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GEOGRAFSKO RAZISKOVAN]JE KRASA V SLOVENIJI

Raziskave slovenskega krasa vzbujajo razmeroma precej zanima-
nja, ker je Slovenija zlasti v tujini v geografskih krogih znana kot de-
zela krasa. Kras zavzema v okviru SR Slovenije tretjino ozemlja (okoli
7.000 km?). Vedina ga je v juzni Sloveniji, kjer geolosko-tcktonsko pri-
pada Dinarskemu gorstvu (t. i. Zunanjim Dinaridom) in predstavlja
vecidel sredogorje. Veéje zaplate zavzema v Julijskih Alpah in Kam-
nitkih Alpah. kjer ivori visokogorske planote in dolinasti relief. V
Karavankah in v predalpskem sredogorju zavzema Ze daljie apneniske
ali dolomitne gorske nize s kraske hidrografijo kot edinim kragkim po-
javom. v subpanonskem gricevju pa le §e¢ osamljene povriine. Absolut-
no je v prevliadi karbonaini kras.

Bolj kot po razseinosti je kras v Sloveniji znan zaradi zgodovine
krasoslovja, saj iz njega izhaja mednarodni {ermin karst. Povzet je po
pokrajini med TrZaikim zalivom in Vipavsko dolino. ki ji Slovenci pra-
vijo Kras, v avstroogrski monarhiji pa je dobila nemsko ime Karst. Ker
je bila Slovenija pred nacionalno osvoboditvijo izpod Avstroogrske in
nastankom Jugoslavije 1. 1918 v veliki meri znanstvena provinca avstrij-
ske geografije, se je preko nemske literature uveljavil termin skarste.
Pod vplivom dunajske geografske in geolotke Zole (A. Penck) so ga
uporabljali {udi jugoslovanski raziskovalei (Cviji¢, Gavazzi, 1904). Po
njihovi zaslugi je postal slovenski kras -klasiénic kras, sloves, ki ga
uziva Se danes (glej Wagner, 1954, Corbel, 1936), ustrezno pokrajino nad
Trzagkim zalivom pa pogosto oznadujemo kot >matiénic Kras.

Raziskovalni dosezki slovenskih geografov (A. Melik, ]. Rus) v ¢asu
med obema vojnama so doZiveli manj odzivnosti v tujini, ker so bili
objavljeni v slovenskem jeziku in ker se je ozemlje njihovega raziskova-
nja skréilo na polovico. Zmagovalka iz prve vojne. Italija. je namred
zasedla Primorske Slovenijo z matiénim Krasom vred. V Postojni je
osnovala vseitalijanski speleolofki institut. Kot plod njegovega dela je
bil 1. 1926 objavljen kataster jam — Duemila/Grotte (Bertarelli-Boegan,
1926), dvatiso¢ jam, ki jih je vecina na slovenskem etniénem ozemlju,
mnoge s popacenimi imeni. Po drugi svetovni vojni je ostala ltaliji samo
i¢ slaba tretjina mati¢nega Krasa, na tradiciji italijanskega speleoloikega
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instituta pa je Slovenska akademija znanosti in umetnosti 1. 1947 osno-
vala Institut za raziskovanje krasa v Postojni. Njegov predstojnik A.
sSerko bi istega leta pricel na geogralskem institutu univerze v Ljub-
ljani redna predavanja o krasu kot samostojnem uénem predmetu geo-
grafije, ¢e ga ne bi doletela smrt (Ta predavanja so bila obnovljena Zele
l. 1967). Institut za raziskovanje krasa objavlja svoje, pretezno speleolo-
ske rezultate, v zborniku Acta ecarsologica, od katerih je od 1. 1955 do
1. 1971 izslo pet knjig. Kraske Studije izhajajo Se v revijah Geografskega
druitva, »Geografskemu vestnikue in sGeografskem obzornikue, v izda-
jah Instituta za geografijo SAZU (:Geografski zbornike in posebne knji-
ge iz serije »Delas,) v glasilu DruSiva za raziskovanje jam (zdaj Jamar-
ske zveze Slovenije) >Nase james< (od 1. 1939), v aktih jugoslovanskih
speleolofkilh in geografskih kongresov iid.

Pregled znanstvenih dosezkov 1922—1972 bo tu podan v dveh po-
glavjih. V prvem bodo tematske, v drugem regionalne raziskave.

Prihidrografskih raziskavah so bila v ospredju ugotav-
ljanja podzemeljskih vodnih zvez. Rezultaie 45 barvanj izpred druge
svetovne vojne je tabelarno podal Serko (1946), novejgih 23 barvanj pa
Gams (1965). Po drugi vojni so mnoge opravili v zvezi s projektiranjem
vodnih akumulacij, do zgradiive katerih pa v Sloveniji, v razliko z osta-
lim Dinarskim krasom, ni prislo. Drobna izjema je v preteklih stolet-
jih zelo znano Cerknisko polje, kjer so po veéstoletnih naériih o temelji-
tejSem osuSevanju polja in po delnih melioracijah vodnih tokov in po-
ziralnih jam 1. 1970 zgradili na odto¢nih jamah zapornice, da bi vsako-
letnemu periodiénemu jezeru podaljSali trajanje. Vsa barvanja so ugo-
tovila sicer medsebojno komuniciranje vodnih tokov v podzemlju, ne pa
tudi njihovega podzemeljskega krizanja. Sicer redka vrtanja za pitno
vado, slone¢a na postavki o sklenjeni vodni gladini, niso nasla zadost-
nili pretoénih koli¢in. Ceprav izkuinje pri gradnjah na Dinarskem krasu
$e niso dovolj teoretsko obdelane, vse kaze, da v globokem krasu, ki je
visoko dvignjen nad erozijski nivo, v nasproiju z nizkim krasom v tuji-
ni in morebiti v obalnem krasu v Istri ( Jenko, 1959), ni tolikine sklenje-
nosti vodne gladine, da bi ekonomsko opravicila vrtanja za vedo.

Na globokem slovenskem krasu tudi ni odvisnosti med strmeem pod-
zemeljskega toka (= razlika med ponorom in izvirom) in hitrostjo pre-
takanja (Serko, 1946), ki je v razponu med 57 in 0,15 cm/sek. Vigji vo-
dostaj pomeni praviloma hitrejsi pretok in domneve, da bi ob zelo viso-
kih vodostajih na kratkih poljih pretofnost izvirov upadala (Jenko,
1939), je bila omajana (Gams, 1970). Velike razlike so pri mehanizma
intermitentnih izvirov (Habi¢ 1970), kakor tudi glede minimalnih spe-
cificnih odtokov ob suii. ki mestoma zdrknejo na 2 I/sek/km? (Gospoda-
ri¢-Habe-Habi¢, 1970). Razmeroma dobro so preudene hidrofacije in
temperature kradkih voda (Novak, 1970, Habe, 1937).

Prva kompleksna hidroloska delitev slovenskega krasa je bila iz-
vedena s staliSéa nadina vodnega odtekanja; opredeljene so bile eno-
stavne odtofne regije, pretotno-odiocéne regije globokega krasa, regije
z menjavanjem povriinskega in podzemeljskega pretakanja in regije
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s podzemeljskim dotokom in povriinskim odtokom v plitvem krasu
(Habié, 1969).

Klimatologe je kras pritegnil najprej z vriatami v gorskem
svetu z obilico snega. od katerih nekatere. zlasti na Trnovskem gozdu in
Snezniku. opozarjajo nase z vegetacijskim obratom (od roba proti dnu
vriate si sledijo bukov. nato iglast gozd, rusevje in ponekod fe alpska,
izjemoma celo sneZna cona). Najstarejfo, enostransko razlagoe vegeta-
cijskega obrata s temperaturno inverzijo so novejie meritve dopolnile in
pokazale na pomen irajanja sneine odeje in specifiénih talnih pogojev.
Udornice tipa Velika ledenica v Paradani pa pomenijo prehod k jamski
klimi (Gams, 1972). Bolj kot dokazan je nakazan kras kot kompleksen kli-
maitolofki fenomen, ki se izraza v svojski geotermiéni stopnji. svojskem
temperaturnem rezimu tal in vlaznosti, svojskih ekoloskih pogojih. niz-
ki meji uspevanja kulturnih rastlin. kar vse Se ¢aka nadalnjih raziskav.
Ve¢ raziskav obravnava jamsko klimo: v Podpeiki jami, v Postojnski
jami (Crestani-Anelli, 1939, Gams, 1966, 1968), kjer je bila merjena rast
kapnikov, in v Predjami, kjer nasiaja v nekem dinami¢nem rovu pozimi
med toplim in mrzlim usijem razlika do 31,6°C (Habe, 1970).

Ker se v Sloveniji goji geomorfologija prvensiveno v okviru
geografije, je doprinos slovenske geogralije k razvoju kraske geomor-
fologije najvidnejSi. Do nedavna je bila v ospredju raziskovanja geo-
morfogeneza kraskih oblik in reliefa. Prvi slovenski geomorfologi po
prvi svetovni vojni so sledili tradiciji avstrijskih geologov. Rus (1921) je
pripisoval za nastanck Ribnifko-kotevskega polja najvedji pomen tek-
toniki. Melik (1928, 1951) je iskal razlago za nastanek vedjih oblik no-
tranjskega in dolenjskega krasa predvsem v predkraski fazi s povriin-
skim reénim odtekanjem, ki je pustila v danasnjem reliefu suhe doline
in padolja. Naziranje o predkraski fluvialni fazi je naflo v najnovejfem
casu novo potrditey v najdbah silikatnega kamninskega drobirja na
brezvodnem krasu. Kar ga je bolj ali manj zaobljenega, ga $tejejo za od-
kladnino predkraikih povrsinskih tokov. manj zaobljen pa bi lahko
ostal po erodiranih neprepustnih pokrovih, ki so pokrivali apnenec ali
dolomit. 7 najdbami teh »prodnikove je bila podkrepljena shema o pred-
kraskem povriinskem toku Noiranjske Reke preko matiénega Krasa, ki
s svojimi zelo Sirokimi, domnevno suhimi dolinami vred visi proti So¥ki
ravnini. Na antiklinorijumu, zgrajenem iz krednih in paleozojskih ap-
nencev, je Reka na Krasu dobivala pritoke z eocenskega flisa na severn,
ki tvori zdaj sinklinalo Vipavske doline (Radinja, v tisku). Postopno
skrajievanje povriinskega toka zaradi ponikev je pustila na severovzhod-
nem Krasu nivoje, ki preidejo v slepo dolino Notranjske Reke, ki ponika
v Skocjanske jame (Radinja, 1967) ter je izvotlila vrsto votlin, ki jih do-
kazujejo Stevilne udornice. S pomoéjo silikatnih prodnikov je bila re-
konstruirana tudi povriinska vodna mreza na Trnovskem gozdu (Habig,
1968),

Ceprav so naziranja o tem, kateri procesi so na krasu poglaviini,
tudi med povojnimi kraikimi geomorfologi na Slovenskem zelo razli¢na,
jim je skupmno. da pripisujejo pleistocenski dobi veéji pomen za se-
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||i|1|jn oblikovanost krasa, kot doslej: bolj izstopa v ospredje selektivna
u:-lw,uu. marnj puudlu]\u pa dajejo tuktugumu.

:IJUI)‘L‘![IUJHI opis slovenskih kraskih polj je podal Melik (1955).
ki jl}.l je razlagal v glavnem kot fluvialne erozijske tvorbe. Zaradi po-
vecanega mehaniénega preperevanja v glacialnih dobah so vode na po-
Ijih naplavile prod, pesck in ilovieo, zatrpavale lasine ponore in povzro-
cale trajnejfo ali periodi¢no ojezeritev, kakrina je do danes ostala samo
na Cerkniskem polju. Deloma zaradi premalega upostevanja klimatskih
nilianj v pleistiocenu in zaradi aviomatskega pristevanja modrikastih
glejev k jezerskim sedimentom, Melikova razprava, éeprav podpria z
rezultail pelodnih analiz, ni dozivela tohkega odziva kot bi sicer zaslu-
zila. Kvartarne akumulacijske terase so se najlepie ofuvale v tisiih
kraskih poljih, na katere pritcka reka z neprepusinih sedimentov, Tak
primer je Postonjska kotlina, kjer je mogode vzporejati terase z etazami
Postojnske jame (Gospodarié-Habié, 1966). Drug primer je Dobro polje,
kjer je Silfrer (1967) glede na preperelost in lego prodov razlikoval wiirm-
ski, rigki in mindelski (?) nasip. V Postojnski kotlini so oprli vgotav-
ljanje starosti teras in jamskih etaz na arheolofke ugotovitve in lo&ili
mindelsko-rizko erozijsko fazo, ritko akumulacijsko teraso, erozijo v
medledeni dobi R/W, wiirmsko aluvialno teraso in holocensko crozijo
(Gospodarié-Habié, 1966). Tudi v jamah na obodu Sajevikega polja nu-
dijo sedimenti in artefakti oporo za doloCevanje starosti nastanka (Habe-
Hriber 1964).

Primerjava teras v slovenskih kradkih poljih je privedla do trdi-
tve. da sta razviti v glavnem dve uravnavi. starejia iz starejiega pleisto-
cena, ki je ohranjena v robnih terasah. in mlajia v dnu iz mlajSega plei-
stocena (od G/M do danes). Faze uravnavanja se ujemajo s povelano
akumulacijo in ploskovnim uravnavanjem zivoskalne osnove pod na-
plavino. V tem je razlika s fluvialnim erozijskim reliefom, kjer se zni-
zevanje ujema z globinsko erozijo. Njeno vlogo na dnu kraskega polja
ali slepe doline vrii podialna korozija (Gams, 1972).

Razliéna mnenja v povojni sveiovni geomorfologiji o fem, ali je
korozija najintenzivnejsa v hladni subarkticnn (]. Corbel) ali v vlazn:
topli iropski klimi (H. Lehmann), so nasla svoj odziv tudi v Sloveniji v
kvantitativnem dolotevanju korozijskega procesa. Prvi izratuni koro-
zije s pomocjo trdoi reénih voda in speciliénega odioka, ki ga na veéjih
kraskih rekah ze vrsto let ngotavlja hidrometeroloika sluzba, so poka-
zali. da je neupraviéeno istovetiti povrsinsko vodno dreniranje in pred-
krasko [luvialno fazo s fazo erozije (in adekvaino kraike faze izkljuéno
s korozijsko fazo). Izven Alp je v Sloveniji na vodoneprepustnih, bolj
ali manj karbonatnih kamninah (karbonatnih laporjih, skrilaveih in po-
dobno) korozija kot proces odnalanja gmote domala tako intenzivna
kot erozija (Gams, 1962). Hitrejie zniZevanje relicfa v neprepustnih
kamninah, ki je zna¢ilno za kvartarno dobo, je prvenstvena posledica
selektivne erozije v hladnih pleistocenskih razdobjih, ki je na krasu
bistveno manjia. Zato je kraski reliel sredi neprepustnih sedimentov
pridobival na relativni vidini. Za poreéja. kjer na krasu delujejo vodo-
merske postaje. znasa korozijska intenzivnost med 30 in 90 em®/CaCOy/
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km2 Zaradi perhumidne klime je korozija razmeroma visoka in zato so
fosilne forme tropskega krasa iz terciarne dobe tezko razpoznavne. Re-
ducirajo se v glavnem una tip t.1. kopastega krasa (Habi¢. 1968). Ze
pred razéiftenjem problema o infenzivnosii korozije v raznih klimah,
ki gza izpricuje sodobna svetovna literatura, je bilo za slovenski kras
ugotovljeno, da ima primarno vlego specifiéni vodni odiok (Gams, 1966).

Vendar {1 izratuni nise ni¢esar prispevali k direkini pojasnitvi na-
stanka kraskih depresijskih oblik. Le-te nastajajo vecéidel zaradi lokalno
|lt)"«ill‘;(‘nl' ]\.("l.'ﬁ)’lj{' ‘pl}(] pukrt:\unl Illli]lﬂ\]lll.' putﬁdlnu Ll}ll)fij{]. I\ﬂt
I(II)IIII L“l(h’ljﬂ I\.ﬂ]{)zljﬂ ]]ﬂpiﬂ\lﬁ{_‘ ﬂ{ldﬂl](‘ i Htl]\'ll “'ﬂlEl;'gu lrl pﬂl‘ﬂ\]c}'_'.,]
sveta vzdolz odtokov z ledenikov in veéjih sneziié- Gams, 1964)

Kvantitativnih metod dolo¢evanja korozije se je oprijela veéina
mlajsih raziskovalcev kraskega povrija (Radinja, Habi¢, Kunaver).
Vkljub temu je pri njih ostala e Ziva dilema. v koliko so vrtade po-
sledica udorov in v koliko lokalno pospeiene korozije. Na Slovenskem
sia bila prva protagonista obeh skrajnosti. T. Gruber in B. Hacquet s
svojimi deli iz konca 18. stoletja. Veéja enotnost je doseZena v naziranjun.
da je na slovenskem krasu vladala Se ob koncu terciara preteino povre-
Sinska. v kvartarju pa pretezno kraska hidrografska mreia.

Razmeroma malo raziskav je najti v slovenski kragki literaturi o
posameznih krafkih oblikah. Ceprav so poleg kraZkih polj vrta&e najbolj
tipi¢na krafka oblika slovenskega krasa. geneza vrtal ni pritegnila po-
sebnih raziskovalcev. Zbranega je precej gradiva o pojavljanju tako ime-
novanih ugrezov (Horvat. 1953), ki nastajajo najveékrat na ravnih kme-
tijskih povriinah z debelejSo naplavljeno prsijo. Le krajevno je bila
obdelana morfometrija vriad (Radinja, 1969). Sistematske prenditve skal-
nih visokogorskih oblik in vifinske conalnosti so le delno objavljene (Ku-
naver. 1961). Melik (1962-63) in Radinja (1969) sta poskuZala izdvojiti
tako imenovani »dole ali skraski dolz koi posebno krasko obliko, po-
dobno podolgovati vriaci oziroma suhi dolini, nastali pretezno kot reéni
dolini. potem pa je reka prestavila svoj tek v podzemje. Najbolj zname-
niti tak dol. v katerem lezi kraj Cepovan, je bil doslej vedno preskusni
kamen kraske teorije. Primerjalno so bile &tudirane slepe doline, pri ka-
terih je bila dokazana odvisnost velikosti slepe doline in zlasti njenega
konénega dela v apnencu od trdote reke in njene vodnatosti. Cim nizja
je trdota in &m veé vode ponira, tem vedja je praviloma slepa dolina
(Gams. 1962).

Tekionsko grezanje kot vzporedni vzrok nastanka kragkega polja
na Slovenskem ni naslo ioliko privezencev kot drugod, ker za 1o geolozki
profili ne dajejo osnove. V misljenju, da so kraska polja heterogena po
nastanku in sedanji hidroloski funkeiji, je bila modificirana H. Lehman-
nova shema. Po njej se polja lo¢ijo na: periferna polja (na stikn ne-
prepusinih - kamnin, ki so znotraj polja, in kraskih kamnin).
robna polja (z vododrznimi s:t‘l\l(limcnii na robu polja ali izven).
pretoéna ali prelivna polja (z izviri na enem in ponori na drugem kra-
ju). polja v nivoju Forfluferja {er razne vrste netipiénih polj. ki jih
lahko oznaéujemo kot spsevdopoljes ali »parapoljes (piedmontska v
gorah, polja na planotah in polja v sistemu podolja (Gams. 1972).
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L. 1962 je Geografsko drusivo Slovenije v sodelovanju z Geoloikim
druftvom priredilo simpozij o slovenski kragki terminologiji ter rezultate
tudi objavilo v Geografskem vestniku 1962. L. 1971 so slovenski geograli
priredili jugoslovanski simpozij z namenom. vskladiti in objaviii kom-
parativno terminologijo jugoslovanskih narodov.

Sprico razmeroma #tevilnih krasoslovnih razprav in drobnih opi-
sov je presenetljivo malo pregledov ¢ez ves slovenski
kras. Najved sirokovnega gradiva je zbranega v obliki strokovnega
poiopisa’, izdanega v [rancoskem in angleSkem jeziku ob priliki 4. med-
narodnega speleoloskega kongresa, ki je bil od 12.—26. IX. 1965 v Slo-
veniji in Dalmaciji. Ob {ej priliki je izfel tudi v svetovnih jezikih na-
pisani zvezek revije NaSe jame (1965, 1—2) s preglednimi élanki o ju-
goslovanskem krasu in o krasu v posameznih republikah. Razseinejse
monogralske opise najdemo za nekatere jame (Postojnsko, Logaréek,
Predjama-Habe, 1970). Uspelo morfolofko in morfogenetsko obdelavo je
dozivelo planotasto sredogorje Trnovski gozd-Hrugica-Nanos med Vipav-
sko dolino in Idrijeo (Habié, 1968). Ko bo za opisom slepe doline —
Vremske doline, Dobrdobskega krasa in SenoZefkega pedolja (Radinja.
1967, 1969.) iziel fe opis preostalega dela maliénega Krasa, bo za-
okrozena podoba njegovega razvoja - modela krafke morfogencze neke
pokrajine. V pripravi je obseznejfa Studija o delu Julijskih Alp — Ka-
ninu. (Jurij Kunaver) in v tisk je predana primerjalna morfogeneiska
Studija o vsem slovenskem krasu (Radinja, v tisku).

Navedene monografije so geomorfoloike. redke pa so. ki bi obravna-
vale vsestransko fiziéno geogralijo. SploSne geografske opise kraskih
pokrajin obsegata ustrezni Melikovi knjigi sPosavska Slovenijac (Ljub-
ljana 1939) in +Slovensko Primorje« (L.jubljana 1960). Toda kompleksnih
znanstvenih analiz dolo¢enega kraskega predela skoraj e ni. Eden prvih
poskusov, oprt na moderne metode, je proucitev prirodnih pogojev in
agrarnega izkoriSéanja kraskih tal v eni od vasi na maticnem Krasu
(Gams-Lovrenéak-Ingoli¢, 1970). Odprla je nove dimenzije kragkega
raziskovanja. Pokazala je, kako bistveno se je povrije v svoji drobni
oblikovanosii spremenile pod vplivom kmetijskega izkoriSéanja v zgo-
dovinski dobi. Ko je kmetovalec otrebil povriinsko kamenje. na travnikih
do nivoja zemlje, na ornih povriinah do globine lemeza, je spremenil na
razseznil povrsinah polgoli kras v pokritega, obdelovanje pa je po drugi
strani znizalo nivo prsti in izzvalo erozijo. Studij podtalnih kraskih oblik
(Gams, 1971) je odprl metodo, ki omogoca, po drobni oblikovanosti kam-
nitega povrija dolofevati erozijo prsti. Trebljenje kamenja na povriju v
preteklih stoletjih in intenzivoo ozelenjevanje in ogozdovanje zadnjih
sto let je spremenilo tipicni videz primorskega slovenskega krasa, ki je
po prvili opisih v tuji literaturi zaslovel kot sinonim za kamnito polpu-
stinjo s kraskimi pojavi. Kmetovalei so spremenili tudi obliko Stevilnih
vriaé: zemljo, ki so jo nastrgali po obhodu vrtate, so nasuli in dvignili dno

Guide de l'excursion 4 travers le Karst Dinarique-Guide - Book of the
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za Sirfo njive. Bolj lijakaste vrtace so postale tako bolj skledaste in plit-
ve. Vkljub ogromnemu vloZzenemu delu je na krasu orne zemlje malo in
icze jo je sirojno obdelovati K temu se pridruZujejo Ze teZave s pitno
in industrijsko vodo. Tudi to je vzrok. da spadajo v najnovejii dobi kra-
ike pokrajine med tiste predele Slovenije. ki gospodarske komaj ali le
pocasi napredujejo. paé pa dozivljajo intenzivno preslojevanje prebi-
valsiva in depopulacijo.

Zadnja leta naraita fevilo raziskovalcev krasa. ki tudi vedno bolj
uporabljajo modernejie raziskovalne metode. Ko bodo izile nekatere Ze
navedene raziskave v tisku, bo dokonéno ob veljavo trditev. ki je hila
izrecena o razvoju kraike morfologije v Jugoslaviji v prvi polovici tega
stoletja. oznadujoda ta rzvoj kot epigonstvo (Blanc. 1938).



Geographical Research of Karst in Slovenia

Ivan Gams

GEOGRAPHICAL RESEARCH OF KARST IN SLOVENIA

Considerable aitention has been paid {o the research of karst phe-
nomena in Slovenia since the country is known abroad to geographers
as the classical karst area. About one third of the surface of the Socialist
Republic of Slovenia is indeed a karst landscape (some 7.000 square ki-
lometres). Most of it is to be found in the southern part of the couniry
and is, with regard to the structural geology, part of the Dinaric moun-
tain sysiem (viz. of the so called Outer Dinarids). Most of the karst
area of Slovenia is at moderatie heights above sea-level. There are also
large paiches of the karst in the Julian Alps and the Kamnik Alps, in
high plateaus between valleys. In the Karavanke mountains karst is
found on the limestone and dolomite ridges only as a hydrological phe-
nomenon, Karst is limited, however, only to a few spots in the sub-pan-
nonian hill-country in the east. The carbonate type of karst is absolu-
iely predominant in Slovenia.

The karst of Slovenia is better known for the history of karst explo-
ration and research than for the area affecied by karst phenomena. This
exploration has, in fact, introduced the international term of karst into
general use. It refers to the area between the Gulf of Trieste and the
Vipava valley which is called s Kras« by the Slovenian population
living there and which appeared in the germanized form as skarste. As
the arca was explored largely by Ausirian geographers and geologisis
prior io World War I the laiter term became widely used in German
literature and, following A. Penck, also by some Yugoslav researchers
(Cviji¢, Gavazzi, 1904). Owing to their writings the Slovenian region
Kras above the Gulf of Trieste has become and has remained the sclas-
sicals karst area (see: Wagner, 1945: Corbel. 1956).

The research conducied after the liberation in 1918 by Slovenian
geographers (A. Melik, . Rus) is less well known abroad since ihe find-
ings were published in the Slovenian language. Also about half of the
areéa ]llc]liiﬂncd I.'IIZJD\-'G llﬂ.ﬁ l.)'.'-'.'{)"ll‘ ll"ﬂf[ﬂ'--“‘ﬁi]}](‘- to '“H.'.[]'l bcﬂ&uﬁc Qf thB
inter-war international boundary. The western half of the Slovenian
karst area — including the Kras region — came under the Ttalian rule.
In Postojna (renamed then Postumia) an Italian central speleological in-
stifute was set up. A cave inventory, published on this basis a few
vears later, illustrates the work done until 1926 (See: Bertarelli-Boegan,
Duemila Grotie). Most of the caves mentoined — often under distorted
names — are located within the Slovenian speaking territory. After the
World War Il only one third of the classical Kras region remained un-
der ltaly. In 1947 the Slovenian Academy of Aris and Sciences (SAZU)
established at Postojna a new Institute for Karst Research that has con-
tinued the tradition of its predecessor. In the same year the director of
the instituie, Alfred Serko. had io start also a regular course in karst
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studies at the Department of geography at the university of Ljubljana,
In the same vear, however, Serko suddenly died and the course was not
reassumed before 1967. The results of research doneby theinstitute (most-
Iy in speleology) are published since 1955 in a new serial »Acta carsolo-
gicas, I'ive volumes are out by 1971, Kars studies are also published in
the two rewievs (»Geografski vestnike and »Geografski obzornike edi-
ted by the Geographical Society of Slovenia) and in >Geografski zbor-
nik« and »Delac (monographs) published by the Institute of Geographyv
of the Slovenian Academy of Sciences and Arts. The periodical »Nade
jame« published by the Speleological Society also brings articles rela-
ted to karst research since 1939. Some studies were also published in
ihe Pm-:u-dings of the Yugoslav geographical or speleological congres-
ses or in other publications.

A survey of the scientifie findings during the 1922—1972 period and
concerning research on karst will be presented in two sections. The first
deals with thematic research and the second with regional studies of
karst areas.

The hydrological research was focused on the under-
ground courses of water in the karst areas. The results of the 45 tracings
made before World War 11 are summarized in a table by Serko (1946)
and of the 23 tests performed later, by Gams (1965). Many specific explo-
rations were undertaken after World War II in connection with the pro-
jects for water reservoirs for power-plants which, however, were ne-
ver carried out in Slovenia, in contrast to other paris of ithe Dinaric
karst. A small exception is the once famous polje of Cerknica. After
centuries of plans for the draining of the periodic lake and after more
recent reclamation efforts concerned with water courses and sink-holes,
the sluices were built at the main sink-holes after 1970 in order {o prolong
the duration of that seasonal lake. All tracings performed until now have
proved that the interference of underground water courses are interre-
lated, but have not established anv unconnected crossings of the chan-
nels used by the water. Following the assumption of a contiguous under-
ground water-table a few borings for drinking water were made but no
sufficient amounts were discovered. Although the experience gained in
the constiruction of dams and reservoirs in the Dinariec karst areas have
not vet been evaluated from a theoretical view-point, all bits of evidence
suggest that there are no areas of contignous underground water-table
large enough to jusiily ihe cosily search for water in the deep karst areas
which are at high elevation above the erosion base-level. This is in con-
trast to findings in the low karst areas abroad and., possibly, in the
coastal zone of lIstria ( Jenko, 1939).

There is, in the deep karst of Slovenia. also no relation between the
gradient of the underground water-flow channels (i. e. the difference in
height between the source and the swallow-hole) and its velocity (Serko,
1946). The latter is within a range of 57 and 0,15 em/second. A higher
water-level means, as a rule, a swifter current and the assumption that
the flow capacity might be decreased when high waters oceur in the
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poljes ( Jenko, 1959), has been shaken (Gams, 1970). Differences in the
mechanisms affecting intermitient sources were noied (Habié, 1970) as
well as in the minimal specific run-offs in dry seasons when they can
be as low as 2 seconds/l per square kilometre (Gospodarié-Habe-Habiz,
1970). The temperaiure and hydrofacies are rather well established (Ha-
be, 1937, Novak, 1970),

The firsi comprehensive hydrographical classification of the karst
areas of Slovenia was made on the basis of different modes of the water
circulation and run-off. The first hydrographical type includes the
areas of the deep karst with no surface streams and an entirely under-
ground run-off; the next {ype is represented by areas with predominani
underground circulation but with some surface tributaries: the interme-
diate type includes areas with short intermittent streams on the surface
and with an underground out-flow of waters. The last type includes
arcas of surface in-flow and surface run-off in the shallow karst at low
altitudes near sea-level (Habi&, 1969).

The small karst depressions, — dolines in the highland areas
with abundant snow-cover during the winter atiracted the e¢lima-
tologisis’ attention 1o the karst regions. Some of these
dolines — in the Trnovski gozd and the Sneinik mountains —
are remarkable for the marked vegetation inversion (beech, conifers’
scrubs, the alpine and eventually even the nival zones follow in sue-
cession). The original simple explanation of the vegetation inversion
supposedly due to the temperature inversion has been expanded and
modified as a result of new measurements which have revealed the im-
portance of the long snow cover and of the specific soil conditions. Large
collapsed »doliness like Velika Ledenica near Paradana indicate a
iransition to the true cave climate (Gams, 1972). The karst as a comples
climatic phenomenon that is expressed in a peculiar geothermic
degree, in specific temperature in the soil and its moisture variations, in
specific ecological conditions, low altitude limiis for cultivation ete. —
is rather indicated than fully proved and still awaits further research.
Several studies are concerned with the cave climate in Podpeika jama
(Podpeé cave) in Dobro polje and in the Postojna caves (Crestani-Annelli.
1959; Gams, 1966, 1968) where the growth of stalagmites and stalactites
was measured; and in Predjama, where temperature fluctuations in a
dynamic vertical cavern are as much as 51.0°C during the winier (Habe,
1970)

Because in Slovenia geomorphological research was carried
out by geographers their share in karst geomorphology is also most no-
table. Until recently the research was focused on the origin of karst to-
pography and land-forms. First research done by Slovenian geomorpholo-
gists was on the lines established already by Austrian geologisis before
World War. I. Rus (1925) considered that the Ribnica - Ko¢evije polje was
formed largely due to structural geology of the arca. Melik (1928, 1931).
however, came to the conclusion that the larger karst landforms in the
Lower and Inner Carniola are to be attributed to the processes in the pre-
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karst stage of evolution, when surface drainage was still effective, as in-
dicated by dry valleys of various size left in the present relief. The as-
sumption of a prekarst [luvial stage were recenily confirmed by the di-
scoveries of [lints in the water-less karst areas. The more rounded pieces
are explained as surface deposits of the pre-karst streams, while an.
gular and unworm pieces may be considered as remainings of the erod-
ed impervious rocks once covering  the exposed limestones and dolomiies.
The discovery of this sriver gravelz has strengthend the concept of the
pre-karst course of Notranjska Reka (called Timavo by Italian explorers)
across the classical Kras region with its broad [lat stretches of assumed
dry valleys which are on the whole oriented toward the Soca plain. The
river (Reka) in its course on this syelinorium consisting of cretaceous and
old tertiary rocks was fed by tributaries from a belt of the eocene flysch
to the north which now forms part of the Vipava valley (Radinja, in
print). The surface water courses that were geiting shorter because of
emerging sink-holes left terraces at the eastern rim of the Kras region:
thev are continued in the blind valley of the Notranjska Reka which
now disappears underground at Skocjan caves (Radinja, 1967) where
many caverns were formed (which are also indicated on ihe surface by
subsided portions of the roof above them). The flints found on the high
karst area of Trnovski gozd and discovered only recently also helped
to trace the courses of the former river net-work there (Habié, 1968).

Although the views of the karsi geomorfologisis in Slovenia aboui
the dominance of particular processes in karst areas vary, they agree
that the pleistocene period is more imporiant for coniemporary land-
forms in carst areas than it was considered earlier; they single out the
role of the selective erosion and put less siress on that of the siructural
geology.

The most exhaustive account of karst poljes in Slovenia was given
by Melik (1955). In his view, they were largely formed by fluvial erosion.
Because of the increased mechanical weathering during glacial periods
the rivers deposited elay, sand and gravel on the floor of the poljes, thus
filling in the sinkholes and causing lasting or periodical formation of
the lakes; the last of them remained until the present time only in the
Cerknica polje. Because too liitle attention was paid to climatie fluetu-
ations during the pleistocene period Melik's statements, although sup-
ported by pollen analysis, did not meet the reponse that they deserved.
The agegraded terraces formed during the pleistocene period are best pre-
served in those karst poljes which are transversed by rivers originating
in impervious sediments, as it is the case in the basin of Postojna where
terraces can be correlated with different levels of channels in the Postojna
caves (Gospodarié-Habi¢ 1966). In another case (Dobro polje) Sifrer
(1967), taking into consideration the position as well as the amount of
the weathering of gravels, could discern three layers related to the
Wiirm, Riss and Mindel stages. In the basin of Postojna, the age of the
terraces was asceriained by (paleo) archeological evidence. The succesi-
ve stages are: Mindel-Riss erosion period, Riss aggraded terrace, Riss-
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Wiirm ecrosion period, Wiirm alluvial terrace and the holocene erosion
period (Gospodarié-Habi¢, 1966). The sediments and artefacts in the
caves along the edge of Sajeviko polje also provide evidence for dating
their origin (Habe, Hribar, 1964).

The comparison of the terraces in the (karst) poljes of Slovenia led
to the conclusion that there are iwo main levels io be found. The older
dates back to the early pleistocene period and is preserved in the late-
ral terraces while that found on the bottom of the karst depressions da-
tes from the younger pleistocene period (from the Giinz-Mindel period
onwards). The stages of levelling coincide with increased aggradation and
with the applanation of the solid rock under the mantel of alluvial de-
posits. This is the contrast with the fluvial crosion relief where the lo-
wering coincides with downward erosion. This role is taken, on the bot-
tom of (karst) poljes or dry vallevs, by the subsoil corrosion (Gams,
1972).

The differences of opinion among geomorphologists in the world as
to whether corrosion is most infensive in the cold sub-aretic elimate (].
Corbel) or in the humid tropical climate (H. Lehmann) triggered of
quantitative measurements in Slovenia in order to determine the cor-
rosion process, The first caleulations concerning the amount of corresion
on the basis of the hardness of river waier and of the specific run-off
(that is regularily measured by the Weather Bureau) have shown that
it is not justified to draw paralels between the surface water drainage
and the erosion stage, and beiween karst drainage and an exclusively
corrosion stage. Outside the high Alps the corrosion in impervious rocks
of more or less carbonate type (marls, shales and similar roeks) is almost
just as effective in the removal of rock mass (bed-rock) as the (normal)
erosion (Gams, 1962). Quicker lowering of the relief consisting of imper-
vious rocks that is the characteristic of the quarternary period is pri-
marily the result of the selective erosion in cold pleistocene periods which
in karst areas is much less effective. As a consequence, the karst relief
amidst areas of impervious sediments was relatively gaining in height. In
those karst drainage arcas where regular observations are made the cor-
rosion intensity is between 30 and 90 m® of CaCO, per year on a square
kilometer. Due io ihe perhumid eclimate, corrosion 1s comparatively
strong and therefore the fossil forms of the tropical karst that have re-
mained from the tropical period are hardly discernible. They are mosilv
reduced io the ivpe of the so called rounded mountain tops karst (Habié,
1968). Ilven before the problem of the intensity of corrosion in different
climates was seitled, as reported in recent literature obroad, it was esta-
blished that in the karst areas of Slovenia the major role is played by
the specific run-off of the waters (Gams. 1966).

The measurements, however, did not direcily throw any new light
on the origin of specific forms of karst depressions. These came into
existance largely because of local accelerated corrosion (corresion under
the mantle of deposiis — subsoil erosion; lateral corrosion; corrosion in
often flooded sectors; also corrosion on the contacti between the open
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and the wooded terrain, on the tree-line along the water courses [rom
glaciers and snow-fields (Gams, 1964). Most vounger researchers of the
karst phenomenon adopted ihe quaniiiative methods [or assessing the
amount of corrosion (Radinja, Habi¢, Kunaver). Even among them the
old dilemma whether ihe dolines are primarily the result of rock-col-
lapse above caves or of locally accelerated corrosion is siill open. The
two studenis which in their writings dealt wiih the problem as early as
in the late 18" century, I'. Gruber and B. Hacquei were protagonist of
boih extreme views. By now the researchers generally agree that at the
close of the tertiary age there was a predominantely normal fluvial ri-
ver network in the karst areas of Slovenia while karst hydrography took
upper hand in the pleisiocene period,

Comparatively few studies are published in Slovenian karst litera-
ture on particular karst landforms. Apart from (karsi) poljes the doli-
nes are most typical forms to be found in Slovenia, but only a few re-
scarchers paid more attention to their origin. A lot of evidence was as-
sembled about the recently subsided dolines (Horvat 1953) which are
mostly found on flat agricultural land consisting of thick lavers of inun-
dation alluvial soil. The morphometric measurements of the dolines were
carried out only here and there (Radinja 1969). Systematic research was
done on karst landforms and zonal dilterences in the rocky areas of the
high mountains results have been published only partially (Kunaver,
1961). Melik (1962/63) and Radinja (1969) iried to single out »dol« (or »karst
dol¢) as a special karst landform, similar to an elongated »dolina« or a
dry valley that could come into existance basically as a (normal) valley
of a small river which has later disappeared underground. The most oul-
standing example of such a »dole is to the north of Goriea at Cepovan
and was all the times one of the {esting stones for karst theory. A compa-
rative study was made of the blind valleys and it has been proved iliat
their size, in particular at the end in the limesiones, depends on the
amount of water and of its hardness. The lover the hardness is and the
greater is the amount of water that filters down the larger is — as a rule
~— the blind valley (Gams 1962).

The notion of the tectonic origin of (karst) poljes was generally not
held by so many researchers in Slovenia as elsewere, as the geological
profiles in Slovenia do not provide sufficient evidence. The widely held
view that (karsi) poljes are heterogenous with regard to their origin and
io their present hvdrological function has led to a modification of ile
concept developed by H. Lehmann: According to that concept the
(karst) poljes may be classificd as: peripheral poljes (formed on the con-
tact between impervious rocks within poljes and karst rocks), bor-
der poljes (with water-tight sedimenis at the edge of poljes or at
the rim outside); over-flow poljes (with water sources at one end and
sink-holes on the other end); poljes at the level of the »Vorfluters and
different kinds of atypical poljes which may be described as >pseudo-
poljesc or >para-poljesc (e. g. peidmont poljes in the mountains, poljes
on plateaus and poljes within large valley-like depressions (Gams, 1972).
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In the year 1962 a joint symposium about the karst terminology was
organized by the Geographical and Geological Societies in Ljab-
ljana; the proceeding were published in Geogra fski vestnik
(1962). In the vear 1971 the Slovenian geographers organized a Yugoslav
symposium with the same objective to coordinate and publish a compa-
rative terminology used in the Yugoslav languages.

Only a few overviews of the karst phenomenon in Slovenia were
published inspite ob ihe rather numerous carstological studies and minor
deseriptions, Most of the pertinent information is collected in a guide-
book published — in English and French — at the occasion of the 4™ Inter-
national speleological Congress held between 1226 September 1963 in
Slovenia and Dalmatia. The magazine Nafe jame (1965 vol., No.
1—2) also published a series of general articles on the karst phenomenon
in Yugoslavia viz. about karst areas in particular republics. Several si-
zeable monographs exist on some caves (that of Postojna, of Logarcek,
of Predjama: Hahe, 1971). A good morphological and morphogenetic
monograph was published on the plateau-like mountainous area of Tr-
novski gozd — Hrufica — Nanos, lying between the Vipava and Idrijea
valley (Habié, 1968). As soon as the regional studies in karsi fopography-
now published for the area of blind valley of Vreme, for the Doberdob and
Senozede arcas — will be completed by studies on the remaining part of
the Kras region (Radinja, 1967, 1969), we shall have a rounded-off pictu-
re of its evolution; a model of the karst morphogenesis of that region. A
study on Kanin area in the Julian Alps is in preparation (J. Kunaver)
and a comparative morphogenetical study about the entire karst area of
Slovenia (Radinja, is in print).

The monographs just mentioned mainly focus on geomorphology and
are only seldom concerned with wider aspects of physical geography. The
general geographical characteristics of the karst areas of Slovenia are
deseribed in two books by Anton Melik »Posavska Slovenija«, »Slovensko
Primorjec (Ljubljana 1959, 1960). But there are few complex regional
analyses of the karst areas. Using contemporary methods a small village
in the »classicale Kras region has recently been studied in such a way
from the point of view of ihe natural conditions and the land use and
has opened new dimensions in karst research (Gams-Lovrenéak-Ingolié,
1970). The study has shown how basic were changes in the microrelief
due to the agricultural land-use during the historical period. Afier the
cultivators have removed the rocks sticking out of seil, which did to the
depth of the plough-share for arable land and io the surface level for
meadows, the half-barren karst surfaces have turned inio the covered
patches; but the culfivation has, on the other hand, reduced the soil-
level and started erosion. The research on subsoil karst topography
(Gams, 1971) introduced a method that enables to determine soil-erosion
by the consideration of the tiny surface landforms. The removal of rocks
on the surface which went on for centuries and intensive afforestation
of the Kras region has produced a remarkable change in the typical
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karst landscape in the sub-mediterranean part of Slovenia, which be-
came famous, ever since the [irst descriptions in the foreign literaiure as
a synonym for barren semi-desert area with karst features. Also. the
shape of many »doline« was changed: the soil thai was seratched from
the rim was accumulated at the bottom which thus has been raised to
make possible a larger field. The funncl shaped »dolines took rather the
form of more shallow bowls. Inspite of the tremendous amount of work
performed there is still very little arable land in karsi areas and can
hardly be worked by machines. An additional handicap is the lack of
water for drinking and industrial use. This is another reason for most
intensive depopulation, social transformation and slow economie growth
of karst areas in Slovenia.

The impact of the recent increase in the number of researchers on
karst phenomena and of the use of more and more sophisticated methods
of research, is more and more evident. When the studies now in print
and mentioned earlier will be available the statement made some vears
ago about the lagging evolution of karst morphology in Yugoslavia dn-
ring the first hall of the century (Blane. 1938) will finally be refuted.
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