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MODEL A ND FIELD STUDIES INTO THE DYNAMICS 

OF BLOCK SLOPE STR.UCTUR.E FORMATION 

BLAHOSLAV I\.OŠŤ_L\I\. 
Ln!:-titute nf R ock St nwtllJ'f-' AIHI !\l f·chaJlic�. Al'adPIII .\' lir �l'ii-'IH'f-':-' ol' t III ('zedl Hf'PI II Jli l " 

V Hol"šoviřkltd, .Jl. Ix2 UH r',"";;,,,. ll. ('z,-,·I, R'·PIl!'li .. 

AB:-;TRA('T. 'rhe..> d Ylli 111un .. ol" 1 ) 1 ()("k� l .rpf-' :-.I(q)l-' 11111\'/'111(-"111:-. oll I nt\ '(--'rti J w Ilill:-. nf �pj;' 

Rf-'g i o l l  i1l Ea:-.U·:ru S l nv;J.;:iř! bavt· b('('[1 :-.tllrl;(·d by IIlf'itll:-. ol' fi:-':-'lIn-' IIloLuloriug alld 
p hysical photn plh.;;tj(� 11lOdd:-.. /\ III'W intt'll>1'f't aj iOIJ ol' tlw i I lVf-':-. 1 igaf"rI df-'folll1ill jOIl:-. 

i s  given. The l l l or/els :-.how t h( .. procp:-.:-. ill whidl di r-rITf-' I II 1>lne'k :-,1 rlH'11U't>:-. nf I ll" 
rnargil lal ZOlWS ol' 1.1lt' h ill, origi1l"1.'> '" t.Ilf" "fr ... ,,1 "I' i"di",,1 i"" i" I I,.. ""r!('I'I.I'i"b 1 ,. . .<1, 
of A.Ysh st. rata. ft is p.ithpr řl fřLJI-Likt' stnwtlll'f' f)f t nwPl'il lg blork:-. ill IIH' j>1 '/H"f':-':--' nf 
topplillg l i k  ... Ihat rO"HeJ "I tl,... ,·,,� 1 '·\'1 I slop" "I' D .. n·'·ltík I-lili ,,,, 1 ,1,,.-1, 1,,\\·,- .. , �Iippill;.!, 
."ll t IlPi!' Urt:-.(--' whjh .. I ťlppl i J l g  illwarcl:-.. likl' I !Jn:-.e al t III-" oj>j>o:-.it ( ' :-.1111>1-':-' /,1' lili' :-.'lItW hil!. 

f\lol litoring ol' ,-JH-' Spi;:' ( 'a:-.tl e  rCld .. :tUrlllliL:-'lIl1l'y fi:-':-'II\'f':-' IJ I 'IJ\'iclf':-' pre:-./'tll I'atf':-. (lf l lw 
lľlOVt->lllPllt:-. and /n .. data rtbollt :-.1 ablp hi l l  :-.('1·{ iOI l :-' : -.llowi llg pn>:-'I'III dd'/lrl lliLl iOIl:-' ill ;L 
pllH�ť-' ol' rt l()lt�· tt..>nu rl pfo 1'1 1 Pll iou I)J·I)(-:t·:-.� w l l i dl l'illl bl' :-.1 lid i,'" iu pll.\·:-.i/·;d 1 I 1ndt,'I:-. 

sucC{··�sfJIU.y. 

I\: EYWORO:"-); blo"k-t,vpe :-.Iopp II IO\,PJIIt-'llt:-.: ph. v:-. j/'.--J pl lofnp liL  .... ' il' 1I1odl'!:-.: fly:-.h d(--'fol'

Ulilt i on:-. , 

I. INTIH)[)IJCTION 
Slope cleforlll<l.t.iollS ill flysll arf'as cHf' frf'qltf'lIl. :\IIf'l'Ilal illg la.l·prs ol' salllh· "lid 

c1<l.yf'y l1f'cls providf' favoralJlf' couditiolls 1'01' slopI' 1I10\'1'lliPIII.s. Illclilwd hl'd" arp 

apl 10 sliclil1g, Ilotahly 1I1j(lpr cOlldiliol1 of IIig11 IWI'IIIPřlhilil\' ol' s;l\ldsl.OIW IcIYI'r,.;. 
DIlrillg {lf'riods of ahllclt'llIal raillS porf' IHC'SSllrl> 111;lY ill('l'{'itsP ill 11,,'111 dlte 10 \I'aler 

sřlturat.ioll 1.0 SIICII a degree Illal \'Ock layl'rs sl Milo fr;lrlllre alld spl ap;HI. Tlw 
procpss rpsu!ts ill slopf' ilistaIJilily a.licl ralasl\'Opllir failltrl,s. 'Ihis pl1PIIOIIjť-'1I011 is 

well klJOlV1I frolll Cřlrp;ll.lli;ll1 f]ysll <'lllcl 1'1'('1'111 lalldslidps ;Iľler lorr elllial raills ol' 

SUllllJlf'1' 1997 IVhen rlt'I'('ipilal.ioll SIIIIIS re;1rlwel :lOO to .)00 per relll of a 10IJi-', 11'\'111 
Illollt.lIly řlveragf' ill lllf' Vsel.íll rpgioIJ ol' BI'skyciy 1\11s. ((';:;1,('11 RI'p"hli(') \\'1'1'1' \'I'ry 

C'xtensivf' alld d<l.ll lagillg (Byhcíř ('I cti., l!lDH). 
This ,.ypp ol' fail1lrf' slrllck slIjll,rficial ZOII""; IVlwJ'p rlysll sll'ala olll('\'op dirp('lly 

(JIJ slopt's . HOIVf'Vf-'I', flysll s1.rafa IIlay sllow iltslai>ilily 1'\'('11 ill d"[1III, hllril'cI [>I'J'
IlIřlUf'lltly IllIde!' t.llf' IVat.('!, l<'lhle ",IJere IlO spriolls [101'<' p I'!''';' ' ;I trl' os('illal iCJII"; IlIay 

occu!'. Deforlllal',iolls of I his I.ype d,'vI'lop 111<l.illly II'IWll 1111' flvsl, sl )';11 a ar!' ('O\'(-'I'pd 

lVit.11 1'f'la.l.ivply I'igiel 1)lo('ks IVIIir11 OVPl'lvf'iglll 1.IIPil' plasti(' Ilf'dro('k. This is IIIP ('ase 
of hlock-t. ypf' df'ťOrlllřl1 iOllS, IVIII'II hlorks Oll I ll(' slIrľ<'l('p sppal'atp Cllld I']o\\' slolVly 

aside. ll. is f'specially tbe Illa.rgil1al ZOIW ol' Ilills of stirii ;1 slrtlrtlll'p ",lli('l, sltf['pl'S 
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defol'lllittiolls due 10 illslitbi lily ill IIIP IIl1derlyillg I)('ds. SII('1t dpI'OI'lII"lioll;' II'PI'!' de
scribed I'e('eltlly ill gfllfl'itl (f'itšek ,\.: h:ošf<ik. 1!l(7) as" pllPII0111(' 1I011 appPill'illJ.!, ill 
diffel'f'lIt al'eits ill diffel'Pllt silllal iOlls IIlldel' IIIP ('olldil i011 Illal I'igid hl()('ks 0 \'('1'1'1111 
plitsti(' bedl'o('k. 

'2.. INSTABILITY Ol" TRA\'8HTINE I"'::"ol:ls 

Olle of l!Je IlIosl inlel'esl illg fxalllples ol' hl()('k 1.1'1)(> slopp dd'ol'lllal iOlls ill ('ellll'rtl 
EIHOI)(' is l!Je rt I'fil ol' Iraverl i lIe Ilpa ps Ol' k lIohs i II I ll(-' ('PIli <'I' or Spi':; Rasi II i II l�asl <'I' ll 
Slovakiit. Tllf t, IVO lal'gest al'p 111<' lVell k1101V11 I 1'i1I'pl'l ilw kllohs IVil II Ilw Illa!!;llificPllt 

Ilwdieval Spiš Ca,.; I Ip oll llw top ol' olW ol' llwlll. alld Ilw Il<'al'll.v i)l'e'I'<'llík IIi11 a" Ilw 
secolld olle. Reseal'r1wl's ill).eJ't'sIPd ill h.lock Iype slope dpl'Ol' lllaliolls !Jad 1I0lin'cI 
cracks ill tll(' old casl'lp l\'itlls (,"JPlllčok ,I,,: SI·aloš. I D71) willl SiP;IIS ol' sppal';11 iOll 

IIIOVelllel11s IVhicIJ elit! 1101 look lik(' Iwill!!; a I'psltll ol' disilll('gl'al i011 of eldpl'ly I' llill"; 

otlly blil I'al hel' heillg sigus ol' Il'al'prl ilw hlock slips ill ('asI 1(' I'olllldal iOlls. Tltosp 
cri'lcks 1VE'l'p cOllsidpl'ed i'lS 1'.lw el'idpllCC' of \'(-'1'.1' 1,(,( , c'llI 1110I 'e111P11Is Illal Itad 10 11;II 'e 
o('culTet! aftel' Ille COlIstl'lIdiol1 of I !Je caslIP. II'ltic!J look plrlcp ill IIIP Illiddlp of 
III(' l :lth celll liry. Tlte defortllatiolls t.llel1 OCClllTpd ol}\'iollsly ill t ll!' period of IIIP 
las( SPVE'lI cellt1lJ'iE's. A qlH'S(ioll Ilas heplI I' aispd II'lwlllpl' tll<' dpf'ortllal i011 pro('(',.;s 
slopped Ol' 1I0t, hits. Olle pal'ticltlal' nack ill tll(' castlc' lValls 0111 Iw ,.;e('11 ill Fil-!,. I 

IVhicll show Ille positioll of itll OlltSlrllldillg Illock. tll(' so c;l"ed 1'('1'1111 Hock. Iril IJ 
SOIIIP IIIPdipI 'rll stollPlllilSOlll'y Oll it,s top. 

('I'OSS secl iOll III rollgll On'l'ell ík II ill. a IwigldlOll1' k Iloh ol' IIIC' Spiš ('",.;1 Ip (Fig. L ). 

sllOlVs Ilw SII'II(').lll'e ol' Illp klloh accol'dill!!; 10 <III old('1' gl'olo!!;ical c/OCIllllPlllalioll. 
TI1<' scllellle S!JOII 'S hlocks slippillp; p;eIH'l'all.v rtparl ;111(1 dO\I'II,.;lop(' Oll c/lldill' Ill'c/rock 
or Ayslt strata. illclilled gC'IIC'I';llIy 10 \V. Accol'dill!!; 10 tlj(' ";CIWIII('. illdil·idll<ll hlm!;s 
rotate ill tlw slippillg pl'ocess like cal 'ds lI'illl hlock mol:-; alwad ;llld IOll'erillg 11(';ld" 
rcstillg Iw!Jilld Oll holil sides ol' tlll' Iii" slop('s. 

Ohl'iously, thp geologisl nlll 1II'lkp SIlCIJ a SC!J('llle of I !Jl' noss spdioll IPII'illg 
gl'l lE'ril. I dO('1llllftllrtticlII of thp slIrracp wil II ollly illdir<'cl illdici" ol' tllt' silllrtl iOIl 
ill tbe clept,h. vVhit) is knowll is lita! 1IIIIIIPrOllS l'éWl'S 0111 Ill' fOlllHI IIl1dpr IIIf 
hlocks. itml fissllres llE'tweE'1I rock hlocks ;Ul' para"l,llVil II Cčlves wllirll illdicall's Ilit' 
deforJll,ltioll procps;; dllP 10 illslahilil:v ill Ih(' Iwdro('k. 1I00rel·pr. I II(' IIH'cll<1llislll of 

Ilw df'rorJllal iotl IHOCPSS cOllld 1101 hp dpsnil)('d ill ;1 IIIOi'(' dl'I ail. ;llld lVas (',.;1 illlrilpd 
Otl ly. Itl facl. PVPII SOIIIt' d('laill'd ficld Ohsc'l' I'aliolls Illa.l· difl'c'r ['1'0111 Ilw ,Ji)OI'!, 

cross sectioll ol' Fig. L. Oll Ih(, phologritp" ol' Fig.:\ sll(}\\'illp; f)rev('llík Iii" Ire rall 

ohserve lowprs of Iravertilw hlocks itl rl linl(' difl'('r('lIt cOldigllral iClII. TlI(' piclllrp 
is trtkell 'll 1.11f pasleru Illitrgill IIC',1I' tll(' hill lop wllt're III(' fl.\'sh I)('drock is dippillg 
into (,lw knoh itml rock blocks show illclitlpd posil iOlls ol' IIIP I'onll of a fil II. Tlll'ir 
beacls a,re t,opplillg clowllslopp, i. P. opposilP 10 Ihl' rtbO\'p noss secliotl. ,\Iso. Ihp 
inclit1rtt, ioll ol' beddillg pl'lllt's ill travprl ilw hlorks crtll 1)(' SPPII ill Fig. :\ rllallgillg 
1'1'0111 c1ipping wE'slwrtrd Oll t,hp hilllOp 1.0 dippillg pčlslward Oll t hl' slopE'. TllC'rp is i'l 
rpgulitr iucrease in t,oppling of I lip block l,olVprs C'asl,lVard . ,\Iso IIIP piloto ol' Fil!,. I 
illdicittes a procpss of lopplillg ill IIIP hlock willl sloll<'lllasollry Oll Illl' lop . 1I('rf' 
I h(' lopplillg lV'ls explaillPd hy cavillg, SillCP a caH' Ilas l)('pll dl'llJl'Ipc/ 1111c/l'J'II(';IIII. 

( 

I 



i\IODEL ,-IND PIELD STI'DIES 11\TO TIIE [)Y1\A�II('� '" 

FIG, 1, TIH" 11'<111 cPlrk N of' Ille 111<lill Spiš ('asl,le galp II'llirll II'iIS 

sllpposed 1,0 PI'idc'IJ('C' 1I101'PIIIPIII" of' I 1';II'el'l illP hlorks ill 

I lIP raslle f'O l llldi!1 iOIlS, Tlw nilck S('PiIPII C'S i! llllge hlock 

of' tnwPl'tille callpel !'el'llll Hock (I'iglll) 1'1'0111 řl sI OllPllli!

SOIlJ') lI'i-IlI (l('fI), i-Illd illdin11 C's o!wllillg, 11';111SI'('I'Sill dis

pli1cellwut il.lld rol i11 iOIl of' I lIP !'PI'IIIl Hock, TIIP fil'sl !loiut 

ol" 1II0\l('IIIelll IIIOUilOl'iug, 

Trhlilla \' ol)v()dnv!� hrarLlí zdi !'->f-' \'(TI H':" od hJ;l\'lIí l)r:lIlY �pi;:-.kt':llf) 
hrad1l. Trhlina oddi'";JlIj(' IIIOllll! 11,\' blok ll'avf-'I'I ill!' l1;lZ,{'\"(1I1,\' I )iTIlllllva 

:-.k!da (vpravo) od kalllf-'IUII�ll() ldjVřl (vl(·\·I)) . N[j·I,llai·�'I.i(' )"o7,('\'!'PIIí. 

p�í(�lI,\' proklllz a. ponl()('":ť'>IÚ Pf-'I"IIIIO\'y :-.k:d,\' .. JI'.ií t-'xi:-.tpun-· b,\'I;L pl'\'1l1l 

zlláLnkoll. ŽP trrt\'f··rt illo,,? IJ!ok.\' zfddiidt, hradil IlIj!">IHI :-.1 hbi!Jlí. Zc!p 
Lyl O:-.HZPll pn',\' IJod koutrolrúiln :-.lpdtlv;iJlí pollyl)11 1>1. 

m W 

:::1 
400 

FIc:,:2, C'ross secl ion IIII'ollgll OJ'('VPllík 1Ii11 řlcc()J'(lillg 10 gf'ologiri!1 

dO('llIllt'lIla.tioll givPII by NplII(-ok A: S\'i!toš (ID7!J) 
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Flc.:L Vil'\\' of I rrlVf'rl i II<' hlorks il! lilI' paSll'rll II,,\r�ill;d 7011<' of 

Dn'vf'IIík lIill. 111'1"(' Ilrp hlorks IlčlV(' lak('II ;111 illrlilll'd posi

lioll as d' rol akd \ritlr Ill('ir 11(';ld" pro�I'('ssi\ ply dO\\ 'IIslopp 
pl" Odllcillg I Irf' forlll of a fall. Spiš (';ls1 ll' Oll ;ll1olll(-'r Il"avpr

I i IIe klloh i II I II<' Il<'iglr horhood of I) rp\C'II ík II i II is I o\\'eri ll'; 

il! hrlckgrolllld Oll III(-' s('ccllld Ilorizoll. 

Pohled lIa t ntvc'rl illf)\'I� bloky Jla v.\'(·IIClc!lIilll ()kraji I )n'\'!'lIíkll. Hloky 
:--op:-.I a\'í \' prob,,·c..o:-.i\'lIídl IIlddollf->d, pn ;--.\';t!1I1 dtl fon ll,\' \·c ..... .iíř·f·. \' !->()1)�(·d

:-.l ví Dn->vc-'lLíkll :-'1' IlrU'h:'lZí dal;í t r;-I\'(-"rt i HII\"" I i"k!--(, :-,1' Spi:-.:-.k�·11l hra

dt-'lll. ktt .. l'�' jl-' prtt 1'11,\' \' pozadí na dndJt�1I1 hori.tolll ll. 

SlIclr det.rlils delWlld Oll I II<' illl ('rllal IIleclrřlllislll 0[" I Irl' dl'forlllal iOll PI"OC('S" III 

t,lw IIlřlssif řlnd IIlřly Iw illlporl.rurt IVII<'II sl,řlhilil.v of illdi\'idllřll Idocks \v('f'(' 10 Iw 

ť'vrlll1ř1led. To IIIld(-'rslřlIHI hplln liJ{' PI"OC('SS ;lild cOlldiliolls dll<' 10 \\'lricll il 11"1.\' 

!Je evokecl, I here was a delllalld [" or ,,01111' IIIOr(' dl'lailť'd lic,ld "lid eXI) ('rillwlIl al 

illvest.igaliolls. Tlrerefore, ,;('vc'l"ill crack,.; il! I II(' Spii' ('asllc. I II<' n<!('k ill Fil-!,. I 
all")!lg t,helll. IVere illslrlllllelllc'd 10 IIHmilor pOlellliill lll{)\'('III<'III'; hC'I\\,coPII 1>lo('k,; 

dired.ly. Lakr. evell řl, sPI'ies 0[" IJlodels I Iral \Vollld COlllil'll1 I II<' IHO('('S'; of hln('k 

IIl0velllellts, were pl"oclllcpd. 

:L i-)LO('I\ r.lovE�IEi\:T \I ONITOIlIN(; 

Eřlrliel' stlldies illlo gell('sis of I ll<' Spiš I l" avel"l i II(' kllohs, I Ireir IIlol"pllology. k;lrsl. 

Cřlves, ant! eVf'll evidel1ce of gnwil,aliollřll dd' ol'lImliolls Ilas l)('el1 OIlllilJ('d 1>.\ ('(,1)('

callel" ,I,[ Liška (1912). Lřlt.el'. F'lIssgiúlger (ID�!í) dc'snil)('d 111(" sil!' ill grer11 d('lail, 
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"11,1, \," "III lili' ,I III' 11I(llIil(lr illl!, 1'<,,"11 "  ,,1' 1111' d,'I"II'III;\li'IIIIl";I,,"rl'IIII'11 1111 :-ipi", 

,d'l ;Iill' rl ill II", illl n ,>111<"1,,1' \ p"rilld "I' lili 1IllIllil or illl!, IlI'l!,;lIli/,'d ill ('("lllI'r;11 i II II II illl 

III' ;IIIIII,q' 'II' IIII� ll, 'rl;. 1111'1"'1',11" III" d ,'�nil'l illll III' .11'1 ;Iil" ;111.1 d l'i "il"d "il ll;11 iOIl 
dr;I II'illl!,- l!,I\ ' II 1, \ l'II" ... g;illg,'r lI'ill 111,1 I" 1"'1)(,;11 ".1 1",1"'. 11 011"\"1' , !lJ(' IIIUJlil orill;.\ 

,'''"I illll' d . .\I!fl r"�1I11 � III' III' I 'r"lolIgI tl pni,,,1 ,Ir 111";1"" 1"'1111'111 \\ 'ill IlI' hridly ;.\i\·I'11 

III' 1'1';11'1, 1', lI'illl II"'" ,,""1'\ illr"I'III;11 i,," 111;11 {'I II 1011'", 

1'111"'" I,,,illl� "" 1'I';leb ,d' 1111' ,"I,i- (';1"11,, 11'('1'(' ",'I,'el,'d {'Ol' IlIollil orillg ;11,,1 ill

..,I I'IIIII"III,'d ill I'l�ll, ('r;lI'l; g;lIlg"� '1'\1,1 \\f,rl;illg lili IIl<'ell;llIi,,;tI IIplie;t1 prillripl .. 

(1IIIIir"1 11',,1'" 1I�"d ,,- 111"\"1111'111 il"lie"l(Jr� (I\o':;(;íl;, 1!l�)I ) ,  

Tll' 111,,1 r lllll"lIl � 11<'1"<' ill"l;tll,'d 1111 "1,,,,1 Ilold,'r" e"III<'I!1,'d illl ll "1, ,.110 11' 1'(Jr,'

II,d, ... III lili' '1l'llIl"il ' 1\';\11" <Ir lili' ill\,'"lig;IJ,'d l' I'"eb I II ill.lie;t!,,:\ I) I"<'blli\,' di,,

pl;I""IIII'II\'-' 1"'111 ""11 III<' 111<1 -"1';11';11,'.1 I,,,di,',,, I�""IIII illg 111t1\"'III<'III" ;\1',' I llI'r,'{'or,' 

1 "l!,I"I , 1'",1 ill 1 111"" (';lrl""i;11I "'lordill;II,'� r "pr"""lIlillg 1'I';II'k 'lp"lIillg "I' ,'Io"illg (,I' 
"')(II',lill;II,'/, I",ri/,,"I ;II �II""I'illl!, III e'"lr,IIII;II,'), ;11111 \','rl ie;11 ,,111';11' III lili' P;lrli .. ll!;.r 

n;,,'k (. rIHlI'dill;II,'), Ori"lIl ;llillll 01' 1111' ('()llrdill;II,'" i" il"li\ 'idll;tI ;11 III<' p;lrli('\lhr 

POilll ", I\'illl lili' ,I' ('""r dill;II,' ,q'i"III,'d d <J\\ ' II"lop" 1,,";tll\' 10 illdi(';II,' din'el l, \' n;l('k 

"1"'IIIIIl!, dlll' I " ,,1"1" III"\"IIII'II\" . 

/'11,11'"1111 /'/11;1" 1""'11 ill" I"II,'d "I lili' hOII"111 "I' III<' rf';lek """11 Oll Fig, I, III 
1111' !(lII" "I' III<" ",,1"1'11 "I"IH (Ir :-il,i� ('" ... 11,' I1 i" ill"I)'1II1I<'III,'d III 1lllIllil"r ,,101'" 

11111\"111' III III I', 1'1111 li,,,, I, lIil ll 11"!'I/'"II ;d ,I' ;IXI" "ri"III,'d 01<111'11,,101'" I " :-il�. 

,'o', {I III,I 1"11111 I'.' 1,;1" 111"11 ill ... 1 ;tll,'d ill lili' 11'1',,1 "1'11 "" .. I i(J11 "I' III<' C;I"II" ill ,,1"1"'-

111;1"""1'\ "I' ;111 "1"'11 11;.11 1' 1';1,,1;, '1'111' \\';.11 i� ori"lIl ,'d 10 \\.\ \\. dO Il'lI"lop", ;11, ,1 

1"'1'1"'" 1,1" " ""II"','li,," I" 111""11 III' "\1"1'11,,1 r"rlili""lioll 11,,,11 lIilll 1111' r"lIl r,,1 

1 1';1\,')'11111 "lilI', I1 I" ill,,1 1'11111' 1I1,'d 1'1 IlIollilor "llIllI' ""'\""1<'111 ill {'or l ifiC;11 i<lll \\';.11" 

11 1111 rfllll"f;lli,,"� 1111 !III ,,1(11'" dil'pill,l!, I" \\'\\\', TI" Ilori/oll!;d./· ;Ixi" i� mi"III,'d 

",\i;tll\ III lili lI;dl, I,', d'I II'II�I"11 <' "l!,,,i II , 

nlll'tI 11/11111 /' i 1"1,, 1""'11 ill�1 ;tll,'d ill lili' IIml lll'rll ""1'101' nI' III<' 1';1,, 1 I" Ullhid,' 

III<' {',"'lilie;lli'"I. ill�I!'!IIIII'III ,'d I" 1I1,,"il"r r,'hli,,' IIIO\"'lIl<'lIh 1)('111""'11 11"0 Iligll 

Ir;I\,'rlill' l,f"eb ill III<' "I, "llI',,1 ,,1111'" <11' 1111' :-il'i" (';1"11,, Ilill. III lili" 1 ';1";1' ,I' "xi" i" 

'"'i"III,'d '11I1I,,";tll\, "I lili' 1;11Il!,"1I1 "I' ,,1<lllI' eOI!1'>!lr li 11<''', \\'llill' illdic;llill;.\ dihlioll 

111"\' III' III" IlI'I II""1I III<' I II'fI Idll('l;� ;hid, IIlliI,' il i� III<' II ;Ixi". 1"lliell i" (Iri"III,'d 

dllll'II�I"I" illdi,;)lilll!, �III;II' ill III' li ... �lIr", 

1."11'1' , ill ;111,,1111'1' Idl;I"" "I' 1II'"lil " rilll!, ,1\111'1' "IX IlIlilll � ""1'" ill"I!'!IIII"III .. d. Tlli� 

1'1,,1,,' ,,1"rI , ' d  ill I 'I<J:!, 'I lIli 1,"il!1� ""1'" 1,)!'"I,'d clil",' lil I III' POill1 I' I, lliJllIl ".1/ I 

;tI,"\, tll' 1"'1'1111 li" 1;, 1"'"11 JJ/.! 111111,,1' il, 1IIIIIn 11"'llI'ripll<'r ;tI 1 I·;tll, 0111<'1' poilll" 

""1'" 1"";1"'.1 '"II�id" III<' r"rI il �(',,1 i"",,, riglll Oll III< '  Ilill ,.;Iop",,;, illl"lld,'d 10 IlIollil or 
illdi\ i,fll:tI 11';1\', r l ill' I'I\\" I'� ""11' II I' III' 1I1I1�id, p"illl " h;ld 1""'11 d"llIoli"ll<'d ";(1011 

1,\ 1'11'11 \:1 1,f;t1i"," I. ", 111:11 il ll;\.'" illll'", . .. , ... ild,' I" ""III i lilii' lili' 111";1"111"'1111'111, ill ";(lil,' 

o('�"\' ""I ;)11"1111'1- III 1"",,,",11'11 'I lili' I, ,,illl", Till l\lIII', lili' It"lill \'I',,"II� 1'01111' ('1'<1111 
1111' III·il! ,ill;t!(lI"I .... ,d' III"I\il "rillg lI'il ll lili' lir,,1 1111"'" IIh",'n;llioll (lOilll " ,  ;t!11101I;.\11 

"\"11 tll""" 111(';),"'111"'111"11'" I""" 111"'11 illl "1'1'11 (l1f-d , I ,,,ill\" 1' 1 ,,1\11 1':\ d"llIllli"llI'd 

;11"" "lid I",illl I':! 1" 11111\',( d llrillg r ('",,"�l r ll,'lillll I\{)rk� ill I ()�ll, III "(lil " nf' " 111'11 
(lr old'III', 1111"1',',,1 i II:':' 1",,,"1,, , I""" 1""'11 "I,I;)illi'd, 

/'01111, 1'1. /,1/ I (/lId / l/! 1IIIIIIillll' d,-r, 11'11 1;)1 iOIl" ill lili' ;\1""1 ,,{' 1'1'1'1111 I{IJ,.k, Ili

;1J.!.r'lllI� ,d' 1111' di"I,I;I""III"III" ;11'1' ill I'i,:.!," I, :1 ;llId li. '1'111' OI'i"lIlal iOIl n{' co ()rdillal,'� 



J30 

in t,IIose diilgnU!lS IIilS Iwell Sf't cOI!lpill ihlf' to 1'f'f1ecl Pe 1'1 II I Rock II IOI'PII Iťlll , i,p, +,1' 
- fissul'e opeuing; +y - sillistl'al IIIOVPIIWllt ill IIIť fissIII'ť': += - \'PI'I iCill slwill' ill 

tlle nSSIII'f', i,p, SlIhsidf'IICf' of tllp PP 1'1 II I Rock ill I'PSI)('cl of' 11f(' ollf: .;i<!p hlocks, OIlP 
nlll Sf'P thill co-ol'dillillf's ill Pigs 4 illld !i rUf' pal'allc'l. It IJle,,"S 111;11 lissllI'ps "ho\'c' 
Ilw Perlili Rock opell gl'ild lIill 1,\' IVilll sillistl'ill III01'PIIIPlIls hplIVePII Ilwil' sidp \\'all�, 

As for (,he ('o ol'diualp,:, i( dp \'plops to lIegalivp vall/es, ",IIicll IIIPrlllS displilCPIIIPlIlS 

opposilp to suhsidf'llce, Lookiug 10 Fig, Ci. lVe lltay 1101 ice agaill sillisll'al III0 \ (']IWIII 
in .tJ, while oPPOSitf' tl'ellth; iu ./' (fiSSIIr<' ('Iosillg). alld : (Pel'llll Hock slIhsidPIIC('). 
COllsidel'illg resl/lis f'1'011l Ihis tlll'<'p poillts willl I'pspc'cl 10 IIIP Perlili Hock, IV(' 111;1.\' 
couelude pel'IIlitllPUI lilI illg of' il dcmu III(' Ilill (opposilp IValls IIIOI'illg opposil(' \'PI'

I iCillly), ilud dowlIslopp sllif'l,s of' il (opposil(' sid(' fisslll'ps slloll'illg opposi((' \\'idl II 

d'lilllge) willl ilU addil ioua.l sllhsidPIICP of' I II(' 1'('1'1111 Hock (I IH' 10 \\'('1' lisslll'P ill<!ic;ll
iug 1I101'f' tllilll twicf' I lIP slIhsidPIICP I'alf' ol' Ilw IIppPI' 011('), 1'llpl'p is roiIlCidf'IIC(' ill 
Pl illld TMl ill tllf' fissllr<' OpPllillg I'illp 1)['llI'ec'lI l�H)L alld IDD:) (,,1)()1I1 LIIIIII pel' 

:1 yeill's), Tllel'f' is illso all indieal iou of' accplpPl1 iou ol' I lf(' 11I'0CPS� ill I Iii" ppl'iod 
ill illl tlle (IIree diagl'rllllS, T\te hlldillg of' I \tc' \'PI'IIII Hock lili illg coillcidps \\'il II III<' 

silual iOll ol' tlw !lloek ill Fig, I 111110' pl'(l\'illg Illal III<' procc'ss is ;lcl i \'p. cOIII illllillg 
f'I'Olll l,he period of' t\te ulsI Ip COlIsIl'llrtiolJ. 

POlili PJ (Fig, 7) wlliell 1II0llilol's dpl'ol'lll;II iOlJs ill III<' ,,'('slerll secl iOIl of' I ll<' 
caslle, illcJicaled sel'iolls dpxll'al II10VPIIWIIIs ill Ille old sIOIIC'III;ISOIII'Y crack. i,c'. 
displilcelllellls ol' IIIť f'xlf'l'lIal 1'01'Iifintlioll \Villl 10 NN\\', TIJ[-' IIIO \'('IIIC-'1I1 is '1l1ile 
I'egulill' aud I'f'ads ilholll 1 111111 1)['1' ,\'ertr willl a sillll"l ;IIIC'OIlS crrlck OP('lIillg ol' ;lholll 

O,:HJ 111111 allcl \'el'l iCrtl slwill' of' rtl)OIlI (J,LU 111111 1)('1' ye<1I', III I \trii I II<' \'('1'1 ic;t1 slwi\l' 

is uegrlt.ive, i.e, IIplil'l of' Ilw COXI(,I'II,t! IVall dllc' 10 all ohviolls 1'01;llioll of' IIIC' \\'all. 
Smll a fiudiug is ill iI good ilgrpPlIlPll1 lVilll PIISSg�'i.tlg('I"S ( lDH!i) n'slIlls, \\'110 11;.](1 

lIol Illore tltall tltrf'f' ,vears of' ohsPl'\'al iOIlS, 

Point P8 (Fig, R) illslallpd ill Ille lIorllwrll sf'clor ol' III<' r;I�llp 1)['1 \\'('('11 Ili;.',11 
IO\\'f'rillg hlorks olllside tll<' rorlifiralioll. Ilils 1101 illdirilled i1l1y In'lId of' 1110\('111('111 
sllOlI'iug [.llal t.llis spcl iOIl ol' Itiglt bl()('ks Illil.\' h(' cclllsidpn,d "I <lblc' ;11 I)I'PSC' II I , 

Olllf'r poillls Imlle 1I0t SItOIVII c\P,lI' reslllts, pil Ilc'r dll(, 10 ;1 "Ilorl pC'riod ol' op('ra

tion. Ol' dm' t.o reppatitblf' delllolisllillg. AdcliticlIIal df'1 ails IVI'rp c\c>scrilwd sPp;lr;ilel.\· 
(Vičko et ill . .  199R), 1-I0lVevpr, n'slIlls 1'1'0111 litl' I'C'I'IIII Hork Oll III<' ('aslpl'Il slop", rlS 
well as those frolll (lIP IVPslpr" slope sick cOllfirlll('(1 I I\(' d('ľorlllill i(lIIS i1S pr('''('IIII.\' 
a cl in', 

tl, MOD8LS Ol" KLOCI, STH1JCTlIHE r)yI',\�IICS 

To COllnl'lll lij(-' dpfol'lllill iOIl process ol' 11](' 11';1\'('1'1 i I\(' disilJlpgr;11 iOIl alld 10 gailJ 
rlll additiollal llll'c1lilllical explallrllioll ol' il.;l sl'I'ies of' III0d.,1 ('xp('riIIlPIIIs Ilit" I)('PII 
perrol'llled, Tbe IIloclels of' lllis Iype lI'erp de\'plop<,d ill (lilI' Irlhor'llory ( I\o�ť;\k. 

I D77:1 DRL), Sucll IlIodt'ls cau IH' IIspr" I I o pro \'id(' III<' illsigltl illlo Illc' II I<'c\lilll iSIl I 
of 1I1i1.U)' diff'erelll gt'ological p[,()('Pss('s. Im\'iug lij(-' ;'Ihilil.\' to prodllcP rllC'ological 

deforlllrltiolls aud hllally e\'t'1l slrlldl/res ill r('al lill\('. IllPn'f'or(' 10 silO \\' d.\'lIrllllics 
of tllf' procf'SS, illHI l.iIlIC' dpvf'loplllPUI of' III<' sllldi('d sl I'Ilcllll'(,s (l\os(iÍk A,' Z"IIIr1I1. 
19RL: 1990), Altl10lIgll Spiš C'ilsllp derOl'lllill icm IIlollilorillg sl ;1I'1('d 1101 eilrlin I I lilii 



I\IODEL A N D  P I ELD -;TUDIE� INTO THE D Y:--;A � I I ( ';-: 

[mm] displacement x. Y. z P 1  
1 .00 --,------.----�--�---�--

0.00 -+---t;;.>:f+1�_!_c_-+----+__1=-...-+1----;----- _-j-l __ --------+í-
- - -- -//-! - - - - ', y 

I 
- 1 .00 -+----+---"'-----ci----+--I =------· .. ·I---- .. ·_ .. -�----·,··-�··-z 

-2.00 -+----+----1-----+-----+---L 

I 
-3.00 -j----t-----+-- -t 
-4.00 -j----+----i----+--

t 
-1-

,� --+ �-
L 

1-
-5.00 +-r_-+-_,_-+-�r____r---,--+--__r-_,_-.____,r_____,_-_,_-r___r-....,....::......, 

1 979 1 981 1 983 1 985 1 987 1 989 1 99 1  1 993 1 995 

PI G .  4 .  D i s p l acf'I I If'I l t.S rf'corded a t t 1 1 f' po i  l i t  P I . I lP I II'f'P I I  I l I P  1 'f'1' I 1 1 1  

R oc k  a l l J  t.lw \Va l l  N of' t l l P  1 1 1 ;li l l  S p i š  Ca"t  If' !!,aI/'  " I I O"' l l  

i u  P i g .  l .  
+.1; - rissl l rf' OIH' l l i ug :  +.1/ - s i l l i s l  ra l 1 1 1 0\'(' 1 1 1( ' 1 1 1  i l l I l IP 

r-iss 1 l l' f' :  +.: - I'pr l  i c a l  s l lPa r i l l  I I I <' f i ss l lr<-' . i .p .  s l l hs i d e l J c P  

o f  I IJP Pf'I' I I U  R o c k  i u  rpsppc l  ol' I I I (' o l l l s i d (' h l oc k s .  )'pa rs 

i ud i r a. t f'd a. t 1. l l f' P l l d  of i u t f' l' I·n l s .  

PO:-. 1 1 J IY zazl l rul l C ' J la l l�  v bodt· P l .  I I II-'zi Pf'I ' l I I lO\'ol l :--.kal ( ) 1 I  řl" /,d i vc-' 1 1 l  

�t-'v(-'nj(:-' od hlavJú I JI'iulY Spi;::':-.kc: l ! ( )  hrhd l l  ( v iz obr. 1 ) . 

+�. - roz,íře,ú ( rh l i "y:  +9 - Ip""( ",'i ,,.í· pl' C l k l l lz \. t r l l l i " ,': +z -

:-.vi :-.l,Ý !--' L l l,Yk l I a  I ri d i u;:, tj . pokh':-, Pf-'I" I I I I O\',V :-.k;'d,v ) " I - lal i V I II:' \' l H�i okolí .  

Lt-'I opo(�t .r na kOlwi i l lh·'n'al l l .  

1 997 

in t. he yf'ilr of 1 9 7 9 ,  w i l l l a p rospf'ct  1 I 0 t  1 0  r0 1 1 1P 1 0  a l ly d p f i u i l p  rf's l t l l s  1 ) (' 1'0 ('(' 

il p f' r i o d  of sevf'ril l  yf'ars of re j lPa l e d  I l leaS l t rc'I I I ('l l l s .  l i t (' [ j rs l  I l l od p l  f'x p e r i l l IP u l s  

i l i t  o t 1 )(' df'f'Ol' l l l at i o l l of D rf'vp u í k  I y p <' \V('('(" f i l l i s l lP d  M l d  ( ' I'a l l l a l ed as ('a 1 ' 1 .1' ; 1 "  i l l  

l D 7 G .  a l l d  (. I tel l  P l l h l i s l ted ( I\ošt'�k , l D8'2 ) .  T I IP 1 I 1 0 d p l  o l' I 1 revPl l í k d dó n l l i l l i o l l  I\'as 

p rov i ded t 1 tere as a.1 I  eXil l l l p lf' ol' a s l I rressťl l l  a J l p l i c a l  i 0 1 1  o f' S t l c l t  a I l l ode l  I\'ork . 

T l t f'  t l lodf' ls  USf' a.ga. r-a.ga.r gp ls  ol' vf'ry 1 00v COI I CP I  tl ra I iou  i I I  I\'a I ('1' a,.; I l I P  I I I  a i I I  C ( )U

s l, i t l t e l l t. .  T II f' hol. SOl l t l . i o l l  i s  Iwi l l !!,  p O l l rf'd i l t l o  t .PI l ls p a l·P l t I  vpss( ' l s .  t\ rt er gp l ; l I i 0 1 1  

i u  ( i l e  vf'sse l t l1f' I l l at e r i il l  is rpady 1 0  I w  st l l d i pd 1 I I I der px l l' r u a l loa d i l lg rol J d i l i o l ls 

cO l l l b i l led lV i t. 1 1  t·, l t e  hody lVe i g l t l  ol' t l l e  gel  i l sel f. A II k i l l ds of d i f léreut  h O l l l l d a r.v 

con d i t i o n s  ca l !  bf' ('I'ea.t f' d .  l u  I he rase ol' I ral'prl  i ue Iwa.ps II' l t i r l t  l'I' I Jrf'Sf' l l t  l a .l·ers 

sf'd i l l 1e l l t.ed O l l  ( l t e  t O J l  of s l i g lt t l .l· i m l i twd A y s l t  s t r a t il .  t l l(' or ig i l l a. 1  S i t l l il l i o l l  n l l l  Iw 



I J'2 

[mm] displacement x, y, z 
1 ,00 -,-------'1--- T 

TM 1 

I -- � - y ... , - - - - - -\ _ .... - -, �- - - � - - - - - - - ,.,
... .... .... / ... 

_ - .... _ ... - ",, - -
" ' , _ ... ..... ..... I ... - -.... '" .... 

I - I 
0.00 -+--,.<:-::,_":,_,,,I-+-�_�_--+-� -----.... \ . ,.� ... --

- 1 ,00 

-2,00 

-3,00 
1 99 1  

- ---·--·-··· � ·-· z 

I 

�[ 
I 

1 992 1 993 1 994 1 995 1 996 1 997 

P I C ; , , j ,  D i s p l a n' l l l < ' l l I s  I ' I 'cor t ! pd a l  I I I (' poi l l l  T \ I I ,  i , l ' ,  I I I  ;) 1'1 '0 1 1 1 ;1 1 

nil c k  a.hOI I ! . rj I I I  d is l  a u l  1 '1'l l 1 1 1  I ! J < ,  p o i l l l I '  I al I I I!' 1 '<' 1 ' 1 1 1 1  

H o c k  ( F' i g .  1 ) , ( 'ool'd i l l i 1 l pS o ľ  I I I< '  1 1 1 00' ( ' I I I I ' l l I s  Sf' l '  I,' i ;.; ,  L I , 

PO!-.l11IY ZaZl lřLl IH ' l I;l I H� \' I ) ( H lp T l\ I 'I .  t j .  \' č";f ' l l I í  1 !'I ! l i l l l"; a�i .� I I I  při ·d 

I JOr ! t-: 1 I 1  P 'I  I I  Pf" 1"1 I I  IOV\' :...kály ( I I I ) ! ' .  I ) . � ( )l l. ř·i1d l l.\' =--y:-.I t" l I l jakn \' ( 11)1 ' .  4. 

x 

1 998 

s l l p p osed very s i l l lp l p  a ! J O I I IOgp l I P O I I S  h l o c k  l\' i l ! J  ; \  1'1 '<'(' pdgp,  I O;l l kd h.v I l l o t! p l  

011' 1 1  lVe i g h t . il l 1 ( 1  si t, t i l l g O l l  iI  s l i g l J 1 l .y i l l c l i l l pd Ui 1 0  l O d q!, ) s l i p p I ' I' .\' h ol l o l l l  I l i l V

i l lg e l l o \ l g l l  t i l l le t o  dpfol' l l l .  BpP\ I ISp SOl i l I' p l'pd i sp osed s l l p(' rf i c i a l  ľl' ; 1 ( ' l l l l' i l l g  o l' I I I P  

t l' ilverl  i n p  rO\ l l d  ! J il \'p Iwp l I  S l l p p ospd , i 1  rol\' ol' I' i g i d  h l oc ks 1 1 ;1 ( 1  1 ) ('1' 1 1  l a i l l  O l l  l i l I' 

I l l c)( 1< ' 1  s l I l'ľaC'p . T b e  h lo r ks i l l npi1sf'd ( I I ( '  load I lP i l l g  d i s pospd 1 0  I lP CO I I I (' I w ; \ ( I "  o l' 

I , I IP l o\\'pl's I , l i a t  \Vprl' s l I p posl'd 1 0  d p\'p l o p  i l l l i l I '  I I IO d (' I , , \ "  fo r I I I ( '  1'1' 1'1' ('d g! ' ,  ; \ 1 1  
('dgl' p a r l  i l  i 0 1 1  i ll I l l e  I'f'sspl IV"S s l O\\' l y  I ' <J l l lo\'pd 1 ( ' i I \' i l l g  I I I < '  g l ' l  h o d \' ľl'PP 1 0  , ' x p ; I I ) ( 1  

i 1 l 1 d  1 1 1 0\'(' O l l t  1 0  a s i d ( ' ,  T l i p  op posi l p  pdgp \V i1S I p fl s l l l l l  o f l ' p l'ov i d i l lg i 1 J 1 P I' I I ; 1 1  

rom l i l i o u s  o f  1,Iw 1 1 1 0 u e l  I JO dy ,  I I I s l I r l J  i1 lI'ily i I  noss spc l i o l l a l  1 I I 0 d p I  01' ; 1  IW; lp  

\VilS p l'epa\'pc I ,  A f't e\' p ro c l l l c i l l g  t l l P  pd gf' free hO l l l l d ; \ I' \' ( 'o l l d i l i o l l .  I I I ( '  I l lo d l ' l  II' ; \S  

l e rl 1 0  c levelop i l s  st l' l l c t l l l'P ,  F i l'sl , \' iscop l as t i (' t ! d'O l' l l l i l l i o l l S  s l a l' l ( 'd i l l  I I I < '  h o d ,\' 

sp read i l l g  s lo\\' l y  l o\\'a l 'ds l i l I' fl'pe edge a l l d  n i l cks s l ; \ I' I ( '" 1 0  l ) J'op; \g<t l p ,  ! < - ; \ I' i l l g  
I l ig l !  l owl'\'- l i kp b o d i ('s t l l l de r  1 1 1 ( '  1 0 p r i g i d  h lo c k s ,  ; l I l d  l o p p l i l l g  a P l wi 1 l'<,d , 

O hsel '\ 'al  iO l lS  p roce( 'dec !  i l l  p o la r i 6 1' C ! l i g l l l , 1 ) 1 1 < '  1 0  o p l  i n l !  s(' l l s i l  i \' i l \' o r l l I P  I l lo. ! !' 1  

I l l a t e r i il l .  s t  \'essps t l i a l  de\ 'e loped i l l  I l i P  1 1 1 0 c ! p l  I W( ' i \ I I J(' o hsl' I '\' a h l l ' 1 >,\' l i;.; l d  ( ' ( ) I o l's 

w l l i l e I l l d o a d ed p a l c l l f's rest d a r k .  T l i P  d d' o t' l l l i \ l i o l l  p ro ( ' I ',;"; l oo k  s( 'vp)' ; l !  I I ( ) I I I'S 

a l l d  lVas grasped hy fi l l l l i l l g ,  I l l d i \' i d l l a l  S l l a ps o l' i l l l p o l' l r 1 I d p l l ; \ s( 'S "1 1 '1' gi \ ( ' 1 1  i l l  

sel' i es o l' F igs 9 il a u d  U h  lV i l  l i  l i l i I <' i l l d i rr l l  i O I ]  ( 1 1 ( ) l l r :  I l l i l l l l l r ' ) ,  H i g i d  h l o c k s  m(' 1 1 0/ 



i\ 1 (HlEL A N D  F I ELD S T I ' D I E'; II'TO TI I F  J ) Y :':'� �IJ( ':-' 

TM2 [mm] displacement x, y, z 
3,00 .------------�- ---�--

2.00 ----r-

1 .00 

0.00 

- - - - - - - ""' -

x 

·1 .001--'-'-'-r-.-.--.-.-.-r-.-.--.-.-.-,�r-.-.--,-.-.-r-,-.--.-.-. 
1 991 1 992 1 993 1 994 1 995 1 996 1 997 

F l c ; .  (i . Displacel l l e lJls rprorclpcl al liJ( ' p oi l ll  T IIIL O l l  1 11( '  0 1 1 1 1' 1 '  

sicle of lll e  [ >(' 1'11 1 1  Hork. C 'oordi l l ales or l lJ( ' II IO I' I' I IH' l ils S I 'p 
Fig. II . 
I )O:-. l I l 1Y zaZl ljll IH�l Ia l lf� \' I ,odr, T ;\ 1 1  l I il V I If':j;::í :-. 1 rtt l  I I" P,'n l l l l l\'\' :-.kitl,\'. 

�Ol l l-i-Ldll .,' :-.y:-.t f�1 1 I  jako \' obl ' .  ,-I . 

1 998 

I ra. l l sp rut' l I l . l hpreforp showlI a,.; h l a rk  redéulg lps .  Helo\\' 1 111 ' 1 11.  1111' I I I Odel l ) ( ) d .l· lI'a,.; 

sp l i l l i l l g  1 0  I OlVcr-like blorks 1r! l ir l l  MP I 1101 '  i l ig sloll'l .I · . sllo\\'i l l g  grélcl l l rll i l l r l i l l i l l i o l l  

ol ' I heir Ilea.cls. topplil lg 0'1 11.1 )!,racl l la l  disil llpgrrll iOII . TIJ( ' pro( ' l 'ss s l  éHlpd é l l  l ij(' 

free edge slopp a l ld  a rt.pr  a I i l l IP o l' i l J l p l' l l a l  p rl 'p i l l· rl t . io / J  i l l  I I I(' dpplli o l' 1 11 1 '  1 111) ( l p1 

body, \VllPrp rl l po logiral procpssps IVprp goil lg Ol l .  il r<'a r l l p d  pli asps II'IJeIJ t l ie  1I' I IOIp 

body lVas visihly i l lvoh'pd il l I II(' dpfol ' l l lal i011 prorpss. prol' id i l l g  a fOJ'J11 ol ' a 1';]11 l ike 

Sll ' l l ct l l re resti l lg  O l l  a n l l sh ed 1 1 I <1lprial ",IJerp rrlye-lik(' Ol le l li l lg,; r;11I hl' I lo l i(Td. 

Tllp last pl l i \ses \\'('1'<' r l l rHacl l 'rizp d hy a l l  oYI'rall disiIJlq.!,rillio l l  o l ' dl'(' l )('r Z o l WS 

I"l i ile SOl i l I' r<' l l lI l r Ulls ol '  l li p  1 0\\,( ' 1' 11('ads rpsl sili i l lg  a,; hOIIld(�rs o l l  I II!'  l op or i l .  

\ l a rgil Jal hOIIldprs sllo\V dow lIs l opp il l r l i l l alio l l  \I'l JiI(� I \\'o [ ; l s I  hOIIld!'rs arr( 'pl(,d ;1 1 1  

opposil  (' posil iOIl .  

l l' II'P CO l l lpéUP SO I l J ( '  ol' t l J ( '  ac l l'r\ l l recl p l las,,;; ol' I l l e  prorl'ss r l "  ohsť'l' vl' c I  O l l  I ll e  

I l lodel \\'illi lli e  block Sit. l l rlt iol l gin ' l l  i l l I IIP pll olo ol' Fig. : L  \\'(' c a l l  S!'I' i I  !!,oocl 

sil l l il il. l ld!'. lIoll'l'v('r. I l ie  del;)iI givel l h.l· 1 11(' ; ) I J l l l o rs ol' 1 111' nos,., sl'rl i OI l  o l' r' i g .  L 

cloes Ilot coi l l cide w i l l l  011 1' \'('s l I 1 1,; a. l l d  pllOlo I " ig. :L i1S 1 0  I III' lop pl i l li!, Or il ' l l t ; t l i o l l .  

TII('J'!' is block topplil lg  olJlwards r;tllwr 111<1 11  hrlrk rolalio l l  al I lJI' ( ' ;)S I PI'lI s lopl' ol ' 

Drel'eu í k  I l ill . Ohviol lsly, t lte I l ill is iu a Sl. él!';" Of é l i i  i1 d l' é l l l rl,d de( , ( )I I I J losi t io l l .  11· l t i c l l  

i s  I l losl i-lcliv(' i u  t. 1 J(' Il l rlrgi l lal ZOl l t'S d l l !' 1 0  gnl l' i l é l l i ( l I I a l  dd·or l l l éllio l l s. TIIC '  n .vslt 
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[mm] displacement x, y, z 
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1 979 1 981 1 983 1 985 1 987 1 989 1 99 1  1 993 

FIC : . 7 . M ovPlllPllls rprorded i -I I  I I I(' poilll 1 ' :2  ill I I IP o ld  S I O l l ( ' l l l a 

sOl l ry cr a.rk of  I l ip  (·'xlpr Ila.1 forl i l i ra t ioll lI'i-I I I  ill 1 1 1 ( ' lI"('slprll 

spr l .iou of I.lip rasllp. Coordillalps of I lip 1 I 1 00'P I I I('I I I "  SPl' 

Fig . 4 .  

PO� l I l ly zazn:UUC'>lIř-l I J C: v IHH Ii'· P L  vp !-. I  arp t rl d i l lP z d i  \· I l t�.i ;:: íh ( )  n ! > " \,I If'; l l i  

\ '  západní (�;í!--t i  hrad I l .  Souřad l l Ý  :--y� I '': I I l .i ř1.k( ) v ol )r. 4 .  

1 995 

st.Pl l a.  provide a.ll 1 1 I ISt. a.hle hedrock a.lld 1. llPir illr lil1 al i0 1 1  plays all iIIlf'rf'SI i I I ;.';  rolf' , 

IVh ir l i  I I I a.y f'xpla.ill I be disrllsspd dift"prPll("(' . Tllf' sidp wllPrp it i s  dippillg illll"ard 

dof'S nol lea\'e f' 1 I0 1 lglt frepdolll for the lo\\'!'r rools t o  sl ip  I O"';lrds I I IP ('x l l'rllal 

slapE' . TllP refore . 1.llP t owers slarl ofl' ill Ollll\l ; trd l opplillg ills lp ; 1 ť 1 .  I I OII'P \·p r .  O l l  

tlw opposite s i  de wlwre I ll(' flysh s l  ral a are illcli l l l'd a lil t l E'  dow l Islopp .  1 1)(' frp(-'dol l l  

exis ts .  a.lld I b E'  1 1 Iargin pro\'ides 1 I I IIs r<lIIdil iOlls for I lIP 1 01l'('rs 1 0  s l i p  I I I O IT ('ilsil .\· 

at t.llPir hase while topplillg ill\Vards . 

O bserver Illight llotice a. lot of ol her det ails i l l  illdividllal st agps of t l J(' Illodpl . 

CO l l l p a rE' t.helll lV i t . ! J  rea.lit.y. aud Ila\'p a rllallrp 1 0  I I I é\ k!' otllPr i llt.erť's l ill;.'; df'dl l c l  iOlls . 

N o\\' . \V bel l  e\- i clel l rp of lll(' pres(' 1 1 I  1 II0vellWIII s of S piš ( ' asl lp hlocks Ilas 1 ) ('(' 1 1  gailj('d 
by IIlo 11itorillg . \VP c a.u spp also IVe ll  tlll' coiu ridl'llce ol' Illall.\· ľarls alld 1'011011' I l it, 

expprilll ('ul ill II 10rp del ail . N oI ahl.\'.  il is P\'(' I I I l i t '  1 '(' 1'1 1 1 1  H ock ; 1 1  S piš ( ' asi Ip , 

",lipre t hp proress of t.opplilJg ",ill hl' of I I I ('  salllP cllř Ha rler as I llal of J ) r('\·P l l í k .  

I t  was ant.icipa.tf'C1 t.! Jat il is dlle 1 .0 1' ! Je sllhsidellrp ill loral raves I llal rock hlorks 

lopple. Ho\Vever. li J('  ťa li-I ii\(' lopplillg is Illore gellerall.\· dlle 1 0  illrlillal i0 1 1  or  I ll(' 
ullderlyiug beds. Tll(' presellre ol' I I te ca.ves nlll 1 )('  collsid('red gellPrally as a rpslt ! 1  

o f  t.he  defo r l l l a.t. i c l I l  process , é\ p l H ' l i o l l le l l o l i  ol' rl  rer l.ai l i  deror l llal iOIl phi-lsP . ri'tt.llel' 
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P3 [mm] displacement x, y,  z 
2 . 00 -,----..-------,-----,----

0.00 

-1 .00 -t------=->, 
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-2.00 -t-���--+-���+-...,_�___,_--r�____,-�r-.__,_...,____r_,_�__"T_____,-��-,-_, 
1 980 1 981 1 982 1 983 1 984 1 985 1 986 

F I G . 8 .  D i sp l a ("e l l le l l l .s rp("ordec l  a l. t, I I P  p o i l l l  1 ' :) i l l ;; t .a l l pd i l l  t l I P  

! J o r l' hprn sed m o f  I h p  ("ast l e  h p l  \\'ee l l  h i g h  I ran'rl  i l IP h l m'ks 

0 1 1 (, 5 i d e  t l l P  fO l'l i fi ca l i o l l .  C 'ool'd i l l ;1 1 <'s o f l l l ť' 1 I 10V( ' I I I ,, " l s Sf' (' 

F i g . 4 .  

PO:-'lluy za,Z I l 'U I I t-'I I ; l I kf� y bodl'; P:� .  Tt 'l l l " l I H'"'; i', i d  1 ) ( I d j l '  \' :-' I 've n l í l l l  

:-'j-'kt ol�u hradu I t lf"!zi \·y:-.ok,Ý l n i  t l'a\' ( 'rt i l l ( )\'�' l l I i  1 , lok.\' V I I ''": opc- ' \' I lPuí.  

S ' l I Iřadl l.\' 'ystpl l l  j ako \ .  olJI " .  I .  

1 987 

t l t a l l  a s p er i al a l l d  l leressary l o ( " a l  ("o l H l i l  i 0 1 1  rpsp o l l s i h l p  fo r s l I (" 1 1  h l o c k  1 1 I ( )\·P I I W I I I s .  

G .  ( 'O N C LU S I O N S 

Co t r l p lex i l l vest i gati o l l s  on t hp S p i š  Cast l e  a l l d  I 1 l'pl"<' l l ík I l i l ls of S p iš l 1 ; l ;; i l l  i l l  

East e rt l  S l ovakia .  w h i (" h  i l l r l l l dpd I I I 0d e l  i l l " ('st i ga l i o l l s  n l l d  [-j e l d  I l I o l l i l o r i l l g .  I'e

s u l t eu in a p roof l h a l  t i J e  I r a " p l' l i u ( '  k uohs ;1 1'1' p rc's( ' l i l ly  I l l I d n  a l l  a r i i ,'!, p ro cess o f  

b lo("k I y p e  s l o p e  d ('forl l l r1 1  i O l l  r1 l 1 d  I l I a�' 1 ) (' g i \" (' 1 I  ilS ; 1  l .v p i r i 1 1  I I 10d, , 1  <'x i 1 l l 1 p l t' o f  ,,"r11 

UpfOrl l l a t, i o l l s .  T lw proceS5 is d l l ( '  1 0  co u d i l  i o u ;;  p rO\' i d p d  h.,· Jl y s l l  a p ppil l' i l l l!,  i l l  I I I P  

u n de l' l y i l l g  I l e d s .  T h p  1)('c 1s  a re s l i g l i l l y  i l l c l i l l ed II' l l i c h  rps l I l l s  i l l I l IP 1 1 1 1 ( ' \"(' 1 1  t .l· p PS o f  
I l I argi l l al b l o c k  t op p l i l l g .  l 1 0 t a h l y  i l l  I hp pp(" l d i a r  ťa l i  l ik" fo 1" 1 l iS fO l l l H I  a l  t l t t' ('i 1S I ( ' r l l  

I I l ar gÍ l l al zol le o f  D rpve l l í k  H i l l l l o l  ("O l l  I I  1 10 1 1  O l l  l i j(' \\,psl e l' l I  s i d f' .  D i s p l acpl I lP l l l S i l l 

cracks reach raks o f  a l l o l l t  1 I I  II I I  1 ) ('1' y e a r  i l l I l l < '  I l Ios l  d p fo l" l l l ah l e  1 1 I ; 1 I"g i u a l  ,;('c l  i O l ls 

o f  I he l t i 1 15 .  O t l lf'r  sed i o l l s  do I l ot s h ol\' ;uly s i l!, u i f'i c a l l l  1 I 10 n' I I IP I I I  s ; \ 1  p rese l J t . 1 > ('

i l l g  p ro b ab l y  i u  a p l l asp fo l lol\' i l l g  c a l  asI rop l J i c  fa i l l l re ,  w l J i rll rp l ('aspd e l l f' l"J.;.I· ; t l l d  

red m e d  t he rMe o f  l I J e  p ro cpss . T h is nUl  Iw d e r i vl'd fro l l l  I I I P  1 I 1 0 d (' l s  1\' l l i c l l  s l low 

a l t p ra.t i o l l  o f  catast rop h i c  fa. l l s  w i t h  p ro l o l l ged p e r i o d ;; o f  ;; l o w d O\\' I I .  S l I c l l  i 1  ;; i l l l -
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F I C : , Dřl , Lrl ho l' ř1 t ory I l l o d ,, 1  ol' D r('\'(' l l ík I l l a l'),!, i l l ; l l  ZO I I !'  i l l  l i l i I(' < 1 ,\"

I I H I I I I CS ,  
l J l l portallt p l ta:-.t-':-. art-> gi"f 'l l i l l  :-'I'rif':-' r i f  phol of,;l'a p l l :-- ( Fi� .... ! l il ; t l l d  � H ) )  
with tiHI t-' indjcatio l 1  ( 1IOl l l' : l l l i l l l ltl ' ) ' ( N t d if'f' 1 1 1 1 '  .... l I la l l  i lWli l liltin l l  I d' 
t h" I l l l d  .. r lyill g  �l r,",l n ,  ('oi " cid,,"1 \\'il l ,  I I ,al I l id l lritl 1', ," " , [  i l l  I l y� l l . )  
ll) I" il i,,' s l ,, '1 ( '> lili  1/1/ jirsl p h fl s (  "I " " I,,i'/, 1 " " p li ,, '1 :  

b )  P1'o,q rE ss i ll f  s lnY f .') oj t o p ph1f.'1 l i l i  f l  fi " fl l  d i.'i i /l l f .'l1·n 1 i f.lll.. 
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<tt i o u  of p I'PSt' I J t  s t a h i l i t y . I lO l d s  p r o l H l h l y f"o r I l i t' sprl  i 0 1 1  of" I lw I l ig l l t's t  h lo c k "  of" 
t l I P  I I 0 r l l l t'ru edge of" S p i š  Cast l t' .  w l lt're '1 1 1 1' ["(>J.!, l t l il r  d i s p l a rt'l l te l t f s  rOl l l d  1 1 0 1  I l P  
clet ected h y  I l l o l l i t o r i ug '1 1 p rest' l l t. .  � I o d e l s  1 1 1 '1 1  l\'elT j l rpsP l t f t' d  r a l l  he  l·pr.l· I I St'ľll l 
i u  such i llves( ig <tt i o l l s  t o  s l l ow I l it '  d y l l <t l l l i rs w ll i r l l  rlp p e a r  i l l  I l it' p a s l . I ) ]"PS( ' 1 1 1 . ; I u d  
fut u l'e p h ases . 

The ex<tl l lp l e  p rov i cles a l er l me t h a l  i l J s l a h i l i l y  I I I I I S I  I H' pxper l t> d 1 I I \ ( I p r  s i l l l i l ar 
s i t ua t i o l ls . w h e re r i g i d  h l o r k s  OI'prr I I U  p l as l  i r  I lPd l'or k .  T h is 1 1 1 ,1 .1' he p ra c l  i r 'l l 1 .l· 
i l l l p o r l  a l J l  i l l  t !J p  rase of I l l a l l)" I l i s t o r i r <t 1  s l  r l l r l I I rPS .  l i kp C ; js l  l es h l l i l l  O l l  o l l l s l , l l l d i l l li, 
rork b I Ol · k s .  \\ ' I I P I I  l i t er got 1 0  r l  s l r lgP of" ["(>( " ( ) l l s t )" l l r l i o l l .  I I I (>  I O l l g  t e rl l l  S I ; l h i l i l l' 
q l les l i o l l  is t o  Iw C O l I s i d e re d .  A I I)" ["('co I l s I  r l l r l  i o u  c rl l ls ľo r I l i t' l \Ped ľo r ser i O I I ,.;J I· 
I l i gh  f"l I l 1d i l lg . a ll d  nac k i l l g  w l t i c l l  1I'0 1 l l d  1 1 0 1  IlP rl l l l i c i p a l t>d I l l a�' rt's l l l t  i l l  l oss of 
I I I0 11ey. T h i s  i s  t l l t' case of S p i š  Cas l l e .  S l I r h  a s l. J" l l c l me r a.l l l l o l  I l t' p e r l l l a l l t' I I I I .I· 
s t a b le .  w he)]  I t al' i l lg 1 1 1 00' i l l g f"ou l l d a l  i O I I S .  I I I s l l r h  cases I lit' d ('s i g l l  I I I I I S I  I a kt '  t lIP 
p ro b l e l j )s of" pel' l l l iwe l J l  s l ow dpf"O l' l l l a t i o l l s  ser i O I I ,. ; J .I · i l l l o ; )C ( 'O I I I I I . 

A ckllowleclgeluellt : 'Il J is expP l' i l l l e l l l ,l l  a u d  fi p l d  s l l l dy lVas s l l p p o r t ed f i l l , l l l 
c i <t l l y  by t h e  ( ; ra l l (  Age l l cr o f" t l \p  Czpch H p p l l h l i r .  ( : 1' , 1 1 1 1  Xo. !U.'í/1J4/1 7(i.'J , l l l d  
J05 /97/U5J6. S p ec i a l  t h a l l  k s  1 0  . 1 . M a  I g o t .  E .  F l l ssg;i l I J.!,n , l I l d  . I . 1 ' , lš( 'k ľo r I I  J ( ' i  I' 
i l l i !  i a l i l'p a l l d  s U j l jl o r l  i l l  I l IP I l l o l l i l o r i l l g  \\'o r k .  J ) I I r i l l i', I l i t' YP; 1 \''' o ľ  I l i t '  rc -St ' ; I I · , · 1 1 

s l I r cpss f"l t I  c ( )o j l Prrl l i o l l  wa;; r a r r i pd \\' i l  I I  C : C 'o logi c , t !  I l ls l  i l  I l I t' of I ) .  S I  (I r .  L� r , 1 1  i s l , l l'a  
'll l d  I":oši c e .  T l l i s  i s  ľl t l l y  ar k l j ( )w l t' < lgpd . 

H E F' E Il E N C ' E S  

C'eupcaller 1 . ,  Liška M . '  l BT2 .  Prí:-'pf'\'ok k pOZIli--.Llli l l  h o d lral ! / '  knL:-'O\',\'dl  fllrif'l l l  �pi;':-.I,,: .\' d ,  t r;L\','r

tí1lov a i eh kl'yltnv.'rdl znSll l tOV (A r O l l !  "iIHII  iOIl I C l  kJ l f IWlf··r lgl-> a l l d  pl'l'�en'i1.t ii H I  ( Ir kal"�t j(' ffll"l l l� 

ol' Spi; t rllvt>rt.illP' " l i d  ol' t. 1 l ,- i r  uloek ., I i d ", ) .  ('" . ()rl, rll llll 1' /'I ,." r/ '1 1 3 .  pp. Xl lUL. Hral i,liL"Čl. 

( 1 11 Slov;:J.;: . Engli�li řlnr! C f"' l'J l J;'U\ :--'1 1 l 1 l 1 1 1arif"' � )  

FlIs�g;'i l l gf'r E , :  1 � )8S,  r-")ozl Iat ky z 1 (->I"("';II.Lwll4 1 \'.\,� k l l l ll l l  plilziy .\'dI a � \';dlO".\·d l p O ! I ,yho\' I ra\'I-'rt í

nových !>]nkov lIa �pi;:'�ko l l l  III'řldf� ( Filldillg� f il' f i l ,ld i l l y,·�t i Mil l  iOIl (II' IJlo( '1.;: ( "I"('f�p ;lI l d  � I ( ) t > f '  

1 I 1 0 \'f'nw l lt s  i l l  S p i ;:'  C'a� t lt.> t ra\'l-' r t i llf'� ) .  l\ /i'I( /'Il lif1 ,S'tO /Jf/ NI 1 7 .  I .  pp. 1 :1 "2 �1 . B J'ílf i�I:t\·íl. ( I I I  

Slova.k . English au r! RII:--.�iaJl � l lJ l u l I("Lr i f ' :-" ) 

l�o;(ák B . ·  1 977. Phol ""'",1 ie Slop.· I krnrl llit l i01 1  I\ l od ... "- R II I I. I. \ c r ;  l G .  P l ' .  ' U l 2 2: ! .  I�r, · r .- Id. 

I-(o;'ťák B . :  l D 78. Opl i d.;;y cit l i v,: Hlnd, · I .\' :-.. yaho\'.\' d l  C!, . j"OI'I 1 1 ;U · í  a ! > . )I' IW] I  ( Op l  j . ·rd l.\' :-"1->I1:-.. i t  i n.> 1 1 1 ( ) d " I:--. 

nf :-.. Jope df"'fonuat i ( ) l l� řll ld ('a j  1 1 In->:-.. ) ,  fJro (' , 1 (;111 ( ':: 1 (.1, 0 8 (0 /11/ /,. ( 'fJ ".f' rf n c (  
. . E.I)1 f J'1'm.f 1/ f fl I S I !'I ,')8 

A ,, " lysis ". S l llolenj, .t> I n .  HUJ.  I ! )il'. (J ,tav S I  a"" I J l lí,'1 va FL A rdLi t "kl  (Ll',\' SAV. pp. 1 'I � I  1 ;' { i .  
BrIlLi ,hl.Va. ( ILl C'zech ) 

I�o;iák B . :  1 982 , J-/ o d n o Ct 1l 1  m rcho u;" ", //.  r/ lo l/ h o r/ o b y t "  .'I f o lo.'l i r k y ch P T O " ' '''! p u m o ,. ,  fo l " ,, ,,,,,

lických m, o d dlí ( Evall l řl. l i n[1 nf t I H .... nl p.rh(-u l j � t l l  ol' IOI lI:!. t iu j(-' t;(·ologi(';d pr()(,(-:��f':--' wil la t lw I l�(' 

ol' p hot.opIČl,ti,- l I 1 o c l  ... " ) . M S  li , I " "  b,·"I"",i .. a ",""I " " I I L liky C SAV.  I ' raha. l i l i > '  ( 1 1 1  ( 'z" " I I )  
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