
JAN KREJCi 

K OTAzCE EXISTENCE KRASOVEHO CYKLU 
K BOTIPOCY CYllI.ECTBOBAHJ15I KAPCTOBoro UJ1KJIA 

Boupoc, rrpOTeKaeT JlJf Ha KapCTOBblX TeppfITOpI!HX reOMopcpOJIOrHlJeCKOe pa3BHTHe 

COrJIaCHO TeopHH reOMopcpOJIOrHlJeCKOrO IIHKJIa, )J,aBHO HBJIHeTCH rrpe)J,MeTOM npeHHH. YlJeHhIe, 

KOTopble orrpOBepraIOT CYUIeCTBOBaH'He KapCTOBoro IIHKJIa, rrpe)J,CTaBJIHIOT ce6e pa3Hhle 'Kap

CTOBhle 06JIaCTH 6e3 B3aHMHblX reHeTH'!eCKHX OTHorneHHH. HaYlJHble pa60THHKH, rrpHHH

MaIOIIIHe TeopHIO pa3BHTHH rro IIHKJlaM, rrpe)J,JIaraIOT paCCMaTpHBaTh KapCTOBble TeppHTopHH 

pa3HOH l'eOMopcpOJIOrIllJeCKOH CPOPMbI KaK 06JIaCTH, KOTopble HaXO)J,HTCH Ha pa3HOH cTyneHlI 
reOMopcpOJIOfillJeCKOrO pa3BHTHH KapCTa. 

Ha TeppHTopHH MopaBClKoro KapCTa MO>KHO Ha6JIIO)J,aTh PH)J, HBJIeH,HH, Ha OCHOBaHlUI 

KOTOPblX MO>KHO CY)J,HTh, 'ITO H B KapCTe rrpOTeKaeT reOMopcpOJIOrHtleCKoe pa3BHTHe COrJIaCHO 

TeopHH 0 reOMopcpOJIOrHlJeCKIlX IIHKJIax. 3TO npe>K)J,e Bcero CJIe)J,YIOIIIHe CPOPMhI H HBJleHHH: 

1. TIeHenJIeH, rrepeCt'KllIOIIIHH CJIOH )J,eBOHCKHX 1I3BeCTHHKOB, 1I3 KOTOPhIX nepeXO)J,HT npH

MepHO Ha TOH >Ke BblCOTe H 6pHeHCKOH HHTpy3HH H,a 3arra)J,e H K KYJIbMCKlIM ropHhlM rro

pO)J,aM Ha BOCTOKe. 2. 5IBHble CPOPMbI .nByX ::mHIIHKJIOB B .nOJIHHaX, KOTophle BpeaaHhl 
B rreHerrJIeH MopaBcKoro KapCTll H B npllJIeraIOIIIHe HeH3BeCT!!HKOBhle 06JIaCTH. 3. Herrpe

PhIBHhIH nepexo)J, UHKJIHlJH'b1X .pOPM )J,OJIHH H3 HeH3BeCTHHKOBhlX 06JIaCTeH B MopaBcKHH 
KapcT. 4. CYIIIecTBoBailHe MeCTHoro KapcToBoro 6a3HIIll 9p03Hll. 

Otazka, zdali v krasovych uzemich probiha geomorfologicky vyvoj tak, ze jej 
lze oznacit nazvem krasovy cyklus, je otazka duleZHa. Dulezita pi'edevsim proto, 
ze z odpovooi na ni plyne zaver tykajici se klasifikace krasovych oblasti. Jestlize 
pi'ijmeme existenci krasoveho cyklu, pak v jednotlivych konkretnich krasovych 
uzemich, lisicich se ruznym mnozstvim, ruznou velikosti a rUznymi druhy po
vrchovych a podzemnich krasovych jevu, muzeme videt jen jednotliva vice nebo 
mene pokrocila stadia geomorfologickeho vyvoje krasu. Jestlize odmitneme kra
sovy cyklus, pak musime v ruznych, navzajem se lisicich krasovych uzemich 
spati'ovat samostatne typy, ktere nejsou ve vzajemnem genetickem vztahu. 

Odpovooi na otazku 0 existenci krasoveho cyklu se dosud rozchazeji. Pi'itom 
zpravidla zjis!ujeme, ze badateIe, ktei'i pi'ijimaji teorii geomorfologickych cyklu 
jako teoreticke pracovni schema, jsou pi'esvedceni 0 existenci krasoveho cyklu, 
a lisi se nekdy pouze v mineni, zda krasovy cyklus je uplne samostatny druh 
geomorfologickeho vyvoje, jako napi'iklad cyklus humidni, aridni apod., nebo 
zdali je jen varietou cyklu humidniho, Naproti tomu autoi'i, ktei'i odmitaji sche
ma erosnich cyklu, odmitaji zpravidla tez cyklus krasovy. 

Cestou k poznani, zda vyvoj krasovych uzemi probiha ve smyslu teorie geo
morfologickych cyklu, je zkoumani, zdali se v krasu vyskytuji skutecne takove 
tvary, ktere by tam podle teorie 0 geomorfologickych cyklech mely existovat. 
Velmi vhodnou oblasti k takovemu zkoumani je Moravsky kras, a to jednak pro 
sve bohatstvi povrchovych i podzemnich krasovych jevu, jednak pro svou ze
mepisnou polohu v ramci vyssiho geomorfologickeho celku Drahanske vrchoviny. 

Aby bylo mozno Iepe porovnat geomorfologicke jevy Moravskeho krasu s teorii 
geomorfologickeho cyklu, uvedu nejprve strucny nastin jednotlivych stadii kraso
veho cyklu. 

Vyvoj krasu neboli krasovy geomorfologicky cyklus zacina bud na prvotnim 
strukturnim povrchu, napi'. na tabuli. klenbe apod., slozenem z vapencu nebo 
dolomitu, nebo na nejakem erosnim povrchu razu paroviny vytvoi'enem v horni
nach podlehajicich zkrasoveni. V prvem pi'ipade jde 0 prvni geomorfologicky 
cyklus vubec v dotycne oblasti. V druhem pi'ipade nastup krasoveho cyklu zna
mena zmlazeni oblasti. V obou pripadech vsak krasove tvary v prubehu kraso
veho cyklu vznikajici i jejich geneticky sled jsou v podstate shodne. 
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Stadium mladi zaema vyvojem normalnieh povrehovyeh vodnich toku, ktere 
svou erosi vytvareji sit' normalnich udolL To je zpusobeno tim, ie pukliny a me
zivrstevni spary ve vapencieh nebo dolomiteeh jsou v tomto poeatecnim stadiu 
v malyeh hloubkaeh pod povrehem jeste tesne sevreny, takZe podzemni vody se 
drii blizko povrehu uzemL Avsak rozpoustenim homin se nukliny a mezivrstevni 
spary pomeme rye hIe rozsii'uji a prohlubuji a podzemni vody se stahuji do 
hlubsich poloh. Na povrehu uzemi vznikaji skrapy a zavrty, nejprve ridce roz
mistene, a povrehove vodni toky se zacinaji ztnieet v ponoreeh. Zacinaji se vy
vijet jeskyne, ktere vsak v tomto stadiu maji jen male rozmery a vyskytuji se 
v malem poetu. 

Stadium mladi pozvolna preehazi do stadia zralosti. Stadium zralosti se vy
znacuje temito znaky: Povrehove vodni toky se jii v krasu nevyskytuji s vyjim
kou knitkyeh usekii pobliie hraniee krasu s nekrasovym uzemim. Tyto knitke 
povrehove toky vnikaji do podzemi ve slepyeh nebo poloslepyeh udolieh. V pod
zemi se vyvinuly rozlehle jeskynni soustavy a podzemni krasove vodni tokyo 
Na povrehu jsou cetne zavrty, z niehi pronikaji do hloubky kominove propasti 
typu aven. V pokrocilem stadiu zralosti zacina krasovy fenomen poznenahlu za
nikat. Sousedici z8.vrty splyvaji v uvaly. Stropy nejviee vyvinutyeh jeskyii se 
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I. Podelny prolil udol1 Punkvy, Pusteho a Sucheho zlebu. A - mlade udoll vznikle v dru
hem epicyklu ; B - zrala udoli vznikla v prvnim epicyklu; C - pramen Punkvy; a - zula; 
b - devonske vapence. 1. Long profile of the valley of the Punkva River, of Pusty zleb and 
Suchy zleb. A - young gorge developed in the second epicycle; B - mature valleys developed 
in the first epicycle; C - spring of the Punkva River; a - granit; b - Devonian limestones. 

II. Podelny profil Ki'tinskeho potoka. A - mlade udoli vznikle v druhem epicyklu; B -
zrale udoli vznikle v prvnim epicyklu; a - zula; b - devonske vapence; c - kulmske pis
kovce a droby. II. Long profile of the Krtinsky potok. A - young gorge developed in the 
second epicycle ; B mature valley developed in the first epicycle; a - granit; b - Devo
nian limestones; c - Culmian shales and sandstones . 
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proboruji, vznikaji otevrene propasti typu jama, na jejichz dne se objevuji useky 
ponornych vodnich tokti. 

Pokroeile stadium zralosti prechazi znenahla do stadia starL V tomto obdobi 
vYvoje zbyvaji z krasu jen trosky. VetSl a vyssi korosi usetrene zbytky vapen
coveho nebo dolomitoveho utvaru tvori isolovane pahorky zvane humy, ktere se 
tu a tam tyci nad znivelovany, mirne zvlneny povrch. Objevuji se opet pa
vrchove toky, a ceIa drive zkrasoveIa oblast je opet odvodiiovana povrchovymi 
normalnimi udolimi. 

Geomorfologicky vyvoj krasu se deje ve vztahu k tzv. krasove erosni zaklad
ne. Touto erosni zakladnou mohou byt nepropustne horniny v podlozi krasove
ho utvaru, jestlize tyto nepropustne horniny nelezi prilis hluboko pod povrchem 
terenu. Funkce nepropustnych podloznich hornin jako erosni krasove zakladny 
se obecne uznava. Neni vsak jednoty v nazorech, pokud jde 0 erosni zakladnu 
v mohutnych vapencovych masivech, jejichz nepropustne podloZni horniny, ne
podIehajici zkrasoveni, lezi velmi hluboko. V tomto pripade otazka krasove eros
ni zakladny souvisi s probIemem tzv. hladiny podzemnich krasovych vod.· Dlouhe 
spory 0 povahu teto hladiny vedly nakonec k zamitnuti Grundova nazoru 0 exis
tenci souvisIe hladiny podzemnich krasovych vod, obdobne hladine v prtilinci
tych sedimentech. Dnes mnoho badatelti uznava -platnost Cvijicova deleni krasu 
na tii nad sebou lezici hydrograficka pasma, z nichz spodni se vyznacuje tim, ze 
vsechny pukliny a mezivrstevni spary jsou stale zaplneny vodou az do te hloub
ky, v niz pukliny a mezivrstevni spary jsou tesne sevreny, takze hlubSi polohy 
vapencoveho (nebo dolomitoveho) masivu maji povahu nepropustnych hornin. 
Cvijicovu pojeti krasove hydrologie se velmi blizl nazor G. A. Maximovice, jenz 
rozeznava v krasu ctyri hydrograficka pasma, z nichz treti a ctvrte spolecne pri
blizne odpovidaji spodnimu pasmu Cvijicovu. 

Ponevadz pukliny a mezivrstevni spary se navzajem protinaji, jsou vody, ktere 
je ve spodnim hydrografickem pasmu vypliiuji, zpravidla ve vzajemnem styku 
a zavislosti. V jednotlivych puklinach a mezivrstevnich sparach saha voda sice 
rtizne vysoko, ale vyskove rozdily polohy hladiny v jednotlivych dutinach ne
jsou velike a zmensuji se behem vYvoje s rozsifovanim pficneho fezu krasovYch 
dutin. Nelze tedy v krasu sice mluvit 0 souvisle hladine podzemnich vod, ob
dobne hladine v p6rovitych sedimentech, lze vsak pfedpokIadat jistou svrchni 
uroveii podzemnich vod, jejiz vyskova poloha se meni v zavislosti na zmenach 
pfitoku a prtisaku s povrchu krasoveho uzemi. Je-li tate uroveii protnuta topa
grafickym povrchem, vytekaji krasove vody z krasoveho podzemi jako krasove 
neboli vauclusni prameny, ktere napojuji krasove vody na povrchove toky, va
zane na sve erosni zakladny v nekrasovych oblastech. V urovni podzemnich kra
sovych vod spatfuji proto mnozi badateIe erosni zakladnu pro vYvoj krasu. 

Zahloubi-li se vodni toky v nekrasovem uzemi vlivem poklesu (relativniho 
nebo absolutniho) sve erosni zakladny, sleduji je v tomto zahloubeni i jejich 
useky a pfitoky v krasove oblasti. Toto zahloubeni vodnich tokti v krasu zpti
sobuje snizeni urovne krasovych podzemnich vod, a to nejprve v usecich pfi
lehlych k povrchovym vodnim toktim, odkud se sm zpetne proti proudu. Tak se 
postupne snizuje krasova erosni zakladna a zkrasoveni pronika do vetsich hlou
bek ve vztahu k nove poloze krasove erosni zakladny. 

Ponevadz zahlubovani povrchovYch vodnich tokti i snizovani krasove erosni 
zakladny postupuje zpetne proti proudu, mohou se v jedne a teze krasove oblasti 
vyskytnout vedle sebe useky, ktere jsou v rtiznem stadiu vYvoje krasoveho cyklu 
a pozvolna do sebe pfechli'zeji, napf. usek ve stadiu mIadi pfechazi do useku ve 
stadiu zralosti apod. 
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Jestlize pn]meme, jak pravi Emm. de Martonne, teoreticky sled vyvoje kraso~ 
vych oblasti, jak jej podava teorie geomorfologickeho cyklu, pak mnoho rozdilu 
a casto i zdanlivych protikladu v jednotlivych krasovych uzemich se jednoduse 
vysvetli ruzne pokrocilym geomorfologickym vyvojem techto oblasti. Je ovsem 
nutno pi'i tom pi'ihlednout i ke klimamorfogenetickym podminkcim. 

Porovnejme nyni teorii krasoveho cyklu s fakty, ktere lze zjistit v Moravskem 
krasu. Nazvem Moravsky kras se oznacuje pomerne uzky a cca 25 kID dlouhy 
pruh devonskych vapencu, k nimz v jejich podlozi pi'istupuji jeste jine, neva
pencove sedimenty devonskeho stai'i. Moravsky kras se tahne smerem zhruba 00 
jihu k severu od Brna ke Sloupu. NejvetSi sii'ky, necelych 8 km, dosahuje pi'i 
svem jiznim konci. Vetsinou se vsak sii'ka pruhu devonskych vapencu pohybuje 
kolem 4 kID. Na zapade se devonske horniny pi'ikladaji na pi'eddevonsky masiv 
brnenske vyvi'eliny, na severu, vychode a jihu jsou lemovany kulmskymi vrstva
mi, na jihozapade konci srarznym svahem nad Brnem. Devonske vrstvy maji 
pi'evazne smer NNE - SSW a vetsinou se skIaneji k ESE. 0 geologicke stavbe 
Moravskeho krasu existuji ruzne nazory. Poole nazoru akademika Kettnera ma 
devon Moravskeho krasu pi'ikrovovou stavbu. Moravsky kras netvoi'i samostat
nou orografickou jednotku, nybrZ je soucasti vyssiho geomorfologickeho celku, 
Drahanske vrchovinv. 

Jednim ze zakladnich tvarovych rysu Moravskeho krasu je parovina, ktera 
ve vyskcich kolem 450-500 m n. m. sece vapencove vrstvy a pi'echazi na vsech 
stranach vapencoveho masivu do okolnich hornin. Tato parovina, ktera se vy
vinula slozitym vyvojem a existovala jiz nejmene pi'ed callovienem, se stala 
vychozim tvarem pro nynejsi krasovy jev. Mame zde tedy, jako v cetnych jinych 
pi'ipadech krasovych oblasti, napi'. u francouzskych Causses aj., parovinu zmla
zenou krasovym vYvojem. Pritomnost teto paroviny svedci 0 tom, ze vapencovy 
utvar Moravskeho krasu prodelal pred vznikem nynejsiho krasu nejmene jeden 
uplny geomorfologicky cyklus. Zdali se v prubehu sloziteho vyvoje, ktery skon
cil vznikem paroviny, uplatnil i cyklus krasovy, nemuzeme bezpecne tvrdit. Jasne 
vsak vidime, ze ve vapencich, ktere podlehaji za vhOOnych klimatickych podmi
nek zkrasoveni, cili v horninach krasovych podle terminologie prof. Kunskeho, 
probiha erosni geomorfologicky cyklus az do konecneho sveho stadia. Pritomnost 
paroviny, pod kter0u vapencove vrstvy dale pokracuji do velikych hloubek, nam 
tez ukazuje, ze se geomorfologicky cyklus ve vapencich vyvijel ve vztahu k eros
ni zakladne, ktera nebyla tvorena nevapencovym podlozim, nybrZ byla vazana 
na vapencove vrstvy. 

Do paroviny Moravskeho krasu ve vsech jeho cas tech, severni, sHedni i jizni, 
jsou zahloubena udoli. Jak zncimo, jsou tam vyvinuty ruzne typy krasovych 
udoll, udoll slepa, udoll poloslepa, sucha i protekana povrchovymi vodnimi tokyo 
Jestlize tato udoll pozorne studujeme, vidime, ze nejsou v ceIe sve deIce vyvi
nuta stejnomerne. Predevsim v hlavnich udollch, v Pustem a Suchem zlebu, 
v udoll Iedovnickeho a Ki'tinskeho potoka a v udoll Ricky se v nich velmi na
padne odlisuji dva useky ruzneho geomorfologickeho vzhledu, na nez upozornil 
jiz Machatschek. Vyssi useky jsou jen pomerne malo zahloubeny do paroviny, 
maji znacne mirnejsi podelny spad a znacne rozevreny pi'icny udolni profil, neboli 
maji zraly raz. Nizsi useky jsou typicke hluboke uzke kaiiony se sraznymi ste
nami a znacnym podelnym spadem dna. Smerem dale po proudu se spad dna 
i sklon sten techto kaiionovitych useku zmiriiuje, avsak kaiionovity raz si po
drzuji i tam, kde jsou zahloubeny do nevapencovych hornin brnenske vyvi'eliny 
a kulmu. 
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Odlisny geomorfologicky vzhIed techto udoll v ruznych jejich castech nen! 
mozno vysvetlit vIivem nestejne odolnosti hornin, nebol' useky odlisneho razu se 
vyskytuji nezavisle na horninach. Tak napr. kaiionovite i zrale useky Pusteho 
a Sucheho zlebu jsou vyvinuty jak ve svetlych vapencich frasnienu, tak v ambo 
porovych vapencich givetienu. Kaiionovity usek udoli Punkvy a Krtin~keho po
toka prechazi. z vapencu do brnenske vyvreliny a zraly usek udoli Ricky vy
chodne od Ochozu prechazi neprerusene z kulmskych hornin do vapencu, v nichZ 
pak nlze po proudu nastupuje usek kaiionovitY. Takovych prikladu bychom mohIi 
uvest jeste radu. 

Mlada souteska na dolnim useku Sucheho zlebu, vznikla ve vapem.c1ch v <huMm epicyklu . 
Young gorge of the lower segment of Suchy zleb developed in limestones in the second 
epicycle. Folo f. KrejcI 

Neni-Ii mozno tyto ruzne useky vysvetIit nestejnou odolnosti hornin, je nutno 
o vyssich usecich s rozevrenejsim pficnym profilem a mirnejsim spadem dna 
predpokladat, ze jejich svahy byly deIsi dobu modelovany svahovou modelaci 
nez svahy kaiionu. To znamena, ze vyssi useky jsou starSi nez kaiiony, neboIi 
ze byly zalozeny ve starsim epicykIu, jenz se vyvijel ve vztahu k jine, vyssi 
(relativne nebo absolutne) erosni basi nez useky kaiionovite , ktere odpovldaji 
daIsimu, mladsimu epicyklu. 

Dulezite pouceni nam po teto strance poskytuji tel. pobocna udoll ustici do 
hlavnich udoll Moravskeho krasu. V techto pobocnych udolich jsou rovnez velmi 
vyrazne vyvinuty, nezavisle na horninach, dva useky rozdilneho stupne geo
morfologickeho vyvoje. Horni usek je v pricnem rezu znacne rozevreny a rna 
pomerne mirny sklon dna v podelnem smeru. Ma tedy priznacne rysy udoll ve 
stadiu zralosti humidniho geomorfologickeho cyklu. Dolni usek je ostry zarez 
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tvaru V s pi'ikrymi stenami a prudkym padem dna, jehoz podelny profil je ne
vyrovnany, takZe misty na nem potoky tvoi'i pei'eje i nizke, ale typicke vodo
pady. Ma tedy typicke znaky stadia mladi geomorfologickeho cyklu. V mis
tech styku obou tech to udolnich usekii rozdilneho geomorfologickeho vzhledu po
kracuje rozi'ezane dno zraleho useku podel mladeho zarezu ve forme teras. Po
baena udoll tedy prodelala a prodelavaji stejny geomorfologicky vyvoj jako 
jejich udoll hlavni. 

Mlady zarez druheho epicyklu proi'ezavaj!ci zrale udoln! tvary prvn!ho epicyklu . Poboene 
udoli ve vapencove oblasti jihozapadne od Habruvky. Young steep slopes of the second epi
cycle encroaching on mature valley forms of the fjr st epicycle. A tributary valley in the 
limestone area. Folo f. Krejci 

Z toho plyne, ze hlavni udoll i tam, kde jsou dnes sucha, byla kdysi mistnf 
erosni zakladnou pro pobaene tokyo Dn·es maji tuto funkci pouze ty casti hlav
nich udoli, ktere jsou protekany povrchovymi vodnimi tokyo Z toho proto plyne 
dale, ze dnes such!! udolni useky byly kdysi rovnez protekany povrchovymi vod
nimi tokyo 0 tom tez svedci i detailni tvary dnes suchych udoll i nanosy v nich 
ulozene. Vidime tedy, ze v Moravskem krasu se vyvijela hlavni i pobaena udoll 
ve vztahu k hlavni i k mistnim erosnim zakladnam a ze tvarove zmeny probi
haly kdysi z nejvetsi casti tak , jak to odpovida teorii 0 erosnim cyklu v humid
nim podnebi. 

Skutecnost, ze dnes sucha (lcioli Moravskeho krasu byla vytvorena a prote
kana povrchovymi vodnimi toky, svedci tez 0 tom, ze uroveii podzemnich vod 
lezela kdysi dlouho v urovni udolniho dna, tak jako lezi dnes v urovni dna ka
iionii tam, kde jsou protekany povrchovymi vodnimi toky, Punkvou, Ki'tinskym 
potokem pod Byci skalou a Rickou. Dnes suche udolni useky byly opusteny 
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povrchovymi vodnimi toky tehdy, kdyz uroveii podzemnich vod klesla do vet
sich hloubek. Tehdy se povrchove vodni toky zmenily na toky ponome a nastala 
hlavni faze zkrasoveni. 

Moravsky kras nam podava tez doklady 0 tom, ze v krasovych oblastech je 
urcita uroveii krasovych podzemnich vod, ktere tvori krasovou erosni zakladnu, 
jez se snizuje tehdy, kdyz hlavni toky se vlivem poklesu sve erosni zakladny 
leiici mimo krasovou oblast zafiznou pod uroveii krasovych podzemnich vod. 
V povodi Punkvy leZi dnes uroveii krasovych podzemnich vod v urovni dna 
useku kaiionu, ktery je protekan povrchovym tokem Punkvy. Do teto nynejsi 
polohy se uroveii krasovych vod dostala vlivem zahloubeni Punkvy v tomto use
ku, a to nejprve v bllzkosti reCiste Punkvy. Odtud se snizeni urovne krasovych 
podzemnich vod sirno jednak boene, jednak smerem proti toku Punkvy. 0 bac
nem sireni sniZeni urovne krasavych vod svedci to, ze cela kaiionovita cast 
Sucheho zlebu je sucha, ac byla vytvorena erosi povrchoveho vodniho toku, a ae 
sousedni kaiionovity usek v pokracovani Pusteho zlebu je protekan Punkvou. 
Suchy zleb' se stal suchym zrejme proto, ze jeho dno rna vetSi spad, lezi tedy 
v urCite vzdalenosti od spojeni s udollm Punkvy ve vyssi poloze nez dno udoll 
Punkvy, a proto se dastalo pH poklesu urovne podzemnich vod, zpusobenem erosi 
Punkvy, z jejich dosahu. 

Dokladem 0 sireni snizeni urovne krasovych podzemnich vod smerem proti 
jejich proudu je jejieh hluboka poloha v prostoru Sloupsko-sosuvskych jeskyii, 
kde je voda 80 m pod dnem udall, dale u Holstynskeho propadani a u Rudie
keho propadani (asi 85 m). Maly spad krasovych vod od mist pod propadlinimi 
u Sloupu a Rudie k vytokum Punkvy a Jedovnickych vod u Byei skaly - spad 
mnohem mensi nez je spad suchych udall - svedci pro to, ze tu jde skutecne 
o ureitou uroveii krasovych podzemnich vod, ktere tvori krasovou erosni zakladnu. 

Pomery v Moravskem krasu tedy ukazuji, 

1. ze existuje krasova erosni zakladna dana urovni krasovych podzemnich vod; 
2. ze vyvoj vapencovych oblasti probiha ve smyslu teorie 0 erosnich cyklech, 

pHeemz krasovy cyklus je varietou cyklu humidniho podminenou povahou 
homin a poklesem urovne podzemnich vod do vetsich hloubek. 

PROBLEM OF THE EXISTENCE OF THE KARST CYCLE 

A very important problem exists whether the geomorphologic development going on in the 
karst areas may be specified as a karst cycle or not. Solving this problem will solve at the 
same time the problem of the classification of the karst areas. If we accept the theory of the 
existence of a karst cycle, the individual karst areas - differin] in quantity, size and variety 
of kinds of the surface and underground karst phenomena - present the individual, more or 
less advanced stages of the reomorphologic development of the karst. If, however, we dismiss 
the idea of the existence of a karst cycle we hawe to regard the individual karst areas -
so differing from one another - as units of their own without any genetic correlation. 

So far no satisfactory solution has been found to this problem. As a rule, those who would 
admit the existence of geomorphologic cycles, would also approve of the existence of a karst 
cycle. Their opinions differ only as to whether the karst cycle in itself is a special process of 
the geomorphologic development, as for instance the humid or arid cycle, or if it is just a va
riation of the former. On the other hand, those rejecting the idea of erosion cycles, decline 
also the existence of a karst cycle. 

If the development of the karst areas really proceeds in accordance with the theory of the 
geomorphologic cycles, the areas should abound in phenomena that would justify such theory. 
A very proper area in which to carry out investi::ations of this kind is the Moravian Karst 
because of its riches in surface as well as underground karst phenomena, as well as its most 
convenient position in the geomorphologic unit of the Drahanska vrchovina (Drahany Upland). 
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To make easier the comparison of the geomorphologic phenomena of the Moravian Karst 
with the theory of the geomorphologic cycle, we shall start with a brief outline of the indi~ 
vidual stages of the karst cycle. 

The development of the karst, or the karst geomorphologic cycle begins either on a primary 
structural surface, e. g. on a plat<'au, dome, etc. composed of limestones or dolomites, or on 
an erosion surfac~ of a peneplane character built of rocks which are easily subject to the karst 
development. In the former case, the geomorphologic cycle is the first of its kind to take 
place in the area. In the latter the be.::;inning of a karst cycle brings rejuvenation of the area. 
In both instances, however, the karst phenomena produced in the process of the karst deve~ 
lopment are but identical in character as well as genetic succession. 

The stage of youth starts with a system of normal surface streams cutting down their 
valleys. In this initial stage the joints and bedding plane openings in the limestones or dolo
mites are at a moderate depth under the surface of the ground tightly closed and therefore the 
ground-water level is near the surface. But as joints and bedding plane openings gradually 
widen through solution, the ground-water descends to greater depths. Lapies and sinkholes 
appear here and there on the surface, and the surface streams start losing their water in sinks. 
In the underground caverns begin to form .. 

The stage of youth is succeeded by the stage of maturity. The surface drainage gives way 
almost entirely to subterranean channels, except for streams which appear aboveground for 
short distances in the area where the karst borders on its non-karst neighbourhood. These 
short surface streams lose their water to the underJround in blind or half-blind valleys. Cavern 
networks and cavern streams are characteristic of t~is stage. Sinkholes have increased greatly 
in number. many of them extending down-wards in chimney shaped chasms of the aven type. 
In the advanced stage of maturity the karst phenomena begin to decline. Sinkholes often join to 
form uvalas, and gaping abysses of the "jama" type come into being through the collapse of 
cave ceilings. On their floors, streams may for a short distance flow at the surface, emerging 

. from caves and again entering caves. ' 
The stage of maturity passes gradually into the stage of old a:;e. Only small remnants remain 

from the karst phenomena. Occasional isolated hils of limestone or dolomite called hums rise 
above the peneplaned, gently undulated surface. Old age shows a normal system of surface 
streams in possession of the land, and the drainage in the whole preViously karstfied area 
flows through normal valleys again. 

The geomorphologic development of the karst is closely dependent from the so-called karst 
base level of erosion which may be formed by impermeable rock floor of the karst formation, 
when this is .not situated too deep under the surface. Generally, there is no doubt that the 
impermeable rock floor functions as the karst base level. Opinions differ only as far as the base 
level in limestone masses is concerned when the impermeable rock floor - not subject to 
karst development - is situated at comparatively great depths. In this case, the question of 
the karst base level is closely connected with the problem of the karst ground water-table. 
Disputes were held as to the character of this water-table, and resulted finalIy in complete 
refusal of Grund's theory defending the existence of continuous water-table similar to the one 
in porous sediments. Nowadays, many scientits have adopted CvijiC's division of the karst 
into three horizontal hydrographical zones. Cvijic believes that alI joints and beddinJ plane 
openings in the lowest-situated zone are permanently saturated with water as low as their 
deepest reaches where they become tightly closed. In this way the underlying limestone or do~ 
lomite strata have preserved the character of impermeable rocks. Similar to this CvijiC's 
theory of the karst hydrology is the opinion of G. A. Maximovic. He distinguishes four hydr~ 
graphical zones in the karst, the third and fourth of which would approximately correspond 
to the lowest zone of Cvijic. 

Since fissures and joints intersect one another, the water, flooding them in the lower hydro
graphical zone, can move freely between them. The elevation of its top in individual joints 
is slightly different. but the differences get diminished with the widening of transverse sections 
of the karst cavities. In the karst we cannot speak of a continuous level of the ground-water 
- as is the case with porous sediments - but, nevertheless, we may presume that there is 
a certain upper level of the ground-water the height of which depends directly upon the volume 
of inflow and seepa:e from the surface. In case this level gets intersected by a topographic 
surface. the karst waters flow out in the form of karst springs in the surface streams which 
are bound to their bases level in non-karst areas. Therefore, many scientist consider the level 
of the karst ground-water to be the base level of erosion for the development of the karst. 

If streams in non-karst areas cut down as a consequence of the subsidence (relative or ab
solute) of their base level their sections and tributaries in the karst areas adapt the same 
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altitude. The cutting down of streams in karst areas causes the lowering of the level of the 
karst ground-water which takes place first of all in areas closest to the surface streams from 
where it proceeds upstream. In this way the karst base level gets gradually lowered and the 
process of karst development affects always lower levels in accordance with the new position 
of the karst base level. 

Since the cutting down of the surface streams as well as the lowering of the karst base 
level proceed upstream, it sometimes happens that in a karst region we find two adjoining areas, 
which have reached different stages of geomorphologic development and gradually pass into each 
other. For instance an area in the stage of youth may pass into another which is in the stage 
of maturity, etc. 

Emmanuel de Martonne says that, if we admit the theoretical succession of the development 
of the karst areas according to the theory of the geomorphologic cycle, many differences and 
often apparent contradictions in various karst regions may easily be explained by the fact 
that these karst regIOns have reached different stages of the geomorphologic cycle. Of course, also 
the climamorphogenetic conditions must be taken into account. 

We shall now compare the theory of the karst cycle to facts ascertained in the Moravian 
Karst. The Moravian Karst is a comperatively narrow and approximately 25 km long zone 
consisting of Devonian limestones which are underlain by Devonian rocks other than limestone 
(arkoses, con)omerates, shales). The Moravian Karst extends from Brno in the south to Sloup 
in the north. It reaches its greatest width - approx. 8 km - on its southern end. But mostly 
the breadth of the zo.ie of the Devon;an limestones does not wary greatly around 4 km. In 
the west, Devonian rocks are in contact with the pre-Devonian Brno Intrusive Mass. In the 
north, east and south they are bordered by Culm strata and end in the south-west in an abrupt 
slope above Brno. Devonian strata strike predominantly NNE - SSW and dip ESE. There is 
diversity of opinion as to the structure of the Moravian Karst. In the opinion of the Academi
cian R. Kettner the Devonian of the Moravian Karst has a decken structure. The Moravian 
Karst is no independent orographic unit standing alone, being part of a larger geomorphologic 
whole, called Drahanska vrchovina (Drahany Upland). 

One of the dominant relief features of the Moravian Karst is a peneplain which at an 
altitude of 450- 500 m truncates the limestone strata and extends on all sides from the 
limestone area on the adjacent rocks. This peneplain, that most probably had existed as early 
as before the Callovian and had been formed through a complicated development, was the 
initial topographic form from which the present karst features started to develop. As in many 
other karst regions (for instance in the French Causses), we see also here an example of a pe
neplain rejuvenated by the karst development. The presence of this peneplain suggests that the 
limestone formation of the Moravian Karst had passed through al least one complete geomorpho
logic cycle before the present karst development has been initiated. We have no evidence as to 
whether the karst cvcle participated in the complicated process of development, the final form 
of which was the peneplain, or not. Eut we clearly see that in limestones, which in proper 
conditions are subject to karst development - i. e. in the karst rocks according to J. Kunsky 
- the geomorphologic cycle runs its course to its penultimate stage. 

The existence of the peneplain beneath which the limestone strata extend to great depth, 
suggets that the base level of erosion toward which the geomorphologic cycle was developing, was 
not formed by the impervious rock underlying the limestone formation, but that it was con
fined to limestones. 

The peneplain of the Moravian Karst in its northern, central as well as southern part is 
dissected by valleys. There are different types of valleys: blind, half-blind and-dry valleys as 
well as valleys drained by surface streams. Closer studies have disclosed the fact that the de
velopment of the valleys had not been uniform along their whole course. The main valleys -
Pusty and Suchy zleb, the valley of the Jedovnicky and Kftinsky potok (Jedovnice Brook and 
Kftiny Brook) and the valley of the Ricka - exhibit two portions with marked geomorphologic 
differences. The upstream portions are shallow, wide open valleys with forms of maturity. The 
downstream parts are deep canyons with very steep sides. The longitudinal profile of the valleys 
between these two differing stretches is marked by abrupt chan::;es in slope. 

The different geomorphologic aspect of these valleys in their various parts cannot be 
explained by uneven resistance of the rocks, since portions of varied character occur indepen
dently of the rock structure. Thus for instance, the canyons as well as the mature parts of the 
Pusty and Suchy zleb have developed both in the light Frasnian limestones and the Amphi
pora limestones of the Givetian. The canyon part of the valley of the Punkva and the Kftiny 
Erook extends from the limestones into the Brno Intrusive Mass. The mature part of the valley 
of the Ricka east of Ochoz passes without any change in the shape of its cross profile from 
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the Culm rocks into .the limestones, in which farther downstream the canyon portion begins. 
Many other examples could be cited in this place. 

As thes~ geomorphologic differences are not explainable in terms of varying rock resistance we 
are to conclude that the mature upstream portions of the valleys had been exposed to degra
dation for a much lon~er period of time than the steep sides of the canyons. 

From this statement it follows that the upstream portions of the valleys are older than the 
canyons and that therefore they had been produced during a partial cycle (epicycle) of erosion 
preceding the present epicycle, durin;: which the canyons develop. 

Analogous character have the tributary valleys of the main valleys. They, too, exhibit two 
sections with marked geomorphic differences which are not related to more or less resistant 
rocks. The upstream portion is shallow and wide open valley of maturity. The downstream 
part is youthful. It has V-shaped cross profile and interrupted long profile. Some of these 
downstream portions are marked by rapids or waterfalls. Along their valley sides remnants 
of the mature valley are marked by benches above the present valley floors. 

The geomorphologic features described in the preceding paragraph indicate that the tributary 
valleys passed through the same geomorphologic development as did the main valleys. From this 
it follows that the main valleys even there, where today they are dry, acted in the geologic 
past as local base levels of erosion for tributary streams. Today act as local base levels only 
those portions of the main valleys which are occupied bu surface streams. From this we may 
conclude that the valley portions which are now dry were in the geologic past occupied by 
surface streams. Other ar:;uments for the validity of the preceding statement are the erosional 
and depositional features in the dry valleys. 

It is therefore obvious that the main valleys as well as the tributary valleys of the Mora
vian Karst have developed toward the general and local base levels of erosion and that the 
land-forms have experienced the successive stages of evolution postulated by the concept of the 
geomorphologic cycle in a humid climate. 

The fact that the now dry valleys of the Moravian Karst were cut and drained by surface 
streams, indicates that the ground-water table lay for a long period of time at the level of their 
floor, Similarly as it lies today at the level of the floors of the canyons drained by surface 
streams Punkva, Kftiny Brook and Ricka. The now dry portions of valleys have been abandoned 
by the surface streams at that time when the ground-water .table has been lowered to greater 
depths and consequently the surface streams have been diverted to underground routes. That 
was the beginning of maximum karst development. 

The Moravian Karst gives also arguments for the validity of the opinion, (1) that in the 
karst regions exists a ground-water level which acts as local base level of erosion for the karst 
area, (2) that the incision of the surface streams, followin:; the reduction of general base level 
outside the karst region, lowers the ground-water level in the karst area. In the karst port!on 
of the drainage basin of the Punkva the ground-water table lies today at the level of the 
floor of the canyon occupied by the surface course of the Punkva and at the level of the cave 
streams. The ground-water table in the karst area has attained its present-day position following 
the incision of the surface course of the Punkva. The lowering of the karst ground-water table 
has been accomplished first in the zone immediately adjacent to the surface course of the 
Punkva, and then has been extended laterally and upstream. Evidence of the lateral extension 
of the lowering of the karst ground-water table is given by the fact that the whole canyon 
part of the Suchy zleb is now dry, while the canyon in the down-valley portion of the Pusty 
zleb is occupied by the surface course of the Punkva. Suchy zleb has be:n abandoned by the 
surface stream obviously therefore, because owing to its steeper gradient its floor in a certain 
distance upstream from its junction with the canyon of the Punkva lies at a h'gher e1evat·on 
above sea than the corresponding stretch of the canyon of the Punkva. Consequently the lower
ing of the ground-water table caused by the incision of the Punkva has diverted the surface 
stream of the Suchy zleb to underground routes. 

The fact that the lovering of the ground-water table following the incision of surface streams 
extends upstream, is evidenced by the deep position of the ground-water table in the area of 
the Sloup-Sosuvka Caves, where it lies about 80 m below the floor of the dry valley, and in 
the areas of the swallow holes of Holstyn and of Rudice, where it lies about 85 m below the 
valley floor. The very low gradient of the underground streams, much lower than is the gradient 
of the floors of the dry valleys, indicates that in the Moravian Karst really exists a ground
water level acting as local base level of erosion for the karst region. 

From the geomorphologic and hydrologic features in the Moravian Karst we may conclude, (1) 
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that there exists a karst bllJSe level of erosion formed by the ground-water table, (2) that the 
geomorphologic development in karst regions is a variety of the geomorphologic cycle in humid 
climates. 
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V pozadi nad Brnem je jiZni konec Mor.avskeho krasu. Zdvizeml parovina sece zvrasnene 
vapencove vrstvy. In the distance, abo-ve the City of Brno . the southern end of the Moravian 
karst. The uplifted peneplain bevels the folded limestone strata . Foto OrbiS1 

Parovina Moravskeho krasu p;echazejici ve stejne celkove urovni z vapencii v popredi do 
kulmskych slepencii v pozad!. Nadmorska vyska, odkud byl vzat snimek, je asi 410 m. Nej
vyss i body kulmskeho uzemi v pozadi dosahuji 430 m n. m. The peneplain of the Moravian 
karst passing in the same general level from the limestone area (in the foreground) in the 
area of Cu)mian congLomerates (in the distance). The height of the point from which this 
photograph was taken, is about 410 m above sea level, the heighest points in the Culmian area 
behind reach 430 m above sea level. Foto J. K rl!'jci 

(Pfiloha ke clanku: J. Krejci: K otazce existence krasoveho cyklu.) 



Horni zraly usek udoli Ricky vytvoi' : ny v prvnim epicyklu a zahloubeny dJ paroviny v uze
mi kulmskych piskovcu. The upper mature segment of the valley of the stream Ricka surviving 
from the first epicycle cut in the peneplain in the area of Culmian sandstones. 

Foto !. Krejcl 

Horni zraly usek Sucheho zlebu vytvoi'eny v prvnim epicyklu a zahloubeny do paroviny ve 
vapencovem uzemi. The upper mature segment of the valley Suchy zleb surviving from the 
first epicycle cut in the p:neplain in the limestone area. Foto f. Krejci 


