arly  tuffaceous claystones with in te rlayers  of sandy 

claystone containing coal lenses and in te rseam s of tuffaceous sandstone, The 

c re e p  zone beneath  the b locks co n s is ts  of so ft c lay sto n es , s tro n g ly  d is tu rb ed  

by nem erous d ifferential slickensided sh ea r su rfaces of ir re g u la r  course ,

At a g re a te r  depth the claystones a re  solid,

Deep depressions between the blocks of agglom eratic  tuff re ca ll k a rs t 

sinkholes, The slope is  s tep -like , inclined at 20 - 40°, The h igher lying 

blocks a re  tilted  into the slope, those a t a low er elevation a re  inclined 

downslope, F requent wide open f is su re s  reach  from  the slope su rface  to 

undererm ined depths. The width of f is su re s  is  0 ,3  to 4 m , Below the 

accum ulated blocks extensive p lanar landslides showing signs of activity  

d istu rb  the low er p a rts  of s lopes, Numerous springs with a d ischarge of 

up to 10 1/s issu e  in the head sca rp  . The th ickness of the slid  m ass evidenced 

by boring reaches 10 -  20 m (Malgot -  M ahr, 1977),

In the low er p a rts  of the slope, the m inera lized  lay er is  near the surface 

(Fig, 10), under a c iver of 10 -  20 m of colluvial loam  o r slipped m a te ria l, 

but it  descends w estw ards along the faults to a g rea t depth, The Hg deposit 

is  of medium to la rg e  s ize  and with reg a rd  to the thickness of overburden the 

working of the o re  in an opencast seem s to be m ost econom ical, With the 

overburden ra tio  of 1 : 5 ,  the slope will be undercut to a height of 40 m a fte r 

the deposit is  exhausted. This will doubtless activate the m ovem ents in the 

upper p a rts  of the slopes,

An engineering geological investigation is  taking place a t p re sen t which will 

determ ine the definitive method of technology of exploitation and co rrec tive  

m easu res .
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Deep disin tegration  of clays and claystones of the underlying complex helps 

to c rea te  an unusual earth  c ru s t w eathering. The final re su lt of the 

degradation of rock  p ro p e rtie s  is  a s ta te  in  which even slight action of any 

one facto r b rings about the lo ss  of slope stab ility . Sliding m ovem ents a re  

rem arkab ly  brought about also  by ground w ater, em erging in the form  of 

b a r r ie r  sp rings a t the foot of b locks. On the p eriphery  of block fields a 

continuous r i n g :  o f  l a n d s l i d e s  takes p lace in th is m anner. By 

th e ir  m ovem ents landslides c a r ry  som etim es even individual blocks, of 

le s s e r  dim ensions.

According to form  p lanar and flow landslides predom inate h e re . Landslides 

of considerable dim ensions occur h e re . Shear planes occur in depths 25 to 

40 m . The shape of shearing  planes is  m ostly  combined o r gravita tional.

On the p eriphery  of volcanic mountain ranges th e re  occu rred  slides which 

w ere of the m ost serious econom ic consequences in the te r r i to ry  of 

Czechoslovakia. Thus in 1960 the well-known Handlová landslide destroyed 

p a rt of Handlová town (Záruba, Mencl, 1969). The cubage of sliding m asses
O

was about 20 m illion m . The total length of landslide 1,8 km .

In 1977 a wide landslide flow was trig g ered  on the northern  boundary of 

Polana and destroyed p a rt of Lubietová v illage . The length of landslide is  

1.2 km, i ts  width 450 -  500 m and depth 15 -  35 m.

In 1978 on the w estern  slope of the Vtá&iik volcanic mountain range, under 

the influence of coal exploitation, a landslide was activ ized which damaged 

o r destroyed 110 houses in the village of Podhradie. The length of landslide 

is  1. 5 km, the average width 500 m and the cubage of sliding m asses  is
3

estim ated  to 21 ,1  m illion m (M algot-M ahr, 1979).
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The p ro cess  of sliding overtakes usually only p a rt of the slope, T e rr ito r ie s  

of landslides, bordering  the block deform ations a re  th e re fo re  form ed by sets  

of landlidesof varied  types and stages of developm ent. T here a re  found here  

active, potential and also  quietened landslides,

The a c t i v i t y  o f  l a n d s l i d e s  depends on the geological-tectonical 

developm ent of any a re a , on the p ro g ress  of developm ent of the 

geom orphological cycle, on the hydrogeological conditions, but m ainly on the 

rock p ro p e rtie s  from  which the landslide takes i ts  o rig in ,

It was detected in the Handlová basin  that landslides in p laces w here the

u n d erlie r complex is  built of Neogene clays a re  m ore active than in p laces

w here the p la stic  underlie r complex is  built of Paleogene claystones (Mahr,

Malgot, 1977), The Paleogene claystones p re sen t a h igher degree of

lithification than the Neogene clays. Meanwhile in the Paleogene claystones

the predom inant clayey m inera l is  illite , in the Neogene clays the

M ontm orillonite predom inates. The p ro p e rtie s  of the m atrix  rocks a re

reflec ted  also  in th e ir deluviae, The m ate ria l of landslides, originating from

the Paleogene claystones p re sen ts  a higher average porosity  (n = 43,9 %)

a low er index of p lastic ity  (I = 30,8 %) a higher p a ram e te r of residual
P

shearing  streng th  (7> = 15°24’ ; c = 0 ,0  kPa) than m ate ria l originating
1 r  r

from  the Neogene clays ( n = 4 8 . 8 % ;;- Í  = 34 . 5%;  ^  = 12°20’ ;

c = 0 .0  kPa), r

Landslides in p laces where the underlying complex is  built by the Paleogene 

claystones a re  of sm alle r dim ensions than landslides on the Neogene clays. 

The average dip of these  landslides is  7° to 9° and they a re  of le s s e r  

activ ity . Landlides on the Neogene clays have dim ensions of the o rd e r of 

k ilo m ete rs . The average dip of landslides is  about 6°. The landslides h e re  

form  the sliding a re a s  and a re  m ore active.
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T herefore  it  can be concluded that fo r engineering works from  the view point 

of slope stab ility  the m ost favourable conditions a re  th e re  w here the 

underlying complex is  built of the Neogene sedim ents,

The m agnitudes of m ovem ents of a sliding ch arac te r a re  sufficient to 

deprecia te  p rac tica lly  all types of engineering w o rk s , In the cen tral p a rt 

of the landslide n ear Lubietová speed of 2 ,0  to 2 ,5  m /day  (Ingr, Bohynik,

1978) w ere m easured  a t the tim e of the h ighest activ ity ,

On the flow slide in Handlová which in 1960 destroyed m ore than 150 houses, 

a to tal m ovement of 16 to 165 m fo r the f i r s t  150 days was m easured  in the 

parting  a re a , 95 to 240 m in the cen tra l/transpo iting ) a rea  and 5 to 30 m in 

the accum ulation p a rt, The maximum speed of movement was in the cen tral 

p a r t of the landslide amounting to 6 ,3  m /d ay , A substantial slow down of 

m ovem ents of the o rd e r of cm /day took p lace in the cen tra l p a r t of the landslide 

only a fte r five m onths, 8 y ears  a fte r the landslide values of 1, 0 to 1, 7 cm /y ea r 

w ere m easured  in the sc a r  a re a ,

Another type of slope deform ation occurring  in the sliding a re a s  on the 

boundaries of volcanic mountain ranges of Slovakia a re  earth flow s, They occur 

usually  in the la te ra l valleys and depressions of the slope in p laces of 

concentrated surface and ground w ater flow, Sliding m ovem ents cause 

deform ation of the soil s tru c tu re  and possib ility  is  given to slaking, Under 

favourable conditions the slaked soil s ta r ts  moving which p re sen ts  the 

ch arac te r of flow,

A fter the earth  flow has stopped the so ils  of the sliding m asses begin to 

consolidate gradually , The w ater is  squeezed out of the p o res and form ation 

of bonds between the p a rtic le s  of these  clayey so ils takes p lace, Shapes of 

earthflow s consolidated in th is way a re  distinguished with difficulty from  the 

flow s lid es, E arth  flows frequently fa r onto foreign u n derlie r, on which they
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could not take place as th is  does not constitute sufficient m a te ria l fo r th e ir  

occu rrence .

In a re a s  on the boundaries of the volcanic mountain ranges of Slovakia th e re  

often occur a lm ost v e rtica l high r o c k w a l l s  , They a re  form ed as a re su lt 

of d ifferential tectonic p ro c e sses , by selective w eatheringin the volcanic­

sed im entary  complex, but m ainly as a re su lt of block m ovem ents, Engineering 

w orks would be endangered below these rock  w alls by falling fragm ents and 

by rock fa lls ,

On the boundaries of the volcanic mountain ranges of Slovakia w here the rig id  

rocks 200 to 500 m thick lie  on the p lastic  u n d erlie r th e re  a re  usually  found 

block r if ts ,  Below them  on the low er p a r ts  of the slopes th e re  a re  block fields 

Block deform ations re su lt in rock fa lls , Block deform ations a re  bordered  by 

landslide selvages (Fig, 11), Earthflow s take place in landslide a re a s , The 

sc a r  edges of block deform ations in some places reach  the line of divide, 

This p ro cess  leads gradually  to total destruction  of the volcanic complex, On 

som e slopes th e re  a re  found only earthflow s and landslides with fragm ents of 

volcanites in the m ate ria l of sliding m asse s ,

Slope deform ations in the region of Neogene tectonic depressions

In the a rea  of the i n n e r  C a r p a t h i a n  l o w  c o u n t r y  w here a p lanar 

and rolling  re lie f  predom inates slope m ovem ents occur ra re ly . The occurrence  

of slope deform ations in th is a re a  is  a lm ost exclusively re la ted  to la te ra l 

erosion  of r iv e rs ,  The slope deform ations p re sen t a ch arac te r of frontal land­

s lid es,

In spite of the fact that landslides in th is a rea  a re  r a re  a re la tive ly  wide sliding 

a rea  form ed in the n o rth -eas te rn  p a rt of the Danubian plain , Between the
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Hlohovec and Sered towns flows the Váh r iv e r  along the w estern  boundary 

of the N itra ro lling  lands. The re la tiv e  height of the left bank of the Váh 

alluvium  a tta ins n ear Hlovec a t p re sen t 90 m and tow ards Serecl it  d ecreases  

gradually  to 23 m . The r iv e r  bluff is  form ed by a s tra ta - s e r ie s  of sands 

and clays (in the proportion of 1 : 1 )  with horizons of slightly  consolidated 

sandstones (Pontian).

The la te ra l  e ro s io n  of the  Váh caused  the fo rm ation  of p ra c tic a lly  a 

continuous 18 km  long s tr ip e  of lan d slid es  betw een H lohovec and S ered . In 

th is  a re a  the íe p e h  h y d rau lic  w ork  is  to  be co n stru c ted  on the  V áh. The 

la n d slid es  on the  le ft bank of the  Váh signify  the  m o st s e r io u s  p rob lem  in 

the  design  of th is  h y d rau lic  w ork . It i s  why an in ten se  eng ineering  geological 

in v estig a tio n  of th e se  la n d slid es  is  tak ing  p lace  a t p re s e n t.

I n n e r  C a r p a t h i a n  b a s i n s  a re  ir re g u la r ly  d istribu ted  between the 

m ountain range zones. The basins a re  filled with Paleogene s tra ta - s e r ie s  of 

flysch form ation (Z ilinská, Liptovská, Popradská and Hornádská basins). In 

the rem aining 15 basins Neogene clayey-sandy s tr a ta - s e r ie s ,  g ravels o r 

tuffites lie  on the flysch filling . A re lie f  of the ro lling  country type with a r e ­

la tive  difference of level of 30 -  200 m modelled on these  soft rocks.

In the inner Carpathian basins the slope deform ations a re  not such a frequent 

phenomenon! than in the flysch hilly  lands and they do not attain  so big

m agnitudes than slope deform ations on the boundary of neovolcanites. Somewhat
om ore  than 1,000 slope deform ations of a to tal a re a  of 75 km w ere re g is te red  

so fa r in the b asin s .

They a re  th e re fo re  re la tiv e ly  sm all slope deform ations with a sm all thickness 

of deform ation 5 -  10 m . Bigger slope deform ations occur only individually 

(usually of the s tream -lik e  type).

V
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In spite of sm all m agnitudes the slope deform ations in the inner Carpathian 

basins a re  a serious problem  in the national economy, because the basins 

a re  the m ost densely populated a re a s  of Slovakia. Even nowadays the 

substantial p a r t of house building and a considerable p a rt of industria l 

s tru c tu re s , hydraulic works and tran sp o rt com m unications a re  concentrated 

in th is a re a .

F rom  the group of creep  m ovem ents th e re  a re  in the inner Carpathian basins 

slow creep  m ovem ents of the cover form ations and singly also  block

d efo rm ations of tra v e r tin e  m a rg in s  on the p la s t ic  filling  of b a s in s .

In the Hornád basin  severa l trav e rtin e  heaps form ed from  the springs of 

m ineral w aters em erging along the fau lts . The m ost m arking deform ations of 

the block type form ed on the Drevenik trav e rtin e  heap. The trav e rtin e  30 -  80 m 

thick lie s  h e re  on the lay ers  of the C entral Carpathian flysch (Paleogene) with 

the predom inance of clayey sh a les . On the m argins of the trav e rtin e  body blocks 

b reak  off which sink into the p la stic  un d erlie r, d isplace on it, t i l t  and form  

block fields (Nemtfok -  Svatok, 1974).

The Spi^ castle  was built on the neighbouring trav e rtin e  heap. Its p e riphera l 

w alls a re  d isturbed  in sev era l p laces and together with the blocks of trav e rtin e , 

on which they lie , a re  to rn  off and deflected from  one p a rt of the w alls founded 

on a stable und erlie r.

A predom inant type of slope deform ations in the inner Carpathian basins a re  

a re a l and frontal landslides on the banks of w ater co u rses . S tream -like 

landslides and earthflow s occur le ss  frequently .

Landslides a re  usually re la ted  to geological-tectonical s tru c tu re , whose lower 

p a rt is  built by the T e rtia ry  flysch, clayeysandy-gravelly  o r  tuffitic fillings 

of alluvial cones and r iv e r  te r ra c e s , o r  with glaciofluvial m ate ria l (A,Nemzők,

1966).
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The g rea te s t num ber of landslides with serious consequences o ccu rred  in the 

Liptovská basin . The landslide near Okoli&ié has been threatening for 

a lready  sev era l decades and d istu rbs the áilina-K o^ice railw ay and the 

co rrec tiv e  m easu res  taken so fa r have been without su ccess . In building the 

f i r s t  c lass  Liptovská Mikulás -  Ivachnové road co rrec tiv e  m easu res  had to 

be taken on sev era l landslides (near L ipt, M ichale, L ipt. Kri# and o thers),

The g rea te s t p rob lem s, however, w ere caused by landslides n ear the righ t 

bank anchorage of the Liptovská M ara dam , The dam body its e lf  was 

successfu lly  founded on an undisturbed flysch u n d erlie r between two big 

landslides, A danger threatening the hydraulic work is  m ainly the landslide 

tending into the re s e rv o ir  space, closely  behind the dam . It is  a s tream -lik e  

landslide 900 m long and 500 m  wide in average , Its th ickness a tta ins 40 m

in the accum ulation p a rt, The landslide was stab ilized  by gravel fill (about 
3700.000 m ) in the accum ulation p a rt, by 27 horizontal boreholes te rm inating  

above the level of the maximum w ater in the re s e rv o ir  and by a se t of 

collecting d itches.

The la n d slid es  in  a ll the in n e r C arpath ian  b a s in s  cause  se r io u s  p ro b lem s in  

the construction of hydraulic w orks (Starovec, Kladany,) tra n sp o rt s tru c tu re s  

(Slatina, Potok, P riekopa, Bojnice) and houses (Kosice, Handlová, P riev idza, 

Zvolen),

In the Zvolen basin on the w estern  slope of the Sarva&ka hill a landslide took 

p lace in Autumn of 1974 a fte r long lasting  ra in s  which endangered the 

hospital polyclinical pavillion under construction in Zvolen (Fig, 12), Its width 

in the s c a r  was 40 m , 70 -  90 m in the accum ulation p a rt, 100 m long and 

about 7 m deep. The digging of the underpassage in the northern  p a rt of the 

pavillion activized a p a rt of an o lder landslide. O bservation points w ere 

p laced on the surface  of the landslide which during the f i r s t  24 hours have 

shown a movement of 3-5 cm . It was constantly rain ing  and the movem ent was
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accelerating  (attaining 12,5 cm /day), The head of the landslide was a lready  

1 ,5  m from  the wall of the object under construction. It was feared  that the 

landslide will damage not only the object under construction, but i t  will widen 

and damage o ther of the 14 hospital pavillions situated  below down the s lope , 

C orrective m easu res w ere quickly suggested and im m ediatly  rea lized , These 

consisted  of building up a stab ilizing  fill, tightening of c racks and f is su re s  on 

the landslide body, digging of a p e rip h era l ditch and pumping from  la rg e  

d iam eter boreholes was suggested.

A fter finishing these co rrec tiv e  m easu res  on October 30, 1974 (the sixth day) 

the m ovement began to slow down (Fig, 13) and in the th ird  day a fte r finishing 

the works the landslide was p rac tica lly  stopped (M ahr-K uchár, 1979),

Definitive co rrec tive  m easu res  w ere suggested a fte r finishing the engineering

geological investigation of the sliding slope, The un d erlie r is  built by

alternating  horizons of sandstone and conglom erate tuffites with tuffitic c lays,

The sliding deluvial clayey loam s had a p lastic ity  index I = 24 - 43 %, liquid
P o

lim it w = 48 -  75 % and residual angle of sh ear re s is tan ce  -P = 13 , 
c 1 r

In the  cen tral p a rt of the slope th e re  a re  loam -coated  sandy g ravels of one of 

the Hron te r ra c e . The landslide was com pletely co rrec ted  by drainage gravel 

w alls (Fig, 14) and by 6 horizontal bo reho les, The connection with the road  was 

rea lized  by 1 floor h igher.

Conclusion

Slope deform ations in the W est Carpathians a re  a geodynamic phenomenon 

which causes serious national economic lo s se s . The p re sen t regional 

investigation has shown that slope m ovem ents of various kind and varied  

activ ity  in Slovakia th rea ten  about 200 km of roads, 27 km of railw ays,

1630

187



hundreds of m asts  of tran sm issio n  lines, many hydraulic and industria l 

s tru c tu re s  and p a rts  of 203 v illages and towns,

The engineering geological investigation iß gradually  clarify ing the conditions 

of occurrence  and developm ent of slope m ovem ents and reg is te rin g  the 

m ovem ents of slopes threatening  engineering s tru c tu re s ,

F rom  the re g is te red  slope m ovem ents and deform ations typified out a re  those 

which could be of the m ost serious consequences to the national economy. An 

engineering geological investigation is  c a rrie d  out of these  selec ted  slope 

deform ations and co rrec tive  m easu res  suggested on i ts  b a s is , i . e .  the 

pro tection  of an engineering s tru c tu re  th reatened  by the deform ation.

F o r designing new engineering s tru c tu re s  th e re  a re  m aps in which a re  drown 

the slope deform ations which a re  of good help, The m aps a re  s to red  in the 

B ratislava  Geofond and accessib le  to every  engineering geologist o r  geo­

technician , It will then be a m a tte r of economic analysis w hether an 

engineering s tru c tu re : will be constructed  in the chosen site  and co rrection  

m easu res  will be taken on the landslide (always m ore frequent method with 

reg a rd  to the protection of the soil fund), o r  the line will be changed and another 

s ite  selected .

In some a re a s  of Slovakia the slope deform ations cover 25-35 % of the su rface . 

In s im ila r  s l i d i n g  a r e a s  an engineering geological map p rep ared  on the 

b a s is  of slope stab ility  is  unavoidable for the general urban developm ent of the 

reg ion , F rom  these m aps, which a civil engineer can understand with 

difficulty, zoning m aps a re  derived (M ahr-M algot, 1978). The zoning m aps in 

the landslide a re a s  then serve  for suggesting any kind of s tru c tu re  in the a re a  

and for the coordination of the environm ental developm ent.
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E x p l a n a t i o n  o f  f i g u r e s

Fig, 1: C ro ss-sec tio n  of a creep  deform ation in the SE of the Ráztoka ridge

slope, 1 -  pa rag n e isses  and siliceous gneisses with d istine

foliations, 2 -  m igm atites, 3 -  am phibolites, 4 - hybrid g ran ites,

5 -  b locks and g ra v e ls  of m o ra in e  d ep o sits , 6 -  dum ps of ro ck  fa lls , 

7 -  slope deb ris , 8 -  indication of dilatation sh ea r p lanes,

F ig , 2: C ro s s -s e c tio n  of the  Pol’skd Tom anová rid g e  e a s te rn  s lope ,

1 -  tw o-m ica g ranod io rites, 2 -  pegm atite-aplito id  g ran ites  (1-2 

Paleozoic), 3 -  slope deb ris , 4 -  gravels and sands of fluvial 

deposits (3-4 Q uaternary), 5 -  indication of jointing, 6 -  indication 

of dilatant sh ear p lanes.

F ig, 3: Frequency of vecto r d irections of deepreaching gravitational

deform ations in the T a tra s ,

Fig, 4: Dependence of re la tive  height H on the lenght of failed slope L in

the Carpathian g ran ito ids,

F ig , 5: C ro ss-sec tion  through the ridge of Sivy v rch  (Nemcok -  Baliak,

1977), 1 -  b io titic  quartz  d io rites  and granodiorites (Paleozoic),

2 -  lim estones, dolom ites, coloured shales, dolom ite in tercalations 

and quartz ites  of the Carpathian Keuperian (T riass ic ), 3 -  shales 

and sandstones, m arly  lim istones and shales (Ju rass ic  - Neo- 

comian), (2-3 High T a tra  envelope s e r ie s  and Krizna nappe),

4 -  dolom ites and lim estones (T ria ss ic  Chof: nappe), 5 -  block in 

the T r ia s s ic  lim estones and dolom ites, 6 -  tren ch es , step Tike 

sca rp s  (5-6 Q uaternary), 7 -  th ru s t fau lts, 8 -sh ea r zone,

F ig, 6: C ro ss-sec tio n  of the Bukovina h ill n ear Jeze rsk o  (Nemzők, 1974),

1 -  m arly  sch istose  claystones with sandstones, 2 -  sandstones 

with m arly  shales (1-2 Paleogene), 3 -  block field ,
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Fig. 7: C ro ss-sec tio n  through the Luk&inec hill (Novosad, 1966).

1 -  flysh claystone with sandstones, 2 -  sandstones (1-2 Cretaceous), 

3 -  deb ris .

Fig. 8:

F ig . 9: C ro ss-sec tio n  through eas t m argin  of K rem nické hory mountains

(Malgot, 1975). 1 -  lim estones and dolom ites (T riassic ),

2 -  conglom erates (Paleogene), 3 -  clayey shales, 4 -  c laystones,

5 -  andesites and agglom erates (4-5 Neogene), 6 -  block r if ts ,

7 -  block fields, 8 -  creeping zone, 9 -  landslides, 10 -  faults,

11 -  boreho les,

F ig. 10: Geological c ro ss-sec tio n  through slope deform ation on Vel’ká

Studna (Malgot -  M ahr, 1978). 1 -  lim estones, dolom ites 

(T riass ic ), 2 - sandstones, lim estones (Lower Palaeogene)

3 -  clays, claystones (Upper Palaeogene), 4 -  blocks of agglom erate 

tuffs (Neogene), 5 -  creeping zones, 6 -  landslide body, 7 -  sto­

ny deb ris , 8 -  ro ck -fa lls , 9 -  boreho les, 10 -  p ro jec ted  excavation.

F ig . 11: An exam ple of the map of engineering geological conditions on the 

boundaries of volcanic mountain range (Malgot -  Baliak -  M ahr, 

1976). 1 -  alluvium , 2 -  stone-loam y m ate ria l of the block fields,

3 -  alluvial cones (1-3 Q uaternary), 4 -  andesites, 5 -  agglom era­

t e  tuffs, 6 -  tuffitic clays (Neogene), 7 -  claystone with sandstone 

in te rca la tio n s , 8 -  conglom erates, sandstones (7-8  Palaeogene),

9 -  lim estones, 10 -  dolom ites (9-10 M esozoic), 11 -  s c a r  w alls,

12 -  block in the r if t  field, 13 -  blocks in the block fields,

14 -  s tab ilised  landslides, 15 -  dorm ant landslides, 16 -  active 

landslides, 17 -  earthflow s, 18 -  s c a r  w als of rock  fa lls ,

19 -  ta lu s, 20 - brooks, 21 -  wet a re a s , 22 -  sp rings, 23 -  tectonic 

lines , 24 -  boreho les.
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Fig, 12: Schem atic map of landslide. 1 -  head sc a r  of active landslide,

2 -  dorm ant landslide, 3 -  s tab ilised  landslide of o lder generation, 

4 -  secondary s c a rs , 5 -  dump, 6 -  observation geodetic points,

7 -  geodetic line, 8 -  profile  lines, 9 -  subway, 10 -  drainage 

gravel w alls, 11 -  horizontal boreho les, 12 -  concrete blocks,

13 -  rockfill, 14 -  ditch,

F ig , 13: D isplacem ent of observed geodetic poin ts,

Fig, 14: Scheme of drainage gravel w all, 1 -  boreholes fill up by gravel,

2 -  cavity form ing out b lasting, 3 -  clay, 4 -  horizontal borehole,
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Kivonat a "LEJTŐMOZGÁSOK A NYUGATI-KÁRPÁTOK 

GEOLÓGIAI-TEKTONIKAI EGYSÉGEIBEN" 

c. előadásból

Mahr T.

2Szlovákia terü le tén  5 .8 0 0 lejtő deform ációt térképeztek  850 km te rü le ten , Az 

inditékot a té rk ép ezésre  az 1960, évi Handlova-i nagy földcsuszam lás ad ta. A 

lejtőm ozgásokat négy csoportba osztották: vonszolódás, csúszás, folyás, om­

lá s . Földtani tá jak  sze rin t a csoportositás a következő volt: a m aghegységek 

te rü le te ; a kárpáti f lis s - te rü le t; a neogén vulkánok te rü le te ; a neogén me - 

dencék.

A k ris tá ly o s  kőzetekben ritka  a lejtőm ozgás, i t t  a tektonikus igénybevétel ké- 

sz iti elő a ta la jt a gravitációs m ozgásra . M etam orf kőzeteknél 18-47 fokos 

lejtőkön ta lá ltak  deform ációkat.

A fliss  terü leteken  a lejtőm ozgásokat a kemény perm eáb ilis  kőzeteknek puha 

v izzáró  rétegekkel való váltakozása segiti elő . A fliss  m agas hegységekben 

gyakori a töm bökre darabolódás, aránylag kevés a csúszás; v iszont a fliss  

dombvidékeken legtöbb a csúszás és a földfolyás.

Vulkáni kőzetekben ritka  a lejtőm ozgás, kivéve ahol a neogén vulkánitok 

plasztikus üledékes kőzeteken feküsznek. Gyakoribbak a kőtengerek és föld­

folyások. A neogén medencékben a lejtőm ozgásokat főképpen az erózió  okoz­

za. Mozgás figyelhető meg a trav ertin o  képződményekben ott, ahol azok 

paleogén fliss  kőzeten vagy agyagpalán települnek. Gyakoriak a mozgások a 

liptói és zólyomi medencékben.
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A helyi v izsgálatok Szlovákiában azt m utatták, hogy 200 km útvonalat, 27 km 

vasútvonalat, többszáz vezeték oszlopot, sok vízm üvet és ip a ri üzem et 

és 203 falut és v á ro s t fenyeget a lejtőm ozgás veszélye, A pozsonyi Geofond- 

ban m érnökgeológiai térképeket tá ro lnak  a m ozgás veszélyes te rü le tek rő l, 

Szlovákia egyes ré sze in  a lejtőm ozgás a te rü le t 25-35 %-át veszélyezte ti. 

Ilyen helyeken nélkülözhetetlen a m érnökgeológiai té rkép ,

1. ábra: K eresztszelvény  a Ráztoka hegy DK-i le jtésének  vonszolódó defor 

m áci ó járó l.

1. paragneisz  és kifejezetten leveles kovagneisz, 2. m igm atit,

3. am fibolit, 4. h ibrid  g rán it, 5. tömbök és m oréna kavics,

6. tömbök, szik laom lás, 7. lejtőtörm elék, 8, nyirólapok je lzése .

2. ábra: K eresztszelvény a Polska Tomanova hegy keleti lejtőjén:

1. Csillám os granodiorit, 2. pegm atit-ap lito id -g ran it (Paleozóos), 

3. le jtő  tö rm elék , 4. folyóvízi kavics és homok (Q uarter),

5. kőzetrepedés je lzés , 6. d ilatációs nyirólap

3. ábra: A tá tra i gravitációs deform ációk gyakorisági irányvektora ,

4. ábra: Ö sszefüggés a re la tiv  m agasság  (H) és a mozgó le jtő  hosszúsága 

között (L) a K árpát grani tói dókban,

5, ábra: K eresztszelvény a Sivy vrch  hegyen, 1, b io tit kvarc d io rit és 

granodiorit (Paleozóos), 2. m észkő, dolom it, színes pala, 

dolom it in terkalációk  és a Kárpátok Keuper kvarc itja i (T riász), 

3, palák és homokkövek, m árga m észkő és pala (Jura) (Magas 

T á tra  takaró  és K rizna takaró), 4. dolom it és m észkő (T riász  

Choc takaró , 5. tr iá s z  m észkő és dolomit tömbök, 6. árok, lép­

csős m a r t . ,  7. kom pressziós vető, 8. ny irás-zóna.

6. ábra: K eresztszelvény  a Bukovina dombon, 1. m árgás, pa lás agyag 

homokkővel, 2. homokkő m árgás palás (Paleogén), 3. kőtenger, 

blokk-m ező
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7» ábra ; K eresz t-sze lvény  a Luksinec dombon, 1. f liss  agyag és homokkő,

2, homokko, 3. tö rm elék

9, ábra: K eresz t-sze lvény  a K rem nické hory keleti szélén ,

1, m észkő és dolom it, 2, konglom erät {Paleogén'», 3, agyagpala,

4 , agyag, 5, andezit és agglom erát, 6, tömb hasadékok,

7, kőtenger, 8, vonszolt zóna, 9, csúszás, 10, vetők, 11, fú rá­

sok

10, ábra: Geológiai deform ációk a Velka Studnán

1. m észkő, dolom it (T riá sz ), 2, homokkő, m észkő (Felső  Paleo- 

gén, 3, agyagok, agyagkő, 4, agglom erát tufa tömbök, 5, vonszolt 

zóna, 6, csúszó te s t, 7, köves tömbök, 8, kőom lás, 9, fú rás ,

10. te rv eze tt k ifejtés

11, ábra: Példa a m érnökgeológiai viszonyok té rképezése  vulkáni hegységek

határán , 1, alluvium , 2, a kőtengerek köves-agyagos anyaga,

3, a lluvialís törm elékkup, 4. andezit, 5, tufa agglom erát, 6, tuffitos 

agyag, 7, Agyag, homokkő és m észkő betelepülésekkel,

8, konglom erát, homokkő, 9, m észkő, 10. dolom it, 11, szikla fal,

12, Kőtenger, 13, tömbök a kőtengerben, 14, megkötött csúszás,

15, szunnyadó csúszás, 16, élő csúszás, 17, földfolyás, 18, kőom­

lás  fala, 19, völgyfenék, 20, patakok, 21, nedves hely, 22, fo rrá s , 

23, tektonikai vonalak, 24, fúrások

12, ábra: A földcsuszam lás vázlatos té rképe, 1, élő csúszás homlokvonala,

2, szunnyadó csúszás, 3, megkötött rég i csú szás , 4, m ásodlagos 

csúszás front, 5, tö rm elék  m ező, 6. geodéta megfigyelő pont,

7. geodéta vonal, 8. szelvény vonalak, 9, földalatti vasút, 10, le ­

c sa p o ló k a v ic s fa l, 11, v ízszin tes fúrások, 12, cem ent blokkok,

13, k itö ltés, 14, árok

13, ábra: Geodéta megfigyelő pontok elm ozdulása

14, ábra: A lecsapoló kavicsfal vázla ta , 1, K aviccsal tö ltö tt fúrólyuk, 2 , r o b ­

ban tással képzett ü reg , 3, agyag, 4, v ízsz in tes  fúrólyuk
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