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UVODNIK

23. junija 1955 je predsedstvo Slovenske akademije znanosti in umetnosti
potrdilo program oziroma gradivo za prvo Stevilko glasila razreda za prirodoslovne
in medicinske vede oziroma InStituta za raziskovanje krasa Slovenske akademije
znanosti in umetnosti, z naslovom “POROCILA - Acta carsologica”. Se istega
leta, decembra 1955, so bila Porodila tudi tiskana.

Ko dlovek gleda to prvo Stevilko slovenskega vodilnega krasoslovnega glasila
izpred 40 let in jo primerja z danadnjo, se mu zazdi, da se na zunaj ni dosti
spremenilo. Razpored napisov je bolj ali manj isti, besedilo tudi, vse skupaj na
bolj enolicni osnovi, prva Stevilka na grobi rjavo-sivi lepenki, zadnja Stevilka na
beli, gladki.

Toda majhne spremembe, ki jih Clovek, ki naslovnico le pogleda, niti ne zazna,
kaZejo tudi na razvoj organizacije, instituta in ne nazadnje tudi same vsebine
glasila. Prva $tevilka je imela naslov POROCILA (z velikimi in rdec¢imi rkami),
pricujoca, XXIV. Stevilka, ima ravno obratno, ACTA CARSOLOGICA veliko in
rdece, podnaslov pa ni ve¢ “porocila”, ampak “krasoslovni zbornik”. Glasilo se je
v resnici iz inStitutskih porodil spremenilo v osrednje krasoslovno glasilo na
Slovenskem, s teznjo prodora v svet. Prva Stevilka je na vsega skupaj 175 straneh
vsebovala tri razprave (avtorji so bili vsi sodelavci intituta) ter Sest porodil, prav
tako vecinoma izpod peresa sodelavcev inStituta. Pricujoca Stevilka pa na skoraj
600 straneh prinasa 45 prispevkov 43 avtorjev iz 13 drfav, od Spanije do Rusije,
od Velike Britanije do Italije, in vsi prispevki so v tujih jezikih.

V prvi Stevilki je avtor emega od porocil (o jami in potoku Mitoicici) Ivan
Gams, ki mu je posvelena tudi XXIV. §tevilka. V njej so objavijeni prispevki,
predstavijeni na mednarodnem simpoziju “Man on Karst” 1993 v Postojni,
posvelenemu 70-lemici prof. Gamsa. Njemu, ki je bil sodelavec Acta carsologica
torej od zaletka, od njene prve §tevilke, in je v teh 40 letih v njej vsega skupaj
objavil za 221 strani prispevkov, je XXIV. Stevilka posveCena v celoti.

In s tem tudi uredniski odbor dolgoletnemu sodelavcu zbornika in clanu
njegovega uredniskega odbora od 1983, nekdanjemu clanu Instituta za raziskovanje
krasa in flanu IV razreda SAZU, jubilantu iskreno Cestita!

Urednik
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PREFACE

On June 23, 1955 the Presidency of the Academia Scientiarium et Artium
Slovenica confirmed the program and the material for the first issue of the
publication of the Academy’s Classis IV: Historia Naturalis et Medicina, Institutum
Carsologicum respectively, entitled REPORTS - Acta carsologica. The same year
in December 1955 the publication was printed.

When one looks at this first volume of the Slovene leading karstological
publication from 40 years ago and compare it with the actual one it seems, that
the external appearance did not change much. The distribution of titles and texts
is more or less the same on rather monotonous base, the first number on rough
grey-blue carton and the last volume on white, smooth one.

But small changes, not evident at once if looking to the title-pages, indicate the
development of the organisation, of the institute and, obviously the change of the
content of the publication. The first volume was entitled REPORTS (capital red
letters) and this one, the 24th volume is just the opposite, Acta carsologica in
capital red letters and the subtitle is no more Reports but Karstological Miscellany.
In fact the publication evolved from the Institute’s Reports to central karstological
gazette in Slovenia tending to make its way to the world. The first volume
included on 175 pages three treatises (all the authors were Institute’s employees)
and 6 reports, mostly written by the Institute’s workers. The present volume offers
on almost 600 pages 44 papers of 42 authors from 13 countries, from Spain to
Russia, from Great Britain to Italy and all the papers are presented in foreign
languages.

The author of one of the reports in the first volume was Ivan Gams (About
the Cave and Stream Mitos¢ica) and this volume is dedicated to the same person.
These papers were presented at the International Symposium Man on Karst in
1993 at Postojna that was dedicated to the 70 anniversary of Prof Ivan Gams.
The whole issue is devoted to the professor who contributes to Acta carsologica
since its beginning and have published in these 40 years 9 treatises on 221 pages.

In such a way the Editorial Board tries to thank to its member since 1983 and
collaborator for long years, the former co-operator at the Karst Research Institute
and member of the Classis IV: Historia Naturalis congratulating at his jubilee.

The Editor
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LE RELIEF KARSTIQUE

Le gouffre ouvre une porte au monde souterrain,
Et la pensée suit Ponde en un cycle sans fin . .

Reveur et médusé par I'dspect féérique
Emanant de Pétrange et beau relief karstique,
Laisse-moi te guidier, voyageur curieux:
Imagine l'acide et I'eau, silencieux,

Entamant, dissolvant, les massifs de calcaire,
Forant des galeries au tréfonds de la terre!

Karst? C’est une région de la Slovénie

Au musée naturel pour la géographie.

Regarde I'entonnoir que forment les dolines,

Serties du blanc chaos pareil aux champs de ruines.
Trouant Papre plateau, vois Paustere canyon;
Irriguant la vallée jaillit la résurgence;

Quel fertile poljé tapissé d’alluvions!

Une diaclase, un puits, lacs, galeries, siphons,

Et la calcite anime aventure et Science!

Jean SARRAMEA
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NAGOVOR MINISTRA ZA ZNANOST IN TEHNOLOGIJO
REPUBLIKE SLOVENIJE
GREETINGS OF THE SLOVENE MINISTER OF SCIENCE AND
- TECHNOLOGY

Ladies and gentlemen,

Allow me to say a few words at the beginning of your interesting
gathering. The Ministry of Science and Technology has initiated an ambitious
programme of activities with the aim not only of bringing Slovene science
closer to the European and world level, but also of increasing the contribution
of Slovenia’s scientific and research potential to the European and world
treasury of permanent and new knowledge.

Research of the Karst area, which has a long tradition in Slovenia,
undoubtedly belongs to those spheres of research into the cultural and natural
heritage which are- not only important for the Slovene nation but also for
European civilisation.

“The most wonderful and peculiar of the natural wonders in the country
of Carniola are three lakes which are now visible and the next moment
invisible, but each of them in its own way . . .”. With this account, Slovene
polymath J. V. Valvasor opens his description of three Karstic lakes, one of
them being now the world-famous Cerknica lake.

Thus the phenomenon of the Karstic landscape and its people was
recognised, long before anyone else, by one of the most famous and valuable
men to have lived and worked in Slovenia in a book which is an expression
of our traditional liaisons with Europe and of our cultural openness to the
world, the 300th anniversary of whose death is celebrated this year. As if he
had known that the Karstic natural landscape, with its attractive Karstic
formations and phenomena, would be of exceptional scientific strategic impor-
tance not only for the Slovene nation but also for a broader environment.

Thanks to many Slovene and foreign scientists, Karstology and speleology
began to develop as scientific disciplines in this very Karst in Slovenia, the
name which has entered international terminology, as have a number of other
Slovene expressions. Thus Slovenia has become the original Karst country, for
the Karst covers more than a third of this state.

More than 12 scientific research institutions in Slovenia are in some way
connected with studies on Karst, one of the most prominent being the
Institute for Research of the Karst of the Slovene Academy of Sciences and
Arts, which was established in 1947 in Postojna. If in the past the priority was
fundamental research of Karstic processes and speleology, then the research of
life in the Karst, its economic development, Karstic tourism and related
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Acta carsologica, XXIV (1995)

measures for the protection of the environment have been gaining importance
in recent years. The relationship between people and nature, which will be the
topic of this distinguished scientific board, has also been paid considerable
attention by Dr. Ivan Gams, Member of the Academy and one of the most
distinguished Slovene scientists to have contributed to the Slovene and world
treasury of knowledge on the Karst. It is a great honour to express my
congratulation on his 70th birthday.

I wish to make particular mention of the international liaisons and
cooperation established by research institutions and individuals in Slovenia
with important institutions in Europe (especially in Austria, France, Italy,
Hungary, Germany and Great Britain) and the rest of the world (Canada and
China). At the moment there are approximately 250 international projects in
course in Slovenia, some of which deal with Karstology and are incorporated
into international programmes and projects: allow me to mention only a few
of them: Geological Correlation Programs - UNESCO, the COST Program,
the Association of Tracer Hydrology Symposia and the Phare program.

In this country we see justified efforts towards preserving the natural and
cultural heritage of our country, which have in the last years been expressed
in numerous initiatives and professional endeavours to establish a natural park
in the Notranjska and Karst area (also as a joint internationally protected
area on the Slovene and Italian side of the border) on the one hand, as well
as the needs of regional economic development with possibly controversial
interventions in the environment, demanded by the construction of industrial
areas, airports, sports and recreational premises and so forth, on the other.
An international race track is, for instance, only 10 km away from the Skocjan
caves, one of the monuments of the UNESCO world natural heritage. Science
must also participate more meeting economic interests and needs. Science
would face less difficulty in making its contribution if it participated more
actively in the development and environment programmes of the Karstic
region.

In my opinion, your symposium entitled “Man on Karst®, as well as the
messages and conclusions which you will make and reach, could represent an
important contribution to further activities in the scientific spheres of Karstology
and in applying this knowledge in development programmes of the region.

Prof. dr. Rado BOHINC

24



NAGOVOR GENERALNEGA TAJNIKA SLOVENSKE AKADEMIJE
ZNANOSTI IN UMETNOSTI
GREETINGS OF THE GENERAL SECREATARY OF THE
SLOVENIAN ACADEMY OF SCIENCES AND ARTS

Spostovani udeleZenci mednarodnega simpozija KRAS IN CLOVEK

V imenu Slovenske akademije znanosti in umetnosti ter v svojem imenu
Vas iskreno pozdravljam in Vam Zelim uspe$no delo. Dovolite mi, da se¢ s tem
v zvezi zahvalim organizacijskemu odboru, ki je ta simpozij pripravil in ga bo
tudi realiziral.

Mislim da gre za simpozij, ki poteka na pravem kraju in ob pravem casu.

Kar zadeva kraj bi vendarle Zelel poudariti, pa Ceprav vsi to veste, da gre
v 0Zji in zlasti v $irSi okolici Postojne, tja proti TrZaskemu zalivu za klasicen
kras, ki ga poznajo pod nemskim imenom Karst zlasti geografi, geologi, biologi
in hidrologi po vsem svetu. Slovenska imena kraskih pojavov kot so to npr.
dolina, uvala, polje in vrtaa uporablja tudi veCina tujih znanstvenikov.

Kar zadeva Cas, pa bi Vas najprej spomnil na to, da so nudile kragke jame
in spodmoli stalno prebivalis¢e ali zadasno zatociS¢e paleolitskim in mezolitskim
prebivalcem marsikje po svetu in tudi pri nas. KraSka polja in doline so dajale
in Se danes dajejo hrano prebivalcem, ki tam Zive. Na krasu so v S§tevilnih
dezelah nahajaliS¢a boksitov - ki vsebujejo rude pomembne za pridobivanje
aluminija. KraSke jame so dandanes vse bolj zanimivi turistiéni objekti.
Predvsem pa bi Zelel opozoriti na dejstvo, da vsebujejo kraska obmodja v
svojih nedrih rezervoarje pitne vode, ki je Ze danes, bo pa brez dvoma v
prihodnje eno izmed najpomembnejsih naravnih bogastev.

Toda clovek je marsikje s pretirano uporabo pesticidov, s slabo urejenimi
komunalnimi objekti, z industrijsko dejavnostjo, ponekod pa tudi s turizmom
7e resno prizadel kraska obmodja in priSel je Cas, da se kras ne proucuje le
kot naravni fenomen, temve¢ da se na omenjeno problematiko resno opozori
z zahtevo, da se na krasu Skodljiva dejavnost omeji, ¢e Ze ne prepreci.

Slovenski kras se je zacel znanstveno proucevati Ze v prej$njem stoletju in
raziskave so bile intenzivirane v zaletku tega stoletja. Kot veste se s krasom
tudi sedaj ukvarja vrsta znanstvenikov z razli¢nih podrocij znanosti. Med njimi
naj danes omenim le akademika prof. Ivana Gamsa, ki je letos praznoval svojo
70-letnico. V imenu Slovenske akademije znanosti in umetnosti mu tudi ob tej
priliki iskreno cestitam.

Se enkrat Vas vse skupaj lepo pozdravljam in Vam Zelim uspeino delo.

Akad. prof. dr Matija DROVENIK
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Distinguished Members of the International Symposium “Man on Karst”

It’s my special privilege and satisfaction to welcome you on behalf of the
Slovenian Academy of Sciences and Arts and to express to the Organizing
Committee our deepest appreciation for the very big job carried out in order
to render this symposium a perfect one.

In my opinion it’s going on in the right place and in the right time.

Regarding the place I would like to emphasize the fact that in the
narrower and especially in the broader surroundings of Postojna, in direction
of the Gulf of Trieste, there exists a classic Kras, well known especially to the
geographers, geologists, biologists and hydrologists around the world by the
German name Karst. Names as Polje, Dolina, Uvala and Vrtada, which are
used by most scientists, are originally Slovenian names for the surface karstic
phenomena of the mentioned area.

Regarding the time I would like to remember you that the karstic caves
and overhangs have offered opportunity to the paleolithic and mesolithic
inhabitants as a permanent or only temporary residence in many countries ail
over the world. Polja and Doline have been providing, and still provide the
food to the people living there. Beauxite ore, which is the most important raw
material for the aluminium industry, occurs in the Karst region in several
countries. Karstic caves are becoming more and more interesting for the
tourists. But first of all I would like to stress the fact that the karstic regions
include often reservoirs of drinking water, which is already today and which
will be in future too the most needed natural resource.

However, in many Kkarstic regions the man has seriously affected the
environment by using pesticides, with badly regulated communal objects, with
industrialization and in some places with tourist activities as well.

Now it is the time, not to study Karst only as a natural phenomenon. but
also to point out the problems mentioned above and to reach an understand-
ing that in the karstic environment the noxious activities should be stopped or
at least limited for the present.

In our country the Karst has been studied in gcneral in the past century,
while the researches have been intensified in this century. Several Slovenian
scientists from different fields of work are at present engaged with the
problems of Karst. Among them all, on this occasion I would like to mention
only the academician professor Ivan Gams who has recently celebrated his
70th birthday. In the name of the Slovenian Academy of Sciences and Arts
I want to congratulate him once again.

Finally, I would like to express to all of you, my best wishes for most
successful work in this Symposium.

Akad. prof. dr. Matija DROVENIK
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NAGOVOR PREDSEDNIKA MEDNARODNE SPELOLOSKE ZVEZE
GREETINGS OF THE PRESIDENT OF THE INTERNATIONAL
SPELEOLOGICAL UNION

I thank very much all the Friends of Slovenia who have given to me and
to the International Community of Karstologists this excellent opportunity of
thanking Prof. Ivan Gams for his great contribution to the development of
Karst sciences.

Before all Prof. Gams is a friend of all of us - I remember with pleasure
the first excursion in Slovenia I organised in 1974 with my students and
Italian Speleologists, led by Prof. Gams.

After that Prof. Gams came with his students to see some Italian Karst for
Alpine groups. »

At an international level Prof. Gams was able to give new enhancement to
Karstological research inside IGU, creating and leading a study group about
“Man’s impact in Karst”, which outlined the large geographical interest of
Karst areas.

The geographical community has to recognise that, due to Prof. Gams if
Karstology is more considered inside the International Geographic Commis-
sion. The expression of this acknowledgement is the existence of a specific
Commission about Karst inside IGU.

Thank you, Prof. Ivan Gams

Prof. Paolo FORTI
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NAGOVOR NESTORJA FRANCOSKIH KRASOSOLOVCEY
GREETINGS OF THE NESTOR OF THE FRENCH
KARSTOLOGISTS

Cher Professeur GAMS,

Avant méme le IV éme Congres International de Spéléologie, a Ljubljana
- Postojna, j’avais fait votre connaissidnce lors d’un symposium en Gréce. Mais
c’est aux sources de la Ljubljanica, en 1965, que pour la premiére fois je me
suis rendu-compte de tout lintérét de vos méthodes d’étude, en matiére
d’hydrologie et d’hydrochimie karstique.

Au cours de pres de trente années, le Professeur GAMS a fait parcourir,
les muitiples détours des karsts slovénes, sur terre et sous terre, a de
nombreux karstologues francgais, lors des colloques quil a organisés ou 2
Yoccasion des échanges avec I'Institut za Raziskovanje Krasa. Grice a lui et
i ses éleéves nous avons pu prendre connaissance de ses recherches et, I’avoir
eu comme guide pour admirer les splendides paysages et les innombrables
trésors souterrains de la Slovénie. Nous avons pu.examiner aussi, sous sa
direction quelques problémes d’impact anthropique en cours d’étude. Aussi au
nom de mes collegues karstologues, je pric Ivan GAMS de recevoir le
témoignage de notre haute estime et de notre vive gratitude.

Prof. Jean NICOD
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POZDRAVNE BESEDE PREDSEDNIKA IZVRSNEGA SVETA
POSTOJNA

V veliko mi je zadovoljstvo in v posebno Cast si Stejem pozdraviti Vas ob
danadnjem zadetku mednarodnega simpozija Clovek na Krasu!

Posebno sem vesel, ker Vas lahko pozdravljam kot Zupan obéine in mesta
Postojna, mesta torej, ki se kar nekoliko samo vsiljuje kot najprimernej$e za
temo tega srecanja. Verjetno v svetu ni lepSega primera, kako je Clovek te
precudovite lepote kraske zemlje, Zivalstva in rastlinstva na njej, kamna, vode
in seveda podzemlja znal, ob priklenjenosti na to okolje in to naravo,
izkoristiti sebi v prid, ter se obenem dovolj na §iroko vkljuciti v svet okrog
sebe.

Pri tem na$ Clovek na krasu ni in ne pozablja, da je to edinstven svet, ki
se mora varovati, ohranjati in na svojski naéin razvijati, da bo na njem lahko
Zivel, delal in prezivel tudi v prihodnosti.

Preprican sam, da te skromne besede ne morejo nadomestiti vseh strokovnih
in znanstvenih razprav in ugotovitev zaradi katerih ste se tukaj zbrali, so pa
iskren odraz odnosa Cloveka na krasu do krasa, hrepenenje njegove due za
kras in njegove lepote, due, ki jo je prav kras naredil za kleno in vcasih
grobo, toda vedno prijazno in gostoljubno.

In prav v imenu tega cloveka, €loveka na krasu, Vam v imenu Skups¢ine
obéine Postojna danes izrekam dobrodoSlico in Vam $e posebej Zelim, da bi
se ob uspe$nem in za Vas gotovo koristnem strokovnem delu, med nami kar
najbolje pocutili.

Poseben pozdrav vehja tudi g. Radu Bohincu, ministru za znanost in
tehnologijo v vladi R Slovenije, akademiku, prof. dr. Ivanu Gamsu, slavljencu,
kateremu je ta mednarodni simpozij posveCen, pa ob njegovi 70 - letnici,
posebne Ccestitke.

Igor Bratina

29



WELCOME BY THE MAYOR

It is my great pleasure and a special honour to greet you at the opening
of your International Symposium Man on Karst!

I am specially pleased to greet you as a mayor of the Postojna commune;
this is the town which itself seems to be the most appropriate place for such
a meeting. Probably in the world there is not a better example how man
succeeded in using all these beauties of karst nature, fauna and flora, rock
and water, and in particular underground, being part of the environment and
of nature, and at the same time linked into the world around.

Our “man on karst” did not and does mot forget that this is a umique
world which must be protected, and preserved but also developed in a specific
way to provide living, working and survival in the future.

I am sure that my modest words cannot replace all the professional and
scientific discussions and statements that are the reason that you have
gathered here, but they are a sincere reflection of man’s attitude on karst to
karst, the longing of a soul for karst and its beauties, the soul that karst
made strong and sometimes rough, but always kind and hospitable.

And just on behalf of this man, “man of karst”, I bid you welcome on
behalf of the Postojna Commune, wishing you especially that during your
successful and, without doubt advantageous, professional work you will feel at
home among us.

Special greeting goes to Dr. Rado Bohinc, the Minister of the Science
and Technology of the Republic of Slovenia. .

I heartily congratulate Academician Prof. Dr. Ivan Gams; this interna-
tional symposium is dedicated to his 70-th anniversary.

Igor Bratina
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THE KARSOLOGISTS IN THE SECOND HALF OF THE
20 CENTURY

I have a special duty and honour to greet you, dear and esteemed guests,
speleologists and karstologists on behalf of Tourist Organization Postojnska
jama where I started to work half a year ago. Before, for good 30 years, I
worked one kilometer away only at the Karst Research Instimte ZRC SAZU.
For external world this difference is not essential as Postojna and the whole
Classical karst around it established its reputation not as a touristic curiosity
only but as a focus of modern views to karst.

Karst is natural, geological and hydrological, physico-geographical and in
particular sensitive ecological phenomenon. This is the landscape where man
survives during ten to hundred thousands of years. The problem how to
preserve the karst to be friendly to a man and how man can take care that
his survival remains easier will be the topics of this symposium. The col-
leagues of the Institute dedicated it to a special occasion of 70" anniversary
of our the most eminent karstologist, academician prof. dr. Ivan Gams to
honour his exceptional contribution to the Slovenian and universal karstology
and at the same time to review and to define the directions for future
explorations and international co-operation in the new conditions of our
independent Slovenia.

Regarding-my physical capacities of this very moment my contribution will
be relatively short but in future I intend to describe the evolution of our
karstology in the second half of the 20" century. This is the time of the
extreme progress related to all the human activities, to various branches of
science in particular, and the same could be said for the speleology and the
karstology. I would like to present you the circumstances in which dr. Gams
and his companions worked.

One has to know that the Classical Karst experienced in the era of the
great discoveries in the past century (the explorers Schmidl, Putick, Martel,
Miiller, Hanke, Marinitsch) and increased interest for it at the beginning of
this century (Cvijié, Grund, Katzer, Perko) two fatal war periods. These two
catastrophes inflicted deep wound into the rising Slovemian amateur and
professional speleological and karstological activity. During the First World
War the Slovenian cavers lost an important part of the Classical Karst, the
area from Trieste to Postojna and Planina became Italy. The Society for Cave
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exploration, Ljubljana hardly revived its activity and again the work was
interrupted in the period 1941-1945. New Initiative reappeared after 1947 only
when the karst between Postojna and SeZzana was given back to the Slovenia.
But during the war the caving groups thinned and everything must be started
from the beginning again.

The biggest burden was loaded to the youngest of the pre-war cavers,
valued as a researcher and scientist due to his studies. In 1947 Dr. Alfred
Serko took over the duties of the director of Postojnska jama and other show
caves of Slovenia and at the same time he was the head of the Speleological
Institute, founded in Postojna by the SAZU. But the very next year, when the
lectures about karst on the Ljubljana University have to start, the Slovenian
spleology was literally struck by a lightning, as a virtual lightning struck dr.
Alfred Serko during his voyage on Karst. This heavy blow tried to fulfill older
Slovenian cavers and thus dr. Bohinec took over the presidency of the Society
for Cave Research in ILjubljana, biospeleologist Egon Pretner became the
director of the Postojnska jama, and the geographer dr. Roman Savnik the
head of the Institute for Karst Research; from eastern Slovenia dr. France
Habe moved to Postojna and founded here the Caving Club Luka Ceé. The
exploration of the Postojna underground was taken over by Ivan Michler,
already retired at that time, helped by France Hribar and younger cavers. The
geographer dr. Anton Melik and the anthropologist dr. Srecko Brodar have,
similar as the biologist dr. Jovan HadZi, dedicated more of their scientific
interest to the karst.

In Ljubljana prof. Pavel Kunaver, the cave photographer Franci Bar and
the brothers Kuscer, geologist and physician, animated young cavers and they
together explored the karst in the Ljubljanica river basin, on Dolenjska and
in Julian Alps. The oldest among the young cavers was Ivan Gams. At the
beginning of the fifties he studied geography, after degree and thesis he
almost entirely dedicated to the caving and to the karstology. He has taken
part at all bigger explorations, within the Institute for Geography he wrote
about karst and about the results of the karstologists in the world. His
extreme research and creative energy produced great results and at this
moment we are not yet able to revise and to estimate his work entirely.

The karstological activity of dr. Gams could be divided into various periods
with rounded research themes. His student period is linked to the caving
activity in the Society and to publication of reports and shorter contributions
in the periodicals Geografski vestnik and Proteus. After his doctoral thesis, in
the second half of the fifties, the independent researches of the karst
phenomena, underground systems and superficial features started. He wrote
about Logaréek, Globodol, about blind valleys, snow-fields in Alps, and a
larger treatise was consecrated to the geomorphological development of Bela
krajina. In the sixties, when he came to the Karst Institute in Postojna, he
started to measure the corrosion intensity and to study the factors of
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corrosion dynamics, accelerated corossion in particular, on karst. His research
field was Slovenia in the triangle among Postojna - Planina - Cerknica, he
studied the forms and the growth of the speleothems in Postojnska jama and
he was active at the series of other caving activities characteristic of this time,
Among the most popular is, without doubt, the expedition to the Triglavsko
brezno. Beside geomorphological and caving researches, the hydrological re-
searches are very important too as he tried to prove the connection among
particular superficial and underground waters by water tracings; he studied the
maximisation of the underground water flow and other hydrological laws of
the underground drainage.

In the middle of the sixties his important activity was the organization of
the International Speleological Congress. He contributed a series of original
lectures to present the Slovenian karst to the international public; his efforts
to found the International Speleological Union are very important too.

Soon after the International Speleological Congress he started the peda-
gogical work. As professor at the Ljubljana University he introduced a new
subject Karst Geography. In addition he started a series of research studies
and thus contributed to the development of the Slovenian karst terminology,
to the classification and topology of various karst phenomena, karst poljes in
particular. He initiated the study of human impact on karst, studied the
climate, vegetation and soil on karst and the human interventions to the karst
surface. We owe to dr. Gams the original views on the transformation of the
karst surface on the Classical and Mediterranean Karst. The most important
work of the seventies is his monograph Kras.

In the eighties there stands out his experiment with carbonate tablets, the
experiment of direct measurements of the corrosion intensity under various
climatic conditions. With international cooperation dr. Gams contributed origi-
nal data about the recent corrosion controlled by various conditions.

In the nineties he returned to the problems of contact karst started several
times before. He added new views to the systematization, classification and
typology of special karst phenomena at the contact of permeable and imper-
meable karst surface.

His karst opus comprises more than 200 works but this is one qaurter of
his publications only. No doubt that his extreme energy and capability to write
aroused the interest all over the world. Most of his contributions are written
in the Slovenian language but those published in foreign languages aroused
the interest of the international karstological public.

His position among the most eminent karstologists in the second half of
the 20" century could be presented by rather objective procedure although not
the most reliable one. I have chosen seven karstological monographs, namely:
Sweeting (1972), Gams (1974), Bleahu (1974), Jakucs (1977), Jennings (1985),
White (1988) and Ford-Williams (1989) and I have compared the frequency of
the cited works and the citation without taking into the account the autocitations.
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The result is interesting and worth to be treated more in detail in respect to
the contents and the importance of the cited works. The scale of the cited
units in the mentioned monographs is as follows: on the first place with 107
cited units is Bogli, folowed by Lehmann with 93 units, then comes Ford with
87 units, Sweeting by 77, followed by Williams with 74 units, then comes
Corbel 72, Rogli¢ and Gerstenhauer 68, Cviji¢ and Jennings with 65 units, and
the ninth place occupies Gams with 58 cited units; those following are White
(51), Renault (40), Smith (35), Warwick (29). The continuing scale of other
hundred authors could be interesting mostly for regional sources and the
authors which are isolated due to language barrier maybe. This language
barrier is an important obstacle in mutual understanding and in the develop-
ment of the scientific explanation of karst. A common effort should be needed
to overcome this isolation.

I am sure that the ratio of Gams should be much bigger if his monographs
would be published in some foreign language. The same could be said for the
Roumanian Bleahu and for the Russian Maksimovi¢ and for some others as
well. But nevertheless this “sport” ranging of Prof. Gams among the ten the
most eminent karstologists means a great personal achievement. The reputa-
tion of the first Slovenian karstologist in this international company put on
new duties to our younger researchers of the classical karst (for example Car,
Habi¢, Kranjc, Kogoviek, Sustersi¢, Slabe) to whom prof. Gams was at the
same time supervisor and co-worker.

At the end, permit me to thank on behalf of the Slovenian geographers,
cavers and Kkarstologists 1o the academician prof. dr. Ivan Gams for his
outstanding contribution and efficiency at discovering the basic laws of origin
and development of the karst surface and the underground and for his care
for human being and his impact on the sensitive karst nature. My best
congratulations to his personal jubilee with wishes to have a lot of creative
power and to be in good health.
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KRASOSLOVCI V DRUGI POLOVICI 20. STOLETJA
(Ob 70-letnici akademika prof. dr. Ivana Gamsa)

Povzetek

Uvodnemu pozdravu jubilanta in udeleZencev simpozija sledi opis razmer,
v katerih je potekalo raziskovanje klasi¢nega krasa v 20. stoletju, ko so vojne
razredCile domade raziskovalce. V drugi polovici tega stoletja se je s svojim
delom najbolj uveljavil geograf Ivan Gams. Njegovo krasoslovno dejavnost
lahko razdelimo na nekaj obdobij z zaokroZeno raziskovalno tematiko. V
$tudentskem obdobju se je uveljavil predvsem kot jamar. Po konc¢anem Studiju
geografije sledi Cas znanstvenega obravnavanja posameznih vidnej$ih kraskih
pojavov v Sloveniji. Sledi obdobje meritev in preuCevanj intenzivnost kraske
korozije in S$e posebno preulevanje takoimenovane pospeiene korozije.
Poglobljenemu raziskovalnemu delu sledi tudi organizacijsko povezovanje
slovenskega jamarstva in nato univerzitetno poucevanje geografije krasa. Znanstvena
identifikacija pojavov je dograjena z znanstveno klasifikacijo krasa, zlasti
njegovih fizicnogeografskih procesov in pojavov, ki jih je skusal eksaktno
mersko opredeliti. Terensko delo je v tem Casu povezano z neposrednimi
meritvami korozije. S pomotjo karbonatnih ploscic, razposlanih po vsem svetu,
so bili zbrani zanimivi merski podatki o dana$njih razmerah po krasu v raznih
delih sveta. Pomemben deleZ zavzemajo tudi razprave o ¢lovekovem poseganju
v kras in zlasti o razgaljanju kraskega povrSja in odnaSanju rodovitne prsti pod
vplivom ¢loveka.

Stevilne objavljene razprave so vzbudile tudi zanimanje krasoslovcev po
svetu in tako se prof. Gams po citiranih delih v sodobnih krasoslovnih
monografijah uviiéa med deset najvidnejsSih krasoslovcev druge polovice 20.
stoletja.
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stoletja iz multidisciplinarnega sklopa posameznih vej razlicnih znanosti, ki so preucevale
specificna kraSka vpraSanja razmeroma neodvisno. Zahvaljujo¢ nara§¢ajodim potrebam
izvirajo¢im tako iz teorije kot iz vsakdanjega Zivljenja, je sklop postal integralni sistem
znanosti, ki je sposobna kompleksno preudevati ne le ozemlja na razlicnih vodotopnih
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Abstract UDC 55144
Viadimir Pano§: Karstology, an integrated system of sciences on karst

The paper reviews basic traits and structure of the present-day karstology as of a
modern integrated system of sciences dealing with karst. This system developed in the
seventies and eighties of 20th century from a multidisciplinary set of partial branches
of various sciences that studied specific karst problems rather independently. Due to
growing theoretical and practical demands this set became an integrated scientific
system that is able to study completely not only the regions built of variably soluble
rocks but also pertaining processes and interactions between the natural and social
sphere.
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INTRODUCTION

The second half of 20th century is noted, especially on the field of science,
by unprecedented advance of international collaboration and broad exchange
of experiences, by foundation of non-governmental world organizations or
commissions, by birth of new specialized branches of existing sciences and, at
the same time, by formation of modern integrated interdisciplinary systems of
science.

The advent of this development stage was promoted, all the world over, by
enthusiastic and experienced investigators who opened fully their admirable
scientific ability and initiative retarded by the gruesome 2nd World War. It
was the generation of present-day seventiers that succeeded to position of pre-
war generations and those of ancestor classic periods.

The same traits can be traced also on the field of Earth’s sciences, where
the need of solution of complex questions in individual types of landscape
sphere stimulated formation of several integrated interdisciplinary scientific
systems (e. g. ecology, glaciology, karstology, oceanology, vulcanology a. o.).

One of developers of modern karstology is Ivan Gams, a son of classical
karstland of Slovenia, a respectable continuator of long national tradition
initiated by Ivan Vajkard Valvasor, a reputable but very demure geographer
and karstologist, and a co-founder of the International Speleological Union a.
S. 0.

The pioneer research activities of Ivan Gams contributed considerably, for
example, to the origin and development of new important branches of karst
studies, and to the constitution of karstology as an integrated interdisciplinary
system of science. In order to commemorate the value of this unusually
fruitful scientific effort as well as the seventieth birthday of that excellent man
the following sections of submitted paper review basic traits and existing
structure of modern karstology.

BASIC TRAITS

The present-day karstology is an independent integrated scientific system of
individual branches that take up complex studies of regions underlain with
rocks being variably soluble by water.
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The system assumed its present-day form in the seventies and eighties of
this century due to differentiation and abreast with integration of a former,
rather loose multidisciplinary set of several scientific systems that were
primarily rooted firmly in geology, geography, speleology and archeology at
the close of 19th century. Karstology of that time objectivized venerable
knowledge of human society on karst phenomena as well as prehistoric man’s
experiences from their practical use.

However, the bearing of modern karstology is much wider. The object of
this scientific system is a karst landscape, all its abiotic, biotic and socioeco-
nomic elements and components, but also their internal mutual interactions as
well as external relations of the karst itself with adjoining landscapes of other
type and with outer factors.

The tasks of this system of science involve:

4 collection of data on territorial distribution of the karst landscapes, on
their geological structure, on factors and processes controling their devel-
opment in a whole as well as of their individual elements and components;

4 analysis and a complete synthetic evaluation of acquired partial informa-
tions;

4 formulation of conclusions, integration of these in the theoretical base of
the system, their utilization for elaboration of prognosis of future develop-
ment as well as for rational application in the socioeconomical praxis.
Regarding specific features of the karst landscape, especially the existence

of complicated subterranean zone of endokarst, the modern karstology had to

create and use numerous specialized methods of investigation, adequate to
particular features of the entire karst environment and of the individual
objects of study. Nevertheless, the present-day karstology cannot dispense with
methods of geology, geography, biology, ecology, mathematics, cybernetics,
physics, chemistry, technical and other sciences, nor even with experimenta-
tion, modelling and formation of an uniform international information system.

One of important peculiarities of karstology is the fact that especially some
of its branches use not only the scientifically or technically educated specialists
but also numerous informed laymen joint mostly in well organized, trained,
equipped and experienced teams and important national or international
societies. Any research and investigation in karst cannot be realized without
close collaboration of scientists with those teams. Therefore also pedagogical,
educational and sport branches become integral parts of the modern karstology
system.

Nowadays especially the social branches of karstology develope very quickly
due to pressing demands for rational and effective application of theoretical
conclusions in the socioeconomical, medical or cultural praxis, utilization of
natural karst resources and effective conservation of karst nature and environ-
ment.
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STRUCTURE

The structure of the system of Kkarstological sciences reflects the basic
structure of the karst landscape. That is to say, the karst landscape is also a
system that consists of natural components and elements created by natural
processes and thus directed by natural laws, of social components created by
the activity of man and accordingly directed by social laws and, finally, of
natural-technical components subjected to laws of both types mentioned.
Among components and elements of all three types there exist numerous and
complicated relations and interactions. Investigation, revelation and explanation
of these interactions evoke development of new specialized branches of
karstology. That is why the internal differentiation of the system of sciences
on karst has not been yet finished up.

The peculiarity of karst landscape, i. e. the existence of two individual
vertical zones (exokarst and endokarst), united in development and function,
is also reflected in the structure of karstology and, moreover, in denominationss
of its partial branches. The disciplines that exclusively deal with the endokarst
zone retain denominations derived from a traditional term “Zspeleology” which
was introduced by E. Martel at the end of 19th century. Though this
denomination refers mainly to amateur and sport activities in karst caves some
investigators tend to use it until recently in a wider sense instead of
“karstology”.

Neither full accord of views on the comprehension of the content of the
system of karstological sciences nor the definitive limits of all its partial
branches exists until now. Nevertheless its actual structure, regarding the best
developed branches may be implied as follows:

1.  Group of sciences on natural complexes of karst landscape
1. 1. general physical karstology
deals with general regularities of natural complex of karst land-
~ scape at the present;
1. 2. paleokarstology
studies general regularities of natural complex of karst landscape
in the past.
2. Group of sciences on natural components of karst landscape
2. 1. Kkarst geology deals with regularities of geological structure, its
development, territorial location, geological properties of soluble .
rocks as well as with processes of rock formation and alteration;
2. 2. karst sedimentology
studies regularities of development, territorial distribution and
properties of sedimentary and weathering covers on the karst
surface as well as of allogeneous and autochthonous fillings of
endokarst cavities; special lines are speleomineralogy dealing with
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regularities of formation and constitution of speleothems and
speleochronology studying relative and absolute age of cave fill-
ings;

. karst geophysics
studies regularities of geophysical factors and processes in karst
cavities (radioactivity, ionisation, geomagnetism, geotidal move-
ments, seismicity, geothermal power etc.); besides of it it deals
with location of endokarst systems;
karst geomorphology
a science on development regularities of exokarst forms and on
pertaining morphogenetic processes and interrelations; its special
line -speleogenetics - deals with development regularities of the
endokarst cavities, wherecas speleomorphology studies the shapes;
karst climatology
deals with regularities and spacial differentiation of climatological
factors in karst landscape as well as their part in modification of
karst processes; a special line is speleoclimatology that deals with
microclimatic conditions of cave environment; it studies also dy-
namics of cave atmosphere and its part in modification of physical
and chemical processes;

. karst hydrelogy
studies regularities controlling function of karst hydrosphere, espe-
cially of superficial water regime; problems of endokarst hydro-
sphere are studied by karst hydrogeology; a special line of both
branches is karst hydrochemistry that deals with chemism of
water, with causes of its quantitative and qualitative changes in
space and time as well as with consequences of those changes
concerning intensity of karst processes;

. pedokarstology
studies genetic processes and regularities of spatial differentiation
of soil covers upon karst surface;

. biokarstology
a very differentiated branch studying actnal development of bio-
sphere in karst conditions; the branch has been traditionally
divided into phytokarstelogy (studying floral elements of exokarst
zone), zookarstology (studying faunal elements of exokarst zone)
and biospeleology (dealing with higher and lower floral and faunal
elements of endokarst zone); a special, well developed line of
biospeleology is hydrobiospeleology that studies biotic elements in
subterranean karst water;
karst paleontology
studies development regularities of biosphere in karst landscape in
the past; it deals especially with fossil biological remnants in
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10.

11.

12.

13.

weathering and sedimentary covers of karst surface and in fillings
of cavities;

cryokarstology

studies regularities of karst development in permafrost conditions;
glaciokarstology

studies regularities of karst development in glaciers and develop-
ment of ice forms in glaciated cavities;

vulcanospeleology

studies cavities in volcanic rocks by means of speleological meth-
ods;

resource karstology

studies regularities of formation, spacial location, quantity and
quality of natural resources in karst landscape as well as develops
methods of their rational and ecologically acceptable exploitation.

Group of sciences on socioeconomic complexes of karst landscape

3. 1. general socioeconomic karstology

studies general regularities of actual socioeconomic complexes of
karst landscape;

historic karstology

deals with general regularities of socioeconomic complexes of karst
landscape in the past;

history of karstology

a science on development of karstological sciences in course of
development of human society and its intellectual level.

Group of sciences en socioeconomic components of karst landscape

4. 1. karst archaeology

4.

studies general regularities of prehistoric man’s development in
karst landscape: an important line of this branch of science is
speleopaleontology that studies products and conditions of produc-
tion process of prehistoric man in karst, especially in caves;
cultural karstology

deals with types of cult (religious) and other cultural utilization of
caverns and other karst landscape features by prehistoric, historic
and recent man, his artistic, creative and literary activities moti-
vated by anorganic, organic and human elements of karst land-
scape;

anthropogenic speleology

studies artificial (man-made) subterranean cavities; it falls into:
suburban speleology (concerning in prehistoric or historic subur-
ban, subseat objects and military saps), mine speleology (dealing
with cavities of abandoned mines) and housing speleology, (con-
cerning in cavities used by recent man for dwelling);

military karstology
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studies influences of karst landscape outlines upon strategy and
tactics of war activity and upon kinds of use of exokarst and
endokarst objects for military purposes;

operational speleology

deals with operational, organizational, economical and conserva-
tional needs of touristic caves and of natural cavities adapted for
production, warchousing, transport purposes etc.;
speleophysiology

studies behaviour of human, faunal and floral organisms in the
cave environment as well as causes of ascertained states and
determined changes;

speleotherapy

studies environmental elements, components and processes of natural
or man-made cavities and their part in medical treatment of
various diseases as well as their positive impact upon immunologi-
cal system of human body; along with it this branch deals with
formation and application of adequate medical methods.

Group of sciences on complexes dealing with general regularities of karst

5.

1L

landscape

mathematics karstology

deals with formation and application of methods of exact sciences
(mathematics) in karstological studies;

constructive Karstology

deals with planned transformation of karst landscape for purposes
of rational permanent use by human society;

karst landscape theory

studies general regularities of karst landscape, its structure, dynam-
ics, functions, outstanding properties and their spatial and tempo-
ral differentiation;

environmental karstology

falls into karst ecology (or eco-karstology) that studies relations
and interactions among the abiotic and biotic spheres of karst
landscape as well as types, intensity and consequences of human
impact, and karst landscape conservation that deals with solution
of theoretical and practical problems of effective conservation of a
very delicate balance of karst system as well as with formulation,
enforcement and observance of pertaining rules;

. thematic karst cartography

deals with compilation of thematic maps and plans of exokarst and
endokarst subjects in form of specific image models and implies
progressive analytic methods of observation and surveying (incl. far
distance research methods, automatic map construction etc.);

. karstological documentation and informatics
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deals with development and application of modern methods of
documentation, preservation and conveyance of karstological infor-
mations (karstologic data-banks) at international level;

5. 7. pedagogic karstology

develops and applies effective didactic methods in outside-the-
school education of adult laymen who take interest in research,
sport and other voluntary activities in karst landscape.

6.  Group of sciences on regional complexes dealing with specific regularities

6. 1.

of karst landscape

regional karstology

studies the complex of natural and socioeconomic components and
interactions of given karst landscapes in frame of individual states
or administrative regions (older concept);

zonal Kkarstology

studies the complex of natural and socioeconomic components and
interactions of karst landscapes of individual natural provinces and
climatic zones of the Earth (modern concept).

7.  Group of techmical sciences on karst landscape

7. 1.

technical speleology

deals with technical and organizational aspects of adjustment of
caves for touristic or other utilization;

karst hydroeconomy

deals with technical and orgamzatmnal aspects of utilization of
water resources in exokarst and endokarst zones regarding the
supply of drinking or industrial water, with conservation of its
quantity and quality as well as with management of pertaining
natural-technical water systems;

karst hydroenergetics

deals with technical and organizational aspects of utilization of
exokarst and endokarst water resources for the production of
energy as well as with management of pertaining natural-technical
hydroenergetic systems.

CONCLUSION

The reviewed system of sciences on karst develops rapidly. The most
outstanding aspect of this process is represented by inception of new partial
branches with specific methodology and with continuing integration of the
entire system. Another important aspect is determined by the fact that the
practical realization of karst research and investigation in the frame of all
partial branches requires - due to difficult conditions in both the exokarst and
endokarst zones - development and application of several subsidiary disci-
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plines, techniques and crafts which do not exist in other systems of sciences.
There are especially technical activities connected with the invention, construc-
tion and utilazation of special research and documentative instruments and
equipment, methodology of training in speleoalpinism, speleodiving, speleorescue
service etc. Along with it also the mining technique for the speleological
reseatch or for adaptation of caves for tourism and other kind of utilization
have to be developed and applied.

Growing demands of socioeconomic utilization and along with it of effec-
tive conservation of karst landscape and its environment as well as of solid
prognosis of its development necessarily contribute to profundization of karst
recognition. Due to it, no wonder, karstology discovers new problems that
have to be urgently studied and explained. Consequently, the evolution of the
system of science on karst is not completed by far. It will be a matter of
future generations.

KRASOSLOVJE, INTEGRALNI SISTEM ZNANOSTI O KRASU

Povzetek

Za drugo polovico 20. stoletja je znalilen napredek v mednarodnem
sodelovanju in izmenjavi izkuSenj, znadilno je ustanavljanje nevladnih svetovnih
organizacij ali komisij, nastanek novih vej Ze obstojelih znanosti in nastajanje
modernih integralnih interdisciplinarnih sistemov znanosti. K temu je najvec
rpipomogla prav generacija danasnjih sedemdesetletnikov. Tak razvoj je mogoce
slediti tudi na podrofju znanosti o Zemlji, kjer je potreba po reSevanju
kompleksnih vprasanj v okviru posebnih tipih zemeljskega povr§ja vzpodbujala
nstanek Stevilnih integralnih interdisciplinarnih sistemov znanosti (apr. ekologija,
glaciologija, krasoslovje). K takemu razvoju krasoslovja je pripomogel tudi Ivan
Gams, znan a skromen geograf in krasoslovec, soustanovitel] Mednarodne
speleoloSke zveze in pionir kasoslvnih raziskav, ki je veliko pripomogel k
uveljavljanju nove znanstvene veje - krasoslovja.

DanaSnje krasoslovije je samostojni intregralni sistem znanosti poameznih
vej, ki kompleksno preucujejo ozemlja na razlino topnih kamninah. Objekt
tega sistema znanosti je krasko ozemlje, vse njegove abiotske, biotske in
druzbenoekonomske elemente in komponente, a tudi tako njihovo medsebojno
vplivanje kot tudi zunanje odnose samega krasa s sosednjimi ozemlji.

Sedanja struktura krasoslovja bi lahko bila taka:

1. Skupina znanosti o naravnih sklopih kraskega sveta
1.1. splono fizi€ne krasoslovje
1.2. paleokarstologija

2.  Skupina znanosti o naravnih sestavinah kraskega sveta
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2.1. geologija krasa
2.2. sedimentologija na krasu
2.3. geofizika krasa
2.4. geomorfologija krasa
2.5. klimatologija krasa
2.6.  hidrologija krasa
2.7. pedokarstologija
2.8. biokarstologija
2.9. paleontologija krasa
2.10. kriokarstologija
2.11. glaciokarstologija
2.12. vulkanospeleologija
2.13. surovine na krasu
3. Skupina znanosti o druzbenoekonomskih spletih kraskega sveta
3.1. sploino socioekonmsko krasoslovje
3.2. zgodovinsko krasoslovje
3.3. zgodovina krasoslovja
4. Skupina znanosti o druzbenoekonemskih komponentah kraskega sveta
4.1. arheologija na krasu
42. kulturno krasoslovje
4.3. antropogena speleologija
4.4. vojasko krasoslovje
4.5. uporabna speleologija
4.6.  speleofiziologija
4.7. speleoterapija
5.  Skupina znanosti o kompleksnem preucevanju splo$nih zakonitosti kraskega
sveta
5.1. matematino krasoslovje
5.2.  konstruktivno krasoslovje
5.3. teorija krasa
5.4. krasko okolje
5.5. tematska kartografija na krasu
5.6. krasoslovna dokumentacija in informatika
5.7. pedagogika na krasu
6. Skupina znanesti o regionalnih kompleksih kraskega sveta s specifi¢nimi
zakonitostmi
6.1. regionalno krasoslovje
6.2. zonalno krasoslovje
7.  Skupina tehniskih znanosti v krasoslovju
7.1. tehni¢na speleologija
7.2. hidroekonomija na krasu
7.3.  hidroenergetika na krasu.

51






PEDOGENESIS AND ECOLOGY OF KARSTIC
LANDS IN TURKEY

PEDOGENEZA IN EKOLOGIJA KRASA
V TURCUI

IBRAHIM ATALAY



Acta Carsologica, XXIV (1995), 53-67, Ljubljana 1995

Izvlecek UDK 551.311, 23(560)
631.48:551, 44(560)
Ibrahim Atalay: Pedogeneza in ekologija krasa v Tuar¢iji

Clanek podaja glavne znalilnosti nastanka in razvoja prsti na izbranih lokacijah v
jugozahodni in zahodni Turciji. Ker so znadilnosti prsti odvisne od znacilnosti mati¢ne
kamnine, so v prispevku tudi fizikalne in kemijske lastnosti apnencev, predvsem
njihova prepokanost. Na razpokanih apnencih, Se posebej, ¢e vkljufujejo lapornate
oziroma peS§feno-meljaste plasti, je prst globlja, kot na masivnih apnencih. Vecina
kraskih rdecih plasti v Turéiji je nastala tekom terciarja oziroma v toplih in vlaZnih
obdobjih kvartarja.

Kiljuéne besede: pedologija, pedogencza, krasoslovie, ekologija, Sredozemlje, Turcija

Abstract UDC 551.311, 23(560)
631.48:551, 44(560)
Ibrahim Atalay: Pedogenesis and ecology of karstic lands in Turkey

Characteristics of evolution and development of soils from chosen locations of
southwestern and western Turkey are presented in the paper. Because the character-
istics of the soils depend on basic rocks, the paper includes phisical and chemical
properties of limestone too, their fissuring emphasized.On fissured limestones, specially
if they include marl and sandy-silty layers, the soils are deeper than on massive
limestones. In Turkey, most of the red karst soils developed during the Tertiary and
the hot and humid periods of the Quaternary.

Key words: pedology, pedogenesis, karstology, ecology, Mediterranean, Turkey

Address - Naslov

Prof. Dr. Ibrahim Atalay
Depart. Of Geography
Buca Faculty of Education
Dokuz Eylul University
35150 Buca, Izmir

Turkey

54



INTRODUCTION

Red Mediterranean soils are not found on the steep slopes of the karstic
lands which are widespread in the Taurus mountains, in southern Turkey. But
these land surfaces are densely covered by a forest and maquis where natural
under the natural conditions. There are two major questions that deserve
some explanation.

Although the land surface is very steep there may be thin soil cover
under the forest canopy. The presence of thin and stony soils is attributed to
erosion, especially when natural balance has been affected by man. As a
result of this process, the bare and rocky surfaces of karstic lands were
exposed. One can explain that bare karstic lands were exposed due to soil
erosion, and transportation of soil materials which were accumulated within
wide cracks and in the karstic depressions. But, this explanation is not true.
According to author’s study the soil formation has not developed on the
inclined surfaces because of the fact that all rain infiltrates along the cracks
(Atalay, 1988, 1991). One can clearly see there is no run-off even if heavy
rainfall occurs. Indeed, although the mean annual precipitation is over 1500
mm on the upper slopes facing south in the Taurus Mountains, there is no
run-off evidence.

Crack position and chemical composition of limestone appear to be very
significant in soil formation. It is known that water easily infiltrates along the
cracks. Therefore, soil formation does not proceed on the steep slopes because
of the fact that water is not detained on the bare surfaces and also weathered
materials are transported along the slopes. Soil develops along the cracks and
between the layers due to the fact that water remains in thin cracks and
between the sedimentary layer surfaces. Clay, which is the minor constituent
in the limestones and the other materials such as quartz remain in place when
CaCO, is dissolved. The residue is generally clayey, and soil derived from
this material is also clayey in texture. As a general rule, it can be stated that
the main material remaining in karstic. lands is clayey and thus the soil
material is of clay and clayey in texture.

The main purpose of this paper is to explain how Red Mediterranean -soil
develops in the karstic lands.

55



Acta carsologica, XXIV (1995)

2. MATERIALS AND METHOD

Almost all parts of the karstic region of Turkey were examined during the
field observations. The stratigraphic and lithologic properties of the karstic
areas were taken into consideration. Especially, the relationships between soil
formation and karstification processes were studied. Soil samples were col-
lected from the different parts of the karstic areas.

Laboratory analysis such as pH (1:1 H,0) and cation exchange capacities
were determined according to Richards (1954). The CaCO, content by Black
(1956), and mechanical analysis by Bouyocous (1952). These analysis were
made by Forest Soil Research Laboratory at Eskigehir. Determination of clay
minerals were carried out on suspended slides by Jackson (1979)’s method
using a PHILIPS X-ray difractometer at the Laboratory of Soil Department,
Faculty of Agriculture, Cukurova University. In order to reveal the ecological
properties of karstic land, field observations were made.

3. RESULTS AND DISCUSSIONS

Soil forming process in the karstic lands

The factors affecting pedogenesis in karstic lands are as follows:

The position of the crack structure and stratification system, thickness of
the layers, and chemical composition of the limestone, especially the amount
of the clay and climatic condition determine the soil formation and its physical
and chemical properties in karstic lands.

3.1 Crack structure of limestone

Crack structure is a very important factor for soil formation in the Taurus
mountains. In fact, weathering and dissolution processes take place along the
thin cracks. Also some kind of lapiés develops along the vertical cracks
(Fig. 1). ,

The extent of the crack is mainly dependent on the chemical composition
and age of the limestone. As a general rule, the cracks in limestones were
mostly produced by tectonic movements. The hard and pure limestones which
were subject to tectonic movements were dissected by cracks. For this reason,
the extent of cracking in sandy and pure limestone is much more than in
clayey limestone or marl. For example, Paleozoic and Mesozoic limestones
contain more abundant cracks than the clayey or marly limestones belonging
to Tertiary, in general (Atalay 1987b).

The limestones which were dissected by cracks are richer in terms of soil
content than the less dissected one (Atalay 1973, 1987 a, 1987 b, 1988, 1989
and 1991).
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In the Taurus Mountains, Red Mediterranean soils are found in the
cracked limestone because of the fact that soil has formed along the cracks
(Figure 1).

Figure 1. Soil formation along the cracks. This figure represents the Mesozoic
hard limestones (location 2 and 6 in Table 1), in the western part of Taurus
Mountains.

3.2 Chemical composition of limestone

Pure limestone dissolves more quickly than clayey limestone. That is why,
if limestone contains more residue such as silicious sand and clay, the degree
of solution decreases. When limestone has been completely dissolved, the clay-
sized residues arc left behind. Although the residual clay content of the
limestone is less, rich soils are found on this type of limestone (Site 2 from

Clayey limestone

Figure 2. The differences between marl and cracked limestones. Black places
show red soils. This figure is prepared from the Karaburun Peninsula, Western
part of the Aegean region.
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table 1, and Fig. 2). Sandy limestones produce sandy soils which are wide-
spread on the Taseli plateau, Middle Taurus. Soft limestone form Rendzina
soils.

In the Taurus Mountains the thick and abundant soils occur on the rather
pure limestones belonging to Lower Miocene and Mesozoic which are com-
mon in the Middle and the western part of the Taurus Mountains, especially
the Davras and Dedegdl Mountains. The thin and stony soils are seen on the
limestones containing MgCO,, hard and crystalized limestone; sandy soils are
found on the sandy limestones.

3.3 Stratification properties of limestones

When the clayey, marly and sandy layers lie alternately, in karstic lands the
water is mostly held along the bedding and/or weak surfaces. Therefore soil
formation generally has been developed between the bedding surfaces. On the
other hand, there is no considerable difference among the soils which are
found along the bedding surfaces. But, clayey loam textures are dominant in
the soils which are developed both on the surface and along the cracks, while
the texture is clay in the bedding surfaces (Table 1, site 2 and Fig. 3).

Our observations showed that soil formation is more active in the thin
bedded limestone formation, while the soil-forming process may be slow in the

Figure 3. The relationships between soil formtion and stratification. Black places
show the reddish soils. This figure is drawn in the vicinity of Akseki, western part
of the Middle Taurus.
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thick or massive limestones which may be more widespread. However, soils
are found along the cracks within the blueish and hard limestones represent-
ing Mesozoic in the western part of the Taurus Mountains, Cesme and
Karaburun peninsulas in the Aegean region, western part of Turkey. Thin and
stony reddish soils are only common at the bottom of the “V” shaped dolines.
The inclination of the layer determines the soil formation as shown in Fig.
3 (Sites 1 and 2 in table 1). In the horizontal and thin-bedded or stratified
areas, soil layers resemble a wall built by bricks. Soil follows the weathered
zones or layers (Atalay et al 1988, 1990).

3. 4 Relationships between Kkarstification and soil formation

There is a close relationship between soil formation and karstification
events. Karstification processes occur in cracked limestones, because of the
fact that dissolution events continue along the crack (Jennings 1985, Atalay

(B)

—"’/'-’.i ‘Q\ .
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Figure 4. (4) Soil developed along the cracks, and (B) vertical transport of the
soil with the widening of cracks. This figure represents Gidengelmez Mountains,
made up of Mesozoic limestone and extending between Seydisehir and Manavgat
towns, western part of Middle Taurus Mountains.
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1989). The dissolution of limestone along the cracks leads to the widening of
the cracks. Soils which have been developed along the cracks are transported
further down by the widening of the cracks. This shows that the soil mass
may be moved from the upper zones towards the lower in the vertical
direction. Such soils are found in the rather pure limestones of the Gidengelmez
mountains in the western part of the middle Taurus Mountains (Fig. 4). This
position explains why the soil is found in the deeper section of karstic lands
(Sari et al, 1986; Atalay, 1988, 1989).

While the clay and clayey layers may prevent the karstification activities,
especially in horizontal formations, soil formations may be rapid in this
material. In the horizontal structure areas, the bottom of the karstic depres-
sions such as dolines and poljes is generally composed of clay and/or a clayey
layer on which a thick soil can be found (Atalay 1989) These soils are
common in the poljes of the middle and eastern parts of the Taurus
Mountains, especially Taseli plateau (Table 1, sites 4 and 5)

Figure 5. The prevention of soil forming process on the marl layer in the some
polje areas. This figure represents Taseli plateau composed of clayey and limestone
layers lying in horizontal structure.

A rtocky appearance is generally dominant in the places where intense
karstification events have occured. In the Taseli (Rocky country) plateau, in
the middle part of the Taurus Mountains, soils are common along the weak
zones in which they have been formed (Fig. 5 and 6).
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3.5 Physical and chemical properties of karstic soils

The clay content of karstic soils is generally much more than that of other
soils. For example, soils which have been developed on the gneiss are of
sandy loam texture; the soils occurring on the marl are generally loam and
clayey loam; and the soils which have developed on the peridotite are of
clayey loam. But Kkarstic soils are of clay and rarely clayey loam texture,
because, the materials remaining on karstic land are of clay, in general. As
it is known that bauxite deposits have developed by a dissolving of the
limestones and accumulation of the clay.

Site and parent Hor. Texture pH CaCOg - CEC
material, elevation (m] (% (cmolc kg'l/
{zmir-Cesme road, A C 8.0 1.5 36.2
limestone, 400 A C 7.8 - 34.2
Karaburun peninsula

W of Aegean region,

limestone cracks Cl 7.0 1.5 31.5
Bedding surfaces C 8.2 1.5 31.3
Top soil, 20 m Ci 7.6 - 40.7
Davraz Mountain, W .

of Taurus in doline areas A Cl 7.0 0.4 -
Middle Taurus, 1600 m

Dtimbelek daza, Middle A SiC 6.6 0.0 43.5
Taurus, 2300 m B C 7.5 3.0 46.0
Baskonusg dag: Al C 7.7 - 2.8 41.3
E of Taurus, A3 C 6.5 2.4 47.7
1300 m Bl C 7.5 0.8 45.5
near doline B3 C 7.3 0.2 53.1
Beydag: (W.of Taurus) A C 7.4 1.6 52.1
Ciglikara, 1600 m B C 7.1 1.2 50.2
Gazipasa (Middle of A C 7.2 0.8 48.5
Taurus), Karatepe, B C 7.2 0.8 53.2
1700 m

Abbreviate: C: Clay, Si: Silty, SiC: Silty clayey CI: Clayey

Table 1: Physical and chemical properties of the red mediterranean soils
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In addition to this, the clay content of the B horizon is more than
horizon A due to illuviation process. The amount of the rounded silt particles
in horizon A is generally more than in horizon B. This may be responsible
for the eolian accumulation. Indeed, during the last glacial period under the
dry and cold climate, eolian materials coming from the Arabian-Syrian and
Sahara deserts accumulated on the soils. These soil samples are found in
the eastern part of the Bornova Plain and the eastern part of Karaburun
peninsula, in the western part of Turkey (Atalay, 1992).

Under the humid mediterranean climate, CaCO, is completely leached out
from the solum of the mature mediterranean soils. But the formation of
secondary carbonates may be found in the downslope areas.

The reaction of these soils found in karstic areas changes from slightly acid
to alkaline (pH 6.1 to 7.7), and it has generally neutral reaction. But under
the same climatic regime the soils which have been developed on the marl
have an alkaline reaction. “

The CEC of the karstic soils varies between 25 and 40 me/100 g,
supporting that they contain a substaintial amount of smectites. These values
are less than in the soils developed on the peridotite and gneiss and quartzite
which seem to have more smectite in them (Atalay et al. 1990).

4. ECOLOGICAL PROPERTIES OF KARSTIC LANDS

Although the surfaces of the karstic lands are of stony and rocky
appearance, in general all plants grow on the karstic land. Besides, some plant
communities grow very well and some relic communitics are found in the
karst. As mentioned before, the runoff does not occur on the cracked
limestone in the slope areas due the fact that its infiltration capacity is very
high. Most atmospheric water is absorbed by the soils which are found in the
pockets, cracks and bedding surfaces. Meanwhile capilllary action does not
occur due to the crack structure. The reflection of the sun’s radiation is
higher than with some materials such as basalt, gneiss and andesite. These
pecularities produce a somewhat more humid habitat than that of the other
parent materials. Indeed, the roots of plants easily develop and penetrate
along the cracks. In other words, karstic lands produce a suitable habitat for
plants that have deep root systems. It can be said that karstic lands form a
suitable habitat for some trees and shrubs such as Quercus coccifera, Pistacia
lentiscus, Ceratonia siligua, Arbutus andrachne having vertical extension of the
root system. For this reason, the plants with deep root grow easily in karstic
terrains because of the fact that there is mostly sufficient water for the plants
from the soils found in cracks and pockets.

Stony and/or rocky karstic lands prevent the growth of the herb vegetation
due to the fact that adequate water is very low in the surface. In other words,
the plants with finely dense lateral root systems quickly develop but dry up
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in the short time because the water holding capacity of the surface is very
low. For that reason the herb vegetation density of the karstic lands is
generally very low in the Taurus Mountains. But the seeds of conifer trees
come rapidly to generate on the bare surfaces due to the fact that this
surfaces gets the required radiation for the seeds to germinate. The sceds
germinate on the soils which are found in the crack or pockets, providing
adequate water. Indeed, cedar (Cedrus libani) seeds easily germinate on karstic
lands, especially protected from grazing. Thus the karstic lands, in the Taurus
Mountains are extensively covered by cedar plants because cedar roots easily
penctrate and develop along the cracks. The root lenght is measured to be
80-90 cm in one year old cedar plants.

Karstic depressions and canyon valleys present a special habitat for the
growth of some hydrophytic vegetation and provide a refuge or shelter areas
for relic species. According to our observation, dolines which are found in
the oro-mediterranean belt are the main refuge arcas of the relic species
belonging to Euro-Siberian elements. For example, Tilia rubra (basswood),
Fagus orientalis (beech), Sorbus torminalis, Euonymus latifolius, Buxus sempervirens
are found in the doline areas, because these plants obtain adequate water

Fig. 6. Dolines provide a favourable habitat for the growth of hygrophytic and
endemic plants. In this figure, Quercus vulcanica, an endemic oak species, grows
only within doline, Davras Mountain, western part of Taurus.
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from the deep soils found in the bottom of the dolines. In addition to this,
doline walls protect them against the cold and severe winds. The best
example may be given as Quercus vulcanica, being both endemic and relic
oaks. This oak only grows in the doline areas in the Davras Mountains, W
of Lake Egirdir (Fig. 6).

On the other hand, Celfis australis stands only occur in the deeply opened
valley. One can come across Celtis australis clusters in the karstic depressions
NW of Maras province, E of Taurus. Canyon valleys are also rich in terms
of hydrophytic vegetation. Such vegetation appears in the canyon valleys
extending in the Taurus Mountain. For example Taxus baccata, Cornus mas,
Corylus avellana belonging to Euro-Siberian or Black Sea phytogeographical
region are found in the Cehennem valley in the Tasgeli plateau in middle
Taurus. At the same time, small karstic depressions can be termed as a
treasure of  distinct plants. These areas protect the plants against the
destruction activities of human beings and cold and severe winds. That is why,
special vegetation including relic and endemic plants grow in such areas. For
example, the memorial trees which are composed of Cornus colurna, Buxus
sempervirens, Acer, and Tilia are found in the Karstic areas of the Black Sea
region. These trees also indicate the natural paleoenvironmetal conditions.

One of the most important aspects of the karstic areas is to maintain the
growth of climax and subclimax vegetation. Because even if maquis vegetation
is completely destroyed, its roots remain in cracks and again the mnatural
reproduction occurs via stool shoot. Indeed, since climax trees and shrubs
growing on the soft soil and other parent material are destroyed they are
replaced by different ones. But in the karstic lands, destroyed vegetation may
again regain the natural habitat.

The negative effects of the karstic lands in terms of vegetation is to
convert into bare rocky habitats after the natural vegetation has been
completely destroyed. Once vegetation cover has been completely removed in
karstic land, the stony and rocky surfaces emerge. In these areas reforestation
activities are very hard or sometime impossible because of the fact that
natural equilibrium is destroyed and it is very hard to find a suitable soil for
the plants.

5. CONCLUSIONS

Soils are not found on the steep slopes of karstic lands, except along the
cracks and bedding surfaces or between the layers.

Soil has been developed along thin cracks and between the layers. Thin
cracks and bedding surfaces are favourable places for holding water. So
weathering or soil forming processes take place where there is water. Clay
illuviation and the transportation of the soil particles in a vertical direction
only occur as a result of the widening of the lapiés. With the progres of
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karstification, vertical material transport occurs through the enlargement of
cracks. Thus, in the karstic areas which are deeply dissected by the lapiés soil
is not found on the surfaces but in the deeper sections.

Clay is the main impurity within the limestone and this is the reason why
the soils in the karstic lands often are clay or of clayey texture. The cracks
in the limestone provides a favourable conditions for oxidation so that Fe
becomes oxidized and soils attain reddish colour, and at the same time roots
of trees easily penetrate into the deeper part of the area through the cracks.

Rich and thick soils are common in places where thin bedded stratigraphic
sequence are present. Because pure limestones contain many more cracks
than the clayey limestones, soil forming process in karstic lands takes a long
time and the depth of the soils is mostly thin.

Soil erosion activities generally do not occur on the surfaces of karstic
lands because runoff is very low due to high infiltration capacity. In these
areas chemical erosion is dominant,

Karstic areas provide a suitable habitat for the growth of some distinct
shrubs and trees. Karstic canyon valleys and small depressions such as doline
are the main refuge areas for some relic and endemic species. That is why
karstic land is generally rich in terms of relic and endemic species showing
past climatic conditions.
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PEDOGENEZA IN EKOLOGIJA KRASA V TURCIJI

Povzetek

Z vidika pedogeneze in ekologije je kraski svet jugozahodne in zahodne
Turéije posebno pomemben. Za to Studijo so bile izbrane razli¢ne lokacije. Ker
prsti nastajajo v kamninskih sistemih, so upoStevane tudi fizikalne in kemijske
lastnosti apnencev.,

SploSno pravilo je, da se na strmih kraskih pobocjih prsti ne morejo
ohraniti, pa¢ pa so v razpokah in plastnih razpokah na krasu, tako na
mediteranskem kot tudi na egejskem podrocju. Ko voda prenika v razpoke in
dalje v sedimentne plasti, se pricno procesi lokalnega razpadanja. Rezultat tega
je nastajanje prsti in situ, vzdolZ razpok ter plasti, in ni nujno vezano na
transport delcev prsti iz vi§jih leg.

Fizikalne in kemijske lastnosti apnencev so tudi pomemben dejavnik, ki
vpliva na lastnosti prsti. Prsti na masivnih in manj razpokanih apnencih so
obi¢ajno plitve in kamnite, medtem ko so na gosto prepokanem apnencu, $e
posebej, Ce so vmes laporne in peSCeno-meljaste plasti, bolj globoke.

Delci prsti potujejo proti globljim delom apnenca kot posledica vedanja
$krapelj, ki obiCajno nastajajo vzdolz razpok. Na takih podrocjih poteka
transport delcev prsti v navpiCni smeri.

Procesi oksidacije oziroma barvanje prsti v rdefe potekajo na apnencih
veliko hitreje, kot na drugibh mati¢nih kamninah, saj prepokana struktura
apnencev omogoc¢a dobro kroZenje vode in zraka. Prisotnost pirita v apnencih
lahko ta proces moc¢no pospeSi. Vefina rdeih prsti na krasu se je morda
razvila tekom teciarja ter v vro€ih in vlaZnih obdobjih kvartarja. Debele plasti
prsti na apnencih jasno odsevajo paleoklimatske znalilnosti. Za nastajanje
prsti in razvoj koreninskega sistema so v gostih gozdnih zdruzbah v Taurusu
zelo dobri pogoil.
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The cause of the acidification in brown forest soil is the dark grey shale, and this
process is made stronger by the acid rain. Thickness of the shale decreased and
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INTRODUCTION

On hidden opened karst areas (the karstic rock covered by soil, Barany-Kevei
- Jakucs 1984.) the effects of microclimate and plant cover success through
the soil. The thickness of the soil layer, its permeability, as well as the
physical and chemical properties take a significant part in the subsoil corro-
sion.

DISCUSSION

The content of the water soluble anions and cations has important effect
on the chemical properties of the soil, therefore their investigation is indis-
pensable from the point of view of subsoil corrosion.

Fig. 1-2 shows the content of water soluble anions and cations in the soil
of dolines and karst surfaces in Bilkk Mountains and we present some data
of soil type of Dinaric Karst. We can find low anion and cation content in
the soil of dolines in Biikk, especially if we compare them with the data of
Dinaric Karst.

The soil as a horizon of the activity of biogene factors also takes -an
important part in the process of karst corrosion. Apart from the fact that the
roots of macroflora emit carbon dioxide during the root respiration, millions
of microorganisms appear in the soil, producing carbon dioxide during the
decay of organic materials. At the same time, they modify the chemical
properties of the soil and have an influence on the aggressivity of the soluble
water. The microbiotic activity is very effective in 0.5-1 m depth, which results
in significant carbon dioxide emission. In the deeper soil layers, the activity of
microorganisms decreases, then becomes strong again on the soil-rock bound-
ary. The density of the bacterium population is in close connection with the
soil moisture and pH value.

These exogenic ecologic factors can modify the process of weathering in
a favourable or unfavourable direction. In this level, there may be some
possibilities for intervention to decrease the unfavourable (for example the
environmental pollution) effects.

The properties of infiltrating soluble water cannot be modified if it
reaches the deeper rock layers the reactions are unreversable, such as
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dripstone degradation in the European caves recognized by us. The effect of
the polluting materials is similar to this process when they reach the karst
water system, getting through the limestone layers and appearing in the karst
springs.

The climate is the one of the most important ecological factor of karst
processes. Amongst the climatical factors, the rain and temperature have very
strong influence on the intensity of karst processes. The microclimate could
effect the microkarst processes such as development of solution forms.
Differences in microclimate can be the causes of the formation of asymmetri-
cal solution dolines (Bariny-Kevei, I.-Mezési, G.1991).

Maximum and minimum temperature measured in the dolines show a
considerable extreme values. The extreme values of temperature in karstic soil
show considerable large differences on various slopes and various levels of
soils (Bardny-Kevei, 1985.; Mucsi L. 1992. Fig. 3).

In 0.5-1.0 m deep soil zone, the microbial activity results in a huge
amount carbon dioxide production. On the soil-rock boundary, increased
bacterial activity could be observed (Table 1). Our previous investigations car-
ried out on the surface near dolines as well as the presented results suggest
that the bacterial activity is the most important factor in the upper soil layer
and on the soil-rock boundary. Further investigations should be focused in

depth (m) aerob (10%g soil) anaerob (10%g soil)
0.2 21 70
0.5 . 1.2 10.5
1.0 0.2 5.0
1.5 0.08 1.2
20 0.002 -
2.5 0.008 0.05
30 0.023 0.05
3.5 0.006 0.25
4.0 0.194 0.55
4.5 0.06 0.6
5.0 0.06 0.6
5.5 0.133 0.3
6.0 0.53 0.3
6.5 0.126 | - 005
7.0 0001 0.2
soil-rock boundary 0.256 0.3
crumled. remnants 1.04 . 8.5
rock surface 3.86 2300.0

Table 1. Numbers of aerobic and anaerobic bacteria in soil samples of doline:
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these zones (Barany-Kevei, I. - Zamb6, L. 1988) .

During the investigation of genetic soil-types on the area of Odorvar
(Bikk Mountains) we recognized different processes connected with soil
acidification. The most important factors in the acidification are

- pH of the precipitation

- buffer capacity of the soil
- chemical and physical properties of the base rock.
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We have drawn patterns from 4 different soil-types in 1987 and in 1991
and have investigated their physical and chemical properties in connection
with changes in acid properties.

Acidification in acid, non podzolic brown forest soil

The acidification in brown forest soil is natural, non anthropogenic process.
This soil type is formed on shale, phyllite, porphyrite and hydroandesite. It
contains clay minerals formed before the beginning of soil formation. These
minerals lose in their colloid properties significantly. The brownish-black
illuvial layer is rich in humus, its structure is crumbled and grained. The pH
value ranges from 3.5 to 4.5. We can always find aluminium and iron ions
among the changeable cations. In the alluvial layer the acidification is a
significant process as well (Stefanovits, P. 1981).

The acid property of brown forest soil is traceable quality of disintegrated
remnants of dark grey shale, which is the base of the soil formation. The
remnants of rocks which are poor in basic materials can be reduced in these
components and this process produces favourable conditions for acidification
- (Maté, F 1987).

We examined the changes in pH values in 1987 and in 1991. Figure 4
shows the pH values in three layers (5, 10 and 30 cm depth). The pH (H,O)
values were 6.2, 5.5 and 5.3, while the pH (KCl) values were 5.5, 4.4 and 4.0.
If the difference of distinctive pH value (e.g. pH (H,0)-pH (KCI)=1.3 in 30
cm) is greater than 1 in a special layer, it indicates to intensive acidification
(Fig. 5).

The acidification in brown forest soil is basicly formed by the chemical
properties of dark grey shale, but this process may become harder due to the
imission of acid materials of the atmosphere. Therefore we have investigated
the sulphate and nitrate ion contents in distinctive soil-types. These materials
are imitted onto the Earth’s surface by dry and wet imission and they are
washed down into the lower soil layers by precipitation. In connection with
the buffer capacity of the soil we have found lower nitrate content in the
lower layers, while the distribution of sulphate ions was more uniform in the
whole soil profile. In 1987 the nitrate contents in different soil layers were
8.3, 2.3 and 1.5 ppm, while in 1991 the ion contents were 8 times greater
than four years before (64.7, 11.5 and 4.8 ppm). The sulphate content also
increased, but not so significantly. In 1987 the sulphate content was 10.8, 11
and 25.4 ppm, while in 1991 it was 18.6, 16.6 and 22.1 ppm (Fig.6).

The development of acid brown forest soil shows that the acid rainfall
makes stronger the process of soil acidification. Due to the low buffer
capacity, this tendency will continue.
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Pracess of acidification in soil types formed on limestone

Besides the geologic composition of the area of Odorvar, the acidification
is being modified by climatic conditions. Basic materials are washed out from
the upper soil layer by the seeping precipitation. The most soluble ions of
alkaline metals and later their hydrocarbonates are carried away in the first
stage.

During the changing of cations (calcium, magnesium cations and ions of
metals found in soil) are the deputy of hydrogen ions of acids. Minerals are
dissolved in precipitation and groundwater, which contain carbon dioxide.
Positive ions of metals are carried away together with anions and negative
bicarbonate ions by seeping water down to the lower soil layers. If later the
sulphuric acid gets into the soil then magnesium and calcium ions are carried
away by sulphate ions. While the sulphate solution transport the cations,
hydrogen ions remain in the soil and these are the cause of the acidity of the
soil (Mohnen, V. 1988).

NO3 NO2 pom

S04 pom

seS 3% 50 eSS beN eI frS fr0 30 kv kv

se = acid brown forest soil br= brown rendzing
fr = black rendzing kvs gritty rocky soil
5,10, 30 cm = depth of soil samples
Fig.¢ NO, «NO, AND SO, ION CONTENT N DIFFERENT SOIL TYPES ON
ODORVAR IN 1987 AND 1991
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The seeping water contains organic acids formed during the microbiological
decomposition of plant residues, which are taking very important role in the
acidification (biogenic factor). Acid organic materials arisen from the forma-
tion of humus combine with calcium ions into salt and calcium humate, if
there is sufficient calcium carbonate in the soil. The chemical reaction of the
soil solution does not change by acid and basic influences than that of the
distilled water, because of the buffer capacity of the soil.

Different soil-types were formed on limestone on the area of Odorvar.
The gritty, rocky soil is the erosional residue of black rendzina. The fragments
of limestone and the calcium ion content of seeping water are the cause of
the high buffer capacity of this soil-type. The surplus hydrogen ions are
absorbed in the soil containing calcium and magnesium carbonates and
chemical reaction of the soil layer is regulated by the

CaCO, - Ca(HCO,), - H,CO,

buffer system in accordance with the following chemical reaction (Filep,
Gy. 1988.).

CaCO, + (H* + HCO-), Ca** + 2HCO,

Co, + H,0

Therefore, the pH value of the soil solution does not decrease, while
there are sufficient calcium and magnesium carbonates in the solid phase of .
the system. Calcium and magnesium ions can be washed out by seeping water
if they are in solution.

Gritty, rocky soil does not cover the limestone surface continuously on the
eastern, southeastern and southern slopes of Odorvar. The precipitation
reaching the covered and uncovered surfaces can be a considerably acid
solution. '

The pH of the precipitation, because of the absorbed free carbon dioxide
content of the air, is about 5.6, but the pH value can be 4.5 or lower if it
dissolves air pollution emitted by industry (Mészéiros, E.-Horvath, L. 1980.).
Dissolution of limestone by runoff is started in spite of the high water velocity
of the sinking water (rillen karren). If the sinking water is not saturated then
it is able to absorb further calcium ions in the fractures of the limestone or
in the soil. The process is made stronger by humus acids created by the
decomposition of organic materials. The humus content of black rendzina
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ranges from 5.5% to 10% (Fig. 7).

The most important factor in the soil acidification is the acid rain. We
have found enormous differences between the sulphate and nitrate contents in
soil sample gathered in 1987 and 1991. The sulphate contents was 8.4 and 3.5
ppm in 1987. We could pick up samples from two layers because this soil-type
is strongly eroded by external forces. The sum of nitrate and nitrite ion
content was 2.9 and 6.6 ppm. In 1991 the sulphate content was 20.4 and 19.2
ppm in the samples, while the sum of nitrate and nitrite ions was 42.5 and
5.5 ppm. The distribution of these anions shows that this very thin soil layer
can absorb the acid factors of precipitation by its hard buffer capacity. The
increasing sulphate and nitrate content proves that more and more anions are
being absorbed on the colloid surfaces. If the sulphate and nitrate content
of the precipitation does not decrease then the buffer capacity of the soil will
become impoverished. If it ensues then the seeping water will not be
saturated and it can dissolve the dripstones formed in the caves. On the area
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of Odorvéar, we can find very thin limestone layer over the Giant-chamber of

Hajnbczy-cave. The degradation of dripstone phenomena can be traced back

to other two reasons besides the effects of aggressive seeping water:

a, there is lower relative humidity (80-85 % than in other chambers, therefore
the dripstone layers are broken off from the stalagmites (physical process),

b, the other reason for degradation is the guano of bats living in the cave.
The dropping water is sinking through the guano, which can be 10 cm
thick, and the seeping water becomes aggressive again.

RESULTS

1. The cause of the acidification in brown forest soil is the chemical property
of dark grey shale, and this process is made stronger by the acid rain.

2. The dark grey shale is eroded by the external forces, its thickness is
decreased and calcium content and the buffer capacity of the soil are
increased.

3. The buffer capacity of gritty, rocky soil and that of the black rendzina is
good enough, but more and more anions are absorbed on the colloid
surfaces.

4. Acidification in soil-types formed on limestone is made stronger by acid
rains.
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ZAKISLJEVANJE IN DRUGI PROCESI V KRASKI PRSTI NA
MADZARSKEM

Povzetek

Na pokritem odprtem krasu (na kraski kamnini, pokriti s prstjo) (Béarany- -
Kevei & Jakucs 1984) segajo vplivi mikroklime in rastlinskega pokrova skozi
prst. Debelina prsti, njena prepustnost, kot tudi njene kemijske in fizikalne
znaCilnosti so pomembni dejavniki subkutane korozije.

Vzrok zakisljevanja rjave gozdne prsti je temmnosivi skrilavec, proces pa
podpira tudi kisli dez.

Temnosive skrilavce erodirajo eksogene sile, zato so vedno tanjSi, obenem
pa se povecuje v prsti vsebnost kalcija in se vefa puferska kapaciteta. Ta je
v kamniti prsti in v ¢rni rendzini dovolj dobra, toda vedno ve¢ anionov
absorbirajo povrsine koloidov. Zakisljevanje tipov prsti na apnencih pa pospeSuje
tudi kisli dez.
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The karst landscape represents a specific geosystem. The karst process is
the main factor at its forming. Besides the inevitable presence of karstic rocks
this process is limited by the geographic position of geosystem. Morphogenesis
is also influenced by tectonic movements.

Karst forming process is the complex of morphogenetic processes con-
nected with corrosive and corrosive-erosive water activity and other morpho-
genetic processes, influenced by initial karstic form, that created a chronologi-
cal system of individual generic states of georelief in the area built by karstic
rocks.

Individuality of geomorphological forms of karst landscape is also pointed
up by the presence of underground forms of georelief. Permeability and
solubility of karstic rocks make rapid infiltration of atmospheric water. Surface
water flows run into underground also by swallow holes. Karstic hydrogeological
structures are marked by specific hydraulic conditions of water flow with the
low filtering capability and specific regime of underground water stores
draining. Calciferous soils have a shallow profile. Character of biotic compo-
nents is determined by the abiotic components’ properties. The main distinc-
tive factor in the landscape is the georelief. Climatic and vegetation inversions
occur in the depressed areas. Specific conditions of cave environment cause
the presence of the relative independent underground geosystems but under-
ground and surface parts of karst geosystem are strongly interdependent.

Landscape is the part of the geosphere consisting of its components - the
upper part of lithosphere with georelief, lower part of atmosphere, hydro-
sphere, pedosphere, biosphere, and socioeconomic sphere. In the point of view
of system interpretation the most important are the relations between indi-
vidual geospheres. Geosystems are divided into geographic dimensions accord-
ing to their size. Geosphere is not a static formation and it is exposed to
evolution process. Within geosystems we can distinguish the space (vertical
and horizontal) structure and chronological structure.

VERTICAL INTERCOMPONENT SYNERGETIC STRUCTURE
The structure is formed by the interrelations between the geographic

sphere components or their parts. The interrelations are studied using monosysteme
model. Geosystems of topic dimension are separated on the base of this
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model. Geotopes are the smallest elementary physical-geographic and carto-
graphic units, quasi homogeneous concerning the individual components’
properties. Abiogenetic and biogenetic parts of geotope form the physiotope
that does not include the sociogenetic block. Partial quasi homogeneous
physic-geographical units can be separated (lithotope, morphotope, hydrotope,
climatotope, pedotope and biotope).

GEOTOP SPELEOTOP

T6 Ts

Fig. 1. Monosysteme model of geotope and speleotope (L + R - litosphere with
georelief, A - atmosphere, H - hydrosphere, P - pedosphere, B - biosphere)

SRR ——
\\ Q) \\\ \\\’ \\ D
QEEE&\ \\\

GECOTOP
SPELEOTOP

Fig. 2. Examples of geotopes and speleotopes selection
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Speleotopes can be taken into account in the underground open space on
the analogy of geotopes separation in the surface part of landscape. The
speleotopes represent the complex quasi-homogeneous and cartographic units
of cave environment with mearly equal lithological, texture-tectonic, morpho-
logical, morphometric, microclimatic, hydrological and biospeleological condi-
tions (P. BELLA, 1991). Soil cover is not present in the underground space
(B. A. GERGEDAVA, 1983). Overburden thickness and properties influence
the grade of geotope and speleotope difference and interconnections of
surface and underground. Overburden rocks suppressing karst forming process
are significant by barrier effect. The surface boundaries of geotopes are often
different from the boundaries of underground speleotopes. Speleotopes are
often of the line character.

Ideas of component determination and separation are not uniform. V. N.
SOLNCEV (1981) distinguishes massive and contact components. L. MICIAN
(in . MICIAN - E ZATKALIK, 1984) consider material and energetic
components consisting of elements based on representative geographic publi-
cations of numerous German and Russian authors. N. L. VERUCASVILI
(1986) uses the terms “geomass” and “geohorizons”. Components do not enter
the interaction “en bloc” but just by mediation of some their properties or
parts (E. MAZUR - J. DRDOS - J. URBANEK, 1983).

VERTICAL INTERCOMPLEX STRUCTURE

Underground forms of cave georelief determine specific physiognomic
features, space organization and mass and energy flow in the underground
space as an independent geosystem. This geosystem is characterized by specific
features of biocomponent, microclimate and water as-a part of hydrosphere
and lithosphere in the zone of hypergenesis as well as by absence of
pedogenetic processes and photosyntesis. The course of physical and chemical
variable characteristics of components straightens with the closeness of georelief
forms. Interaction increases in the underground space related to overburden
part of lithosphere. Numerous authors deal with the reason of the idea of
underground space as the individual geosystem (B. A. GERGEDAVA, 1983;
A. G. CIKISEV, 1987 and others).

Underground space is fully or prevailingly surrounded by underground form
of georelief. The bearer of form is the rock environment. Boundary outside
underground form is determinated on the base of geosphere discontinuity
resulting from different surface and subsurface conditions (P. BELLA, 1989).

Presence of individual subsurface geosystems determines the existence of
intercomplex vertical structure (besides intercomponent) that is of great
importance considering dynamics, stability and other properties of karst geosystems.
Strong vertical linkage between surface landscape and subsurface space creates
the unique paradynamic systems (L. I. VOROPAJ - V. N. ANDREJCUK,
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1985). Vertical structure of karst geosystems with caves is characterized by
“mirror” structure and according to V. N. ANDREJCUK (1991a) consists of
two subsystems of surface and subsurface part with their own component
structure. As they together create greater geosystem, they represent two
geosystems of lower hierarchic level.

Relation of intercommunicating geotope and speleotope is noted for verti-
cal paradynamic relations from initial stage of underground geosystem evolu-
tion. In case of intercommunicating geotope and extracommunicating speleotope
(flow of allochtonous submerged water, etc.) the vertical dynamic relations are
topical just at more advanced stage of underground geosystem evolution. It
causes certain autonomy of underground space evolution in initial stage.

Vertical intercomplex structure of karst geosystems as a component of
geosphere refers to exokarst floor of karstosphere in sense of V. N. ANDREJCUK
(1991b) formed in hypergenesis. This author also specified the endokarst floor
of karstosphere that is however out of reach of exogene processes. Boundary
of exogene energy influence forms the marked discontinuity. Therefore the
endokarst floor of karstosphere surpasses the limit of geosphere.

The existence of subsurface caverns often occurring at several cave levels
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Fig. 3. Vertical intercomplex
structure of karst geosystem Fig. 4. Polysystem model of karst geosysteme
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forces to think of vertical intercomplex structure with spatial relations and
acquires character of chorologic system. This fact corresponds with including
of vertical relations into the term “speleostructure” determined by V. N.
ANDREJCUK (1987).

HORIZONTAL CHOROLOGIC STRUCTURE

Large territorial units consist of smaller territorial units of different vertical
synergic structure. Their interrelations form the horizontal chorologic structure
studied by polysystem model. Its hierarchic settlement results from various
geographic dimensions influencing the degree of distinctive level, methods of
study, ways of display, etc. Terminology of geographic dimensions is not
uniform. In the German geographic literature the choric, regional and plan-
etary dimensions are quoted besides topic dimension laying stress upon spatial
aspect.

At the study of geosystem structures the attention is devoted to geosystems
representing the base of larger landscape units. In frame of chorologic systems
the units of choric dimension (nanochore, microchore, mezochore and macrochore)
are the point in question. Nanochore has the simplest structure consisting of
several physiotopes that are very similar or functionally complement. They are
regularly settled into groups in space in consequence of the influence of
landscape processes. The set of nanochores, created based on certain criteria
(hillside, plane, etc.), represent the microchore. The remaining hierarchically

MIKROCHORA 4 ot

MEZOCHORA 2 b

MAKROCHORA 1 L

SPELEOMIKROCHORA : —l 4!
3

SPELEOMEZOCHORA 1 I

Fig. 5. Examples of larger choric units selection
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higher choric units are determined based on certain logic context.

The georelief plays the important role at the determination of boundaries
between individual geosystems as it directs the flow of matter and energy
within the geosphere. The lithological and structure-tectonic predisposition are
also important in case of underground karst geosystems. Morphologic contrast
is typical to karst landscape georelief that reflects to its horizontal structure.
Subsurface caverns are marked by considerable spatial differentiation too.
Allogene karst is an example of outer chorologic relations of karst geosystem
with hydrologicaly tending nonkarstic area.

Mediations of greater spatial units separation exist too. However it is
necessary to comprehend the structure of karstosphere - karstic levels, karstogenetic
environment and karstogenetic situations (V. N. ANDREJCUK, 1991b) in
context with hierarchic geosystem levels of higher choric, regional and plan-
etary dimension. The largest landscape geosystem is the whole geosphere.
That is why the definition of terms “karstosphere” and “speleosphere” as
specific parts of lithosphere must accept spatial integrity and hierarchy
structure of geosphere in frame of exokarst stage.

Besides quasihomogeneous geocomplexes (units of topic dimension) and
relative homogeneous geocomplexes (units of other dimensions) it is possible
to distinguish paradynamic complexes as the systems of spatially neighboring
contrast units interconnected by horizontal ties realized by the flow of matter
and energy (F. N. MILKOV, 1981). Paragenetic complexes are the special case
of paradynamic complexes. They also correspond with the terms “geochemical
landscape” (A. I. PERELCMAN, 1975) and “katena” (CH. OPP, 1983 in L.
MICIAN - F. ZATKALIK, 1984).

DYNAMICS AND STABILITY OF KARST GEOSYSTEM

System as the certain quantity of elements and their relations is deter-
mined mainly by processes, its conditions and behavior. Vertical synergic
relations between components of karst geosystem are marked by higher
dependence as in most non-karst areas. Considerable greater volume of mass
flow between surface and underground arises. The energy of chemical reac-
tions plays important role. Hydrologic activity determines markedly the course
of karst morphogenetic processes. Zonal location of territory and tectonic
movement need to be taken into account at the geosystem dynamic evaluation.

According to L. I. VOROPAJ and V. N. ANDREJCUK (1985) the
importance of self-evaluation in karst geosystem increases. They lay stress
upon less capability of its evolution control by outer mass and energy
interferences. Asynchrone evolution of surface and underground parts of karst
geosystem results from their different location related to outer creating and
stabilizing factors of evolution of its balance.

The evolution of geosystems is interpreted by chronological structure
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including individual conditions and causal relations. Each evolution state is
related to synergic or chorologic structure of geosystem. It is possible to
distinguish cyclic, reverse and non-reverse sequences of states. V. B. SOCAVA
(1978) determines the terms of “evolution” (evolution process in geologic time
scale and invariants’ alternation) and “dynamics” (alternation of variable states
of geosystem subordinated to one invariant). E. NEEF, H. RICHTER, H.
BARSCH and G. HAASE (1973) determine the term “regime, rhytmics”
(seasonal changes dependent upon changes of seasons of the year). The
behavior of geosystems with seasonal rhytmics analyzes N. L. VERUCASVILI
(1986) in detail.

Stability of landscape structure indicates the stability of relations in the
landscape system as a system of processes. Within the anthropocentric re-
search it expresses the ability of landscape structure to resist to human activity
(E. MAZUR - J. DRDOS in E. MAZUR et al, 1985). Karst landscape
represents very unstable geosystem. It is disproportionately more complicated
to maintain its balance than in most non-karst landscape systems. Unstability
results from its well-organized character (J. JAKAL, 1991). The fossil structure
is marked by low stability. Inconvenient anthropogenic interferences into
natural structure of karst geosystem result in its immediate affection. Regen-
eration ability of karst landscape is low and in some cases impossible.

SPATIAL RELATIONS AND INTERPRETATION OF NEGATIVE
ANTHROPOGENIC INTERVENTIONS ON EXAMPLE OF KARST
REGIONS OF WESTERN CARPATHIANS

Optimum and rational landuse require anthropogenic interventions respect-
ing regularity of the landscape nature structure. Recently can be in many
cases observed the disproportions between its exploitation and potential. E.
MAZUR and J. DRDOS (in E. MAZUR et al, 1985) understand potential
as the condition for performing the functions demanded by man without the
affection of landscape structure stability.

Knowledge of recent reliefmorphic process, water movement and hydrologi-
cal regime in the landscape can help to border' the landscape units endan-
gered by the negative anthropogenic activity. Flowing water with its erosive
energy and material transport ability is the mediate of many kind of landscape
devastation and contamination. It often leads to the depreciation of natural
water sources - underground water resources, soil cover and biotic component.
This fact shows up in the geosystems of choric dimension mainly. Research of
these geosystems is of the extraordinary importance for social practice as
many important kinds of human activity are realized within them (L. MICIAN
in L. MICIAN - F. ZATKALIK, 1984). The choric aspect shows up at harmful
materials spreading not only by allochthonous position, mainly hydrological
processes but also by air masses movement (contamination of precipitation

91



Acta carsologica, XXIV (1995)

with industrial exhalations, dust emission).

Improper location of farmyard manure near the swallow holes in Ponicky
kras in Zvolenskd kotlina basin caused eutrophication of Oravecka vyvieracka
karst spring. Inconvenient management of fields in the area of water dipping
caused flooding of Domica cave in Slovensky kras including ablation of soil
sediments with agrochemicals. Agricultural activity threatens the underground
water quality in hydrological systems Suché doly - Teplica in Murdnska planina
plateau, Jasteri¢ie jazero lake - Cierna a Bicla vyvieratka karst springs in
Silickd planina plateau in Slovensky kras, Priepadld - Teplica in VaZecky karst
and elsewhere. Water contamined by agriculture in Sumiacky karst in Horehronské
podolie valley leaks into flood plane of the river. Contamination of karst
hydrogeological structure threatens from the deposition of petrochemical
industry wastes near Predajnd in Lopejskd kotlina in Horehronské podolie
valley in Nizke Tatry mountains. The sewerage is constructed in alogene karst
area that drains wastewater from higher situated recreation centre in non-karst
area. This sewerage protects the water source of Deminovka submerged
stream for Liptovsky Mikuld§ water conduit. Throwing down of perished
animals and pouring waste into abysses and depressed areas of georelief in
the karst hydrogeological structures have the negative influence of spatially
wider signification. The changes of air mass movement in subsurface caverns
influence the creation of sinter and ice filling.

Removing and damaging of vegetation cover, improper use of agrochemi-
cals, ploughing in the slope course and other inconvenient anthropogene
interferences markedly affects natural synergic relations between individual
components in topic geosystems. Surface mining influences geotopes, nanochores
and microchores.

From the point of view of intercomplex structure the affection of hydro-
logic regime of percolating atmospheric water into subsurface caverns arises
that negative affects the sinter filling creation. Part of the plate above VaZecka
jaskyoa cave at the border of Kozie chrbty mountains was aforested for nature
protection reasons. Seepage of agrochemicaly contamined atmospheric water
causes the chemical decomposition of sinter filling. At the cave opening-up the
affection of roof stone stability can arise.

Man with its activities enters natural processes, often speeds up their
development (accelerated erosion and corrosion, acceleration of seepage and
outflow, etc.). It affects the landscape structure stability. P. BELLA (1992)
worked up the classification of negative anthropogene interferences into the
karst landscape in Slovakia.

RESULTS

Landscape diagnosis consisting of gnozeologic part (knowledge of natural
and anthropogene structure), evaluation part (knowledge of landscape poten-
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tial and its limiting values) and comparative part (analysis of relations between
Janduse and landscape potential) forms the presumes of optimal anthropogene
interventions into natural geosystems. As the knowledge of natural landscape
structure is the primary condition of the diagnosis, we point at the need of
geosystem interpretation that strongly influences the complexity of this recently
actual problem solution. Disproportional exploitation of the landscape pro-
duces both accompanying negative phenomena “in situ” and secondary nega-
tive phenomena which occur outside the contamination source as a result of
emissions and contamined materials transport by regions belong to the most
valuable landscape units and that is why it is necessary to devote the adequate
attention to their protection.
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TERITORIALNA STRUKTURA KRASKIH GEOSISTEMOV IN
INTERPRETACIJA NEGATIVNIH ANTROPOGENIH VPLIVOV

Povzetek

Kraski svet je poseben geosistem. Prispevek podrobneje razlaga strukture
geosistemov kot tudi njihovo strukturno stabilnost v okviru pokrajinskih
sistemov. Posebej seznanja bralca z vertikalno interkomponentno sinergetsko
strukturo (v podzemlju je to speleotop, ki odgovarja geotopu na povr§ju), z
vertikalno interkompleksno strukturo (taka struktura je znacilna za speleotope)
in s horizontalno horoloSko strukturo. Na koncu sploSnega dela govori o
dinamicnosti in stabilnosti kraSkih geosistemov. Prakti¢ni primer preucevanja
kraskega ozemlja s pomocjo prej navedenih struktur je obdelan v poglavju o
prostorskih odnosih in interpretaciji negativnih antropogenih vplivov, na primeru
kraskih regij v Zahodnih Karpatih.

Analiza pokrajine, ki sestoji iz gnozeoloSkega dela, iz ovrednotenja in iz
primerjalnega dela, lahko predvidi optimalne antropogene vplive na naravni
geosistem. Poznavanje naravnih pokrajinskih struktur je torej prvi pogoj za
diagnozo in zato je potrebna interpretacija geosistemov, ki imajo mocan vpliv
na celotni kompleks. Neenakomerno izkoris¢anje pokrajine povzroc¢a tako
negativne pojave “in situ” kot tudi sekundarne negativne pojave, ki nastopijo
izven obmodja vira kontaminacije, s pomocjo prenosa kontaminiranega materiala.
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Izvlecek UDK 556.36(497.13)"1979"
Ognjen Bonacci: Zaslanjeni kraski izvir Pantan (Hrva$ka)

V prispevku je predstavljena hidroloska analiza zaslanjenega kraskega izvira Pantan
(Hrvaska). Avtor je imel na voljo hidroloske podatke devetmesenih meritev v 1. 1979.
V skladu z meritvami je bila napravljena preto¢na krivulja za sladko vodo v izviru in
okvirno dolofena velikost zaledja. Preu¢il je tudi odnos med vi§ino talne vode v
zaledju in slanostjo izvira.

Kljuéne besede: hidrologija krasa, kraSki zaslanjeni izvir, hidrolo$ka analiza, odnos
taine vode in zaslanjenosti, Hrvaska, Dalmacija, izvir Pantan.

Abstract UDC 556.36(497.13)"1979"
Ognjen Bonacci: Brackish karst spring Pantan (Croatia)

The paper presents the hydrological analysis of a brackish karst spring Pantan
(Croatia). The available hydrological measurement data cover the period of nine
months in 1979. The discharge curve for the spring fresh water and the approximate
catchment area has been defined according to these measurements. The relationship
between the groundwater levels in the catchment and the salinity of the spring water
have also been studied.

Key words: karst hydrology, brackish karst spring, hydrologic analysis, relationship
between ground water and salinity, Croatia, Dalmatia, Pantan spring
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INTRODUCTION

The brackish karst spring Pantan is located in the vicinity of the city of
Split. It is a permanent and abundant coastal spring of the ascending type,
with the opening at 2.6 m as.l. In its close vicinity there is a temporary
spring Slanac and two vruljes Arbanija and Slatina. They represent part of the
groundwater from a unique hydrogeological collector, through which a large
area covered by rough, bare Dalmatian karst is drained. The catchment area
is formed of highly permeable limestone rocks. The karstification process has
been developed down to the depth of 40-50 m below the sea level. The
opening of the spring is located in the contact zone between the limestone
and flysch layers, about 200 m distant from the sea shore. The hydrological
measurements at the spring have not been numerous. The discharge varies
from 0.5 to 10 m® s, and the water temperature ranges from 11.5 to 16.0 °C.
The salinity varies from 90 to 10,000 mg 1, with an unfavourable distribution
during the year. During the wet winter period, when the water quantities in
the region are abundant, the salinity is exceedingly low. In the dry period the
situation is the reverse.

ANALYSIS AND INTERPRETATION OF DATA MEASURED IN
1979

Figure 1 presents 5-day averages data for the following hydrological,

hydrogeological, climatological and chemical parameters:

1 Precipitation P in the catchment expressed in mm,

2 Water level H in piezometer expressed in m a.s.l,

3 Total discharge of all the water from the Pantan spring Q expressed in
ms, S .

4 Concentration of chlorides ¢ lin the brackish water of the Pantan spring
expressed in mg 1 .
Other available data are:

5 Discharge of sea water Q, sucked from the sea and appearing at the Pantan
spring expressed in m® s,

6 Discharge of fresh water of the Pantan spring Q, expressed in m’ s,

7 Air temperature T expressed in °C.

99



Acta carsologica, XXIV (1995)

However, these data cannot be used to analyse the possible influence of
tide on the capacity and salinity of the Pantan spring.

The discharge of the salty and fresh water was defined according to the
following expression:

Qs=(Qs;Q)c )

where Q, is discharge of the sea water intake in m® s, K is concentration
of the chlorides in the sea water (taken to be 20,000 mg 1), Q, is fresh water
discharge from the Pantan spring m® s, ¢ is measured concentration of
chlorides in the water of the Pantan spring in mg I' . According to this
relatively simple relation it was possible to define the discharge quantities of
the fresh and sea water in the total discharge of the brackish water of the
Pantan spring. This is an approximation, particularly due to the fact that the
analysis is performed always with the same concentration of chlorides in the
sea water.

Table I presents the matrix of the coefficients of the linear correlation,
calculated for the seven climatological, hydrological, hydrogeological and chemical

TABLE I
Matrix of the coefficients of the linear correlation
calculated for seven parameters
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parameters of the average five days values measured during the period from
1 January to 30 September 1979. The review of the results presented in Table
I makes it possible to draw several conclusions. The first conclusion is related
to the relationship between the rainfall and other parameters. The time
increments of five days are not very suitable for the study of this relationship.
The groundwater level in the piezometer is evidently the most important
parameter for the explanation of the outflow process from the Pantan spring.

Very high values of the coefficient of the linear correlation with all the
already studied parameters except rainfall, evidently show the predominant
influence of the groundwater levels in the hinterland of the spring upon the
outflow processes and the capacity of the spring. The most of the analysed
relations between the parameters are not linear, but slightly nonlinear.
Consequently, the analysed relations are even stronger than shown by the
mentioned linear correlation coefficients. Most of these relations can be
clearly explained from the physical standpoint. The relation between the total
discharge and the groundwater levels is quite strong, as well as the interde-
pendence (with negative sign) between the groundwater levels and the sea
discharge as well as the concentration of chlorides in the brackish water of
the Pantan spring. The appropriatness of separating the fresh water from the
sea water can be proved, to a certain extent, by the high coefficient of the
lincar correlation between the discharge of the fresh water and the total
spring discharge. It is particularly important to note the relatively high values
of the coefficient of the linear correlation between the air temperature and all
the other analysed parameters except precipitation. High values of the coef-
ficients (both positive and negative) can be explained by the fact that
temperature represents a climatic characteristic with the clearly marked sea-
sonal features. In the summer warm period of the year the concentration of
chlorides and the sea water discharge are high at the spring and thus there
is a strong positive correlation between them, whereas the relation with the
groundwater levels, total discharge and the fresh water discharge, is negative.
The presented facts also show the main problem of the spring Pantan water
exploitation for drinking and possibly for other technological demands. In the
cold period, when the capacity of the spring is high, the water is practically
fresh and it could be directly used. At that time the other springs supply the
region with sufficient quantities of water so there is no special interest to use
the water from the Pantan spring. In the warm summer period the situation
is just the reverse, and the water demand increases greatly due to tourism. At
that time the Pantan water is so salty that it cannot be used as drinking
water. During the last few years there have been frequent droughts in the
winter period of the year. Since there were no actual measurements for the
situation, it can be supposed with certainty that the salinity of the water
depends upon the groundwater levels in the hinterland and hence upon the
discharge of the Pantan spring. Consequently, the salt content in the water of
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the Pantan spring will increase even in the cold period of the year. Table II
presents the coefficients of the linear correlation between various parameters.
As opposed to Table I this table deals with the strength of the links between
time lags series. The index (t-1) represents the series moved five days back
compared with the index (t). In this case the analysis does not refer to all
possible combinations, but only to those which have some physical sense. The
review of the results presented in Table II entirely confirms the conclusions
drawn after discussing the results from Table I, and proves the strong interior
chronological link of the parameters.

TABLE 11
Coefficient of the linear correlation for the
time lag series parameters :
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DISCHARGE CURVE FOR THE FRESH WATER OF THE PANTAN
SPRING

The essential problem of all hydrological analyses is to define reliable
discharge curves. The data obtained by measurements in 1979 made it possible
to define this curve for the Pantan spring. Evidently, the only way to define
the discharge curve for the Pantan spring is to determine the dependence
between the spring outflow discharges and the groundwater levels measured in
the spring hinterland. The groundwater measurements obtained by piezometer,
which is located in the hinterland about 500 m distant from the spring, are
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the best, since they actually represent the general and dominant state of the
aquifer which essentially affects the spring capacity.,

Figure 2 presents the definition of two analytical expressions which can be
used as discharge curves of the fresh water from the Pantan spring. The first
expression:

Q, = 1.266 (H-2.75)%" 2)

was defined exclusively according to the principles of the least squares
theory, whereas the second expression:

Q, = 1.496 (H - 2.60)’ 3)

was also defined according to the least squares theory, but considering the
flow in a fully rough zone, which is reflected by the value of the exponent
of 0.5 and by taking the level of the spring opening to be at 2.60 m a.s.l. If
these two expressions are compared analytically and graphically, it can be
stated that the difference between them is insignificant. According to the
previously stated facts, a hypothetical statement can be reached. The outflow
from the Pantan spring occurs through a karst pipe (conditionally speaking),
which is under pressure. According to the expression 3, the following general
equation for the discharge curve of the Pantan spring can be written:

Q=a(2g H-Z)~ 4)
a=A"*q )

where A is the hydraulic measurement cross section area of the hypotheti-
cal karst pipe, o is discharge coefficient, g is the acceleration of gravity, and
Z is the level of the outflow opening. If we take the value of the flow
coefficient oo to be 0.6, it follows that the dimensions of the diameter of the
hypothetical pipe is 0.75 m. Since it is evident that coefficient o can be both
higher and lower, and it is difficult to assume it is actually a pipe, the
dimensions of the analysed conduit are probably different and more irregular
along the conduit. The mentioned dimensions of 0.75 m is only the order of
magnitude, which has strong supportive arguments. According to the past
measurements it is not possible to put forward any hypotheses on the position
of the conduit pipe system in space. This is probably an ascending siphon flow
caused by geological factors and primarily by the lower sea level in the
Pleistocene.
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DETERMINATION OF THE CATCHMENT AREA OF THE
PANTAN SPRING

The catchment area of the Pantan spring cannot be reliably determined,
due to the insufficient data. It is possible only to define approximately the
hypothetical catchment area. The method of the outflow coefficient was used
in order to achieve this. The outflow coefficient for the Dinaric Karst, for one
year as a time unit, ranges in values from 0.5 to 0.7. The basic period for
the definition of the outflow coefficient was the period covering nine months
measurements of the discharges of the fresh water from the Pantan spring.
Since the catchment area was not known, the calculations of the precipitation
volume were performed with a number of alternatives for different catchment
areas. Realistic results for the outflow coefficient were obtained only for the
assumed areas covering 200 to 260 km?, which can be seen from the results
shown in Table III. Obviously, this simplified approach cannot guarantee
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reliable results, but it is also certain that it makes it possible to define the
order of magnitude catchment area of the Pantan spring.

TABLE III
Outflow coefficient of the Fantan spring for various assumed
catchment areas calculated for the period Jan.~-Sept. 1979

Catchment area [kmZ] 186

outflow coefficient

CONCLUSION

According to the analysis of the climatological, hydrological, hydrogeological
and chemical parameters, measured in the catchment of the Pantan spring in
the period from January to September 1979, several relevant conclusions were
reached in this paper regarding the functioning of the spring. According to
the reliability of the measured and processed data the obtained results can be
evaluated as preliminary. Nevertheless, these results are logical and acceptable
from the hydrology and hydrogeology standpoints. The connection of the
groundwater with the spring Pantan water is direct and very clear. According
to the additional interdisciplinary analyses and measurements it will be
possible to obtain clearer and more direct relations. The catchment area of
the Pantan spring ranges from about 200 to 260 km? which represents the
first approximation of the real state.

106



Ognjen Bonacci: Brackish karst spring Pantan (Croatia)

ZASLANJENI KRASKI 1ZVIR PANTAN (HRVASKA)
Povzetek

Zaslanjeni kraSki izvir Pantan je v blizini Splita. To je stalni in obilni kraSki
izvir 2,6 m nad morjem. V njegovi neposredni bliZini so presihajoci izvir in
dve vrulji. Zaledje grade dobro prepustni apnenci, zakraseli do globine 40 - 50
m pod morsko gladino. Izvir je na stiku s fliSnimi plastmi, okoli 200 m od
obale. Pretok se spreminja med 0,5 - 10 m® s!, temperatura med 11,5 -
16,0°C, slanost pa od 90 - 10000 mg 1!. Pozimi, ko ‘je povsod v regiji dovolj
vode, je slanost izredno nizka, ob suSi pa je obratno.

V prispevku je ve¢ zakljuCkov o delovanju tega izvira, glede na analize
klimatoloskih, hidroloskih, hidrogeoloskih in kemijskih parametrov (januar -
september 1979). Zveza med talno vodo in izvirom je tesna in oditna. Zaledje
izvira obsega 200 - 260 km? kar je prvi priblizek resni¢nemu stanju.
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Paleokras Celkega masiva (Ceska republika) je razvit v poligenetskih in policikliénih
oblikah z vedimi fazami fosilizacije in pomlajevanja, glede na tektonske faze in globino
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Abstract UDC
Pavel Bosik: Paleokarst of the Bohemian Massif in the Czech Republic: Short review

Paleokarst of the Bohemian Massif on the territory of the Czech Republic developed
as polygenetic and polycyclic forms with several phases of fossilization and rejuvena-
tion depending on tectonic phases and deep chemical weathering. Paleotectonic period
(pre-Permian in general) was characterized by evolution of relatively minor deposi-
tional and local paleokarsts. Neotectonic (platform) period (post-Permian) favoured
the prolonged karst evolution of interregional paleokarst in several more or less
distinctly separated karst phases.
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INTRODUCTION

The Bohemian Massif is known by landforms that have been intricately
and unequally developed during many periods and phases of changing climate
and of tectonic activity in the geological past. This very complex form of the
karst and paleokarst, with relict, fossil, recent, active or rejuvenated features
and in periglacial conditions transformed karst, led Pano§ (1964) to define it
as the Central European Type of polycyclic karst. The polycyclic and polyge-
netic nature of karsts and paleokarst represents the specific characteristics for
karst evolution of the whole Bohemian Massif. The general review of
paleokarsts of the Bohemian Massif was presented by Bosik, Horafek and
Pano§ (1989).

THE GEOLOGICAL BACKROUND

The Bohemian Massif represents the epi-Variscan platform consisting of
two major blocks, i.e. the Bohemian Massif proper in the west and partly
subducted promontory of the East European Platform - Brunovistulicum
(Dudek 1980) - in the east. The eastern and southeastern slopes of the Massif
are covered by the Carpathians as a consequence of Alpine nappe overthrusting
over the epi-Variscan platform in the foreland of Alpine - Carpathian chain
(Grecula and Roth 1978)

Three structural levels can be distinguished in the Massif (e.g. Suk et al.
1984): (1) Precambrian (Cadomian) basement composed dominantly of
metamorphites and plutonites. Crystalline limestones and dolostones occur only
locally and no paleokarst forms habe been known; (2) Variscan (Paleozoic)
level with development of sedimentary and sedimentary-volcanic sequences,
dominantly of marine origin, in places metamorphosed and intruded by
plutonites. Carbonate rocks of Upper Silurian (Pfidolian) to Lower Carbonif-
erous (Tournaisian) occur. Abundant evolution of relatively minor paleokarsts
is known, and (3) Platform (post-Variscan) level composed dominantly of
sediments (continental and marine) separated by important unconformities.
Very broad developments of paleokarsts is known.

Paleotectonic period, prior to the consolidation of the epi-Variscan
platform, is characterized by high mobility and resulted in a great changes in
facies development. The neotectonic period is more quiet with only several
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important marine transgressions covering larger extent od the Massif (Upper
Jurassic, Cenomanian, Middle Miocene). The evolution of eastern and south-
eastern margins of the Massif (majority of Brunovistulicum) facing the Tethys
realm as passive continetal margins was especially strongly influenced by the
Alpine Orogeny as being submerged under thick pile of flysh nappes and
molasse deposits. The neotectonic stage was strongly influenced by single
phases of Alpine Orogeny (cf. Malkovsky 1979).

TERMINOLOGY

The terminological problems appeared as the reflectance of the complex-
ity of the problem in our geological and geomorphological environment.
Therefore paleokarst is refered to phenomena defined by Bosik, Ford and
Glazek (1989) with the application of the fossil karst in the strict sense (forms
completely originated in the past, entirely fossilized and loosing its hydrologi-
cal characteristics without any traces of present development). Stratigraphy of
paleokarst is defined here according to definitons of Bosik, Ford and Glazek
(1989) using karstification periods and karstification phases. The application of
interregional, local nad depositional paleckarst is here based on sense and
definitions of Choquette and James (1988) and is assumed to be very usefull.

PALEOKARST PERIODS AND PHASES

The evolution of paleokarst can be connected with Variscan and plat-
form stages of the evolution of the Bohemian Massif. The majority of forms
developed in Devonian limestones, now buried or uncovered, which were also
highly metamorphosed by Variscan Orogeny, in places. Some forms developed
in Proterozoic carbonates and a limited number has been known from Upper
Jurassic carbonate sequence deeply submerged on eastern margins of the
Massif.

The evolution of paleokarst, its origin, development, fossilization and
rejuvenation have been affected by numerous lithological and structural
conditions. In general, three types of paleokarsts could be distinguished.

Depositional paleokarst was typical by low relief, freshwater vadose and
phreatic and mixing freshwater/ marine diagenesis. Its evolution followed cyclic
nature of deposition without tectonic influence and the Milankovich cycles of
the 5th to 4th orders. The role of freshwater/marine mixing diagenesis was
substantial. Its evolution was connected with the evolution and accretion of
Devonian carbonate sequences.

Local paleokarst was product of longer emersion caused by regressions in
individual blocks. Karst relief was developed up to first hundreds of metres
(shafts, dolines, caves) with well defined hydrological zonation. The evolution
followed tectonic movements of individual, even very small, tectonic blocks
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together in the combination with cyclic events or sea level changes (unconformities
of the 3rd and the 2th orders). Biozone to stage is missing, Effect of drowned
platforms followed the polarity of orogenic movemets from W to E within the
Brunovistulicum. Results of the local paleokarstification can substantially differ
place to place owing to the altitudinal position of emerged carbonate surface.
Low altitudinal position led to undeveloped paleokarsts similar to depositional
paleokarst forms even through longer hiatus, while high altitudes of distinct
elevations created mature paleokarsts. Its evolution was connected with the
evolution of sedimentary basins during Lower/Middle Devonian in the Barrandian
and Middle Devonian/Lower Carboniferous in Brunovistulicum. Some of Juras-
sic carbonates suffered also by this kind of evolution.

Interregional paleokarst was product of long-lasting erosion and karstification
connected with deep weathering and formation of planation surfaces. There
was developed substantial karst relief and deep groundwater circulation. There
was a close connection to individual tectonic phases reflecting major impacts
of the Alpine Orogeny leading to the rejuvenation of relief and the accelera-
tion of Kkarstification. There was the clear relation to marine transgressions/
regressions separating individual karst phases within karst periods or to
periods of mass continental deposition. This evolution was typical for post-Upper
Carboniferous evolution of the whole Massif.

There are several typical conditions affecting the evolution of the
interregional paleokarst in the Massif: (1) the prevalence of a continental
regime since the Permian; (2) relatively short-lasting marine transgressions in
Upper Jurassic, Late Cretaceous and Middle Miocene times; (3) increasing
tectonic activity since the Late Paleogene as impacts of the Alpine Orogeny;
(4) evolution of the Paratethys sea on the eastern margins of the Massif; (5)
increasing relief dynamics resulting in a considerable increase of erosion rates
exhuming and rejuvenating old planation surfaces and karst forms, and (6) a
continual fall of the base level following stabilisation of the river system in the
Pliocene (Bosdk and Horidcek 1981). Nevertheless, the phases of accelerated
erosion were interrupted by relatively long-lasting quiet periods with stabilized
conditions favouring the development of subsurface karst forms (Bosdk, Cilek
and Tipkova 1992).

Lower Devonian - Pragian. Local paleokarst related to freshwater vadose
and phreatic karstification (diagenesis) of the Konéprusy Reef (central Bohemia)
was connected with tectonic uplift and major sea level changes. Deep neptunic
dikes developed associated with the system of vuggy to cavern macroporosity
filled with lithologically variable internal sediment.

Climate was tropical, wet and hot. Correlate sediments are proved in
overlying Dalejan to Eifelian limestones content of iron oxides derived from
lateritic weathering of mainland
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Fig. 1 - Distribution of paleokarst within the geological history of the Bohemian

Karst (B.K.) and Moravian Karst (M.K.).

a. periods; numbers indicate the age of the period base in Ma; b. karstification periods and
phases; 1. caves, 2. dolines, 3. deep corrosional organs (geological organs, pockets), 4. karst
cones, towers and inselbergs, 5. shafts, 6.-8. valleys and canyons (shape is indicated), 9. poljes
and large depressions, 10. corrosional surfaces, 11. karren, 12. periods of paleorelief evolution,
FI-F5 - planation phases (modified from Bosdik, Hordcek and Pano§ 1989).
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Middle Devonian - Eifelian/Givetian. Depositional freshwater vadose and
phreatic karstification (diagenesis) of limestone cycles in Old Red complex in
the Moravian Karst and Carpathian foredeep The evolution was connected
with minor cyclic sea level change (Milankovich’s cycles).

Climate was hot, seasonally dry and wet. Correlate sediments are repre-
sented by red beds of the basal clastics themselves.

Upper Devonian to Lower Carboniferous - Fammenian to Upper Viséan.
Local paleokarst, sometimes with substantial relief and developed shafts,
sinkholes, depressions and caves in Upper Devonian limestones in the Moravian
Karst (pre-Upper Tournaisian), the TiSnov area (pre-lower Visean), the Ostrava
area (pre-upper Viséan). Emergence caused by the tectonic uplifts and tilting
of individual blocks combined with 2nd-3rd order of sea level changes.
Paradox of drowned platforms is often developed, as karstified shallow marine
carbonates are overlain by relatively deep water facies.

Climate was subtropical to tropical. Correlate sediments are represented
by variocoloured pelitic matrix of the Kitiny nodular Limestone (Upper
Frasnian to Tournaisian) and of the Jedovnice breccia (Fammenian to Tournaisian)
derived from lateritic weathering of the mainland, lateritic material and
phosphorites in the Ostrov Shales (Tournaisian)

Upper Carboniferous - Westphalian/Stephanian. The interregional paleokarst
proved by pebbles of karstified Devonian limestones and speleothems in red
beds of the MSeno Basin (Upper Stephanian). The karst phase caused by the
tectonic uplift as a consequence of Variscan Orogeny and emplacement of
plutonic bodies.

Climate was dry, seasonally wet, warm (subtropical). Correlate sediments
are represented by kaolinization of the Plzen - Podbofany group of deposits
(west Bohemia)

Permian to Upper Jurassic. Extensive mterregmnal paleokarst developed.
The macroform of the Moravian Karst completed prior the Callovian trans-
gression In the Hranmice Karst (north Moravia) some Permian to Paleogene
karstification has been supposed without identified extent and in the Bohe-
mian Karst without identified karstification.

Climate has no direct evidence on the Bohemian Massif. Correlate
sediments represent kaolinic clastics of the Bohdasin Formation (Bundsandstein,
north Bohemia), lateritic material in the Kimmeridgian breccia finishing the
sequence of Upper Jurassic in the Moravian Karst and no correlate sediments
in the Bohemian Karst.

Lower Cretaceous (post-Kimmeridgian - pre-Cenomanian). The interre-
gional paleokarst developed in regionally widespread karstification phase which
products are preserved mostly thanks to overburden of the Upper Cretaceous
(?Albian - Cenomaian - Santonian) platform cover. Known in the Bohemian
Karst (narrow depressions with kaolinic sands and clays), in the Moravian
Karst (the Rudice Formation, i.e. kaolinic sands and clays, quartzose sands,
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kaolins, filling extensive corrosional depressions, cone karst), in the Vratikov
- Némcice Karst (central Moravia, mogotes, iron ores in caves, relics of the
Rudice Formation), in the Tisnov Karst (relics of sands and clays in sink-
holes), and nearby of Kunstat and Ole$nice (both in central Moravia, terrae
calcis and lateritic weathering products in fissures of crystalline limestones), in
Moravsky Krumlov (south Moravia, the Rudice Formation in sinkholes), in the
Carpathian Foredeep (inselbergs on Jurassic limestones), on the Turold Hill
(Mikulov, south Moravia, tectonic clippe, planated surface with depressions
and Fe-Mn incrustations on upper Jurassic limestones covered by Turonian
flysh).

Depositional paleokarst developed in authochthonous Mesozoic cover of
eastern margins of the Bohemian Massif. Known at the Kotou¢ Hill (Stramberk,
north Moravia) in two karstification phases in Upper Valanginian and Upper
Hauterivian to Aptian related too oscillating sea level (3th to 4th order
cycles).

Climate was tropical, wet and hot, at the end temperate. Correlate
sediments are widespread as weathering profiles under the Upper Cretaceous
platform cover are widespread, e.g. laterites on basic to ultramafic rocks,
kaolins on acidic rocks, weathering profiles with paleosols, kaolinization of
some deposits in west Bohemia, the Rudice Formation and the Amberg Ore
Formation (NE Bavaria, FRG) etc.

Paleogene to Lower Miocene. Interregional paleokarst developed during
widespread karst period without possibilities of precise dating of phases and
sites (general absence of paleontologically dated localities). The period is
characterized by the main phase of cave formation in the Bohemian Massif
with origin of largest karst systems in the Bohemian, Moravian, Javoficko
Karsts and smaller karst regions also in crystalline complexes (Blizna, south
Bohemia). Karst surfaces with depressions and conical hills developed (Ti$nov
(?7pre-Badenian), LaZanky (pre-Karpatian), Hranice (pre-Karpatian and
pre-Badenian), Brannd, Vapenna, Supikovice, karst of the Drahany Upland -
Miadeé, Cervenka, Javofitko, Hvozdecko). Numerous sites in the Carpathian
Foredeep on Devonian and Jurassic limestones is known covered under thick
Miocene siliciclastics and covered by overthrusted flysh nappes.

Climate in Paleocene to Eocene was tropical, wet and hot. During
Oligocene-Lower Miocene oscillations from tropical to Mediterranean type
occurred. Correlate sediments are reprezented by kaolins of Vidnava (north
Moravian) and Znojmo (south Moravia, pre-Eggenburgian), LaZanky (central
Moravia, pre-Karpatian), Hranice (pre-Karpatian kaolinic and lateritic weath-
ering products), kaolinic clays of ViZina (central Bohemia). Quartzose to
quartzitic conglomerates and sandstones of the Staré Sedlo Formation (Upper
Eocene - Oligocene) and pre-Oligocene kaolinitization occur in North Bohe-
mian Coal Basins.
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FOSILIZATION AND REJUVENATION

Karst becomes fossil or inactive when it loses its hydrological function.
The general cause for this are changes of local or regional geotectonic
conditions or of global sea level. Fossilization can be a result of uplift or of
subsidence, of marine transgression or of mass continental deposition. Conti-
nental drift (plate motion) may change the latitudinal position of karst areas
in different geologic stages resulting in climatic changes, i.e. to arid or to
humid, which may contribute to fossilization or rejuvenation (Bosdk 1981,
1989, Zhang 1986).

Fossilization of karst forms in the Bohemian Massif are closely related
to above mentioned factors. But the polycyclic and polygenetic nature of
karsts and paleokarst represents the specific characteristics for karst evolution
of the whole Bohemian Massif, and leads to the presence of polycyclic and
polygenetic features attributed to paleokarst also within the present landscape.
They sometimes form a great part of present objects of the speleological
interest. To distinguish what is ancient and what can be remodeled at the
present time is therefore very difficult. In such terrane, the substantial role
was played by the change of hydrological circulation loosing its hydraulic head,
at least partially, when not covered by younger deposits. Such evolution is
typical e.g. for the Konéprusy region of the Barrandian following the devel-
opment of river network entrenching since Upper Miocene times. Caves were
partially or completely filled with Sarmatian and Lower Pliocene deposits
disappearing its hydrological function completely. Paleokarst contains, by such
way, a lot of evidence missing on the baren surface and represents true
conservers of the geological and environmental past and sometimes also the
missing link in regional and global chronostratigraphy.

The rejuvenation of karst making the conserved fossil record degraded
and unreadable is caused by numerous factors generally leading to the renewal
of the hydrological function of the karst and of karst water circulation. It is
typical for periods of introduction of energy to the whole karst/relief system.
It is contradictory to the fossilization. The new creative and destructive karst
and landform processes, deposition and redeposition, exhumation and weath-
ering disturb the paleokarst content. The rejuvenation processes are very
typical for karsts of the Bohemian Massif. The most striking example is
represented by polyphase evolution of karst levels in the Moravian Karst since
Lower/Middle Miocene times with several repeated filling and exhumation of
karst canyons and cave horizons, and creation of inserted cave levels and
subvertical invasion vadose connections. Low levels of Miocene caves are now
serving as phreatic conduits.
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PALEOKARST, PLANATION SURFACES AND DEEP CHEMICAL
WEATHERING

The evolution of paleokarsts are often linked with the formation of
planation surfaces, as the result of the uniform process of relief-forming
agents. Planation surfaces are proved to be very often connected with periods
of deep chemical weathering. The evolution of surfaces is connected with
prolonged periods of tectonic stability, so they originated inbetween impacts of
orogenic phases. Such conditions are also favourable for the origin of mature
endokarst.

To correlate periods of karstification and of formation of weathering
crusts in the Bohemian Massif is relatively complex owing to the lack of well
defined chronostratigraphic horizons within long periods of nondeposition and
continental regime. The foreland and flanks of the Massif are covered by
complex sucession of marine formations, sometimes of high thicknesses (e.g.
Alpine and Carpathian Foredeeps, pre-Sudetes block). In the centre of the
Massif, marine formations younger than Lower Carboniferous (except of
Cenomanian to Turonian) are rare and preserved in very small areas (topmost
Doggerian to Kimmeridgian, Badenian). Also the extent of continental depos-
its of post-Variscan age is limited to certain regional geological units. Such
formations do not cover the whole time span of hiatuses between marine
transgresion - regression cycles, but offer paleogeographic and paleoclimatic
data enabling to roughly date periods of karstification.

The best link between periods of intensive chemical weathering and
karstification can be stated for two periods. During topmost Jurassic and
Lower Cretaceous (or pre-Cenomanian), large karst forms of tropical paleokarst
are preserved under thick kaolinitic (-lateritic) weathering crusts in the
Moravian Karst and some adjacent areas including Carpathian-Alpine Foredeeps;
similar situation can be stated in the Bohemian Karst (weathering crusts are
thinner). These phenomena can be correlated e.g. with identical forms and
sediments of the northeastern Bavaria (Amberg Ore Unit). The Paleogene to
Lower Miocene karstification (i.e. the main phase of cave formation) can be
correlate with Paleogene-Miocene weathering period. The origin of caves was
iniciated under the cover of Upper Cretaceous rocks. Surface paleokarst of
identical or somewhat younger age (Miocene) is also relatively abundant,
sometimes containing kaolinic fill (L.azanky near TiSnov), variegated and other
weathering products (Bohemian, Hranice and other karsts). Indications of
simultancous weathering and Kkarstification exist for Upper Carboniferous
(Stephanian). Pebbles of limestones and speleothems were found in molasse
red beds in central Bohemia. The karstification occured in the same time-span
in which some of large kaoline deposits in west Bohemia were formed (e.g.
Kazngjov).

The link between periods of intensive chemical weathering/origin of
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planation surfaces and karstification is evident in the Bohemian Massif. Both
the intensive chemical weathering (lateritization, kaolinization) and evolution
of planation surfaces, and the karstification are linked rather with prolonged
periods of relative tectonic stability. The link between intesive weathering and
karstification is important indicator for prospection of economic mineral
deposits in paleokarst terrains.
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PALEOKRAS CESKEGA MASIVA (CESKA REPUBLIKA): KRATEK
PREGLED

Povzetek

Ceski masiv je znan po policikli¢ni in poligenetski naravi krasa in paleokrasa
(srednjeevropskega tipa), razvitega na posameznih, manjSih kraskih podrodjih.
Mati¢ne kamnine so predvsem devonski apnenci (deloma metamorfozirani),
ponekod pa jurske karbonatne kamnine. Mati¢na kamnina je bila vkljucena v
strukturo epi-varistiCnih platform, kjer je mogoce razmejiti paleotektonsko od
neotcktonske dobe z mejo v permiju. Za paleotektonsko dobo je znacilna
velika mobilnost, zaradi ¢esar so velike spremembe v razvoju faciesov, posledica
tega pa je nastanek zgolj sinsedimentnega in lokalnega paleokrasa. Neotektonska
doba (platforma) je bila bolj umirjena, le z nekaj pomembnimi morskimi
transgresijami, ki so zajele velik del feSkega masiva. Nanj so tudi mocno
vplivale posamezne faze alpidske orogeneze. Razvila so se obseZna interregionalna
paleokraSka podrofja v vecih, med seboj bolj ali manj locenih fazah.

Spodnjedevonska in spodnjekarbonska faza zakrasevanja sta bili povezani z
lokalnimi tektonskimi dviganji in regionalnimi regresijskimi oziroma transgresijskimi
cikli 3. reda ter z osciliranjem morske gladine 4. in 5. reda. Sinsedimentni in
celo zreli lokalni paleokras se je razvil v pragiju, na meji eifelij - givetij in od
famennija do zgornjega viseija. Za razlago razvoja tega krasa lahko uporabimo
karibski model, kjer je zelo pomembno meSanje sladke vadozne in freatiéne
vode ter prepletanje sladkovodnih in morskih diagenetskih faciesov.

Razvoj paleokrasa v zgornjem karbonu in med permijem ter zgornjo juro
je navzgor omejen s callovijsko morsko transgresijo. Spodnjo mejo predstavijajo
zakljucne faze variskiCne orogeneze z odlaganjem obseZnih rdefih molasnih
sedimentov. Interregionalni tip krasa se je razvijal izklju¢no v kontinentalnem
oko}ju. Pred zgomjim juro je bilo povr§je mofno uravnano.

Spodnjekredna faza zakrasevanja se je kondala s cenomanijsko transgresijo.
S Stevilnih krajev so znani primeri dobro razvitega interregionalnega paleokrasa,
za katerega so znacilne globoke oziroma visoke oblike s pisanimi produkti
kemic¢nega preperevanja.

Paleogena do spodnjemiocenska faza zakrasevanja se je koncala z mlado
alpsko tektonsko fazo, ko je badenijsko morje deloma preplavilo vzhodne
robove masiva. Interregionalni paleokras je nastajal v fazi zakrasevanja, ki je
obsegala zelo Siroko podrodje, vendar posameznih faz in regij ni mogoce
natan¢no dolociti (zaradi sploSnega pomanjkanja paleontolosko datiranih nahajalisc).
To je glavna faza nastajanja jam v CeSkem masivu, vkljuéno nastanek najve&jih
kraskih sistemov v velini najobseZnej$ih kraskih ozemelj. Znani so Stevilni
primeri iz karpatskega jarka v devonskih in jurskih apnencih, kjer so pod
apnenci kremendevi klastiti, nad njimi pa flisni narivni pokrovi. Cas od
srednjega miocena do kvartarja je bolj cas fosilizacije kot pa masovnega
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nastajanja kraSkih oblik.

Povezava med periodami intenzivnega kemiCnega razpadanja oziroma
nastajanjem uravnav in zakrasevanjem je vidna v CeSkem masivu. Tako
intenzivno kemicno razpadanje (lateritizacija, kaolinizacija) kot razvoj uravnav
in zakrasevanje so v povezavi s podaljSanimi periodami relativne tektonske
stabilnosti. Zveza med intenzivnim razpadanjem in zakrasevanjem je pomemben
pokazatelj za odkrivanje ekonomsko pomembnih nahajali$¢ mineralov v paleokraskih
ozemljih.
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Vlado Bozi¢: Jamski vhodi na originalnih Valvasorjevih skicah

Avtor opisuje devet Valvasorjevih skic, shranjenih v metropolitskem oddelku univerzitetne
knjiznice v Zagrebu. Veéina skic je bila osnova za bakroreze v Valvasorjevem delu Die
Ehre dess Herzogthums Crain (1689). Skice, opisane v prispevku, prikazujejo vhode v
jame, kragke izvire in ponore in so zato zanimive za krasoslovie.

Kljuéne besede: speleologija, zgodovina speleologije, Valvasor

Abstract UDC 551.44:74.021(091)
Vlado Bozié: Cave entrances shown in the original sketches of Valvasor

The author described nine Valvasor’s sketches kept in the Metropolitana Department
in the University Library at Zagreb. Most of them were the base for copperplate
engravings for his work Die Ehre dess Herzogthums Crain (1689). The sketches
described in the article show entrances to caves, karst springs, and ponors and are
therefore of karstological interest.

Key words: speleology, history of speleology, Valvasor
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Much has been written about Ivan Vajkard Valvasor, especially on the
occasion of the 300th anniversary of the publication of his book “Die Ehre
dess Herzogthums Crain” in 1689. Nevertheless, new information is still being
found among the wealth of documents on his exploration and scientific
activities.

It is known that Baron Valvasor, who was descended from a distinguished
Ljubljana family, received his education over a long period and in several
different places. He was taught rhetoric by Jesuits in Ljubljana. Then in 1659
he studied in Germany and from 1669 to 1672 in Italy, France, Switzerland
and Africa. His studies included not only history, geography, archaeology,
mathematics and theology, but also alchemy and magic. Once back from his
foreign travels he explored the whole of Carniola and neighbouring lands
parts of including Croatia.

In the course of these travels he made extensive notes and sketches of all
he found of interest, so he accumulated an enormous amount of material in
readiness for his books. It was because of this that he bought Bogensperk
Castle near Litije and made it a kind of museum or academy where he
brought many scientists to work on the material and prepare it for publica-
tion. He also installed there a printing press for copperplate engravings. So,
in 1689, his big four-volume book was completed and was published in
Niirnberg and Ljubljana.

But in publishing these volumes he used up all his wealth, and a little
before his death he had to sell both the castle and his collections. Bishop
Ignacije Mikuli¢ of Zagreb bought some of the collection and presented it to
the Metropolitana Library there. Later some books were passed to the
University Library in Zagreb, most of the volumes of ecclesiastical sketches
went to the Graphics Collection of the Croatian Academy of Science and Art
(HAZU), and three volumes of other sketches went to the strongroom of the
Metropolitana department in the University Library.

These three volumes in the strongroom have the title: Sketches of towns
in Crain (Skice gradova u Kranjskoj). In the first Volume are sketches later
published in Valvasor’s books, and in the other two volumes under the call
numbers MR 198 and MR 199 are sketches till now unpublished. Each
Volume is hard bound with about hundred sketches, drawn by pencil, ink or
some kind of water colour. On the borders there are no inscriptions or titles,
only stickers with numbers. Every sketch has a title in German, and maybe
some other words, and a number in the sketch near the frame, and also a
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1. Title: GURCKH, Kérka (Vihkrka, Gradicek) No. 85 (near the frame) and No.
14 and 23 (near the margin of the skeich), presents the sources of two rivers in
two caves (Krska jama), on one is written “gork flus” (= river Krka) (Ehre LI/
420) (Roman number is the volume and Arab number the page where the picture
is published in the Valvasor's Die Ehre dess Herzogthums Crain, 1689).

2. Title: KLAINHEISEL, Klajnhejsel (Mali grad, Planina), No. 130 (outside
frame), presents a castle and the source in the cave; on the river is written “unz

VNZ flus” (Unica river) (Ehre III/309).
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3. Title: ST. KAZIAN (Skocjan), No. 35 and 142 (outside the frame), present a
village on the cliff and a river Reka going out of the caves (Skocjanske jame),
entering a ponor-cave, again going out of the cave and once more entering a

ponor-cave (Ehre 1/276).

4. Title: LVEG, Luknya, No. 135 (in the picture) and No. 157 (outside the
frame), presents a castle and under it a river Temeniz (Temenica) going out of

the cave (Luknja) (Ehre I1I/349).
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5. Titl: LUEG in der poig, No. 158 (outside the frame), presents a castle
(Predjamski grad) in the cave (Jama) and a river (Lokva) entering a ponor-cave;
under this place is written “Die grotten”. (Ehre I./521).

6. Title: Mittelburg, Statt MITTERBVRG (Pazin), No. 173 (outside the frame),‘
presents a big town and a river entering a ponor-cave (Fojba) (Ehre II1/374).
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7. Title: PODIAMO (Tabor, Grad), No. 221 (outside the frame), presents a
building in the cave (Ehre 1/282).

8. Title: St. Serff, St. SERFF (Socerb), No. 362 (outside the frame), presents a
group of building on the cliff, steps going to the cave entrance (maybe artificial
?), and an other entrance to the cave near a church where is written “die grotta

des St” (Sveta jama) (Ehre II1/525).
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9. Title: WEINITZ, Vinica, No. 297 (in the picture) and No. 338 (outside the
frame), presents a village Vinica and a river (on the river is written “Culpa flus”)
(Kolpa river), with a brook going out of two caves (Ehre II1/640).

number added later in pencil outside the frame of the sketch. There are no
explanations with the sketches.

Every sketch shows a castle, city, town, village or a building, and its
surroundings. These surroundings are of great interest, especially for speleolo-
gist, because cave entrances are drawn in several sketches. In the Volume No.
MR 199 alone, there are 9 sketches with speleological contents.

The other sketches are first-class documents too, because they show the
state at that time of towns and their surroundings known today. Among many
such towns there are Moséenice, Kastav, Rijeka, Kraljevica, Novigrad, Skrljevo,
Zumberak, Brinje, etc. (in Croatia); and Kocevje, Velika vas, Mala vas,
Ljubljana, Loz, Pleterje, Visnja gora, Idrija, etc. (in Slovenia); and Trieste (in
Italy). These sketches will be of interest not only to naturalists but also to
historians of architecture and town planning.
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Povzetek

Avtor opisuje devet Valvasorjevih skic, ki so shranjene v metropolitskem
oddelku univerzitetne knjiznice v Zagrebu. Vedina teh skic je bila osnova za
bakroreze v Valvasorjevem delu Die Ehre dess Herzogthums Crain (1689). Te
skice, opisane v prispevku, prikazujejo vhode v jame, kraske izvire in ponore
in so zato zanimive za Krasoslovje. Prikazujejo naslednje kraje: Vrhkrko pri
Gradi¢ku (s Krsko jamo), Mali grad pri Planini (s Planinsko jamo), Skocjanske
jame pri Divadi, grad Luknjo pri Novem mestu (z izvirom Temenice), Predjamski
grad in Jamo, Pazin s Fojbo v Istri (Hrvaska), jamo Tabor (Grad) pri
Sembijah nad Knezakom, grad Socerb s Sveto jamo in Vinico ob Kolpi s
kraskim izvirom. V zbirki so Se Stevilne druge skice, prav tako zanimive ne
samo za naravoslovce, ampak tudi za zgodovinarje, arhitekte in planerje.
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Ezio Burri & Paolo Forti: Krasko podroéje Pietrasecca (Abruzzi, Italija): projekt za
njegovo ohranitev in turisticni razvoj

Krasko podrodje Pietrasecca je na apnenéevem hrbtu v gorah Carseolani. Med jamami
sta po velikosti in obliki najpomembnej$i Ovita in Grotta Grande del Cervo. Zato, da
bi zavarovala to pomembno krasko okolje, ga je regionalna vlada Abruzzov razglasila
za naravni rezervat. Italijanski speleoloski intitut je skupaj z oddelki nekaterih univerz
v zadnjih treh letih izdelal ve¢ interdisciplinarnih §tudij o Pietrasecci. Najpomembnejsi
je morda projekt o turistiénem razvoju, ki je popolnoma vsklajen s strogimi varstvenimi
zakoni, kot jih ima naravni rezervat. V tem prispevku so predstavljene geografske in
geomorfoloSke znadilnosti Pietrasecce ter projekt o turizmu, v zvezi z varovanjem in
ohranjanjem narave.

Klju¢ne besede: krasoslovje, geografija krasa, geomorfologija krasa, varstvo narave,
turizem na krasu.

Abstract

UDC 504.05:551.44(450)
Ezio Burri* & Paolo Forti* The Karst area of Pietrasecca (Abruzzo, Italy):
A project for its preservation and touristic development!

The karst basin of Pietrasecca is located on the limestone ridge of the Carseolani
mountains. Several caves are hosted in this area, the Ovito and the Grotta Grande
del Cervo being the most important for size and morphology. Therefore the Abruzzi
Regional Government transformed this area into a natural reserve, in order to
protect its important karst environment. A multifinalized study on the Pietrasecca
basin was carried out in the last three years by the Italian Insitute of Speleology
together with several University Departments. Perhaps the most important achieved
result is a project for the touristic development, which is completely compatible with
the strict preservation laws of the area, as imposed by Natural Reserve. In the
present paper the geografic and geomorphological settlement of the Pietrasecca basin
is briefly outlined and the touristic project is presented and discussed with regards to
protection and preservation.

Key words: karstology, karst geography, karst geomorphology, nature protection, karst
tourism.
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INTRODUCTION

The karst area of Pietrasecca has been known of a long time due to the
presence of the Ovito sinkhole at the bottom of a large blind valley, as
testified by a geographic map of the XVIII century.

But the first speleological investigations and the first partial topography of
the Ovito cave were only made by the Circolo Speleologico Romano between
1925-30.

During the 1984 the Gruppo Speleologico CAI Roma dug an old landslide,
thus entering for the first time into the Grotta Grande del Cervo (The Big
Stag cave).

This new cavity presented a wide range of scientific interest: archaeological,
paleontological, morphological and seismic being the most important ones.
Therefore several studies started inside this cave: the last of which was a
multifinalized study organized by the Italian Speleological Institute, co-ordined
by the Karst section of the CNR National Group “Physical Geography and
Geomorphology” and researched by scientists from about 10 different Univer-
sities.

In the mean time, the inhabitants of the surroundings strongly supported
the idea of transforming the Grotta Grande del Cervo into a show cave due
to the quantity of beautiful speleothems and the casy internal path in the
first part of the cavity. Initially the local governments promoted this idea in
order to improve the presently lack of economy of the Pietrasecca thus
slowing down its depopulation.

In the 1992 the Abruzzo regional government transformed all the karst
area of Pietrasecca in a “Natural Reserve” (regional law n.19 , 31.03.92) in
order 1- to allow the completion of the researches still developing; 2- to avoid
an unbalanced touristic use, which might even destroy the relevant natural
values of the area, which must be mantained.

Among the researches promoted by the regional law, one was devoted to
prepare a project for the cultural and touristic use of the Pietrasecca karst,
which was able to blend the preservation of the natural properties, as
requested by scientsts and cavers, together with the touristic and social
expectations of the inhabitants.

In the present paper a short geographical, geological and geomorphological
outline of the karst area is presented and then the proposed touristic poject
is discussed.
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Foot path
Horsepath
Cave

Fig. 1. Map of the Pietrasecca Natural Reserve
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GEOGRAPHICAL, GEOLOGICAL, GEOMORPHOLOGICAL AND
KARST SETTLEMENT OF THE AREA

The karst outcrop of Pietrasecca is located in the south-western ridge of
the Carseolani Mountains (Carsoli, Abruzzo) and consists of about 9 square
km just around the small village of Pietrasecca.

In its north-eastern part there is the large Ovito blind valley (13 square
km), whose waters are totally drained by the sinkhole in the mouth of the
cave of the same name. The risings are south-westward from the village and
a small brook flows from them into the wide St. Martino valley.

The Pietrasecca karst has a temperate Mediterranean climate, characterized
by hot and dry summers and cold wet winters, the mean rainfall being about
1200 mm/yr (FREDI P, PUGLIESE F, 1993).

The structural geological settlement of this area is well known (AGOSTINI,
1993): the stratigraphic sequence starts with well stratified limestones of
Upper Cretaceous (about 25 m thick) over which transgressive limestones and
magnesian limestones of the Middle Miocene (100-120 m thick) were depos-
ited in conformable geometry. The deposition of calcarenites followed by marls
and planctonic clays and finally by pelitic sandstones close the Pietrasecca
sequence.

The object of the present paper is the portion of the ridge just where the
Pictrasecca village was built: it consists of an asymmetrical anticline cut by
several normal and cross faults, which caused the evolution of a subvertical
slope with several escarpments.

If the structural settlement of the area was important in shaping some
external morphologies, its control over the deep karst was almost complete, as
the excellent fitting between structural lineations and spatial development of
cave branches (CUCCHI & ULCIGRAI, 1993) testifies.

Moreover some large breakdowns and the volcanic intrusion inside the
Grotta Grande del Cervo (BERTOLANI et Al., 1993) are all located just in
the crosspoint of different faults, which is also the limit of some of the steps
in the south-western wall of the fold.

The detailed geomorphologic analysis shown that the evolved surface forms
were mainly controlled by the substratum lithology (AGNESI et al., 1993).

On the limestone ridge the structural settlement deeply influenced the
landscape, which in turn was greatly modified by karst processes. Several open
basins may be observed: probably they are the remains of an older karst
period than the present one and their opening was induced by fluviokarst
processes.

Some small subcircular dissolution dolines and rare micro-forms, mainly
karren, are also present in the studied area.

The paleo-valley crossing NE-SW the ridge is worth mentioning: it seems
to be related to a paleo-drainage active in the period before the opening of
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the Ovito and Grotta Grande del Cervo sinkholes.

In the Tortonian flysch the hydrogaphic network is well developed and
channel-flow  erosions are widespread: among them the small V shaped
valleys and the erosional escarpments along the terraced surfaces are the most
common.

The presence of several, presently inactive, forms suggest that the hydro-
graphic network alternates static to active deepening stages.

The whole area is actually a single hydrogeological basin (BONO &
CAPELLI, 1993),which is drained by the Ovito sinkhole to the Pietrasecca
spring: both the two dye tracing experiments, made during a flood and in a
base flow period, experienced a very high flow rate with very low dilution,
thus showing the absence of storage capacity inside the limestone Xkarst
aquifer. Anyway the karst water resources may be regarded as emergency
sources for drinking water supply for the Pietrasecca Village and therefore
they must be adequately preserved.

But the most important scientific interest of this area is related to the
deep karst (AGOSTINI & PICCINI, 1993), which is well developed. Beside
some small cavities, it consists of the Ovito - Grotta Grande del Cervo-
Pietrasecca rising system, which is a classical example of a hydrogeologic
tunnel developed for over 3 km.

Actually the Ovito cave is an active sinkhole, while the Grotta Grande del
Cervo is fossilized: the water sinks and then flows inside the first part of the
Ovito, from which it is collected in the deeper part of the Grotta Grande del
Cervo, then reaching the Pietrasecca rising. Anyway, in the past, both the
caves were simultaneously active sinks for the waters coming from the flysch,
which was in that time subdivided into two sub-basins.

The morphology of these three caves shows a noticeable structural control
on the speleogenesis thus inducing a rapid evolution of the system with
hydraulic gradient similar to the actual one.

Forms developed in aereate conditions dominate and testify to an enhanced
erosion caused by a large stream with a high solid transport, which in turn
is responsible for the widespread deposition of very thick (up to 20 m)
sediments and of the complete obliteration of the Grotta Grande del Cervo,
which occurred during a long period (AGOSTINI et al, 1993). All the
sediments along the systems seem to be actively eroded, anyway they are still
massively present in the deeper part of the system (final galleries of the
Grotta Grande del Cervo).

Speleothem evolution was noticeable mainly inside the Grotta Grande del
Cervo, which therefore is one of the most scenic of the whole Abruzzi.
Moreover some of the speleothems are peculiar to this karst system: the
permanent wind controlled coralloids of the Ovito and the interbed drainage
tubes of the Grotta Grande del Cervo (FORTI, 1993).

The first part of the Grotta Grande del Cervo is characterized by a
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noticeable amount of speleothem breakdowns, which developed in the last
400.000 years: thanks to a new method of analysis it was possible for the first
time in the world to prove that some macroseismic periods were responsible
for these breakdowns. The oldest recognized paleoseismic period occurred
over 350.000 years B.P, while the youngest one was identified with the 1456
carthquake, which hit all the central and southern Italy (AGOSTINI et al.,
1993).

Finally the presence of important paleontological and archaeological
remains inside the first gallery of the Grotta Grande del Cervo (AGOSTINI
& GIZZI, 1993) have to be mentioned.

MAN’S IMPACT OVER THE NATURAL RESERVE

The Pietrasecca village (BURRI, 1993) is still shaped on the original
structure of fortified hamlet, whose features range between XV and XVIII
century.

Available historical news about Pietrasecca is very scarce: in fact this
village was practicly isolated until present day, mainly due to the distance
from the pricipal routes (as the “Tiburtina-Valeria” road existing from the IIT
century B.C.).

Both existing documents on the state of the roads and touristic guides of
the beginning of this century confirm that no easy connections existed with
the principal regional routes, but only a small and hard mule-road. Therefore
the community was more involved with the neighbouring Marsica, developing
a weak economy based on non-intensive sheep and cow raising, corn, maize
and potato growing, and hunting.

These activities induced an intensive utilization of the few areas suitable
for agricultural use, which were obtained from the small blind valleys and
dolines even removing from the surface a noticeable amount of boulders, as
testified by widespread large rock piles.

The removed limestone boulders were often utilized in the construction of
partition walls and terraces, the last created to lower the natural acclivity thus
allowing the agricultural use of those lands. Traces of this activity, which
lasted several centuries, are quite common around the village and gradually
decrease getting away from it: therefore temporary dwelling places are usually
absent from the territory.

The inhabitants (a few hundred people) decreased rapidly until 10 years
ago due to migrations both inland and abroad. Thus most of the tilled ground
was abandoned: now only few fields for fodder and some kitchen gardens
close to the village are mantained.

Therefore this area suffered only a small amount of human impact,
consisting of the few traditional activities in the land use.

However a noticeable degradation of the landscape was caused by the
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relalization of the A24 highway, which crosses over the S.Martino Valley with
a high and long viaduct just in front of Pietrasecca; as a consequence several
burrows were estabilished in the area and a limestone quarry was opened (it
is presently unactive).

Pictrasecca inhabitants got no real economic advantages from the existence
of this highway, whose main effect was that of lowering the availablility of
houses, because several of them were transformed into holiday residences for
people living in Rome. At present building activities are limited to a few
restorations of old houses, which in turn causes the widespread growth of
small illegal waste: disposals.

The caves suffered practically no impact in the past: only the Ovito
sinkhole was at intervals utilized as a disposal for slaughtering refuse and a
burial ground for dead animals.

Immediatly after its finding, the environment of the Grotta Grande del
Cervo was sufficiently damaged: in fact cavers and other visitors brought a lot
of mud into the cave, which was smeared over most of the speleothems thus
causing a noticeable aesthetic loss. Moreover several cave formations were
broken and, in some cases, taken out of the cave. Luckily the Grotta Grande
del Cervo was gated a short time after its first exploration and the local
authorities restricted the visits to the development of scientific research.

THE TOURISTIC PROJECT

The discovery of the Grotta Grande del Cervo, which hosts an important
archaeologic, paleontologic and morphologic patrimony induced the inhabitants
of Pietrasecca to associate the possibility of their economic revival to this
cavity, thus strongly supporting the idea of transforming it in a show cave on
the basis of similar experiences in some other Italian regions (Frasassi cave
in Marche, Castellana cave in Apulia, and many others).

In a short time some touristic projects were presented: but the common
characteristic of all of them was to suggest a traditional touristic settlement
for the whole cavity, without any care for its preservation.

Two facts hindered the realization of such project: the restriction imposed
on the cave by the Ministry of Cultural Patrimony due to the presence in the
first gallery of peculiar archaelogical remains and the beginning of some
scientific research requiring an undisturbed cave environment.

Anyway, the projects were not sufficient to ensure in the near future a
permanent protection to the Grotta Grande del Cervo and its natural
patrimony; therefore it would be necessary to prepare a general preservation
project.

The Regional Government of Abruzzo with a general law (n.61/80) on the
Natural Reserves and Parks defined the Natural Integral Reserve as uncontamined
natural environment of relevant interest in which only scientific research may
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be allowed. This definition fits with the “Analogous Reserve” category pro-

posed by the UICN (Union International pour la Conservation de la Nature)

and with the “Natural Monument” definition, as used in several countries

(BURRI, 1989). The identification of the Ovito and the Grotta Grande del

Cervo caves and their karst surroundings as “Integral Natural Reserve” is

undoubtedly the best method for their safeguard.

The first problem to be solved was that of delimiting the reserve area,
which must be coincident at least with the total extension of the karst basin,
from the cave entrances to the risings.

A surface of about 110 hectares was defined (Fig.1), in which disposals of
any kind, the use of pesticides and hunting are forbidden. Then a smaller
portion of this area, practicly coincident with the cave entrances, was more
strictly controlled: in fact inside this any environmental perturbation is
forbidden, as for collecting animals or sampling speleothems, fossil remains,
etc., and access to the area is controlled.

In Italy the rules existing over a cave entrance are automatically extended
to the whole cavity, therefore the restriction imposed over a very small area
in reality is sufficient to preserve all the karst system.

The management of the Natural Preserve will be made in co-operation
with the Italian Speleological Society, and it will practicly start just after the
Regional Government will promulgate the “Management plan”, in which the
general rules to be followed will be outlined.

The fundamental question to be solved was that of a real compatibility
between the need of strict preservation and the request of some touristic
development.

A further difficulty in solving this problem was represented by the
existence in the same region of other caves, which were transformed in the
past into show caves, whose activity may be affected if new cavities will be
open to tourism.

Therefore the proposed “management plan” suggested the following pro-
gram:

- On the surface:

a) Inside the Reserve: the tracing of an educational foot-path (fig. 1) along
which the main morphological and anthropic features of the area may be
easily seen. Using this path-way the visitor may reach the entrances of the
Ovito and Grotta Grande del Cervo, and eventually visit them.

b) Outside the Reserve: the tracing of two horse-routes, mainly along pre-
existing mule-roads, which allow a widespread view on the morphological
and anthropic peculiarities not only of the Reserve but also of the
neighbouring areas.

- Inside the Ovito sinkhole:
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A subdivision of the cave paths into three categories characterized by an
increase in safeguard and preservation (fig. 2) was made with the same
method normally utilized for the Natural Reserve.

A zone: suitable for tourism. In this part a partially artificial foot-path and
an emergency lightening fed by solar batteries will be realized keeping the
environmental changes to a minimum.

B zone: restricted to semi-free excursion for small groups of tourists con-
trolled by speleological guides. No fixed lights and few and simple artificial
fittings to cross over the hardest pathes will be realized.

C zone: wilderness area, restricted to selected wild excursion of cavers with no
environmental impact on the caves.

- Inside the Grotta Grande del Cervo:

Grotta grande del Cervo

A AREA
B AREA
C AREA

Fig. 2. Maps of the Ovito and Grotta Grande del Cervo caves in which the
different areas were evidenced
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This cave will not be devoted to tourism but only to educational and
scientific uses: therefore no A zone has been proposed (fig. 2). Moreover
monitoring of the cave parameters will be done and the allowed number
of visitor/day will be determined on the basis of the achieved results
(preferance will be given to the students of the primary and secondary
schools).

B zone: visitors are restricted inside the signed paths, which will be partially
created with artificial elements to prevent any alteration of the cave
morphology; no fixed lights will be placed inside. The tours will be always
led by an experienced cave guide. In all this area educational panels will
be placed in all the points of interest (achaeological, morphological,
mineralogical, etc.): it is worth mentioning the idea of replacing a
polished vertical section of a big stalagmite, which was used for the
paleoseismical study of the cave, in its original place. Finally a restoration
of all the area, in which former visitors smeared mud, has been planned
in order to clean the flowstones and the stalagmite crusts.

C zone: wilderness zone: admittance 1o this part of the cave will be decided
by a Scientific Commission and it will be allowed only for scientific
reserch.

FINAL REMARKS

It is well known that the touristic use of a natural cavity rarely may
accomplish also the preservation of its environment. This is particularly true
when the cave is characterized by a low level of “energy” (as in the case of
the Grotta Grande del Cervo), which correspond to a high level of vulnerabil-
ity (HEATON, 1986; CIGNA & FORTI, 1989).

In the mean time it was incorrect, in our opinion, completely to refuse the
request of the local community looking for the possible touristic exploitation
of this karst area as the sole possibility for their social improvement.

The multifinalized studies carried out in this area created the possibility of
drawing up a management plan in which both the naturalistic and the touristic
requests may be contemporaneously satisfied.

Moreover in this Natural Reserve a new approach to the problem of
visiting a cave was introduced and experimented for the first time in Italy:
the idea is that to keep lights and fixed structures inside the cave to a
minimum and therefore to transform the tourist into a caver at least
partially.

We hope that this trend will be enhanced and spread in the future to the
management of other natural reserves in karst areas.
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KRASKO PODROCJE PIETRASECCA (ABRUZZI, JTALLJA):
PROJEKT ZA NJEGOVO OHRANITEV IN TURISTICNI RAZVOJ

Povzetek

Krasko podrocje Pietrasecca je Ze dolgo znano, saj je ponorna jama Ovito
oznalena Ze na zemljevidu iz 18. stol. 1984 je Gruppo Speleologico CAI
Roma odkopalo vhod v Grotta Grande del Cervo, ki se je izkazala zelo
pomembna za arheologijo, paleontologijo, morfologijo in seizmiko. Zato so se
lotili interdisciplinarnega preucevanja, ki ga je organiziral Italijanski speleolodki
inStitut pod vodstvom Kraske sekcije CNR nacionalne skupine “Fizi¢na geografija
in geomorfologija” in ob sodelovanju znanstvenikov z desetih univerz. 1992 je
lokalna vlada razglasila podrodje Pietrasecce za naravni rezervat.

Kras Pietrasecce je v jugozahodnem hrbtu gorovja Carsoli (Abruzzi) in
obsega okoli 9 km? ozemlja okoli vasi Pietrasecca, na severovzhodu pa je
velika slepa dolina z jamo Ovito. Ta kras grade predvsem zgornjekredni in
srednjemiocenski apnenci. Jamski rovi se lepo ujemajo z geolosko strukturo.
Celotno podrodje je danes en sam hidrogeoloski bazen, ki se drenira proti
jami Ovito in predstavlja skupaj z Grotta Grande del Cervo in izviri pod
Pietrasecco primer 3 km dolgega “hidrogeoloSkega tunela”.

Za Grotto Grande del Cervo so znalilna obsezna rusenja kapnikov pred
okoli 400.000 leti. Z novo analiticno metodo je bilo mogoce prvic na svetu
dokazati, da so bile vzrok temu ruSenju moc¢ne makroseizmiéne periode.
NajstarejSa je nastopila pred ve¢ kot 350 000 leti, najmlajSa pa je identi¢na
s potresom leta 1456.

Vpliv cloveka na ta kras je bil tekom zgodovine zelo majhen, saj je bila
Pietrasecca majhna, izolirana vas. To se je spremenilo Sele z zgraditvijo
avtoceste v meposredni blizini.

V zvezi z razglasitvijo naravnega rezervata in turisticno izrabo se je
pojavilo dvoje temeljnih vprasanj: omejitev podrodja in soZitje varsta s turizmom.
Dolocenih je bilo ve¢ con z razliénimi varstvenimi rezimi in razlicnimi
mozZnostmi turistiCne izrabe.
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Monica Celi: Clovekov vpliv v pogorju Monte Grappa (Beneéijske predalpe, Italija)

Pogorje Monte Grappa pripada Benecijskim predalpam, zgrajenim iz apnencev z dobro
razvitimi kraskimi pojavi, vkljuéno pomembne izvire v dnu dolin. Clovekov vpliv je
vezan na dva glavna dejavnika: na vire in na zgodovinski razvoj. Deforestacija, I
svetovna vojna, pasa, turizem, so spremenili naravne ekosisteme in danes je razmerje
med ¢lovekom in okoljem neuravnove$eno. V primerjavi z drugimi deli Benedijskih
predalp Monte Grappa ni tako zelo degradirana, vendar jo je treba zavarovati, preden
bodo njeni viri nepopravljivo poSkodovani.
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Monica Celi: Aspects of human impact in the Monte Grappa Massif (Venetian
Prealps, Italy)

The Monte Grappa Massif belongs to the Venetian Prealps. It is of limestone and the
karstic phenomenous is well developed, with important springs along valley bottom.
The dynamic of human impact are linked to two principal factors: the resources and
the historical events. The deforestation, the First World War, grazing, tourism have
changed the natural ecosystem and today the equilibrium between man and environ-
ment is instable. The Massif is, among the others Venetian Prealps system, not much
degraded but needs protection before irreparable damages to the resources.
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Italy, Venetian Prealps, Monte Grappa.

Address - Naslov
MONICA CELI
Dipartimento di Geografia
Universita di Padova

Via del Santo n 26

5123 Padova Italy

148



INTRODUCTION

The mountain group of Monte Grappa belongs to the Venctian Prealps
with the other groups: Monti Lessini, Altopiano di Asiago and the group of
Cansiglio Cavallo (fig.1). Each of these groups presents a different aspect of
the human impact evolution. Three principal factors induced these differences:
1) the morphology, which has influenced the possibility for men to penetrate
inside the mountain, 2) the resources, 3) the historical events.

The combination of this factors, but in particular of the last two, has been
very important to determine the actual situation about the human impact on
the Monte Grappa.

SOME NOTES OF GEOLOGY AND GEOMORPHOLOGY

Monte Grappa is bounded by the two river valleys, Brenta and Piave. It
presents to the east a morphostructural uniformity with the Altopiano di
Asiago, broken only by the Brenta valley. Carbonate rocks of Mesozoic age
predominate. From the bottom to the top the massif consists of these
formations: Dolomia Principale of Triassic age, Calcari Grigi (grey limestone)
of Jurassic age, Rosso Ammonitico (red limestone) of upper Jurassic age, and
Biancone (white limestone) of Cretaceous age.

On the upper part scattered till deposits of the quaternary glaciation exist.

The relief of Massiccio is asymmetric, more steep toward the plain (south)
and gently sloping to the inner part of the Alpine Chain.

The geomorphology is typical of karstic landscape. The epikarstic forms
seem not well developed, but there is no surface flow, only dry valleys, and
in the last ten years speleologists have explored more than 380 caves. Eight
of the caves exceed in depth 100 m. The Monte Oro cave reaches 500 m in
depth and a continuation is possible. The development of the caves is strongly
controlled by the tectonic structure. The principal fault directions are two,
NNE-SSW and ENE-WSW.

NOTES ON THE KARST HIDROLOGY

Along border valleys of the massif there are many karstic springs. The 20
principal springs with their discharge are indicated in tables 1 and 2. They
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represent most of the karstic runoff that flows in the massif. Table 3 shows
an evaluation of water balance in this system. About the circulation inside the
Massif and the structure of the karstic system we can suppose a discontinuous
epiphreatic zone. Little basins, influenced by tectonic and local morphological
condition determine the localisation and the discharge of the springs. During
the rainy periods the Fontanazzi di Solagna spring is the highest discharge
one. It is associated with the crossing of the Brenta valley by an important
system of faults, along which there are the Monte Oro caves and others,
about 7 caves with a mean depth between about 50 and 100 m (fig. 2). A
tracing test with fluorescine has indicated a velocity of 34 m/h of flow
between the Monte Oro cave and the Fontanazzi di Solagna spring. There has
not been dispersion of colorant in the nearest springs. In other sites in the
massif the velocity of flow detected was less than 15 m/h.

MASSICCIO MONTE
GRAPPA

Fig. 1
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MAN AND MASSICCIO OF MONTE GRAPPA

The asymmetric relief of Monte Grappa determines an assymmetric dispo-
sition of settlements, which reach medium elevations only toward the inner
part of Alpine chain, or along the valleys. Differing from the other Venetian
Prealps systems in Massiccio of Monte Grappa important settlements never
developed. The human impact was thus limitted, but has some effect on the
ecosystem.

In general the strongest forms of impact, that in past times and today have
partialy degraded the ecosystem of this massif can be summed as:

deforestation and wrong reaforestation, grazing, World Wars, tourism and
new settlements.
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Table 1

Discarge (It/sec) of the 20 principal spring present in the Massiccio
of Monte Grappa.

SPRING Q max_ [Q min [Q mean *
Fener 45
Val Bicadora 26
Valle Ia Pila 43
Molinon 65
Tegorzo 500 300 360
Val Cauca 3 1.5 2.5
Fontana del Moro 1.5 a.5 1.2
Vallonara 3 1 23
Val Carbonaia 1.5 0.5 1.2
Segat 0.1
Lavazg 34 24 273
Molino Benvenuto 14
Vallle della Fontana 35 1.5 2.9
Fontanazzi Cismon 1200 600 800
Val dei Ponti 5
Rivalta 2
Carpane 100
Fontanazzi Solagna 1800 300 800
Col Raniero 0.1

*Qmean = 1/3 Q max + 2/3Q min

Table 2
Year discarge of Monte Grappa springs
SPRING Q m/: 'year
Fener 1419120
Val Bicadora 819936
Valle la Pila 1356048
Molinon 2049840
Tegorzo 11352960
Val Cauca 78840
Fontana del Moro 37843.2
Vallonara 72532.8
Val Carbonaia 37843.2
Segat 347
Lavaze 860932.8
Molino Benvenuto 441504
Vallle della Fontana 91545.4
Fontanazzi Cismon 41352960
Val dei Ponti 157680
Rivalta 523497.6
X3 63072
Fontanazzi Solagna 43541952
Col Raniero 3154
TOTAL 07414804.7
Table 3

Evaluation of water balance for the Monte Grappa karstic system

Precipitation
Evapotraspiration
Surface flow
Dow flow

m¥/year

403187500
156484000
139288696
107414804
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- Deforestation and
wrong reaforestation

The natural vegetation
up to 1600 m was a beech
forest and low elevation
sub-Mediterranean forest,
with Abies and Picea, only
where the local climate
situation was particularly
cold. The important de-
forestation began in 500
A.C., when Teodorico
needed wood to build
1000 ships for his fieet.
The deforestation contin-
ued also during the Ve-
netian Republic, and it
was greater than in the
others Prealps systems, be-
cause this site is nearest
to Venice, and the Brenta
and Piave rivers can be
used for transport. This
degraded irremediably the
soil, with many problems
of hydrogeological dete-
rioration. Another impor-
tant cause of deforesta-
tion was grazing animals.
To create area for pas-
ture many woods were
cleared. The first World
War, had many battles in
the massif, transforming
the upper part into a
desert. Now the situation
is no better. The rea-
forestation in this cen-
tury did not good results,
because instead of the
beech, Abies and Picea
were planted. The soil
became more acid, and
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many species of rare plants and flowers have disappeared. The upper part was
a refuge area for many species during the glaciations and represents an
important and very interesting botanic area. About the karstic areas the
capacity of water corrosion is increased by greater concentration of humic
acids; the soil had less humidity because of larger density of networks. Studies
of the Department of Forest find in this the cause of the very common fires
in the massif.

- Grazing

The grazing now is only temporary; in the upper part (about >500 m)
there are no stock-farms. In past times it was more developed, and large
areas with a lower density of animals were used; today only small areas, well
served by roads, are used with problem of overloading. The other areas, often
better for grazing, have been abandoned. So an important resource has been
wasted, and there are many problems of bacterial pollution of springs due to
overloading particularly during the summer time when the precipitations are
less.

- The war events

The war events have completely transformed large areas in the massif,
particularly near Cima Grappa, the highest summit, where the first line of the
[talian. army was settled. The consequences of these military actions were
complex. The surface acquired different morphology. Aerial ropeways, new
roads and muletracks, trench labyrinths were built . The bomb holes today are
like dolinas and new fractures were created in the limestone, so the natural
karstic processes find a favourable situation (Celi M., 1991). During the
retreats and at the end of the wars much war equipement and ammunition
was left in caves and fissures, with problems of danger and of heavy metal
pollution of karstic system. During the war and at the end, many people
emigrated from the valley to the plain, the consequence was the degradation
of the pastures and particularly of woods. The artificial but, in that context,
good equilibrium between man and the karstic ecosystem was thus irremedi-
ably broken.

- New settlements and tourism

Around the settlements in the valleys and at the foot of the massif
agricultural activities developed principaly in the last three centuries, that used
the mountain upper part for pasture and timber during the summer time.
Many houses with stalls, named “malga”, were built. Today only a few of
these are still used and the others are ruined or are used as inns for tourists.

In Monte Grappa there are only two villages, but many scattered residen-
tial houses, and some hotels without infrastructures like drainage or an
efficient service of waste collection and disposal. Near these new buildings
there are many of the old buildings, now ruins.

The tourism is very different from that in the other Venetian Prealps
systems. The winter tourism is limited by the deficiency of facilities. The ski-

153



Acta carsologica, XXIV (1995)

lift in all the massif are only 8, in the near Altopiano di Asiago are 57. Many
roads are closed for snow, and nearly all hotels are closed in winter. There
is no tourist centre and so the residential tourism is restricted only to the
residential houses or hotels. So particularly the tourism for the young is very
limited; in the massif there are no discos, cinemas or swimming-pools or
others similar facilities like in the Altopiano di Asiago. This is very important
to limit the strong human impact in this ecosystem. But if the impact of the
residential tourism is limited, particularly in winter, in the massif is possible
to find other types of turists. During summer and autumn there are many
sporting tourists: hunters, pickers of mushrooms, excursionists, cyclists with
mountain bikes, speleologists, persons with off-road vehicles, pick-nickers,
“commemoration” tourists and so on. A big problem is the use of off-road
vehicles and mountain-bikes, that have degraded some areas, giving acoustic
and chemical lead pollution. These two types of pollution have negative
consequences on the fauna, particularly during the reproductive period, when
the noises and the lead can disturb the acoustic and chemical signals between
animals.

A very particular problem is today the “commemoration” tourism. During
the summer time, especialy in August, the parking near the shrine of Cima
Grappa is completely full, many cars are parked on the meadow, where the
pioneer vegetation is beginning on the desert left from wars. The facilities
near this important monument are totally insufficient to support the large
quantity of visitors.

FINAL REMARKS

The war events and in general the historical events have been very
important to define the actual state of the relation between man and karstic
ecosystem of Grappa. This area is partly preserved, but a big problem will be
the future. The people will have more free time, and probably also this
territory will be strongly colonised. From many years many people and
naturalist association work to create a protected area, a park, to defend this
particular ecosystem of the Venetian Prealps, but political and economic
interests see in this massif a gold quarry for the possibility to build touristic
and sport centres. The possibility of having protection for the whole massif
appear very remote.
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CLOVEKOV VPLIV V POGORJU MONTE GRAPPA (BENECILJSKE
PREDALPE, ITALIJA)

Povzetek

Pogorje Monte Grappa pripada Benedlijskim predalpam in kaze podobne
geomorfoloske poteze, kot druge predalpske skupine: Altopiano di Asiago,
Monti Lessini, itd. Grade ga apnenci z dobro razvitimi kraskimi pojavi,
vkljuéno s pomembnimi izviri v dnu dolin. Clovekov vpliv je zelo raznolik in
njegova dinamika je vezana na dva glavna dejavnika: na preskrbljenost z
naravnimi viri in na zgodovinski razvoj oziroma dogodke. Deforestacija z
napacno reforestacijo, prva svetovna vojna, pretirana pasa, turizem in moderna
sekundarna bivali§¢a, so globoko spremenili naravne ekosisteme in danes je
razmerje med clovekom in okoljem, ki je bilo v ravnovesju od desetega
stoletja dalje, neuravnoteZeno. V primerjavi z drugimi deli Benecijskih predalp
Monte Grappa ni tako zelo degradirana, vendar je treba njene geosisteme
zavarovati, preden bodo njeni viri nepopravljivo poSkodovani.
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Michel Chardon: Clovekov vpliv na severnem Vercorsu (Francija)

Vercors je krasko sredogorje v francoskih Severnih Alpah. Do zadnje vojne je bil
¢lovekov vpliv na naravno okolje omejen, kmetijsko-pasniSka dejavnost pa je nazadovala.
V zadnjih 50 letih pa turizem, $e posebej v alpskih smucarskih sredi§¢ih, spreminja
pokrajino, gozdove, predvsem pa povriinske in podzemeljske vodne tokove. Avtorjeva
pozornost je usmerjena v najvedji meri na polje Correncon in poredje reke Bourne.
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francoske Severne Alpe, Vercors

Abstract UDK 504.05(44)
Chardon Michel: Man’s impact in the Northern Vercors (Alps, France)

Vercors is a mid altitude karstic mountain in the French northern Alps. Till to the
last war, the human impact on the natural environment was limited, while the agro-
pastoral activities were declining. For 50 years, touristic management specially with
alpine ski resorts is now tranforming the lansdscapes, the areas of forests and mainly
the superficial and subterranean water flows. A special attention is paid to Correngon
polje and Bourne water basin.

Key words: karstology, man’s impact on karst, middle mountainous karst, tourism,
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Dans les Alpes francaises du Nord, le Vercors est un massif préalpin situé
au sud de Grenoble. Les paysages de ce karst de moyenne montagne ont été
bouleversés par les transformations économiques et humaines depuis un siecle.

I - DONNEES GENERALES SUR LE SYSTEME KARSTIQUE DU
VERCORS SEPTENTRIONAL.

C’est une région de moyenne montagne culminant a la Grande Moucherolle
(2285 m). Les arétes sommitales (1800 a 2200 m) dominent une suite de
bassins synclinaux dont Paltitude se place vers 1000 m: Lans, Villard-de-Lans,
Correncon, Méaudre et Autrans. Le drainage superficiel des fonds synclinaux
n’évacue qu'une partic des eaux. L’écoulement souterrain se fait vers des
émergences localisées dans les Gorges du Furon (Sassenage) et de la Bourne
(Goule Blanche, Goule Noire...).

La structure géologique explique cette dualité. L’ossature du massif est
constituée par des calcaires massifs urgoniens, d’dge Crétacé inférieur, plissés
et fracturés. Du fait de leur puissance et de leur continuité (3/400 m), ils
permettent un long drainage souterrain vers les points bas des canyons
karstiques. Les calcaires gréseux et marneux du Crétacé inférieur, les dépots
glaciaires et fluvioglaciaires du Quaternaire, la molasse sablo-conglomératique
miocéne, alimentent des sources de faible débit localisées dans la partie
centrale des synclinaux.

Le climat est frais et humide. Les précipitations sont de l'ordre de 1200
a 1500 mm par an, avec un enneigement de 3 mois vers 1000 m, 6 & 7 mois
sur les crétes. A D’état naturel, le massif parait avoir été un karst presque
enticrement forestier. Aujourd’hui, I’étage collinéen atteint 800 a 1000 m
tandis que le montagnard occupe la tranche altitudinale 800-1500 et le
subalpin (principalement des épicéas) celle de 1500-1800 m. La limite supérieure
de la forét - d’origine anthropique -est floue entre 1800 et 2000 m. Le
caractére forestier et humide explique P'importance de la dénudation karstique
évaluée entre 150 et 200 mm/1000 ans au niveau des émergences de
Choranches (J. J. DELANNOY, 1981). Celle-ci se produit pour lessentiel
dans la partie superficielle au contact du sol et de la roche (MUXART T,
1977). La végétation intervient également dans limportance de la tranche
d’eau écoulée dans le karst (P’) puisque c’est un des facteurs fondamentaux
régulant I'évapotranspiration. D’aprés P. ROUSSET (1983) le déficit d’écoulement
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a Villard-de-Lans (1030 m) serait de 42 % pour un total annuel des
précipitations de 1260 mm. La corrosion karstique de subsurface, en domaine
forestier, représente de 60 a 90 % de la corrosion mesurée aux émergences.
Elle est plus faible sous les prairies d’altitude et dans les zones cultivées.
D’aprés T. MUXART (1977), sous hétraie-sapiniére, la quantité’ de carbonates
dissous est de 90-100 mg/l, soit de 10 a 25 % supérieure a celle des prairies
supraforestieres. Toute modification anthropique aura des conséquences sur le
fonctionnement du géosysteme.

II - L'IMPACT ANTHROPIQUE DANS L’ECONOMIE ANCIENNE
DU VERCORS.

L’occupation humaine commence des la Paléolithique, bien qu’clle devienne
importante seulement a I’époque moderne. Dans l'ensemble du canton de
Villard-de-Lans, elle n’a jamais été forte. Au début de ce sie¢cle la densité de
population était de 18 habitants/km?, trés inférieure & ce chiffre & Correngon
(5 hab/km?). La civilisation agropastorale avait défriché les terres arables des
fonds de vallées et des premiers versants, laissant boisés les ubacs et les
plateaux karstifiés. Elle avait étendu les prairies d’altitude devenues alpages au
détriment de la forét. Celle-ci était utilisée pour le bois d’oeuvre, pour les
scieries, les chantiers et la marine, pour la consommation locale de combus-
tible et la fabrication de charbon de bois. Elle conserve au début du sieécle
un place primordiale couvrant 62 % du territoire communal a2 Correncon, 45
% a Villard-de-Lans de Land, 79 % & Méaudre. Compte tenu de lexistence
des alpages, rochers, la surface en cultures était faible: 20 a 25 % a Villard,
7 % a Correngon.

Quel a été l'impact de ’homme pendant cette longue période ?

- une déforestation limitée et une modification du couvert végétal au profit
des feuillus, diminuant I'érosion karstique.

- lutilisation naturelle des ressources en eau et notamment des sources
jalonnant la bordure des fonds synclinaux, le long desquelles se fixaient
fermes et hameaux (cartes anciennes).

- une pollution des écoulements par les hommes et les animaux.

- une faible utilisation des rivieres et de leur force hydraulique (moulins, forges).

- lutilisation des cavités comme abri et réserve, voire refuge (glaciéres...).
Au total, Yimpact anthropique est limité. L’hydrographie et I'écoulement

tant souterrain que de surface, ne sont pas dérangés. Jusqu’a une époque

récente, des étendues marécageuses, des tourbieres, des fonds de vallées

hydromorphes se transformant en étangs & certaines périodes, ont persisté a

Correncon, dans le val de Lans, prées de Meéaudre et d’Autrans.. Le

fonctionnement du géosystéme ne parait pas avoir été séricusement perturbé

comme semble le prouver 'accumulation des concrétions & Choranches (tufs
de Gournier, dépdts souterrains...).
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III - TRANSFORMATIONS ECONOMIQUES ET

DEVELOPPEMENT TOURISTIQUE DANS LE VERCORS DEPUIS

UN SIECLE

A la fin du XIXéme siecle, le Vercors est une montagne inégalement

anthropisée ou l'installation humaine a composé un nouveau paysage. Avec le
XXéme commence unc révolution économique qui change les données du
milieu. Quels en sont les ¢léments?

La dépopulation rurale commence vers 1850 et s’accentue de 1900 a 1950,
amenant une déprise rurale: réduction des terres labourées et des alpages,
accroissement des surfaces en prairies et foréts. Ce changement se fait
progressivement. De 1900 a 1990 la part de la forét est passée de 62 %
a 75 % de la surface communale a Correngon, de 45 % a 53,4 % a
Villard,

La construction d’une série de prises d’eau, de dérivations et d’usines
hydroélectriques le long du cours de la Bourne a artificialisé les débits et
le régime du cette riviere. Celle-ci n’a plus quun écoulement réduit,
hormis pendant les fortes crues. Son réle morphologique dans le creusement
du canyon (transport, érosion...) est pratiquement nul en temps normal. Le
“pavage” de blocs du lit torrentiel en est le signe apparent, manifestation
de I'état de biostasie du milieu amplifi€é par I'aménagement anthropique,
La révolution économique récente est celle du développement touristique.
Elle s’annonce entre 1920 et 1940 pour connaitre un essor prodigieux de
1960 a 1985. Dans cette partie du Vercors elle repose sur plusieurs
€léments : un tourisme de villégiature principalement en été, un tourisme
climatique pour enfants, des résidences secondaires de plus en plus nombreuses,
et surtout une fréquentation hivernale pour le ski alpin et nordique. En
période de “haute saison” hivernale (février), la population présente sur le
canton de Villard est estimée a 40 000 personnes. Par rapport a la
population résidente (6617 h.) elle est 6 a 7 fois supérieure. Le tourisme
est devenu la premi¢re source de revenus. Un fort équipement en remontées
mécaniques traduit cette évolution: celles-ci forment un réseau dense a
Villard et Correngon entre 1000 et 2000 m, secondaire a Autrans, Méaudre
ou Lans.

Quelles sont les implications d’un tel bouleversement pour le milieu déja

anthropisé du Vercors?

L’extension d’une urbanisation mal contrdlée autour et a I’écart des villages
et hameaux: maisons individuelles, lotissements, immeubles... infrastructures
routiéres et autres. Cela se traduit par une artificialisation du milieu:
emprise du bati, imperméabilisation, création d’écoulements artificiels...,

Une accélération de la déprise rurale: le nombre des agriculteurs se réduit,
la surface cultivée en terres labourables décline, au profit des prairies.
Correncon ne compte plus que 8 exploitations et 272 ha de surface
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agricole utile dont 71 en labours soit 26,1 %. Evolution identique pour
I'ensemble du canton ou les terres cultivées représentent 26,5 %,

- Les exigences du ski alpin (altitude, enneigement pentes...) conduisent a
I'ouverture de pistes en milieu forestier et supraforestier ot Parbre est
¢liminé et le relief naturel modifié. Avec I'essor du tourisme de ski alpin,
le phénomene s’est considérablement développé, pistes nombreuses, plus
hautes, pistes de liaisons... Les besoins en neige, c’est & dire un enneigement
suffisant et prolongé pour assurer la pratique du ski, ont conduit, depuis
plus de 10 ans, a linstallation d'un réseau de production de neige
artificielle, dite neige de culture. D’ou des besoins considérables en eau sur
les versants calcaires ou elle est rare, voire absente,

- La fréquentation - et la surfréquentation - touristique ont accru les besoins
en eau de facon drastique a certaines périodes. Lorsque Villard-de-Lans
compte seulement 15000 personnes, sur la base modérée de 300 litres/jour/
habitant, cela fait 4500 m® par jour soit un débit moyen et constant de 52
litres/seconde. En période d’étiage hivernal ou estival, les ressources
traditionnelles sont insuffisantes,

- Les exigences de ces transformations économiques et sociales dans un
milicu de moyenne montagne ol la plus grande partic de l'eau s’écoule
souterrainement, pose des problemes et entraine des perturbations dans le
fonctionnement du géosysteme karstique.

IV - TRANSFORMATIONS ET PERTURBATIONS DEPUIS UN
SIECLE

Ces mutations ont des conséquences multiples sur les paysages karstiques,
I’écoulement des eaux, la qualité de celles-ci.

1) Transformations paysagéres et leur impact.

a) - Progression de la forét de coniferes

Le déclin de la population agricole et des activités agropastorales, se
traduit par une extension de la forét soit sous forme d’une progression
spontanée et lente soit par un reboisement organisé et rapide. Dans les deux
cas celle-ci profite aux coniféres: pins, €picéas, sapins et mélezes. Ils constitu-
ent des peuplements denses & la périphérie de la zone cultivées, au détriment
de la forét mixte feuillus - coniféres de I’étage montagnard. A la limite
supérieure de la forét, la progression naturelle de celle-ci se fait au profit des
pins, tandis que dans la zone des étages montagnards et subalpins, les
coniferes gagnent de la place naturellement et par reboisements (Villard).
Cette évolution déterminée par '’homme, va dans le méme sens: le karst
forestier s’accroit aux dépends du karst ny et sous prairie. Dans tous ces cas,
le résultat est une acidification des sols, un accroissement de I'agressivité des
eaux karstiques par apport de CO, biologique, de la dissolution de subsurface
et de profondeur. Faute de mesures anciennes, le phénoméne ne peut étre,
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pour linstant apprécié quantitativement.

b} - Dégradations superficielles li€es aux équipements de sports d’hiver

Depuis plus de 30 ans, les exigences du ski alpin et du tourisme ont
bouleversé les paysages forestiers.

Les déboisements divers (routes, pistes, constructions) détériorent le paysage
(saignées, clairieres...). Les arbres ont été éliminés, parfois désouchés a
I'explosif. A Correncon et a Villard-de-Lans (Cote 2000) des couloirs de
déboisement défigurent le paysage forestier de certains versants. Une planimétrie
rapide a permis d’évaluer les superficies déboisées a plus de 110 ha a Villard,
90 a Correngon, 45 a Lans (stade de neige). Avec les communes d’Autrans,
Méaudre... ce sont plus de 3 km? qui ont disparu. Hormis le bouleversement
paysager, les effets pour le karst ont été:

- la destruction de sols de type rendzines. Le ré-engazonnement artificiel,
en dépit d'un concassage des matériaux, n’a donné que des résultats médiocres,
hormis dans les zones basses.

- les formes superficielles du karst ont été arrasées et nivelées qu’il s’agisse
des tables de lapiez ou des dépressions comme les dolines et puits. Le résultat
en est une suractivation de la dissolution superficielle sur du matériau
nouveau et concassé, au détriment de celles de subsurface et de profondeur.
Quant ce matériau est fin et compact, sur les fortes pentes il en résulte un
ruissellement et des ravines.

- la concentration de l'eau et son écoulement ont pu étre modifiés par
I'arrasement du relief, le colmatage complet ou partiel des dolines (combe de
I’Ours, scialets du plateau de Charvet).

- la destruction du couvert végétal et pédologique tend a diminuer
Pagressivité des eaux karstiques, au niveau local.

¢) - Un bilan général

Malgré I'imprécision de certaines données statistiques concernant la forét
(les surfaces boisées tiennent-elles véritablement compte des défrichements du
domaine skiable?). L’avantage est au reboisement si on considére la durée du
siecle: la surface forestiére a progressé de 482 ha sur Villard-de-Lans, de 570
a Correncon..., avec toutes les conséquences énoncées précédemment.

Sur la période des trois derniéres décennies, cette évolution est contrariée,
peut-étre annulée. Le paysage, le fonctionnement local du géosysteme karstique,
les formes de surface sont perturbés par I'impact anthropique.

2) Conséquences sur les écoulements de surface des eaux

Celles-ci sont multiples et leur impact difficile & évaluer, le bassin de
Correncon constituant un cas original.

- La quantité d’eau €coulée dans le karst est accrue de facon sensible mais
difficilement appréciable par l'’enneigement artificiel (30 %?) mais cela ne
concerne qu’un espace restreint et délimité.

- Les captages d’eau effectuées & partir des sources du karst d’altitude
(Vallon de la Fauge) et des bas versants ont privé les écoulements de surface
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d’une partie de leur alimentation naturelle. Il en est résulté un abaissement
du niveau de la nappe dans les fonds de vallée, ce qui a contribué, avec le
drainage, a faire disparaitre les zones basses marécageuses (Lans, Méaudre).

- Le cas du bassin de Correncon est exemplaire. Le fond du synclinal est
constitué de calcaires gréseux (Aptien) de sables et grés glauconieux (Albien)
recouverts en grande partie par des dépots glaciaires et des colluvions.
L’ensemble est fermé au nord par l'escarpement de ligne de faille de
Combeauvieux.

Ce bassin fonctionne comme un poljé “imparfait”. Si les eaux des plateaux
de calcaires urgoniens sont évacuées souterrainement vers la Goule Blanche,
en surface et en subsurface celles-ci convergent vers les zones basses des
Mengots et des Martins, situées de part et d’autre du village et de l’ancien
chateau. Avant le développement touristique, la premiére était occupée par un
lac temporaire dont les caux étaient évacuées de deux facons. Au moment des
hautes eaux, un émissaire franchissait temporairement le seuil pour s’ecouler
vers le nord. Un écoulement souterrain soit profond, soit de subsurface
drainait le fond vers les sources du ruisseau de Correncon, situé plus au nord.
Ce lac était formé par les eaux pluviales des divers talwegs - dont le plus
important était celui du col de Liorin - mais surtout par affleurement de la
nappe phréatique collectant les eaux des formations superficielles et des
terrains du Crétacé supérieur. Cette nappe proche de la surface, donnait une
ligne de sources aux Martins et toutes les fermes s’approvisionnaient en eau
par des puits peu profonds. Méme lors d’étés secs, le village n’a pas manqueé
d’eau: le vallon des Martins est resté une zone humide.

Avec lessor du tourisme, Correngon compte aujourd’hui 264 habitants
permanents, 105 résidences principales et 782 secondaires sans mentionner les
hébergements collectifs. La population présente peut atteindre 3000 personnes.
Des réseaux d’adduction d’eau potable, d’évacuation des eaux usées et de
collecte des eaux pluviales ont été construits. Deux stations pour le pompage
de l'eau ont été édifices 1'une au dessus des Martins et la seconde plus
récente sur le seuil. En évacuant les apports d’eaux pluviales et en prélevant
sur la nappe phréatique, le niveau de celle-ci s’est abaissé: nombre de puits
et de sources ont tari, les fonds humides ont disparu. La construction de la
route du Liorin barrait la dépression des Mengots et accroissait son endoréisme.
La réalisation d’une conduite, le creusement du chenal assurent un meilleur
drainage, d’autant que eaux usées et pluviales (pour une part) sont collectées.
Au total, le talweg se creuse a la sortic du bassin, les eaux étant mieux
évacuées. Le lac temporaire ne se forme qu'exceptionnellement aprés des
pluies diluviennes ou a la fonte des neiges. L’hydrographie comme I'hydrologie
de cette dépression sont devenues artificielles.

a) - Insuffisance des approvisionnement en eau: pompage et recyclage de
I’eau a partir des émergences

Si Correncon, Lans et Autrans disposent de ressources suffisantes et
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proches, il n’en est pas de méme pour Villard, St Nizier et Méaudre. Le
probléme est résolu pour l'instant en captant I'eau des émergences du réseau
profond. Saint-Nizier (1168 m) s’approvisionne aux sources des Arcelles (942
m) sur la commune voisine de Seyssinet. Les eaux sont remontées et stockées.
Méaudre s’alimente dans le réseau souterrain du Trou qui souffle par
pompage a - 324 m (débit horaire maximum de 100 m‘h). Villard-de-Lans est
le cas le plus démonstratif. Toutes les ressources proches €tant utilisées et les
besoins restant énormes, une prise d’eau a été installée & P’émergence de la
Goule Blanche (813 m) dans les gorges de la Bourne. L’eau est pompée
(débit possible 74 l/s) pour étre stockée dans une suite de réservoirs jusqu’a
une altitude de 1700 m. De cette facon sont alimentiés les canons a neige de
la Coéte 2000, les complexes touristiques du balcon de Villard et des Glovettes,
le centre ancien, les villages et hameaux qui gravitent autour de celui-ci.

Quels sont les impacts d’un tel aménagement ?

- La réduction et [Partificialisation des débits des cours d’eau issus des
émergences captées, ce qui est le cas de la plupart d’entre elles. Actuellement
une seule émergence reste a Iétat “naturel”, celle du Bruyant. A Goule
Blanche (débit moyen annuel 2,5 m?sec, jusqua 20 m¥sec en crue), il peut
étre prélevé jusqu’a 0,2 m’ pour l'alimentation en eau et 3,5 m¥sec pour la
centrale hydroélectrique, ce qui constitue, de tres loin, ’essentiel de utilisation.

- Une partie minime de l'eau écoulée sur cette partie du plateau du
Vercors est “recyclée” pour des besoins anthropiques divers: alimentation

“humaine, neige, agriculture... Elle doit étre traitée et surveillée: les pollutions
sont fréquentes, comme I'ont montré des analyses, en particulier au Trou qui
souffle. Ces risques sont accrus lors des fortes averses quand ’eau s’engouffre
dans le réseau souterrain. Celui-ci et ses émergences étant a 'aval des zones
polluantes, toutes les conditions de pollution bactériologique sont réunies.

b) - Les pollutions et leur traitement

Dans I’économie ancienne, les pollutions étaient fréquentes sur les réseaux
karstiques du fait de l'absence de toute installation cohérente et organisée
d’évacuation des eaux usées des habitations, étables, bergeries. Le pastoralisme
en altitude, le pacage libre des animaux sur les prairies et dans les foréts des
plateaux karstiques (avens, puits, glaciéres...), le rejet sans contrfle des eaux
des habitations et des étables, favorisent les pollutions. Longtemps le village
et les hameaux de Saint Nizier ont déversé leurs eaux vers le Pas du Curé
dont le ruisseau avait été transformé en égout, de meme que dolines, avens...
ont été le réceptacle des détritus.

Avec le développement du tourisme, la multiplication des résidences secondaires
et principales (rurbanisation), les pressions des mouvements écologiques, la
quasi-totalité du canton traite les eaux usées.

- Les exploitations agricoles sont équipés de bacs et cuves a fumier.

- Un réscau d’égouts collecte les eaux usées. Villard, Correncon et Lans
ont construit la station d’épuration des Jarrands, Saint-Nizier évacue les
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siennes vers la vallée de I'Isere. Seules quelques localités et fermes isolées ne
sont pas encore reliées au réseau général et disposent de leurs propres
installations (par ex. Les Nobles prés de Villard). Le plus souvent, la gestion
de l'eau a été confiée a une entreprise privée spécialisée.

Cependant tout risque de pollution grave d’origine accidentelle, humaine
ou technologique n’est pas écarté du fait de I'importance de la fréquentation
et des installations touristiques, de la fréquence des travaux de génie civil, du
maintien d’une agriculture intensive sur un faible espace. Les analyses d’eau
dans les réseaux souterrains de Goule Blanche et du Trou qui souffle
prouvent une pollution bactériologique et chimique (nitrates), importante
aprés de fortes précipitations les eaux sont traitées. A Autrans et Méaudre,
elles sont utilisées comme appoint aux périodes de pointe, vu le colt élevé de
production.

L’anthropisation des massifs et la construction de routes, chemins... en
avaient fait un lieu de choix pour des parcours et des compétitions destinées
aux véhicules 4 x 4. Leur interdiction est une mesure de sauvegarde.

CONCLUSION

L’impact de ’homme est ancien. Cependant il a changé de forme et prend
une intensité jamais connue. La création du Parc du Vercors avait pour but
d’inventorier et de protéger cet espace naturel, ce qui est en cours.

Milieu anthropisé, ce karst de moyenne montagne reste vulnérable face aux
entreprises touristiques. Celles-ci bouleversent paysages, équilibres du géosystemes,
écoulements. Milieu plus sensible que d’autres aux pollutions hydriques, plus
fragile du fait d’une reconstitution plus lente de certains écosystemes. Les
aménagements futurs de ces communes devraient étre pensés en tenant
compte de ces données et de la limite d’utilisation des ressources en eau, dans
la perspective d’un développement plus équilibré et a long terme.
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CLOVEKOV VPLIV NA SEVERNEM VERCORSU (FRANCIJA)
Povzetek

Severni Vercors je kraSko sredogorje v Zahodnih Alpah, med 800-2200 m
n.m. Zanj so znacilne kraske in krasko-ledeniSke oblike ter predvsem podzemeljsko
odtekanje voda.

Do 1930 je bila ¢lovekova dejavnost skladna s kmecko naselitvijo: gozdarstvo,
poljedelstvo in paSnistvo. Kljub poljem, paSnikom in alpskim travnikom, kraski
geosistem ni bil moten. Od 1930, $e posebej pa v zadnjih Stiridesetih letih, sta
se ob upadanju kmetijske dejavnosti moéno povecala zimski in letni turizem.
Po 1950 so bile zgrajene Stevilne velike ZiCnice, smucis¢a so se raztegnila do
vrhov in orografskih razvodnic, postavljenih je bilo mnogo novih zgradb. Med
zimskimi pocitnicami se §tevilo prebivalcev povzpne na 40 000, medtem ko je
prebivalis¢ih in predsem po vodi, prihaja do motenj v kraSkem geosistemu
zaradi:

- velikih posek na pobodjih za pripravo smucisc,

- uni¢evanja povrsinskih kragkih oblik in spreminjanja kraske visokogorske
pokrajine,

- vrtanja in ¢rpanja vode iz globokega krasa in velikih izvirov v dolinah,
da bi zadovoljili potrebe po vodi turistiCnih sredisc,

- onesnaZevanja vode in umetnega odvajanja odpadnih voda, kar je
privedlo do vzpostavitve novega, umetnega hidroloSkega sistema.

Proti tem Stevilnim spremembam v kraSkem okolju se ze 20 let borijo
lokalne skupnosti in zveze: z ustanovitvijo “Regionalnega parka Vercors”, z
ustanavljanjem posebnih varovalnih obmodij, z omejevanjem nekaterih dejavnosti,
kot so gradnje, lov, voZnje in tekmovanja s terenskimi vozili in kontrolo
uporabe voda.
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INTRODUCTION

The Reka-Timavo hydrogeologic system, consists of two parts, the first one
surficial and the second subsurficial (Fig. 1). The first corresponds to the
drainage basin (407 km?) of the Reka river (54 km) completely flowing toward
WNW in Slovenian territory over flyschoid formations. Stream losses begin
near Vreme, where the river flows well over highly karstified limestone and
down to S. Canziano aven where losses are total. Starting from this point, the
subsurficial part of the system, named Timavo river, begin to flow under-
ground for 41 km till S. Giovanni di Duino where the watercourse re-appears
at the ground surface discharging by a number of important springs. This is
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Fig. 1 Location of Reka-Timavo System
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one of the main karstic phenomena of Mediterranean region which roused the
interest of ancient and modern scientists (Pliny the Old, Strabo, T. Livius
etc.), from the second century AD up the last century and the present.

In spite of this great interest, the phenomenon is, however, not well
understood from both the scientific and the water resource planning point of
view. On the other hand, it is clear that such a system represents a
noteworthy water supply source, fed not only by the surficial stream going
underground but also by an important diffuse (direct) recharge. It is also
evident that the whole hydrogeologic system is vulnerable to contamination,
quite ubiquitous in both courses.

It is therefore of paramount importance and of extreme urgency to carry
out an in depth investigation aimed at establishing a sound environmental
programme for the recovery and protection of such a valuable water resource.

This work represents a preliminary synthesis of known data with special
reference to the geometry of the system, to its dynamic processes and
qualitative charges which make nowadays the resource itself scarcely exploited.

OUTLINE OF HYDROGEOLOGIC BOUNDARIES

Various sources converge in feeding the ground water flow of the hydrogeologic
system (Fig. 2). Among some subsystems called here external tributaries (Reka,
Vipava, high RaSa and others), the Reka basin is the major contributor. At
the hydrometric station of Cerkvenikov mlin it shows an average yearly
discharge of about 8 m?s, reaching a maximum at about 305 m¥s.

According to IDROGEA (1993), the average value needs to be increased
by 18% for a better estimate of the average discharge contributing to the
subsurficial course. It must be stressed however that the global spring
discharge, even in the case of extreme and prolonged hydrologic low, is of the
order of 9 m¥s (Gemiti, 1984) against the 4.2 m/s recorded under the same
conditions at Cerkvenikov mlin (IDROGEA, 1993). The system must obviously
add a considerable amount of recharge on top of the one supplied by the
losses of Reka river.

In the north and south-east sectors, the boundary of the system corre-
sponds to the stratigraphic contact between limestone of the “Comeno
Platform” and Eocene flysch. From Kacice (limit of outcropping flysch) the
positioning of the boundary towards the east going to Trieste is not clear. It
is however located within Palacocene limestone, where a somehow mobile
ground water divide exists between the Timavo’s structure and that feeding
the springs of Bagnoli, Pisano, etc., SE of Trieste. Towards SW, the hydrogeologic
units boundary continue in a straight line from Trieste to Aurisina and
corresponds to the front of the “Comeno Platform” limestone overthrusting
the complex structure of the Cicarija (Placer, 1981), which comprises the
impermeable terrigenous horizons extensively outcropping along the coast of
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the Trieste Gulf. Such a schematic outline is based on a lot of survey, gauging
and tracer tests confirming the connection between the main surficial streams
and springs.

The identified system (Fig. 2) appears to possess an area of 736 km?® and
the hydrogeologic structure is defined by several interacting rock complexes.
The alluvial complex, formed by recent and present alluvial terrains (north-
west sector, including the middle Isonzo flats), does not influence the
dynamics of ground water. The terrigenous complex comprises Eocene low
permeable marls and sandstones. It behaves as a relative aquiclude in relation
to the carbonate complex and gives a permeability sill (Civita, 1973), super-
imposed northward and underlain in the SE and SW side of the structure.

LEGEND
Alluvional Complex
Terrigeneous Complex
Q Carbonatic Complex
E Marker test based connection
E Main spring
E21 Main taut
[¥] sink hole

| B Groudwater divide
of Timavo lem

Timavo
Spring
Group
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Trieste Guif 7

- . LI T T T TTTITTT

Fig.2 Hydrogeological scheme of karst area
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The carbonate complex is composed of several sub-complexes which exhibit a
similar behaviour and a different degree but the same type of relative
permeability. From the top, the sequence comprises stratified limestone (some-
times marly), thinly bedded limestones, fractured and partly karstified, of
lower Palacocene-Eocene age (40 to 450 m thickness). A thick sequence (300-
1000 m) of Upper Cretaceous massively stratified limestone follows represent-
ing the most important sub complex of the hydrogeologic system. They are
compact but fractured in great blocks and pervasively karstified both in depth
and on the surface. They are underlain by a dolomite sub-complex of Middle
Cretaceous age with a 300 to 600 m thickness.

The dolostone are poorly stratified, little karstified and have a relative
permeability degree lower than that of the overlying limestones. They crop out
in two main sub parallel bands along the Italo-Slovenian border, cut north-
ward by the “Raga fault” (Cucchi & Forti, 1981). As the dolomite complex
constitutes, particularly in the eastern section, an indefinite permeability limit
for the overlying karstic limestone, where the saturated zones of the deepest
active caves are located, it creates variable of conditions for the ground water
flow. Furthermore, the dolomites, being wedged between the two main
calcareous terms, behave as if they were the boundary between two semi-
independent reservoirs, and influence flow directions and velocities in the
highly permeable media.

The series, then, ends, with Middle-Lower Cretaceous limestone (about 300
m thickness) thinly bedded with a medium-high karstification level and high
degree of permeability. Although differentiated, the entire carbonate complex
contain an intense ground water circulation, which is based on a high
ingestion index as well as on a high seepage index.

OUTPUT POINTS OF THE SYSTEM

The hydrogeologic system has a certain number of output points (Fig. 3),
some quite evident other much less or even hidden or not directly observable.
Among those are:

The Timavo spring group, at 2.40 m a.m.s.l, near S. Giovanni di Duino
comprise several resurgences distributed in a wide area but interconnected
underground, taking the period 1972-83, the overall average discharge 30.2 m?/
s (Q,,, 91 m¥s; Q_ 127 m¥/s).

Daily discharge variations can be very sudden (Fig. 4), with rapid growths
reaching 60 m%s in two days or 15 m%/s in less than five days. There are three
main springs (Timavo I-II-II1) closed by regulations bulkheads. Near springs
(Randaccio and Moschenizze) as well as some further ones (Aurisina spring
group) are affected by regulating the Timavo discharge.

At about 500 m northward from the Timavo resurgences is focated the
Sardos-Randaccio spring group, at 2.30 m a.m.s.l. with average discharge 1.9
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m/s (Q_ 1.5m%s - Gemiti, 1984).

Further northward again are located the Moschenizze spring group, along
the narrow valley of the same name, at 1.3 m a.m.s.l, with an average flow
of 0.5 m%s. There is a cluster of 12 springs the main of which is the Molino
spring (average discharge 0.23 m?s - Mosetti, 1966).

The Doberdo springs are NW of the same lake, at 6 to 12 m a.m.s.l. The
average discharge of the main spring is 0.3 m¥s, to which the value of the
other numerous springs should be added, all having high variability index.
Southward of the Daberdo lake a series of sinkholes drains the water toward
Pietrarossa lake (about 1 km southward, 5 m a.m.s.l.). In case of exceptional
flood, the level rises to 5.7 m a.m.s.l. not lining with the Sablici lake, located
about 1 km to SE. Presently, a reclamation canal drains the waters of
Pietrarossa lake and of Sablici springs, with a total discharge of 1.2 mYs.
Along a front of 490 m, § springs constitute the Lisert spring group, located
southward of the lake, at 0.4 m amsl with an average yearly discharge 1.0 m’fs
(Gemiti, 1984). The dye tracing performed by Boegan in 1938 showed that
the tracers, introduced at Sablici lake sinkholes took five hours to reach the
Lisert springs still in high concentration.

[ 1] Timavo Spring 30.2 m3/s
2| Sardos Spring 1.9 m3/s
3| Moschenizze Spring| 0.5 m3/s
4 Sfabhd Spring . 1.2 m3/s
5| Pietrarossa Spring
6| Lisert Spring 1 ms/s
7| Doberdd Spring 0.3 m3/s
8| Aurisina Spring 0.23 m3/s

45| Submarine Spring

r

[==%] Alluvional Complex

errigenous Complex
Carbonatic Complex

s

Adriatic Sea

Fig. 3 Emergence zone of Timavo System
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Fig. 5 Groundwater elevation of Timavo System

The Aurisina spring group is located at sea level, 13 km NW of Trieste,
along a front of 350 m, where a cluster of 9 springs gives a discharge of 0.23
m?/s. Impermeable flyschoid deposits at 3 m below sea level, constitute the
underlying sill. In 1910, a tapping tunnel 263 m long was dug reaching a level
of 0.61 m a.m.s.l. connecting only minor springs but not the main ones. Other
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submarine springs within the Gulf of Trieste (Villaggio dei Pescatori, Cerniza,
Duino) were surveyed and LANDSAT thermographic imagery shown subma-
rine discharges along the coast between Sistiana and Aurisina. Several authors
have advanced the hypothesis of subsurficial linkages between the karstic
structure and the Isonzo plain, taking into consideration both the piezometric
level of the limestone and alluvial aquifers and the presence of Proteus in
some wells located in the Isonzo flats (Mosetti, 1966).

PIEZOMETRIC DATA

Piezometric data of the karstic aquifer are scarce (Fig. 5 ). In the eastern
part of the system an effective saturated zone seems to be lacking, while
siphoning conduits are mainly present as submerged sectors of the draining
network. In this sector the Gabranca cave behaves as inversac with low-water
level at 292 m elevation.

Some km further west, low piezometric levels in the S. Canziano cave are
at 210 m lifting at maximum flood level to 346 m a.m.s.]. (Boegan, 1938).
Only 1500 m NW, in the Serpenti cave (Ka¢na jama), runoff water from the
surficial Reka river flows along galleries fed by a siphon at 182 m and
disappears again at 156 m elevation. During floods, the piezometric levels rise
of about 90 m. In the Trebiciano cave, the ground water appears at 12 m
reaching during floods the elevation of 115 m. Near Prosecco at the Massimo
aven, the low-water level is 3 - 4 m a.m.s.]. Further downstream, at 12 and
7 km respectively from the resurgences, two caves (Cristalli cave and Lindner
cave) which descend to 20 and 5 m elevation a.m.sl. are generally dry,

Maker test Year Intput Place Output V?::/;')ty References
Lithium chiorlde 1907 _|_S. Canziano Timavo springs 164 | Timeus, 1928
Uranine 1908 | Trebiciano Timavo springs 102 | Timeus, 1928
Pechblenda 1909 | S. Canziano Timavo springs 177 | Timeus, 1928
Lithium chloride 1910 | Vipacco River Doberdo springs 104 | Timeus 1928
Uranine 1911 Sablici lake Lisert springs 108 | Boegan, 1938
Tritium 1962 S. Canziano Timavo springs 88 Mosetti, 1965
Tritium 1962 S. Canziano Aurisina springs 52 | Mosetti, 1965
Carbon tetrachlonde | 1982 | Trebiciano Timavo springs 306 [ Gemiti, 1984
Carbon tetrachloride | 1982 Trebiciano Timavo springs 83 | Gemiti, 1984
Carbon tetrachlonde | 1982 | Trebiciano Sardos springs 306 |Gemiti, 1984
Uranine 1987 Sajeviski potok Sardos springs 83 |Habic, 1989
Uranine 1987 Sajeviski potok Timavo springs 25 |Habic, 1989
Rodamine 1987 Rasa Lakovnik Timavo springs 86 |Habic, 1989
Rodamine 1987 Rasa Lakovnik Sablici springs 64 |Habic, 1989
Rodamine 1987 Rasa Lakovnik Sardos springs 136 |Habic, 1989

Table 1
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whereas floods reach piezometric levels of 10 and 30 m a.m.s.]. respectively
(Cucchi & Forti, 1981).

In the Slovenian karst, the Preserska cave, located 13 m from Timavo
springs, present a siphoning zone at 154 m (low-water) reaching 210 m (high-
water). Further west (5 km from the springs) the caves Dolenjca and Drca
reach the piezometric level at 4 and 5 m elevation respectively. High level
fluctuations are gauged in these caves due to consistent recharge rates. In the
Timavo spring area, several caves reach the saturated zone at the same
elevation of the springs, while in the Doberdd sector, the only reliable
piezometric data are the same elevation as the springs (6 - 1.5 m ams.l.).

GROUND WATER FLOW VELOCITY

The ground water apparent velocities, which are calculated by tracing
techniques (Table 1), are generally high (over 100 m/h). Tracing tests from S.
Canziano and Trebiciano have determined during floods flow velocity exceed-
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Fig. 6 Discharge-Temperature plotting of Timavo Springs

ing 300 m/h in relation to discharge rate about 90 m’s (Gemiti, 1984). At
mean-water (32 - 37 m%s) the velocity is reduced to 109 m/h (Mosetti, 1965)
and 164 m/h (Timeus, 1910). During low waters velocities about 90 m/h have
been assessed, while tests performed by Habi¢ (1989) from the north-eastern
limit of the system gave about 80 m/h.

The velocities between the losses of Vipava at Vrtofe and the Doberdo,
Pietrarossa and Sablici springs are, according to Timeus (1910), within 88 and
91 m/h. The few reliable tracer restitution curves (Gemiti, 1984) show a high
peak over a short time with a single restitution pulse characteristic of a
ground water flow mainly based on a main dominant conduit model (Civita
et al. 1991).
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CHEMICAL AND PHYSICAL CHARACTERISTICS OF GROUND
WATER

Water temperatures of the Timavo springs (Fig. 6) show sharp variations
(Tommasini, 1968; 1969; Flora et al, 1990) with cyclical fluctuation around
10°C in winter and a maximum of 13°C in summer. Lower values coincide
with winter floods, while higher temperatures are related to secondary infiltra-
tion, when primary and secondary recharge are at their lowest.

The springs of north Moschenizze (11.8 - 13.8°C, Tommasini, 1969) and of
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Fig. 7 Average monthly temperature (1964-1967)

Sardos (11.2 - 13.1°C, Gemiti & Licciardello, 1977), present a behaviour
similar to the isochronous one of Timavo (Fig. 7). There are, however, no
rapid variations thus confirming a fractures network flow type rather than a
wide conduits flow. Similar data are shown in the Doberdo, Pietrarossa and
Lisert (low of 9.5° in March and 15° in summertime) while for the Timavo
springs the lowest temperature is recorded in February and a summer high of
13°.

The hydrochemical data so far available show marked differences in water
composition at different springs. While the Timavo springs exhibit a rather
particular chemical imprint, different from the others, the water of the
Doberdo, Pietrarossa, Sablici and Lisert springs are similar to but at the same
time different from those of Moschenizze, Sardos, Aurisina, where the chem-
istry indicate the presence of local circuits fed by a complex fracture and
small conduits network, more or less independent from the main system.

It is impossible to verify and quantify the recharge from the Vipava and
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Isonzo rivers to the subsystem of the Doberdd springs. This opinion is also
shared by Flora et al. (1990) taking into consideration isotopic analyses
(limited to the determination of 180 in period Nov. 84 - July 8§8), enhancing
the importance of mixing of different waters.

GROUND WATER RECHARGE AND REGULATING RESERVES OF
THE SYSTEM

The system’s hydrodynamic is highly, but not widely, based on circulation
through large conduits, while ground water reserves are being formed in
various ways and not only by surficial watercourse losses. There exists in fact
a strong secondary infiltration, which is well identified by waters of the Reka
river, penetrating in the S. Canziano cave, as well as in other surficial points
further up stream (assessed average discharge = 9.6 m®[s), by losses from
other rivers (Vipava being the most important with an estimated loss of 1 m¥
s) and from runoff inflow from no-karstic terrains outside the basin. A primary
. infiltration derives from rains (1633 mm/year) over a mature karstic morphol-
ogy with a high index of surficial karstification.

The average recharge through primary infiltration was calculated through a
numerical model HYDRAC (Civita et al., 1984) assembled in raster mode by
a GIS.

Average rainfall were taken by historical records of 14 rain gauges well
distributed in Italy and Slovenia, with elevation’s corrections. The weight of
the average yearly temperature to each cell of the model was also calculated
on the base of two recording gauges, with corrections for elevation and
average monthly rainfall.

The average hydrogeologic balance was competed (Table 2) knowing

INPUT OUTPUT
md/s | Mm3y | Mm3ly | md/s

Surface contribution

of Reka River 9.6 302.7 952.4 30.2 Timavo Springs
Surface contribution 37.8 1.2 Sablici Springs
of Vipacco River 1.0? 31.57
31.5 1.0 Lisert Springs
Recharge of Karst
Area (Infiltration) 20.7 652.2 15.8 0.5 Moschenizze S.
Surface contribution 60.0 1.9 Sardos Springs
of Rasa River ? ?
6.3 0.2 Aurisina Springs

? ? Submarine S.
INPUT 31.3 986.4 1103. 35.8 OUTPUT

[=]

Table 2 Hydrogeologic Balance of Timavo System
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however that such a balance represents more than anything a technical mean
to evaluate the identification of boundaries and of the geometry of the system.
In this case, the difference between recharge and discharge amount to 10%,
a well acceptable value in view of the quality of data and of the often
inconsistent historical records. Such differences in balance can also be ex-
plained by the underestimated losses from Vipava; by the interflow to the
Goritian aquifer in the north-western sector of the structure; by the lack of
gaugings of other losses from small impermeable basins, branching the
structures; by and overestimation of the runoff probably all seeping into high
karstified limestone. The dimensions and geometry of the hydrogeologic
system so identified, can therefore be assured as sufficiently verified.

THE REKA - TIMAVO SYSTEM WORKING

As was said earlier, the Reka-Timavo hydrogeologic system ls., which
embraces a territory of over 1000 km® is made up of a surficial part
corresponding to the Reka and minor drainage basins (Vipava basin p.p.,
Upper Rasa basin p.p., minor drainage basins); and of an extensive hydrogeologic
basin, covering 736 km? for the most part within Slovene territory (534 km?),
whereas the remaining 202 km? lie within the Italian karst.

By integrating the hydrodynamic data obtained from tracer tests with
hydrochemical and thermal data, it is possible to hypothesise the presence of
more or less interconnected subsystems within the general hydrogeologic
system.

The main subsystem is the Reka - Timavo springs one. This is undoubtedly
a complex system in which ground water flows along the main dominant drain
(conduit) during floods and preferrentially along a number of interdependent
drains (conduits) (Civita et al. 1991) during normal and low-water. The
dominant drain is made up of a series of cavities and conduits which link the
losses from the Reka to Timavo emergences. It runs predominantly through
the undifferentiated carbonate complex and is probably conditioned by the
presence, on the bed, in the eastern sectors, of the predominantly dolomite
sub complex characterised by a lower relative permeability. The existence of
a main dominant conduit is demonstrated by speleological explorations, flood
velocity (over 300 m/h) and the tracer restitution curve type characterised by
a single very sharp peak. A further control is provided by the abrupt
variations in the physical and chemical parameters of waters and the striking
changes of flow well correlated to the condition of the Reka and the
propagation times of its flood waves. By subtracting the average isochronous
monthly discharge rates of the Reka from the perfectly correlated rates of the
Timavo springs (Fig. §8), it can also be seen that there is a massive component
of ground water flow which cannot be provided by anything other than the
massive and virtually immediate primary infiltration of congruent rainfall in
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the highly permeable rocks of the karst (Fig. 9). A second dominant drain, of
lesser importance, could be located in correspondence with the Vallone di
Doberdo. It may link the losses from the Vipava with the spring groups of
the Doberdo, Pietrarossa and Sablici lakes, as well as with the Lisert springs
themselves. This hypothesis is confirmed by tracer tests which have provided
relatively high flow velocity, and by chemical and thermal changes in the
waters. Even the limited piezometric measurements confirm the existence of a
gradient (1.3 %) from NNW, with a flow whose direction and velocity are
completely different from that of Timavo, but with distinctly lower discharge.

Within the system, therefore, part of the deep circulation runs through the
dominant drains, in particular at times of high recharge rates, whereas at low
water an incomparably slower circulation becomes preponderant running through
the complex network of interdependent drains. The former interfere in the
said circulation both by powerfully draining the network during periods of
medium water, and by inducing, during flooding, piston-like and retroflexion
actions of the ground water flow which are restricted in time but are
important in quantitative terms when levels within the dominant drains
increase by as much as several dozen metres. It is worth underlining that, at
times of heavy rainfall, the subterranean system becomes enormously over-
loaded, raising the piczometric level from approximately 30 m in western
sectors (Cristalli cave, Lindner cave) to over 100 m in the Trebiciano cave and
in cavities near the sinks of the Reka river. A similar phenomenon exerts a
powerful effect on the overall hydrodynamics of the system, since it slows
down the ordinary flow in the fracture and small-sized conduit network when
it does not even succeed in annulling the ground water velocity and inverting,
even if partially and briefly, the flow directions.

Even if apparently discontinuous, the dolomite sub complex seems to
represent an important clement of hydrogeologic separation between the
southern (site of the Timavo subterranean river) and northern zone of the
karst system. This sector should contain better quality ground water originat-
ing from the substantial contributions of primary infiltration, which are well
distributed across the wide karst area. Before reaching the risings, these were
mixed with the poorer quality waters circulating in the dominant drain, thus
improving the characteristics above all during low-water periods.

The south Moschenizze and Sardos springs are fed by the slower circula-
tion originating from the body of the main aquifer itself (interdependent
drains circulation) as is shown by the relative constancy of chemical and
thermal parameters which are distinctly higher than those of nearby springs.
They are only very marginally influenced by the contribution of main drains,
generally only during periods of considerable discharge when partial mixing
between the various waters take place.

The Aurisina springs, partially linked to the main system as is shown by
numerous tracer tests, are strongly fed by the local flow in fractures and small
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conduits, as shown by the chemical and thermal load which is the highest of
all the system’s outputs (Gemiti & Licciardello, 1977).

The proposed model justifies the existence of mixed conditions, with the
main springs being characterised by accentuated flood peaks (main drains
contribution) but with a high and relatively constant basal flow in the absence
of direct recharge. It also justifies the many reports regarding periodical
turbidity and the hydrochemical differences between the various spring waters.
These differences are small but important to attain an adequate understanding
of the numerous processes that take place in the system.

CONCLUSIONS

To summarise, it is possible to draw a series of conclusions and make a
series of useful suggestions for the full exploitation of the identified resources
and their protection from contamination. For this purpose, it therefore
appears vital:

- to ascertain the existence of good quality ground water resources which
differ from those flowing in the main dominant drain;
to quantify the contamination induced in the system and identify its type
and origin;
to locate the precise and widespread sources of direct and indirect
contamination (brought by surficial contributors);
to make an analytical assessment and zoning of the vulnerability of the
aquifer system.

On the basis of these necessary studies, it will be possible:

- to plan the adequate actions to restore and reclaim the water bodies;
to plan the rational fractionated exploitation of the resource in relation to
its varying levels of quality;
to design the contamination elimination systems and ways to protect the
different parts of the aquifer;
to study the necessary limitation severity to be set on the dominant
territorial system and their graduation over space and time.

In this way it will be possible to achieve the complete recovery of a major
water resource which, if well tapped, exploited and protected, may represent
an outstanding strategic reserve in the immediate future for replacing or
integrating traditional resources in all adjacent areas, in particular those
exposed to a strong depletion or contamination hazard and making possible to
develop new socio-economic opportunity in the border areas.
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HIDROGEOLOSKI SISTEM TIMAVE: POMEMBEN DODATNI
VODNI VIR, KI MORA BITI UPORABLJEN IN ZASCITEN

Povzetek

Hidrogeologki sistem Reka-Timava sestavljata povrSinski (porecje Reke -
407 km?) in podzemeljski del (Timava, 41 km razdalje med ponorom v
Skocjanske jame in izviri pri Devinu). Tako velik sistem je pomemben vodni
vir, ki ga ne predstavljajo le vode ponikalnic ampak tudi padavine, ki padajo
na Kras. Zato so izredno pomembne poglobljene raziskave, ki bodo omogocile
vzpostaviti okoljevarstveni program za varovanje teh vodnih virov. Prispevek
konéuje z vrsto sklepov in napotkov za polno izkoriS€anje znanih virov ter za
njihovo varovanje pred onesnaZzevanjem. Prispevek je predhodna sinteza znanih
podatkov s posebnim poudarkom na geometriji sistema, dinamiki procesov in
kvalitativni obremenitvi, zaradi katerih je danes sistem tako malo izkoris¢an.
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INTRODUCTION

During the last decade, the Prediction Method of the drainage main
directions in karst has proved to be a genuine tool for the study of karst and/
or the quantification of a rocky massif anisotropy.

Applied yet in more than 50 different examples all over Europe, Asia,
America, Oceania, the Arctic and Antarctica, from which the balance has been
made in 1990 of the 33 first cases with excellent results, we think it is time
now to apply it in the Kras-Carso-Karst region, where. the history of this part
of science started last century.

The Reka-Timavo underground river traject seemed to be, for us, the
appropriate place to initiate the application of the Prediction Method in this
interesting region, due to its historical importance.

GEOLOGICAL AND STRUCTURAL CHARACTERISTICS

The underground karst system of the REKA-TIMAVO river develops in a
50 km long, 12 km wide and several thousands meters thick carbonatic massif,
with a SE-NW direction.

The massif consists, from a morphological point of view, in a rather
ondulated platform extending in a NW direction, with levels going from 450
m (in Skocjan) to 100 m (in Isonzo), (Habi¢, 1984).

From a geological point of view, the massif belongs to the denominated
Komen platform (Comeno), strong Cretacious-Tertiary series, mainly of lime-
stone, on which overthrusts the Trnovo, Hrusica and SneZnik tectonic shield
in its NE part. In the SW part, the referred platform also overfolds through
the Ciéerija overlapped structure, over the Capodistria area, one of the
southern Dinaric linements which features the south-west Slovenmia and the
north-east Adriatic area (Placer, 1981).

During the alpine orogenesis, this structure was dislocated as a conse-
quence of the N-S oriented stresses (Alpine thrusts) and NE-SE ones (Dinaric
thrusts).

The mentioned Komen platform is characterized, from a structural point of
view, by a ‘wide anticlinal with a NW-SE axis, complicated by a series of
subparallel folds and some faults. The main ones of them are parallel to the
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main structure, dislocating it partially into small subparallel graben and horst.
Other minor faults perpendicularly intersect the structure generating move-
ments with strike slip components within parts of the anticlinal flank (Fig. 2.-
1.

The anticlinal axis is ondulated and imerses both at the SW (under the
Friulian plain) and at the SE (within the Illirska Bistrica underground).

The lithotypes which form the Komen platform are from the Lower
Cretaceous to the Eocene ages, with a global thickness of almost 4000 m of
carbonatic sequences and nearly 2000 m of flysch sandy-marly levels (Plenicar,
1960).

The Reka-Timavo karstical system develops within limestones, dolomitical
[imestones and Cretaceous-Tertiary dolomites which are very pure, intensively
karstified (probably during the Pliocene age), limited on the sides by the non-
karstified lithotypes of the flysch formation.

More in detail, we would say that the karst of the region is characterized
by a monoclinal vergence - with a NW-SE direction and a 5° to 50° imersion
southwards - complicated on the SE by a series of inverted ondulations and
faults which are subparallel to the main structure axis and on the NW by a
series of differently oriented faults which give origin to some small graben
(Cucchi et al. 1987).

Only a few parts of the Reka-Timavo underground course are known: the
Skocjan ponor, the spring near San Giovanni al Timavo, with medium range
flows of 30 m?s, which comes from the three existing gaps and the shorts
parts of the course which can be reached both at the Abisso serpenti (Kacna
jama) and the Abisso di Trebiciano, the last one has been the world record
of deepness, with 327 m, from its exploration in the XIX century until fairly
late in the XX century.

The Reka-Timavo underground course develops in a NE direction during
at least 40 km according to a hipsographic curve which has a more than 50%o
slope during the first 4 km (from the 323 m a.s.l. in Skocjanska jama-caverna
Michelangelo, to the 88 m a.s.l. in Abisso dei serpenti - Kacna jama). The
following 11 km part of the course has a 7%oc slope (from Kacna jama to
Trebiciano) and the rest of the course, until the San Giovanni al Timavo
spring, only has a 0,5 %o slope (Cucchi, Forti, 1981).

THE PREDICTION METHOD OF THE MAIN UNDERGROUND
DRAINAGE DIRECTIONS IN KARST (ERASO, A., 1985/86)

The underground aquifer circulation within rock massif is established due
to the interconnection of weakness plans systems or privileged fissures, within
a discrete tridimensional net of conducts.

We have got to take into account that in these preferential channels
genesis, stresses operate on the lithologic material, as a consequence of the
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orogenic processes, responsible of the variation of the tensional state.

The stresses are of two types:

- normal or direct (¢), which, in its turn, can be a textensional or a
compressive one, and
- scissors type (1), which, in its turn, can be a dextral or a senistral one.

If we consider the efforts which act on the unitary cubic element,
orientated according to the three cartesian axis, we can distinguish nine
components. Three of them constitute the normal stress and are respectively
parallel to the cartesian axis; the other six correspond to the scissors stress
and each two of them are orthogonal to a main stress.

The action of these stresses permits different reactions which produce
elastic, plastic or fragile deformations of the rock.

Anyway, an efforts tensor can be established, as a result of the joint three
components: hydrostatic effort, deflecting effort and unbalance component, as
well as a deformation tensor, composed by three diferent effects: dilatation,
distorsion and rigid rotation.

Through the study of folds and faults, structural geology permits to
establish the orientation and disposition, in the space, of the three principal
components of the deformation ellipsoid: 61 (major), 02 (medium) and o3
(minor).

Now, on a detailed scale, the possibilities of these components definition
increase in a significant way, analysing the micro-structures and specially the
tectoglyphs which are some traces of the permanent deformation, printed in
the rock, as a consequence of the tectonic efforts.

Among these tectoglyphs point up, due 10 its interest, the following types:

- stylolites joints, .

- veins or mineral dykes, and

- frictional striation in the fault planes.

Each of them has got a genetic significance which makes it usefull to
define the ellipsoid.

The stylolites constitute junctions of the rock discontinuity, where the
material situated on both sides has come closer and has got interpenetrated,
part of it disappearing due to the under pression dissolution mechanism.

Its form, in peaks of parallel orientation, which can be seen when the
junction is open, indicates the direction of shortening. This direction is
statistically orientated, in a coincident way, with the component of the major
axis of the deformation ellipsoid (c,) or, what is the same, the stylolitic
junction is statistically orientated in an orthogonal way to this component.

The limestone veins, quartz dykes or other mineral, constitute discontinuity
junctions/unions in the rock, in which the material situated on both sides got
separated at the same time that the gap got filled, generally, with the
predominant recrystallized material of the rock.

The veins have got a planar morphology, resulting of a traction effort, and
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are statistically orientated, in a coincident way, with the minor component of
the deformation ellipsoid (c,) or, what is the same, the plan of the vein is
statistically ortogonal to the mentioned component.

So we can say that the mineral gets dissolved on the sides when the main
compression effort takes place, and is depositated again in the sides where the
main traction effort takes place. Thus, stylolitic plans and recrystallization
veins are perceptibly orthogonal (when they correspond to the same tectonic
phase).

The friction striations, in the plans of fault, indicate the displacement
suffered by both sides of the referred plan, as a consequence of some
particular scissors type components.

The plan of the fault forms a certain 6 angle with the major component
of the deformation elipsoid (c,). The value of 0, which is generally 30° really
depends on the angle of the rock internal friction, on the massif scale,
according to the relation:

©=90°=-28

Practically, although the plans of the fault present a major continuity in
the space than the stylolites and veins, they don’t constitute true geometric
plans, due to the rock anisotropy and heterogeneity, what produces fluctua-
tions in the average orientation of the referred fault. This is why we need a
major number of observations in order to get reliable statistical values.

Fig. 3.-1, by Arthaud & Mattauer (1969), represents the mentioned
tectoglyphs and their meaning.
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Figure 3.-1  Tectoglyphs genesis.
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These tectoglyphs appear interconnected in the nature, and each of them
can follow any direction with regard to the stratification plan.

We’ll have the more favourable situation to define the deformation ellip-
soid when two or more different tectoglyphs are combined, as we define with
them the main efforts components. The more suitable combinations (Fig. 3.-
2) are the following ones:

a) combined faults,

b) fault- vein,

c) stylolite - vein, and
d) fault - stylolite.

\
HRY

pommm-- ->

Figure 3.-2  Main tensions in combined tectoglyphs.

Thus, since as a massif gets older, the possibility of its having undergone
a large number and variety of stresses increases, the probability to find
different families of tectoglyphs, which present different orientations and
makes it possible to identify their corresponding stresses ellipsoids.

The method needs to know the succession of the tectonic phases and
assign them to different tectoglyphs families which will be used to identify
each and every ellipsoid.

This way, in order to know the relative ages of the tectonic phases, we
havet to find pairs of homogeneous conjunctions, preferably of vein-vein or
stylolite-stylolite types, with the criteria that, in them, the displaced plans are
older than the displacing ones.

As, in a tectoglyphs singenetic family, the ellipsoid components are or-
thogonal ones, we’ll be able to identify each tectonic phase, if we’ve got the
sufficient number of conjunctions.

As for the distensive, elapsing or compressing characteristic of the referred
tectonic phase, we can determine it according to which is the main ellipsoid
component, with the more vertical orientation.

The field work consists in locating the major number of the formerly
mentioned tectoglyphs conjunctions and to measure in them the plan orienta-
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tion and the dip with its vergence.

Thus, as there is a fifth possibility to define the ellipsoid, the localization
of a fault where we can determine the "pitch" and the displacement orienta-
tion, in this case the following parameters have to be registered:

- orientation of the fault plan,

- dip with vergence sense,

- pitch with vergence orientation, and
- displacement orientation of the fault.

In order to identify the tectonic phases, through the normal efforts
directions in the ellipsoids, we will have to make also an inventory of the
homogeneous conjunctions connecting:

- its type (preferably the vein-vein and stylolite-stylolite conjunctions),

- the discontinuity orientation,

- the dip with vergence sense, and

- its relative age (the more modern one is the displacing one).

The more appropriate sites to locate tectoglyphs are the recent anthropic
excavations and, of course, the natural cavities.

The data obtained in the field are computed, in the laboratory, with the
tool which gives the stereographic projections, taking into account that, for
each conjunction, the normal efforts are oriented in a different way.

The stereographic projection is used, for this analysis, using the represen-
tation in the Wulff’s equiangular net and the Schmidt’s equiarcal net.

The measured plans are reflected in these nets by a maximum circle or by
a pole. When we operate with statistically representative data, we can define,
in the space, the existing modes, according to the poles density, quantified
through the Kalsbeek’s net.

To make easier the work, the method has got three computing programmes
(Eraso A., Fernandez Rubio, R., 1990):

- GEORED, which draws the equiareal (Schmidt) and equiangular (Wulff)
stereographic nets, for any inclination angle of the reference sphere axis,
between 0° and 90°

- GEODRE, which computes and draws the position of the elipsoid compo-
nents (o,, 0, and o,), for the tectoglyphs conjunctions and for the unique
fault. This programme gives us the drainage plans, and

- GEOPOL, which calculates and draws, for a determined population of
plans and/or the areas with the same poles concentration, according to the
established percentage chart.

From all the gathered and computed information, the Method (we expose)
determines the threedimensional components of the net of underground
aquifer three circulation channels, applying two hypothesis:

The first, qualitative one:

- the tectonic efforts have shaped both the net of drainage preferential
channels, and the anisotropy of the drainage directions, and
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The second, quantitative one:
- the more probable directions of this drainage are located within the
defined plans, by the
directions of the normal efforts ¢, and o, of each ellipsoid.
With regard to them, the drainage preferential directions are statistically
defined.

APPLICATION OF THE METHOD TO THE REKA-TIMAVO
REGION

The result of the realized field works was 265 measurements of tectoglyphs
or tectoglyphs conjunctions made in 6 different stations:

- Station n° Monrupino with 41 measurements,

- Station n° Basovizza with 48 measurements,

- Station n Aurisina with 28 measurements,
- Station n° S. Pelagio with 55 measurements,
- Station n Sorgenti di Duino with 41 measurements,

- Station n° 6: Skocjan with 42 measurements,

The results obtained as a consequence of the application of the programmes
of the method has got are expressed in the following steps:

1. the prediction given by the method, in three dimensions (6 spheric
gaussians) for each of the 6 stations.

2. the prediction given by the method, in three dimensions, (spheric gaussian)
for the measurements global, with specification of the poles of drainage
plans in each station.

3. 6 histogrammes of the prediction given by the method (in two dimensions)
for each station.

4. Global histogramme (in two dimensions) of the prediction.

5. 3 spheric gaussians (in three dimensions) with indication of the poles
density modes of each principal components (G, ©,, ©,) of the ellipsoids.

The analysis of the whole results leads us to do the following interpretation:
1. The existence of four directional modes of the drainage plans with the

following characteristics:

- a main mode according to NI135° to NI150° with a 15,5 % associated
probability;

- two secondary modes: one according to N60° to N75° with a 12,8 %
probability, another one according to NO° to NI5° with a 11,3 %
probability;

- a (minor) mode according to N90° to N105° with a 53 % probability.

2. The existence of thrusts according to:

- NE-SW, fluctuating from both sides with a 45° inclination, generating
overthrusts,

- N150° (of minor importance) with low angle,

—

)

o
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- vertical one, (vertical ©,) gravitational, generating normal faults,
- vertical ©, generating strike slip faults.

DIRECTIONS OF THE CAVES ACCORDING TO TOPOGRAPHIES

The results of the conducts and caves directions, topographied in the Carso
Triestino, and kept in the archives of "Commissione Grotte E. BOEGAN"
were realized in two dimensions, in 15° to 15° statistical classes. They were
represented in 360° radial histogrammes, having computed a total of 21.689
km underground course, with the following distribution of stations:

- Station R: Valrosandra area with 3.2 km,

- Station B: Basovizza area with 6.5 km,

- Station M: Monrupinc area with 1.6 km,

- Station A: Aurisina area with 7.4 km,

- Station D: Duino area with 2.8 km,

- Global station : with the before mentioned total: 21.689 km,

whose localization appears in Fig.- 5.-2.

COMPARISON OF THE RESULTS

The objective consists, due to the whole available data and results, in
comparing, in a quantified way, the prediction given by the applied method
and the known reality of the topographied karst conducts.

As the correspondence between the tectoglyphs measurement stations (from
1 to 6) and the topographies ones (from A to Global) do not correspond
exactly:

Station 2 partially covers R and B stations,

Station A partially covers 3 and 4 stations,

Station 6 has no correspondence, at the moment, we only made the

comparison between both global histogrammes:

- one corresponding to the global tectoglyphs with 265 measurements, and
- the last box of Fig. 5.-1, with the whole 21.689 km underground conducts.

The process we followed is:

- homogenize the radial histogramme of all the caves (box n° 6) from 0° to
360° at 0° to 180°,

- compare it (from 0° to 180°, yet) with the global tectoglyphs histogramme,

- draw, in two dimensions, from both polimodals, the corresponding cumu-
lative curve, according to the 12 used statistic classes (from 0° to 180°),

every 159,

- superpose the figures of both cumulative curves in order to find the
maximum difference between both of them:

this one belongs to the class 9 (120° to 135° interval) with a 10.1%

absolute value; :

198



A. Eraso & E Cucchi & J. Fernandez & J. A. de la Orden & L. Torelli: Application of the ...

- apply the Kolmogorov statistical test, in order to calculate the maximum
error in the comparison:

10.1%

. <
Y max «/75

- and finally, quantify the statistical accuracy between the prediction given by
the applied method and the known reality:

< 2.92%

ACCURACY GRADE 2 100 - Ymax > 100 - 2.92 > 97.08%

These results are quantified in Table 6.-1.

COMPLEMENTARY COMMENTS

The investigations made in order to write the present work contains the
first steps for the application to the Carso Triestino of the "Prediction method
of the underground drainage main directions", and were completed by authors
who belong mainly to the Trieste University and the Polytechnical University

- of Madrid.

We wish to extend its application on the investigations on the whole Kras-
Carso-Karst region, so we need the participation of scientists from Slovenia
specialized in the study of karst, as the main area belongs to this country.

The first steps were already taken with the monographic workshop held in
Postojna May 31th and June 1st, 1993, organized by the Institut za raziskovanje
krasa ZRC SAZU.
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CONDUCTS TECTOGLYPHS
CLASS INTERVAL L =21.7km N = 265 DIFFERENCE
% ) % Zy 1Xc - XAl
1 0° - 15° 85 85 11,3 11,3 2,8
2 15° - 30° 9,8 183 8,7 20,0 1,7
3 30° - 45° 7.8 26,1 75 21,5 1,4
4 45° - 60° 10,5 36,6 7,5 35,0 1,6
5 60° - 75° 15 44,1 12,8 47,8 3,7
6 75° - 90° 7,8 51,9 3,4 512 0,7
7 90° - 105° 84 60,3 53 56,5 3,8
8 105° - 120° 6,7 67,0 3,0 59,5 7,5
9 120° - 135° 10,5 77,5 7.9 67,4 10,1
10 135° - 150° 84 859 155 82,9 3,0
11 150° - 165° 86 94,5 9,1 92,0 2,5
12 165° - 180° 53 99,8 7,9 99,9 0,1
MAXIMUM ERROR:
T 21

ACCURACY GRADE:

)

100 - %, > 100 - 2.92 - 97.08%

Table 6.-1
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UPORABA METODE PREDVIDEVANJA NAJPOGOSTEJSIH SMERI
ODTOKA V KAMNINI NA PRIMERU PODZEMELJSKE REKE
REKE - TIMAVA

Povzetek

V zadnjem desetletjiu se je “Metoda predvidevanja najpogostej$ih smeri
odtoka v kamnini” izkazala kot pravo orodje za $tudij karbonatnih ali drugih
anizotropnih kamnin. Metodo so uporabili na ve¢ kot 50 razliénih primerih po
vsej Evropi, v Aziji, Ameriki, Oceaniji, Arktiki in Antarktiki. Z “Metodo
predvidevanja” so raziskovalci v ve¢ini primerov dosegli uspeh, v zadnjem Casu
pa tudi potrditev pri¢akovanih razmer v naravnem okolju. Za preizkus metode
so si avtorji izbrali tudi podroje podzemeljskega toka reke Reke med
Skocjanom in Devinom v Italiji.

Raziskovano ozemlje je pretezno karbonatni masiv, ki pripada Trzasko-
Komenski planoti, ki jo karakterizira §iroka antiklinala z osjo v smeri NW-SE.
Apnenci so tam vecinoma kredne in terciarne starosti. Med alpidsko orogenezo
so bile osnovne strukture premaknjene glede na pritiske, ki so delovali v smeri
N-S (alpski narivi) in NE-SW (dinarski narivi).

Tridimenzionalni splet kanalov se v podzemnem vodonosniku oblikuje s
povezovanjem za vodo laZje prehodnih ravnin oziroma pomembnejsih razpok.
Tvorba kanalov ob ugodnih razmerah je posledica litoloSkega stanja, orogenetskih
procesov in tenzijskega stanja kamnine.

Avtorji obravnavajo dva tipa pritiskov:

-normalne ali direktne in

-strizne.

Vhodni podatki za “Metodo predvidevanja” so elementi vpada mikrostruktur
(tektoglifov), med katere uvricajo

-stilolitne Sive,

-kalcitne Zile ali mineralne dajke,

-strije na prelomnih ravninah.

Vsak od navedenih tektoglifov vsebuje namre¢ znalilnosti, s katerimi si
pomagamo izdelati elipsoid.
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Na terenu pridobljene podatke obdelajo naslednji racunalniski programi:
-GEORED, ki rezultate izriSe na Schmidt-ovi ali Wulff-ovi mrezi.
-GEODRE, ki izraduna in izriSe komponentne elipsoida. Rezultat so
ravnine drenaZe.
-GEOPOL izracuna in izriSe pole vnefenih ravnin drenaZze.
Analiza vseh podatkov, pridobljenih z raziskavo, je pokazala naslednjo sliko:
1. Prisotnost $tirih smeri ravnin drenaZe:
-glavna smer s karakteristikami N 135%°do N 150°;
-dve sekundarni smeri s karakteristikami od N 60° do N 75%n od
N ¢° do N 15%
-manj pomembna smer s karakteristikami od N 90%do N 105°
2. Prisotnost narivov z znacilnostmi:
-NE-SW, nagnjen z obeh strani za 459
-N 105° (manj$e pomembnosti);
-navpicen, ki je povzroCil normalne prelome;
-navpicen, ki je povzrocil drsne prelome.
Pri¢ujoca raziskava, ki je nastala v sodelovanju med Univerzo iz Trsta in
Politehni¢no univerzo iz Madrida, je prvi poizkus “Metode predvidevanja
najpogostejSih smeri drenaZe v kamnini” na TrzaSkem krasu.
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Izvlecek UDK 552.55:551.44
Andrey G. Filippov: Jamski gravitacijski sedimenti

V jamah so najobseZnej$i gravitacijski sedimenti. Mogode jih je klasificirati po genezi
na dva nacina: glede na prevladujoci proces in glede na dinami¢no obliko transporta
teh sedimentov. Avtor predlaga klasifikacijo po prvem nadinu, in sicer jih deli na 11
razredov, nekatere razrede pa Se na podrazrede.

Klju¢ne besede: speleologija, jamski sedimenti, jamski gravitacijski sedimenti

Abstract UDC 52.55:551.44
Andrey G. Filippov: Caves gravity deposits

Gravity deposits are the most common sediments in the caves. There are two
approaches to their genetic classification: according to leading process and according
to the dynamic form of their transport. The author propose the classification based
on the first approach. Caves gravity deposits are classified into 11 classes, some of
them are subdivided into subclasses too.

Key words: speleology, cave sediments, cave gravity sediments
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Exploitation of karst caves as excursion objects deals inevitably with the
estimation of steadiness of walls, ceilings and investigation of collapse process.
Gravity deposits are more distributed in karst caves , but their state-of-art is
still under investigation. Considering the influence of gravitation on sedimen-
tation on the whole and on the cave deposition in particular, it is necessary
to recognize that practically all the deposits are “gravity” ones to some extent
- L.e. they have the traces of formation under the conditions of Earth gravity.

However, more vividly and obviously the influence of gravitation in the
caves are shown with the formation of breakdown accumulations and as well
as of deposits forming on inclined sites of floors, walls and at their foots in
result of desplacement of destruction host-rock products under the influence
of their own weight. Gravitation is the only force determining their formation
directly without participation or with insignificant participation of other forces.

Hence, gravity cave deposits are clastic accumulations forming in caves
under the influence of attraction as a result of breakdown, crumbling, slipping,
shifting on inclined sites. In Russian speleological literature there are two
methodological approaches to genetic classifications of cave deposits:

1) division of genetic types and subtypes according to leading process
which prepares and/or stipulates substance release for further gravitation
transfer (for example, thermo- and seismogravity deposits of V.N. Dubljansky,
1977, desquamation accumulations of V.P. Dushevsky, 1989),

2) division according to dynamic form of transport and accumulation of
desintegrated stuff - in other words, the genetic types in conception of E.V.
Shantser (1966) (for example, cave colluvium of R.A. Tsykin, 1985 classifica-
tion, breakdown deposits of G.A, Maximovich, 1963 and D.S. Sokolov, 1962).
Both approaches are correct, and, moreover, they supplement each other.

The following genetic classification of cave gravity deposits based on the
first approach is proposed:

1 - thermogravity;
2 - frozen gravity;
3 - ice gravity, connected with breakdown of:

a) thawing tongues of ice,

b) alien inclusions thawing from ice;
desquamation gravity;

- desquamation corrosion gravity;
6 - hydration gravity;

wn
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7 - crystallization gravity;
8 - corrosion gravity:
a) seepage corrosion gravity,
b) condensation corrosion gravity,
C) aquecorrosion gravity;
9 - deposits initiated by rock pressure which forms at domes (arch) and walls
falling in result of:
a) removal of buoyant force of water,
b) excess of glaciostatic pressure;
10 - seismogravity;
11 - technogenic gravity.

Thermogravity deposits described by V.N. Dubljansky (1977) are formed in
the entrance part of the caves due to daily changes of air temperature. They
are widely distributed. They are built of debris of 1-100 mm size with
admixture of biogenic materials (mammal bones, shells of terrestrial molluscs,
dry leaves, etc.). The thermogravity accumulations which were formed in
kataclastic and kakiritic carbonate rocks, in thin and middle flaggy limestones
are the thickest and are more distributed around the area. The examples of
such caves are Irkutskaya and Aikta in Eastern Siberia.

Frozen gravity deposits are formed in the entrance part of caves owing to
the transition of host-rocks temperature across zero. Debris are mobilized by
the splitting action of ice formed in the result of water freezing. Debris
chipped off host-rock fall down on the floor after ice melting, forming clastic
accumulations . The sizes of clasts depend on the splinterness degree of host-
rocks. Block accumulations are formed in the entrances developing in massive
and thick bedding rocks more than 0,5 m thickness. The example is Stary
Zamok cave on Birusa river, East Siberia. Clastic accumulations with debris of
1-100 cm size appear in the caves developed in the middle and thin flaggy
rocks (Oyusutskaya-9 cave, Yakutia, A.G.Filippov, 1988).

Ice gravity deposits are of debris accumulation character which are formed
in result of breakdown, gliding of some parts of underground and surface
glaciers, "naleds" and the alien inclusions thawing from ice. The last ones are
residual ice gravity deposits. Usually, they are built from debris of host-rocks,
of flowstones and popcorns, of animal bones and trees, and redeposition soil.
Moraines of cave glaciers also belong to ice gravity deposits. As a rule,
pressure and spreaded moraines consist of nonsorted accumulations forming
the base of dirty layers in glacier body (Dmitriev, 1980). A great amount of
plant detritus is found in them. The examples of such deposits are moraines
of Bidginskaya and Vinogradovskaya caves, Kuznetsky Alatau, Siberia (Dmitriev,
1980). Ice gravity deposits consisting of accumulations of ice debris are non-
longlived ephemeral formations. They are formed due to ice collapse in the
result of cave glaciers and naleds melting as well as due to increasing of their
weight by freezing. The example is Scarasson abyss, Italy. M. Siffre (1982)
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described numerous ice falls of this abyss.

Desquamation gravity deposits are formed due to thermal and moisture
interchange between air flows and fissured bed rocks. Alternation of damping
and wasting of rocks brings to flags exfoliation and their falling down to the
floor. V.P. Dushevsky (1989) was the first who discribed such deposits in the
short caves of the Crimea. Desquamation gravity accumulations consist of
flaggy debris with size from 1 mm to the first tens of centimetres. Debris with
the size from 1 to 10 cm prevail in the Crimean caves which are formed in
sandy and marl limestones. Debris with the size from 1 to 10 mm prevail in
the caves which are formed in bedding lime sandstones. Debris with the size
more than 1 cm are accumulated in blind alley parts, where the maximum
velocity of weathering is observed. In the middle parts of the short caves
(between the entrance and blind alley), thin and frail lamellas and crusts
exfoliate. They fall down to the floor reduced to dust and sand.

In many cases, 1t i1s practically impossible 1o distingoish the nfluence of
periodical damping and wasting, temperature weathering and the splitting
action of the frozing water on separation of debris from the walls and ceiling
without special investigations.

Desquamation corrosion gravity deposits are typical to dry-gallery stage of
cave development. They are accumulations of debris of flowstones, crusts of
"aqual" crystals and corallites. Usually, crusts splitting off from walls and
ceilings of caves occur in weakening zones from 5 to 50 mm deeper than the
contact with karst rock. According to data of V.M. Philippov (1987), in
marbles this zone is presented by strongly dissolved cavernous materials with
cavities filled with clay. In the bedded limestone-dolomite rocks these zones
are formed from friable smali-dispersed carbonate-terrigenous substance. Rocks
of dissolution zone posses sharply reduced solidity, which stipulates the
formation of fissures and crust splitting off. The reason of Kkarst rock
lixiviation on the contact with flowstones and other crusts lies in the existence
of more favourable conditions for filtration of waters which are exudated from
karst massive by fissures and pores (Philippov & Ovodov, 1989). The size of
split flowstone crusts varies from 1 to 50 ¢cm depending on initial thickness of
crust, on height falling, on degree of flowstone crushing before splitting, and
on character of the deposits on the floor.

Hydration gravity deposits are formed in the caves which were developed
in gypsum-anhydrite, gypsum-anhydrite-dolomite, anhydrite-aleurolitic and simi-
lar rocks due to hydration of anhydrite. Gypsotization is often accompanied by
increasing of rock volume from 30 t0 67 % (Pisarchik, 1958; Strakhov, 1962).
It makes additional pressure and may cause collapse of cave ceilings and
walls. Increasing of rock hydration causes decreasing of rock solidity and also
favours collapses.

Crystallization gravity deposits are stipulated by crystallization of gypsum
within the limestones from underground waters which are rich in sulphates.
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Such flaggy and splintered accumulations are known in the Mammoth cave,
USA (Ford & Williams, 1989).

Corrosion gravity deposits are formed due to collapse of ceilings and walls
as result of solution of karst rocks. The influence of underground water of
different genesis causes accumulation of nonidentical material. Aggressive
infiltration of descending waters dissolving the rocks along fissures weaken
ceilings. It stipulates collapse of ceilings and appearence of seepage corrosion
gravity deposits on the floor (Argarakanskaya cave, East Siberia).

The dissolution of walls by condensation waters may produce numerous
flaggy and splintered breakdowns in good aerated caves as noted D. Ford &
P Williams (1989). Such condensation corrosion gravity deposits are widely
distributed on the floor of Aya cave in Siberia. These deposits are of marble
crumb, which was formed due to release of calcite grains on ceiling and walls
of the cave as the result of broadening of intergranular cracks by aggressive
condensate waters.

Another kind of condensate corrosion gravity deposits is gypsum “snow”
distributed on the floor of gypsum caves. According to observations of V.A.
Maitsev & LI. Turchinov (1989), the growth of small gypsum crystals (up to
3 mm) take place on ceilings in summer due to crystallization from capillary
pellicle of unsaturated gypsum solution. In winter, under conditions of more
air humidity, the crystalls partially dissolve and completely crumble to the
floor forming the accumulations with thickness up to 5 cm. They are better
studied in Jurinskaya cave in Podolia, Ukraine (Maltsev, 1990).

Aqueocorrosion gravity deposits are formed as the result of corrosion or
corrosion-erosion separation of debris from bed rock, e.g., the separation of
pendants, of overhead covers between cave levels, and of channel walls at
their curves, under conditions of phreatic movement of water flows in siphon
circulation zone. The deposits are rounded or smoothed out blocks with
diameter of 0,3-1,5 m. Usually, it is impossible to find the separating place on
cave roof or the walls. Such blocks were described in Spasskaya, Ledyanaya,
Kolodets, and Kolonok caves on Russian Far East (Bersenev, 1989).

In some cases, gravity deposits in caves are formed when rock pressure
amount exceeds the limits of cave roof steadiness. These phenomena can take
place at the transition of cave from phreatic zone to vadoze zone owing to
removal of buoyant force of water. Drainage of caves is a regular process at
uplifting of karst massives, cutting in of rivers, lowering of ocean and sea level
in glaciation periods, changing of river course, and lowering of underground
water-level as the result of pumpings during exploitation of quarry, mines.
Gravity deposits formed in the result of removal of buoyant force of water
may be determined only hypothetically and in rare cases by detailed studies.

J. Schroeder & D. Ford (1983) suggested that in caves developing under
glaciers the extensive breakdown may occur owing to repeated loading and
unloading of glacier weight plus uneven application of shearing stresses, as
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flowing glaciers have waxed and waned overhead on the example of Castleguard
cave. Probably, release of pressure by spalling is typical of caves in many
formerly glaciated terrains (Ford & Williams, 1989).

Seismogravity deposits were described by V.N. Dubljansky (1971) as break-
down deposits subtype in karst caves and shafts of the Crimea. Criteria
relating to seismogravity deposits are large sizes of blocks (weight to 100-200
thousand ton) and shifted and fallen stalagmites and columns with diameter
4-6 m and length 8-10 m. Undoubtedly, identification of seismogravity deposits
is debatable and rather subjective.

Technogenic gravity deposits are stipulated by economic activity of man
both in caves and on the surface. Technogenic gravity deposits are formed as
the result of breakdown of roofs of halls and of cave passages, as well as
breakdown, pouring out of material from geological organs because of technogenic
earthquakes (explosions in the quarries, etc.), of weight of heavy machinery.
The example of man’s activity in caves s the fayer of {imestone debris on the
bottom of underground river Punkva in Punkevni cave, Czech Republic. This
layer was formed while spalling the rocks from ceiling by blasting operations.

Genetic types of gravity deposits which are similar to surface ones (Manual
on methods.., 1987) may be distinguished according to type of exogenous
process of transfer and accumulation in caves. They are: colluvium (subtypes:
deruptium, desperium); and solifluction formation (subtypes: tardofluxium,
congelifluxium, defluxium).

Deruptium (from Latin “deruptus” - “steep”) is a breakdown nonsorted
agglomerate, built of blocks. They are formed in the result of collapses of
roof, walls, interlevel spaces. Deruptium is especially characteristic for sites of
crossing or close situation of few fissures, It is the most distributed genetic
type among gravity deposits.

Desperium (from Latin “despero” - “to pour”) is talus formed from debris
0,1-1,0 m in diameter. Bad sorting of accumulations is often observed: debris
are smaller in upper part of talus and larger in the lower part. In some cases,
talus is “live,” i.e. it creeps down. In other cases, they are anchored by calcite
flowstones or clays, or seasonally by ice. Formation of desperium is stipulated
by rolling of debris on steep planes (20-40°). It is widely distributed both in
interior parts of the caves, and exterior ones.

There are deposits of warm (defluxium) and cold (tardofluxium, congelifluction)
solifluction formation.

Defluxium (from Latin “defluxe” - “to flow down”) is formed in the result
of clay transfer on vertical or steep inclined walls, more rarely on inclined
floors of caves by action of attraction under conditions of intensive moisture.
Clay deposits with slip ripples on the walls of Kurtuiskaya shaft, Prisajan
territory, Eastern Siberia, are typical examples of this genetic subtype. These
clays are washed away by infiltration water from subsoil layers and are
transported along joints into the cave where they “flow down” by walls
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gradually. ‘

Congelifluction (from French “congelation” - “to freeze”) formations are
deposits formed as a result of desplacement on contact of frozen and melting
rocks under the influence of gravitation. Rocks have tough fluid consistency
on the contact and tough plastic consistency above it. They are formed under
permafrost condition in exterior part of caves on steep parts of passages (10
-30°) in zone of temperature Earth surface influence. Congelifluction forma-
tion often forms rock rivers, the bases of which are frozen into ice or soil
Presence of bent clay layers and lenses is characteristic for small-debris types
of congelifluction cross-sections.

Tardofluxium (from Latin “tardos” - “slow”, “fluxus” - “to flow”) is
solifluction formation formed at slow displacement of tough fluid soils down
cave floors with steepness of 2-10 during variable freezing and melting.
Tardofluxium is found in cave entrance parts in surface temperature influence
Zone.

Gravity deposits are regular and integral components of cave environment
and cave landscapes. In some cases they are of great scientific value,
especially in the exterior cave parts, as a source of information for paleogeo-
graphic reconstruction and as receptacles of palacontological remains.
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JAMSKI GRAVITACIJSKI SEDIMENTI
Povzetek

V jamah, ki so cilj ekskurzij, je treba nujno preuciti tudi stene, strope,
stabilnost in podorne procese. Najve¢ je gravitacijskih sedimentov, vendar ni
dovolj, da zgolj zabeleZimo njihovo stanje. Genetsko jih je mogode klasificirati
na dva nacina: glede na prevladujoCi proces, zaradi katerega nastajajo ti
sedimenti in ki vzpodbuja njihov transport s pomodjo gravitacije, in glede na
dinami¢no obliko transporta in akumulacije razpadlega gradiva. Avtor predlaga
klasifikacijo po prvem pristopu, glede na prevladujoci proces:

1. termogravitacija;

2. zmrzovalna gravitacija;

3. ledna gravitacija, povezana s podiranjem:

a) taljenje ledenih jezikov
b) tujki v ledu, ki pridejo na dan zaradi taljenja ledu;
deskvamacijska gravitacija;
deskvamacijsko-korozijska gravitacija;
hidratizacijska gravitacija;
kristalizacijska gravitacija;
korozijska gravitacija:
a) korozijska gravitacija zaradi pronicujoCe vode
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b) korozijska gravitacija zaradi kondenzne. vode
¢) akvakorozijska gravitacija;
9. gravitacija, nastala zaradi pritiskov v kamnini, vzpodbujena s:
a) prenehanjem sile deroce vode
b) glaciostati¢nim pritiskom;
10. seismo gravitacija;
11. tehnogena gravitacija.
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This report is based mostly on materials which were obtained during 1987-
1990 by Complex Research Speleological Expedition. This expedition was
organized by Dr. A.G. Filippov for research of Pribaikal National Park caves.
During 1987-1989 the archaeological groups of the Archaeology and Ethnology
Laboratory from Irkutsk University under the leadership of Dr. O.I. Goryunova
took part in the expedition. Complementary materials were received as a
result of short field investigation in 1991-1993. Among 56 caves which were
investigated, only 22 contain archaeological artifacts (fig. 1). Beside our own
collections, we analysed collections kept in Irkutsk State Regional Museum
and its branch in Khuzhir settlement on Olkhon Island.

The first archaeological findings in Baikal caves were made by Prince PA.
Kropotkin in 1865 and by Polish exile I.D. Tchersky in 1879 and 1880 . In
1913 and 1916 B.E. Petry who was a founder of “Irkutsk archaeological
school” discovered two cave archaeological sites of V-X centuries A.C. In the
1920s, archaeologists PP. Khoroshikh, I.I. Veselov, and G.F. Debets collected
floor artifacts and conducted insignificant excavations in caves already known.

In the 1940s and 1950s this century, PP. Khoroshikh carried out excava-
tions in a number of caves and published the first generalized papers. He also
made an attempt to define functional appllication of caves. In his opinion, in
the Neolithic period these caves were used as temporal seasonal dwellings. In
later time (in the Iron Age) “some caves which were situated high in the
mountains served as sentry posts and were used by ancient peoples for giving
of fire and smoke signal” (Khoroshikh, 1955).

Interpretation of most of Baikal cave archaeological materials is mainly
based on analogies known from publication on some burial-grounds, multi-
layered stratified settlements-site of ancient people. The interpretation be-
comes complicated due to the absence of distinctive criteria of division of
medieval complexes, especially Turkish and Early Mongolian periods (Konovalov,
Danilov, 1981; Mandelshtam, 1974). The same sites or similar ones were used
for proof of their Early Mongolian (Okladnikov, 1958; Sedyakina, 1965), Early
Buryat (Sarkisov, Svinin, 1978) or Turkish (Konstantinov, 1970) origin.

The majority of Baikal caves containing cultural remains are accessible and
sufficiently applicable for people staying during for long or short times. Some
caves served as caches (e.g., Boro-Khukhan, Kurtun-7, Oktyabrskaya caves)
and as burial-grounds (Vsadnik, Shida caves). Archaeological artifacts as a
rule are situated in light and dry entrance parts of caves. Korallitovy Hall of
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Bolshaya Baydinskaya cave is the only exception as it is sufficiently far from
the surface. People repeatedly attended that Hall from Bronze to the transi-
tional period from Late Bronze to Early Iron Ages (VII-V centuries B.C.).
All the "cave-snares" are sterile from the archaeological point of view.
Some of them contain human bones (e.g. Vologodskogo and Sluchaynaya caves
which entrances are vertical wells). However, the presence of human bones in
these caves should be considered perhaps as consequences of accidents.
The traces of the first human use of Baikal caves are related to Musterian
Epoch. They were exposed in Kurtun-1 cave situated in rocks of Primorsky
ridge. Here there was found remains of a bonfire in the layer of brown clays
with carbonate rocks debris at depth of 0.9-1.0 m. Radiocarbon dating on
wood coal is 4471545740 (CO AH 2902). The location of bonfire remains in
the low mouth part of the hole, which was used in different times by cave
hyena, brown bears, foxes and wolves as a den, allows us to suppose that the
fire was used with the aim of hunting predators. Later, the cave was used as
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Fig. 1. Cave archaeological sites on the west coast of Baikal.
Names of the caves are given on fig. 2.
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a temporary refuge. Separate articles of bone (harpoon, fish-hook, needle-case,
spike, arrow-head) found in this caves preliminary dated to Iron Age, testify
to that.

The next traces of human cave use are related to Mezolithic Epoch.
Bolshaya Ludarskaya cave to the North of Baikal was used as a temporary
refuge 7-8 thousand years ago B.C.

A more widely human exploitation of Baikal caves was related to the
Neolithic Age (the middle of III - the end IV-th thousand years B.C.).
Shamanskaya, Tonta, Skriper, Obukheikha, Uzur caves looked like temporary
refuge-sites, Boro-Khukhan cave was either cache or temporary refuge. Occu-
pations of the caves were sporadic or single. The scanty number of artifacts
witnesses to that. Chronological dating material is represented by grinding
nefrite axes, fragments of ceramic vessels, bone artifacts. Caves with Neolithic
artifacts are distributed in cliffs of Lake Baikal and in two cases on relatively
far distance from the shore (Tonta, Boro-Khukhan caves).

Tonta and Bolshaya Baydinskaya caves were periodically used as temporary
refuges in the Bronze Age (XVIII-XI centuries B.C.). In Tonta cave there
were found a fragment of ceramic vessel and a part of bone spoon. In
Korallitovy Hall of Bolshaya Baydinskaya cave there are remains of fire with
“C dating of 3420425 B.C.(CO AH 2714). Perhaps, clay for ceramic goods
was obtained in this cave because there was found there a bone pick at depth
of 20 cm. Cave clays lie immediately below cultural-bearing layer.

Episodic use of caves by ancient people was observed during the transi-
tional period from Bronze to Early Iron Age (VII-V centuries B.C.). Archaeo-
logical materials from Kadilinskaya, Malaya Baydinskaya and Skriper caves are
represented by single fragments of ceramic vessels. In Korallitovy Hall of
Bolshaya Baydinskaya cave there were found pointed larch stakes frozen into
the base of ancient "naled" with thickness more than 6 m. Radiocarbon dating
obtained on wood is 2710+30 B.C.(CO AH 3047). Later, the entrance to the
Hall was filled with thick "naled". The Hall was again opened in 1984 by
Itkutsk City Grotto cavers who drove a 14-m tunnel in the ice-body. In Tonta
cave numerous fragments of 6 ceramic vessels were found. Perhaps, caves
were used as temporary refuge during this period. Tonta cave was used
repeatedly.

In Earlier Iron Age, only Tonta cave was used by a man as a temporary
refuge. For the first time, on Pribaikal territory Hunna ceramics and a bone
clasp have been found in this cave. This fact is evidence that Hunnu people
stayed in Pribaikal area. This conclusion changes considerably the old view
about northern boundery of Hunnu culture spreading.

More actively, caves were assimilated by Kurikane local people (Turk) in
Late Iron Age (V-X centuries A.C.). Kurikane cultural complexes were
identified in 9 caves of 23 containing archaeological materials (fig. 2). Large
quantities of kitchen waste, numerous remains of bonfire and domestic objects
are cvidence of more continuous use of caves in the Late Iron Age. Most
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likely, caves were used as seasonal dwellings in cold seasons. Some of them
(Kadilinskaya and Skriper caves) were used as signal and sentry posts for
giving of fire and smoke signals when enemies were approaching. Stone walls
- “defensive building” on the surface - are dated the same time too. In
Bolshaya Baydinskaya cave therc are found four unbroken stratigraphically
pure cultural levels. They contain artifacts (fragments of ceramic vessels, iron
arrow-heads and knives) and bonfire remains of Late Iron Age.

The most numerous artifact collection, consisting of many hundreds of
specimens, was received from Kadilinskaya cave. This fact alongside with
rather a large thickness of cultural levels (about 1-1.5 m) rich in bonfire
remains testifies to the use of Kadilinskaya cave as a permanent dwelling or
to regular seasonal staying in it.

Beginning from Early Mongolian period (XI-XIV centuries-A.C.) to Con-
temporary Ethnography period (XVI-XIX centuries A.C.), the use of caves
changed. Caves were connected with ideas about the other world and were
used for burial of people (Shida, Bolshaya Baydinskaya, Tonta, Uzur, Shamanskaya,
Kadilinskaya, Khurganskaya, Vsadnik caves). During that period Kurtun-7 cave
was used as a cache. Remains of a wooden sledge were found in it.

The legends connected with caves and also numerous coins of XVIII-XX
centuries A.C. found in Shamanskaya and Bolshaya Baydinskaya caves testify
to ritual (cult) use of these caves. Shamanskaya cave on Olkhon Island was
the most revered cave on Baikal. In the XIX century it was used as Buddist
(lamaist) temple. Later, a wooden cross was put above Shamanskaya cave. The
icon of St. Nicola-Miracle Man was placed in this cave. An orthodox chapel
was built near it on isthmus of Shamansky peninsula. After the October
Revolution of 1917, Shamanskaya cave was pillaged, the chapel and the cross
were destroyed as were majority of other religious holy things. PP. Khoroshikh
found (1955) a slate plate with carved image of “women-shaman” witnessing
about more earlier worship at the cave by Buryats-shamanists.

According to oral Buryat legends noted by P.PKhoroshikh, the lake water
of Bolshaya Baydinskaya cave was salubrious for eye treatment, and many
Buryats from far distances came to that cave with the hope of miraculous
recovery. Malaya and Bolshaya Baydinskaya caves were considered to be
sacred caves for local Buryat-shamanists. Beginning from the second half of
the last century, Buddism began to penetrate into the Priolkhon area. Lamas
trying to support this sense of holiness, wrote Buddist sacred characters above
the entrances of those marble caves.

At present, caves are attended by numerous non-organized tourists causing
considerable damage to the caves. Only Mechta cave has been used for
organized tourism in 20 years.
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CLOVEK IN JAME V PRIBAJKALJU

Povzetek

Najstarejse sledi clovekove dejavnosti v pribajkaljskih jamah so iz paleolitika
(mousterien - pred ve¢ kot 40 000 let B.P, jama Kurtun 1). Jame so bile
uporabljane tudi v neolitskem casu (konec 3.-4. tisocletja pr. Kr.., jame Boro-
Khukhan, Shamanskaya, Tonta, Skriper, Obukheikha, Uzurskaya, Ludarskaya,
Bolshaya Bajdinskaya). Te jame so bile najbrz obcasna zatoli§¢a ali skrivali§éa
(Boro-Khukhan). Ob¢ani obiski jam so znani tudi iz bronaste (18. - 11. stol.
pr. Kr., jame Tonta in Bolshaya Bajdinskaya) in starejSe Zelezne dobe (jama
Tonta) ter iz zgodnjega mongolskega obdobja (11. - 14. stol. po Kr., jame
Shida, Sagan-Zaba, Tonta). Intenzivneje je ¢lovek uporabljal jame v prehodnem
Casu iz mlajSe bronaste v starejSo Zelezno dobo (7. - 5. stol. pr. Kr., jame
Tonta, Malaya Bajdinskaya, Kadilinskaya, Skriper) in v miajsi Zelezni dobi (5.
- 10. stol. po Kr., 9 jam). Velike koli¢ine kuhinjskih odpadkov, ognjiS€a in
gospodinjski objekti pricajo o kontinuirani uporabi jam v mlajsi Zelezni dobi.
Zacen$i z zgodnjim mongolskim obdobjem pa do moderne etnografske dobe
(16. - 19. stol. po Kr.) so jame povezane s pojmom onostranstva in so jih
uporabljali za cloveSke pokope (jame Shida, Tonta, Bolshaya Bajdinskaya,
Shamanskaya, Uzurskaya, Kadilinskaya).
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The dolomite surfaces in Slovenia cover approximately 2500 km? which is
12 % of the territory of the Republic of Slovenia. Most of the dolomites are
of Triassic age and a tenth of Jurassic or Cretaceaus age. Most of the
dolomite areas are in the pre-alpine areas and on Dinaric plateaus. The land
use of the dolomite regions differs greatly from the one of the karst limestone
and the non-karst areas. A high percentage of meadow areas, which can be
often found on very steep slopes, is rather typical. A growing number of steep
meadows and pastures has lately been abandoned. Thus, it is the dolomite
regions that take the biggest share of surfaces which are in the process of
being overgrown.

In Slovenia, dolomite covers 12 % of all land (see map 1), almost 2500
km?. The majority is of Triassic origin, with some of Jurassic and Cretaceous
origin (see Table 1).

Map 1: Dolomite regions in Slovenia | Karta 1: Dolomitna obmocja v Sloveniji
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Table 1: Dolomite in Slovenia by age

Geological Period Area in km? % of Area
Permian 14 1
Triassic 2153 86
Scythian 35 1
Anisian 307 12
Carnian (mainly Cordevolian) 535 21
Rhaetian-Norian 1146 46
Baca dolomite 130 5
Jurassic 252 10
Cretaceous 83 3
Total 2502 100

The sources for Table 1 are the basic 1 : 100000 scale geological maps. In
some questionable cases when the data on the basic geological maps did not
match, I utilized the newest 1 : 500000 scale geological survey map. In the
scythian layer, the dolomite alternates with limestone and sandstone. The table
considers only dolomite which is particularly distinct on the geological maps.
On the majority of geological maps, lithological links from this period are not
distinguished, and therefore the actual areas of dolomite from this period are
considerably larger.

According to the natural geographical macroregions of Slovenia (Gams,
1992), the proportion of dolomite is quite varied. The smallest is found on
the bottom of the Ljubljana Basin, only 2 %, and the greatest in the Dinaric
karst of continental Slovenia, 20 %. The high Alps and the alpine foothills
account for 15 % each (see table 2).

Table 2: Proportion of Dolomite according to the Natural Geographical
Macroregions of Slovenia in %

High Alps 15
Alpine Foothills 15
Ljubljana Basin 2
Sub-Pannonian Slovenia 5
Dinaric Karst of Continental Slovenia 20
Primorska (Littoral) 5

In the high mountain world, the dolomite regions are distinguished from
limestone areas by major mechanical weathering and therefore much scree is
found here (Sifrer, 1963, Kunaver, 1983). We determined the relationship
between dolomite and land use primarily in the subalpine and dinaric regions.
Here characteristic dry valleys are most typical among relief forms, and
shallow dolines and uvalas also occur. The bottoms of the dry valleys are
naturally filled with periglacial rubble; here the soil is thicker and in the past
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there were cultivated fields here. The slopes of these dry valleys were cleared
for meadows which today are often overgrown. The dry valleys develop
downhill into gullies. In general, dolomite areas are more suitable for
agricultural use because they are less rocky and therefore they have been
cleared to a greater extent than land over limestone. Of course, they are less
intensively exploited for agriculture than areas of various noncarbonate rocks.

According to their relief characteristics, which are also reflected in land
use, dolomite areas differ considerably from karst areas and areas of fluvial
relief. On the survey speleological maps of Slovenia, they are characterized as
partial fluviokarst (Habi¢, 1982). In further work, I attempted to determine
whether differences in land use are significant enough to be reflected in

official cadastral data as well.

With the help of the Register of Territorial Units (ROTE) (Lipej, 1990)
and digitalized geological maps, we divided all Slovene cadastral districts into
three groups according to their dominant type of stone. In the first dolomite
prevailed, in the second limestone, and in the third noncarbonate rocks. In
our analysis we ranked only those cadastral districts where one of the
mentioned types of rock occupied at least two-thirds of the surface area of
the cadastral district. We excluded from our analysis cadastral districts where

unconsolidated sedimentary rocks prevailed (see Maps 2-3).
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Map 2: Cadastral districts where dolomite dominates
Karta 2: Katastrske obcCine, kjer previaduje dolomit
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Map 3: Cadastral districts where limestone dominates
Karta 3: Katastrske obcine, kjer previaduje apnenec

For each cadastral district we calculated the proportion of cultivated fields,
meadows, pastures, and forest in 1953 and 1987 (Kladnik, 1985). When
combined all the data, we were able to calculate average land use for
dolomite, limestone, and noncarbonate rock areas for all of Slovenia.

Table 3: Land use in Slovenia according to type of rock

% field % meadow % pasture % forest
1953 1987 1953 1987 1953 1987 1953 1987

Dolomite 10 8 26 25 15 11 45 53
Limestone 9 7 16 15 22 16 44 49
Noncarbonate 15 11 16 18 13 9 47 52

The first fact we can observe from Table 3 is that there is somewhat more
field on dolomite than on limestone, but there are more significant differences
in the proportions of meadow and pasture. On dolomite we have substantially
less pasture areas than on limestone and rather a larger proportion of
meadow. This fact clearly reflects intensive agricultural exploitation in dolo-
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mite areas compared to limestone karst areas.

Because the official cadastral data followed the changes in land use with
quite considerably delay and we could therefore not get an accurate picture,
we verified the data on a test area with data from the Agrokarta (Germek,
1987). In the framework of the Agrokarta project which goal was the
assessment of current and future use of agricultural land, land use for the
whole country was charted on a 1 : 5000 scale. For several districts there
were data available in digital form on agricultural use according to survey
units and cadastral districts. The computer records also contained data about
so-called pedosequence and categories of agricultural land. For analysis we
selected the Idrija District because it has a large proportion of dolomite area.
The advantage of the data from the Agrokarta is that it also includes
OVErgrown areas.

Table 4: Land use relative to various rock in the Idrija District in 1987
(Source Agrokarta, analysis deals only with agricultural land)

% field % meadow % overgrown
Dolomite 4 89 7
Limestone 2 94 3
Noncarbonate 6 92 1

An interesting finding is that there is a greater proportion of overgrown
land on dolomite than on limestone. This can be explained by the fact that
in contrast to limestone areas, some very steep slopes in dolomite areas were
used for meadows which today are not suitable for mechanized farming. We
achieved similar results in an analysis of land use in the Polhov Gradec hills
(Gabrovec, 1990).
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RABA TAL NA DOLOMITNIH OBMOCJIH SLOVENIJE

Povzetek

V Sloveniji zavzemajo dolomitne poviSine priblizno 2500 km?®, kar predstavlja
12 % ozemlja Republike Slovenije. Vecina dolomitov je triasne starosti,
desetina pa jih je jurske ali kredne starosti. V Sloveniji je najve¢ dolomitnih
pokrajin v predalpskem svetu in na dinarskih planotah. Dolomitna obmocdja se
glede rabe tal precej razlikujejo tako od kradkih apnencastih obmocij kot tudi
od nekraSkih predelov. Znacilen je velik deleZ travniSkih povrSin, ki so pogosto
tudi na zelo strmih pobodjih. Strmi travniki in paSniki na dolomitnih pobodjih
se v zadnjem c¢asu vse bolj opus€ajo. Tako v Sloveniji opazamo, da je najvedji
delez zarasc¢ajoCih se povrSin prav na dolomitnih predelih.
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INTRODUCTION

Several different classifications of speleological objects have been made up
to now. Unfortunately, inconsistencies in some classifications have resulted in
the appearance of several criteria within a single division which in turn gave
rise to different interpretations and provoked confusion among speleologists
and hydrogeologists (Garasi¢,1993). For example, the division into caves, pits,
“ice holes” and potholes in itself contains classification according to the main
channel inclination (caves, pits), according to hydrogeological function (pot-
holes), according to the physical condition of materials in a particular object
(ice, snow) and, finally according to local names.

The intention was to create a universal classification of speleological
objects using speleomorphologic and speleohydrogeologic criteria. Furthermore,
numerous examples of objects investigated in the Croatian karst could not be
avoided. These classifications can be applied in all karst zones of the world
(despite different speleogenesis, tectonics, lithostratigraphy etc.). Classifications
of speleological objects made in 1976 and 1982 (Garasi¢ M. & Cepelak, R.
1976, 1982) served as the starting point for this investigation.

SPELEOMORPHOLOGICAL CRITERIA

The shape of a speleological object (cave) depends on lithologic and
stratigraphic characteristics of the rocks from which it originates (Moore, G.W.
& Sullivan, G. 1978) on the intensity and type of tectonic activity, the
underground water activity, the karstification rate and, finally on speleogenesis
(Alboy, L. 1975, GaraSi¢, M. 1989a, 1989b, Jasinski, M. 1966).

2.1. Types of speleological objects

While studying the features of caves in the Croatian (Dinaric) karst
(Garasi¢, M. 1986, 1987, Garasic, M. & Cvijanovi¢, D. 1985, 1986) I noticed
that their most correct division is based on the main channel inclination
(Cepelak, R. & Garasi¢, M., 1982) since, in this way, the speleological objects,
i.e. all cavities in the Earth’s crust in which a man can be physically present
(Curl, R. 1964, Gvozdeckij, N. 1981), can be divided into caves and pits. It
is essential (according to UIS - Union International de Speleologie) that caves
must be over 10 meters long, while the depth of pits should exceed 5 meters.
Smaller objects are classified only exceptionally if they are characterized by
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some specific features (e.g., if they are found in rocks where their occurrence
is not normally expected or if they are the collapsed parts of some greater
objects, etc.).

Other classification, e.g. into caves, pits, potholes, “ice holes”, sinkholes
etc. could not be regarded as the most appropriate solution since several
criteria are adopted in a single division. The same applies for the classification
according to local names such as zvekaras, bezdankas, semicaves, potholes,pits,..
etc. as these names are in fact synonyms for the same type of speleo-features.

Horizontal speleo-features in Croatia are most commonly formed in zones
of slightly inclined bedded rocks, along horizontal longitudinal faults or, less
frequently, next to nappes.

Vertical speleo-features encountered in Croatia are usually found near deep
reverse faults, anticlines and overturned beds and folds.

Over 7300 speleological objects (caves and pits) are registered in the
Croatian karst region (Fig. 1.) and the data for 5263 of such objects are
considered in this paper (i.e. dimensions, strikes, forms, types, geological and
hydrogeological characteristics, etc.).

2.1.1. Caves

Caves are one type of such speleo-features (Kyrle, G. 1923, Ford, T. &
Cullingford, D. 1976) where the main channel is slightly inclined or horizontal.
Theoretically, caves include all objects whose main channel is inclined from 0
to 45° (rise or dip) (Renault, P. 1970, Martinoff, A. 1976). About 29% (1526)
of all speleo-features encountered in the Croatian karst region are horizontal
speleo features. Some examples are: Drljica Cave (Pazariste, Lika), Dancinova

In Croatian karst there are more than 7300 registered caves and pits. Cave Cavle
in Dalmatia.
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Cave (Radu¢, Lika), Péelina Cave (Mogori¢, Lika), Veternica (Medvednica,
Zagreb), Cave Lipa (Lokve, Gorski kotar), Kustrovka (G.Dubrave, Kordun)...total
: 1526 caves.

The arrangement of caves in relation to hydrogeologic regionalization is
different for individual karst regions (Herak, M. 1976, 1984, 1986). In other
words, most of the caves in Croatia are situated in the Inner Karst region
(over 65 %), while they are less frequently found in the Outer Karst region
(about 24%). Caves are distinguished according to the arrangement of the
main channel and side channels: simple caves, dendritic caves, multi-level
(etage) caves and cave systems.

2.1.2. Pits

Pits are vertical or inclined speleo-features (inclination from 45° to 90° -
rise or dip) (Burke, A. & Bird, E 1966). In the karst region of Croatia the
number of registered pits predominates over the number of caves (3631 pits
= cca 69%). Some examples are: Golubnjaca pit (Podlapac, Lika), pit called
“Jama na Kamenitom vrsku” (Delnice, Gorski Kotar), Martineza pit (Buje,
Istra), Brgud pit (Dragozeti¢i, island of Cres), Vilim pit (Lokvice, Mt.
Biokovo), Trogrla pit (Mt. Dinara), Duple pits (Zrni¢i, Mt. Velika Kapela),
Durinka pit (Kosinj, Lika), Jama u gaju (Kozalj vrh, Kordun), Lukina jama
(Hajducki kukovi, Velebit)...total : 3631 pits.

Their distribution is unequal in different karst areas of Croatia. Pits
account for 76% of all speleo-features in the Outer (Adriatic) Karst belt, and
for approx. 30% of such features encountered in the Inner Karst belt. On
some localities, pits are almost the only speleo-features, i.e. at Stirovata on
Mt. Velebit, Mt. Velika Kapela, on the island of Bra¢. Pirkovaca pit (Ladena,
Mt. Biokovo) from the Outer Karst belt is presented in Supi¢ié, Z. (1981)
work. According to the shape and distribution of the main and secondary
channels, pits can be: simple pits, branching pits, step-like pits and pit
systems.

2.1.3. Combined or complex speleological objects

It is sometimes very difficult or almost impossible to define the character
(type) of a speleo-feature. An object may be a combination of vertical and
horizontal speleo-features where no single feature is predominant (Fenelon, P,
1974, Bogli, A. 1980, Geze, B. 1965, Audetat, M. 1981). For instance, a
speleo-feature with a vertical entrance (pit) may be continued as a cave, while
a speleo-feature with a horizontal entrance (cave) may be continued as a pit
(Trimmel, H. 1968, Trombe, E. 1973). If vertical and horizontal dimensions are
more or less equal, it is impossible to define the type of a speleo-feature. In
such cases, we are dealing with complex or combined speleo-features. Such
objects account for approx. 2% (106) of all objects found in the Croatian
karst and they are linked to the Inner and Middle Karst belt. Some examples
are: “Mijatova jama” pit (Mate$ko selo, Kordun), Kojina cave (Furjan,
Kordun), Zaki¢nica VII pit (Mt. Medvednica, Zagreb), “Vrbanova peé” cave
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(Lovinac, Lika)... total : 106 caves.

The complex speleological object of Mijatova pit (Matesko selo, Kordun)
from the Inner Karst belt is presented in Gara$i¢, M. (1980.).

2.2. Morphological types of speleological objects

Types of speleo-features called morphologic types may be differentiated
according to the shape and distribution of channels in speleological objects.

After analysing the distribution of different morphologic types of speleo-
logical objects in the Croatian karst, it is possible to conclude that simple pits
and caves generally predominate in the Outer Karst belt (Istria, islands, Mt.
Velebit, Mt. Biokovo), that branching speleo-features appear at points where
several joint system meet (especially in the Inner and Middle Karst belt -
Kordun, partly in Mid-highlands of Lika, etc.), and that the level speleo-
features are located in the areas of the neotectonic uplift (Mt. Velebit, Mid-
hightlands of Lika, Mt. Dinara, etc) in the Inner and Outer Karst belt, that
the steplike pits most often appear in areas with the alternation of limestones
and dolomites, i.e. in areas with lithologically and sometimes even stratigraphically
different units (i.e. Pit of Bunovac on Mt. Velebit) in Triassic limestones and
dolomites, Simunova pit on Mt. Mala Kapela - the alternation of the Jurassic
limestones with cherts and dolomites, etc.), that the cave and pit systems are
located in the tectonically very active zones where even hydrogeological
relations are such that several speleo-features are joined into a single feature
(Kordun, Lika, Gorski Kotar).

2.2.1. Simple speleological objects

Simple speleological objects have only one channel (horizontal or vertical)
without secondary ones. Although one might think that simple speleological
objects arc usually of smaller dimensions, it is not always the case: some caves
are more than 200 metres deep (Mamet pit, Mt.South Velebit) and might be
over 400 m long (Kuruzovieva cave, Vaganac, Lika) and are still considered
to be simple speleo-features.

It can generally be stated that such objects originate in compact rocks, and
that their speleogenesis started from one source.

About 20% (1115) of the total number of speleo-features in the karst of
Croatia are simple pits and caves (including abris - rock shelters that are
formed almost exclusively by the sea or lake wave action). Some examples are:
Mamet pit (Stikada, Mt. Velebit), Kuruzoviéeva cave (Vaganac,Lika), Podgradisée
II pit (PraZnice, island of Brad), Semi¢ pit (Semi¢, Istria), Vrtlina cave
(Viso€ica cave, Velebit), Kovaceviceva cave (Praznice, Island Brac), Pecina kod
Plasa (Brinje, Lika), Ponor Susik sinkhole (DreZnica, Gorski kotar), Prazi¢
ponor sinkhole (Zrniéi, Mt. Velika Kapela), Mamulna cave (Bunié, Lika),
Zelena cave (Buni¢, Lika), KarinCica (Karin, Ravni kotari)...total : 1115 caves.

Simple caves and pits are not equally distributed within karst belts: they
are most often found in the Outer Karst belt. The simple cave of Vrtlina on
Mt. Velebit is presented in Pavlicevié, D. (1966), whereas the simple pit
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Podgracis¢e II near Praznice on the island of Bra¢ is shown Garasic,(1974).

2.2.2, Branching speleological objects

Speleo-features with at least one secondary channel of the horizontal or
vertical type are considered a branching type. The size of branching speleo-
features is variable (i.e. from several tens of meters to several kilometers).
Within the total number of speleo-features found in the karst of Croatia, the
branching type is represented by about 30% (1526). Some examples are:
Cerovacka Lower cave (Cerovac, Lika), Gospodska cave (Cetina river spring,
Dalmatia), Rudeli¢a cave (Civljane, Dalmacija), Cave on Gromacki vlak (Dubrovnik,
Dalmacija), Zala cave (Gornje Dubrave, Kordun), Cave near Veliki Kozarac
(Vrbovsko, Gorski kotar), Hajdova hiza cave (Kuzelj, Gorski kotar), Bezdan
pit in Sadilovac (Mt. South Velebit), Pukié¢ caves (TuSice, Lika), Madje pits in
Medacka staza (Mt. South Velebit), Golubnjaca pit (Veliko Rujno, Mt.
Velebit), Gaji¢a cave (Gracac, Lika), Bijela voda cave (Karin, Ravni kotari)...total
1 1526 caves.

Most caves are characterized by a maximum of 3 different joint systems
that are parallel to the cave (pit) channels. Branching speleo-features are most
often encountered in the Inner Karst belt, but they are also frequent in the
Middle Karst belt. In the Outer Karst belt branching speleo-features are less
represented, what is understandable if one takes into account the fact that this
type develops mostly in the horizontal speleo-features that are less common in
the Outer Karst belt. The branching speleo-feature Bari¢eva cave (Licko
Petrovo selo, Lika) located in the Inner Karst belt is presented in Cepelak,
R. (1965).

2.2.3. Level speleological objects

Level speleological objects are the objects where cave channels are devel-
oped in several different levels or floors. Horizontal speleological objects of
this sort are by far more numerous than vertical ones. In the karst of
Croatia, they account for approx. 9% (474) of the total number of the
registered speleo-features. Some examples are: Veternica (Mt. Medvednica,
Zagreb), Cave near Luka (Sica, Kordun), Ostoji¢a cave (Stikada, Lika),
Pivnica cave (Mt of Zumberak), Babina cave (Lovinac, Lika), Lokvarka cave
(Lokve, Gorski kotar), Bibicka cave (Tro$t Marija, Gorski kotar)... total : 474
objects.

Such speleo-features are the most numerous in the Inner and Middle Karst
belt, particularly in the well bedded limestones. Multi-level speleo-features
usually exceed 100 meters in length, while some branching level ones are
more than several kilometers long.

2.2.4. Knee-formed speleological objects

Knee formed speleological objects are those that have two or more vertical
steps. This morphologic type accounts for approx. 40% (2095) of the total
number of speleo-features in the Croatian karst and is therefore the most
frequent morphologic type. This is due to the fact that they are developed
exclusively in the vertical speleo-features (pits) that are more frequent than
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caves. Some examples are: Pepelarica sink hole (Jadovn