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Od redakcji

Po kilkuletniej przerwie przedkladamy czytelnikom kolejny, 11 tom
naszego wydawnictwa ,,Kras i Speleologia”. Dla przypomnienia, szczego6l-
nie mlodszym czytelnikom, podwéjna numeracja, jaka obowiazuje w tym wy-
dawnictwie, jest zwiazana z faktem, iz , Kras i Speleologia” wydawany od
1977 roku przez Uniwersytet Slaski kontynuuje tradycje ukazujacego sie
w latach 1959-1976 w Warszawie wydawnictwa ,,Speleologia”. Obecny tom
jest wiec jedenastym w historii ,,Krasu i Speleologii” i dwudziestym (XX) od
poczatku istnienia ,,Speleologii”. Ponadto w latach 1996 i 1997 opublikowano
dwa numery specjalne , Krasu i Speleologii”’. Byly to monograficzne prace
dotyczace réznych aspektow antropopresji na srodowisko krasowe Wyzyny
Slasko-Krakowskiej. Wraz z catym dorobkiem ,,Speleologii”, obecne wydaw-
nictwo przejeto, jak si¢ okazuje, rOwniez swoja nieregularno§¢. W historii
»Speleologii” byly przerwy w edycji, w tym najdiuzsza pigcioletnia w latach
60. Za aktualng nieregularnos¢ naleza si¢ ze strony Zespotu Redakcyjnego
przeprosiny zaréwno czytelnikom, jak i przede wszystkim autorom, ktorzy
cierpliwie czekali na druk 11 (XX) tomu.

Od czasu ukazania si¢ poprzedniego numeru ,,Krasu i Speleologii” za-
szty zmiany w skladzie Naukowej Rady Redakcyjnej wydawnictwa. Nieste-
ty, z grona cztonkéw Rady odeszli na zawsze dwaj wybitni jej cztonkowie
— Profesor Stanistaw Dzulynski oraz Profesor Vladimir Pano§. Ich pamigci
poswiecone sa wspomnienia zamieszczone w dziale Kronika niniejszego
tomu. W momencie oddawania tomu do druku dotarta do nas smutna wia-
domo$¢ o smierci Profesora Jerzego Liszkowskiego, ktory swoimi wnikli-
wymi recenzjami przez wiele lat dbat o wysoki poziom publikowanych na
famach ,,Krasu i Speleologii” artykutow.

Na zawarto$¢ obecnego tomu sklada si¢ osiem artykutéw naukowych,
cztery krotkie doniesienia naukowe oraz kronika. Tematycznie artykuly sa
zZwiazane z trzema nurtami badawczymi w krasologii i speleologii — morfoge-



12 Od redakcji

neza, speleogeneza oraz hydrologia obszaréw krasowych. Catos§¢ rozpoczyna
przegladowy artykul Profesora Jeana Nicoda, dotyczacy dorobku szkoly fran-
cuskiej w badaniach morfogenetycznych i speleogenetycznych. W 2004 roku
mingto 10 lat od daty nadania temu uczonemu, nestorowi krasologii fran-
cuskiej, doktoratu honorowego przez Uniwersytet Slaski.

Z powodu wyjatkowo dtugiego cyklu wydawniczego w tomie 11 zrezy-
gnowano z tradycyjnie prezentowanych na tamach ,,Krasu i Speleologii”
sprawozdan z odbytych konferencji naukowych, szczegélnie corocznej
,»Szkoty Speleologiczne;j”, organizowanej od polowy lat 70. przez Uniwer-
sytet Slaski. W przygotowywanym do druku kolejnym tomie pragniemy po-
wrocié do tego zwyczaju i w dziale Kronika bgda zamieszczane krotkie spra-
wozdania z konferencji krajowych i zagranicznych oraz recenzje wazniej-
szych publikacji.

Od tego tomu w pracach Naukowej Rady Redakcyjnej ,,Krasu i Speleo-
logii” uczestniczy¢ beda: Pavel Bosak z Czeskiej Akademii Nauk w Pradze
oraz Jacek Motyka z Akademii Gémiczo-Hutniczej w Krakowie. Radzie prze-
wodniczy Jerzy Glazek z Uniwersytetu im. A. Mickiewicza w Poznaniu.

Na koniec wypada wyrazié¢ nadziejg, ze po perypetiach ostatnich kilku
lat Zesp6l Redakcyjny szybko przygotuje nastgpny tom, ktory ukaze sig
drukiem w najblizszych miesiacach.



Editorial

After several years of break we present to readers next, 11 (XX) volume
of “Kras i Speleologia”, issued by the University of Silesia. To remind,
particularly younger readers, double numeration that binds in this publica-
tion is a result of fact that “Kras i Speleologia” issued since 1977 by the
University of Silesia there is continuation of ,,Speleologia” published in years
of 1959-1976 in Warsaw. So, present volume is eleventh in history of “Kras
i Speleologia” and twentieth (XX) from the beginning of “Speleologia”. In
years 1996 and 1997 two supplements of “Kras i Speleologia” were issued
additionally. There were two monographic publications concerning with
human impact on karst of Silesian-Cracow Upland.

With whole possessions of “Speleologia” our issue, as it turns out, it has
taken over along its irregularity also. In history of “Speleologia” edition there
were breaks, with longest five-year in the 60-ties. For actual irregularity the
Editorial Staff owe readers and especially authors, who patient waited for
print of this volume, apology.

Changes have reached Editorial Board since former issue of “Kras i Spe-
leologia”. Unfortunately, two prominent members of the Board — Professor
Stanistaw Dzulynski and Professor Vladimir Pano§ deceased last years. In
the Chronicle of this issue there are in memoriam of both former members
of the Editorial Board. Sad message about death of Professor Jerzy Liszkow-
ski has reached in moment of giving the volume for printing. His insightful
reviews for many years looked after high level contributions published in
“Kras i Speleologia”.

There are eight scientific papers, four short scientific notes and chronic-
le in 11(XX) volume of “Kras 1 Speleologia”. Papers are connected with three
currents in karstology and speleology — morphogenesis, speleogenesis and
hydrology of karst terrains. Overall review of achievements of French scho-
ol of karstology in the decade of nineties, by Jean Nicod has been placed



14 Editorial

at the beginning of the issue. It has passed in 2004 ten years from date when
Professor J. Nicod, elder of French karstology, has been conferred as docror
honoris causa of the University of Silesia.

Because of exceptional long publishing cycle in this volume we resigned
to publish in “Kras i Speleologia” 11(XX) reports on conferences, especial-
ly on annual Speleological School, organized since seventies by the Univer-
sity of Silesia. In next volume, being edited now we want to back to this
tradition and in Chronicle will be published conference reports and book
reviews.

We want to inform that with this issue in the Editorial Board of “Kras
i Speleologia” will involved new members — Professor Pavel Bosak (Czech
Academy of Science in Prague) and Professor Jacek Motyka (AGH — Uni-
versity of Science and Technology in Cracow). Professor Jerzy Glazek (Uni-
versity of A. Mickiewicz in Poznan) will chair the Board.

It should to hold out hope finally that after vicissitudes of last few years
Editorial Staff will prepare fastly next volume, which will publish in coming
months.
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Prace Naukowe Uniwersytetu $laskiego nr 2364

Jean Nicod*

Karsts, paléo-géomorphologies,
paléo-environnements — panorama sur une
décade (1991-2001) de recherches en France

En remerciements a ses Amis polonais qui lui ont fait connaitre le splen-
dide paléo-karst d’Ogrodzieniec.

Contenu: On arecensé les théses et articles sur les recherches géomorphologiques
récentes, et particuliérement étudié les problémes des surfaces d’aplanissement, des
reliefs résiduels (Kuppenkarst hérité), et des étapes d’incision des canyons, prin-
cipalement par comparaison de six secteurs récemment étudiés: Arbailles (Pyrénées
occidentales), Causses du Quercy et Périgord S, Larzac, Plateau de Montrieux,
Grand Canyon du Verdon, haut plateau des Coulmes (Vercors).

Les analyses effectués dans les dépots des dolines et poches diverses ont permis
de préciser les notions de crypto-corrosion et «fantomisation», et d’expliciter leur
role dans la genése des aplanissements, et dans le dégagement (ou 1’exhumation
dans certains cas) des reliefs résiduels du karst tropical hérité.

L’étude des sédiments dans les paléo-cavités, et les datations isotopiques ob-
tenues sur leurs concrétions et sur les travertins permettent de préciser les stades
d’incision de quelques canyons. L’évolution des formes est commandée par la
position du niveau de base, en fonction des conditions tectoniques, eustatiques (dont
la crise messinienne) et des alternances englacement/déglacement dans les Alpes
du Nord.

Au cours de la décade qui vient de s’achever, 13 théses de géomorphol-
ogie karstique' ont été soutenues sur des karsts de France, de nombreux

* Docteur honoris causa de ’Université de Silésie.
' Théses d’Etat* (ancien régime) et d’Université de Géographie physique de P. Ambert¥,
Ph. Audra, L. Bruxelles,JJ.Delannoy*, P. Gamez F. Hoffmann, S. Jaillet,R. Maire*,

2 Kras i Speleologia



18 Jean Nicod

articles ont été publiés (particuliérement dans Karstologia), et plusieurs
rencontres ont été organisées, de Bordeaux en 1992 4 Mende en 1999. 11 est
opportun de dresser un bilan, que nous limiterons aux recherches nouvelles
sur les paléokarsts et les paléo-environnements.

Orientation des recherches

En effet, dans les décades précédentes, on avait privilégié 1’analyse et
’interprétation des paysages et 1’étude du fonctionnement hydrologique et
hydrochimique du karst. Dans le cadre des recherches effectuées au titre du
Groupe Procope (Aix-Tiibingen), nous nous étions particuli€érement préoc-
cuppés du rdle de la crypto-altération dans la genése des aplanissements et
des reliefs résiduels (Nicod et Salomon, 1990; Nicod, 1992b; Salomon
et al., 1995). La thése de R. Maire (1990) a ajouté un nouveau mode
d’investigation: 1’analyse et la datation des dépots endokarstiques (Galerie
Aranzadi a la Pierre Saint-Martin) comme moyen d’étude de la structura-
tion des réseaux, et de la succession des paléo-environnements.

Par ailleurs a I’'URA 903 du CNRS (a Aix-en-Provence), sous I’impulsion
de J.Vaudour, des études ont été menées sur les formations travertineuses
comme marqueurs du fonction-nement du géosystéme karstique et des paléo-
environnements naturels ou anthropisés.

Ces orientations nouvelles élargissent le champ de la géomorphologie
karstique et ses relations avec d’autres disciplines. Elles ont été rendues
possibles par le recours a de nouveaux moyens d’analyse (spécialement les

Ph. Martin, JP.Pellegrin, Y. Perrette, J. Rodet*, N. Vanara. On peut ajouter a cette liste
les theses de Géologie ou Hydrogéologie de E. Gilli, Ph. Gombert, M. Puig qui contiennent
d’importants chapitres de géomorphologic. Toutes ces théses sont consacrées, au moins en partie,
2 des karsts frangais. Mais celles de Ph. Audra, J.J. Delannoy et R. Maire, toutes trois
consacrées 2 des karsts de montagne, ont un champ d’investigation plus général; il en est de méme
de celle de Joél Rodet sur les Karsts de la Craie.

Sur le plan épistémologique, il faut souligner I'intérét de theses et d’ouvrages consacrés a des
karsts tropicaux: la thése de A.M. Heraud-Pina (1996) sur le Yucatan, les deux Karstologia
Mémoires Gebihe 89 et Donghe 92 sur les karsts de Chine du Sud, et I’ouvrage «Enregistreurs et
Indicateurs de I'Evolution de I’Environnement en zone tropicale» (Bordeaux 1994).

De trés nombreux articles ont été publiés sur ces sujets, spécialement dans Karstologia, et dans
Travaux de Géographie physique (Aix-en-Provence, publication de 'URA 903 du CNRS, dissoute
en 2000).

Des discussions sur le terrain ont eu lieu lors des rencontres annuelles de I’ Association Frangaise
de Karstologie (A F K), et surtout lors de deux Colloques, Karst et évolutions climatiques (Bor-
deaux 1992) et «Karst 99» (Mende 1999) dont les travaux ont été publiés.
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datations isotopiques et les spectres paléomagnétiques). Certaines sont sus-
ceptibles d’application (travaux de Génie civil, protection des aquiféres), ou
rentrent dans le cadre de recherches pluridisciplinaires sur 1’étude des sites
archéologiques et la protection de I’environnement.

Comme les études sont nombreuses, les orientations multiples et les
méthodes d’approche variées, nous nous limiterons a I’examen des recher-
ches nouvelles sur I'utilisation des dépots comme marqueurs des paléogéo-
morphologies et paléo-environnements (Tabl. 1), en essayant de faire le
point sur les divers secteurs de recherche, et de montrer les relations
multiples entre les processus. Nous choisissons de privilégier ce théme, tant
en raison des acquis nouveaux, que de notre propre expérience des
problémes abordés.

Répartition régionale des études

On peut les classer en trois catégories:

— Les études régionales, larges et comparatives, soit en associant les divers
¢léments géomorphologiques d’une région (Causses-Languedoc — Am-
bert, 1991), soit en étudiant des unités karstiques similaires (Karsts de
la craie — Rodet, 1991), ou en comparant des karsts frangais et étrangers
(Vercors-Cordilléres Bétiques — Delannoy, 1997).

— Les études centrées sur une unité karstique typique: en ce qui concerne
les paléo-morphologies les théses récentes sur les Arbailles (Vanara,
1998) et sur le Larzac (Bruxelles, 2001) me semblent avoir particuliére-
ment développé ce théme, en utilisant les techniques d’analyse les plus
variées sur les dépdts corrélatifs.

— Les études thématiques inaugurées par Ph. Audra (1994) sur la genése
des grands réseaux souterrains dans les karsts alpins ont offert 1’avantage
de permettre I’utilisation de méthodes de recherche spécifiques sur un
probléme: elles évitent la dispersion des moyens techniques d’investigation.

Plusieurs régions karstiques frangaises, déja connues par leurs aspects
géomorphologiques spécifiques (reliefs résiduels anté-quaternaires, poljés,
aplanissements) et I’importance de leurs paléokarsts ont fait 1’objet de re-
cherches particuliérement poussées: citons les Arbailles, le Quercy-Périgord,
le Causse du Larzac; le Vercors et les Bauges (Fig. 1). D’autres méconnues,
les plateaux karstiques de Lorraine septentrionale et du Barrois, et ceux du

Meédoc-karsts semi-couverts-, les karsts de la craie spécialement celui du Pays

de Caux ont bénéficié d’études minutieuses sur la genése de leurs formes

de relief et la structuration de 1’endokarst (en particulier sur le littoral et dans

2%



Tableau |

Sédiments karstiques-volcanisme-paléogéomorphologies-paléo-environnements

Nature des indicateurs
(position des dépbts)

Paléomorphologies
paléo-réseaux
processus

Paléo-environnements
paléoclimats
paléo-hydrologie

Secteurs d’étudiés
locus typicus
références (principales)

Dépots exokarstiques
travertins
calcrétes etc.

Rapport avec évolution des reliefs
calcaires, et dolomitiques & struc-
turation des aquiféres

paléo-paysages
biostasie/rhexistasie
impact anthropique

pour mémoire concrétions
des aqueducs

phases de rectification et
d’abandon des ouvrages

Périgord-Quercy: HOFFMANN,
98a-b

Languedoc-Causses:

AMBERT 90, 91

Provence: GUENDON et al., 97
VAUDOUR, 94, 97

Aqueducs: Nimes & Fréjus:
FABRE-GUENDON-VAUDOUR

D. surface/épikarst

Retrait de la couverture sédimentaire
dépdts résiduels cf. infra

d. périglaciaires: loess, sables,
grezes, éboulis

d. glaciaires: moraines

karsts + couverts
(karsts binaires)

érosion fluviatile
+ absorption karstique

phases froides
du
Quaternaire

|[Normandie: RODET, 91
|P.d’Othe, Mont.de Reims id

|Lorraine N: GAMEZ

|-id., Barrois: JAILLET, 2000
|Médoc Castelj: PELLEGRIN, 97

Jura S-Crémieu.: AUDRA, 94

D. résiduels: en poches, dolines
terra-rossa

aréne dolomitique

argiles 2 silex, chailles sidéroli-
thique

crypto-altération

(effet de compresse)
aplanissements

+ reliefs résiduels
fantomisation
ferruginisation+apports

|phases d’altération
lau
[cours du Tertiaire

|Arbailles: VANARA, 98

|Quercy-Périgord: SALOMON
[-ASTRUC 92, RENAULT ez al., 92,

|Causses et Languedoc:
|AMBERT, 90, 91,
sp. Larzac: BRUXELLES, 2001
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phosphorites
bauxites

cavités fossiles
poches, cavités fossiles

phase altération éocéne
-hyper-altération Crét.sup.

Quercy: ASTRUC er al., 2000
Provence, Languedoc etc.

vieilles concrétions en relief

grottes fossiles décapitées

tous ages

karsts sous-cévenols

unroofed caves BRUXELLES, 97
basaltes -coulées volcanisme scelle paléo-reliefs Causses Larzac: AMBERT, 91
-dykes, necks.. (intrusif) BRUXELLES, 2001
scories phréatomagmatisme hyper-karstification -Sauveterre, Soulages:

maars~mégadolines

BAYONNETTE, 98

D. endokarstiques
détritiques:

- blocs

— galets

— limons varvés
|corrélés a la morpho-
|logie des cavités

Concrétions

* position, datation

¢ séquences de lamines
* brisées, déviées etc

actions mécaniques apports
Sfluviatiles
remontée niveau de
base = ennoiement
| indications sur structu-
| ration de I’endokarst

réseau dénoyés

actions mécan./séismes

surrection, creusement
érosion sur reliefs
englacement vallées
transgression pliocéne

interglaciaires/interstades
fluctuations climatiques
épisodes séismiques

|Pyrénées W.: MAIRE, 90
|-id.-Arbailles / VANARA, 98
|Languedoc: CAMUS, 97
|Provence: BLANC, 93, 97, 2000

| Vercors, Chartreuse, Bauges
|AUDRA, 94, DELANNOY, 97,

|[HOBLEA, 99

-------- idem--mémes auteurs-
Vercors etc.: PERRETTE, 2000
AM & Pyr. orient.: GILLI, 99
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la basse Seine — Rodet, 1991). Et en Provence, la découverte de la grotte
Cosquer a suscité de nouvelles investigations dans les karsts littoraux et sous-
marins (Collina-Girard, 1996; Gilli, 1999; Blanc, 2000b).

L’apport de techniques performantes

L’analyse des dépdts résiduels épikarstiques et endokarstiques a nécessité
I’usage généralisé de lames minces pour les dépdts consolidés, de diffrac-
tométrie X pour les argiles. Les mesures hydrochimiques sont plus nombreus-
es et performantes (travaux de Th. Hoffmann et J.C. Pellegrin). Et surtout
des datations ont été obtenues sur de nombreuses concrétions par des anal-
yses isotopiques (U/Th grace a la collaboration d’Y. Quinif-CERAK de
Mons), et plus récement (depuis Ph. Audra, 1994), on a eu quelques in-
dications sur I’age des concrétions anciennes (au-dela de 350 ka) grace au
paléomagnétisme.

Ces datations sur les sédiments endokarstiques permettent de d’attribuer
un dge minimal aux cavités qui les conservent, et qui sont généralement
étagées; elles doivent étre corrélées aux informations données par 1’étagement
des terrasses fluviales et dans certains cas des niveaux de travertins (séquence
du Tarn en aval de Millau, Ambert 1990/1991). Ces sédiments en-
dokarstiques ont une signification paléo-climatique et paléo-environnemen-
tale (méthodologie dans Quinif, 1997), ils peuvent donner aussi des indi-
cations sur les captures (celle de 1a Moselle &8 Toul, Gamez & Losson,
1998), et les paléo-niveaux marins (Rodet, 1991; Miskovsky, 1997).
Le recensement des concrétions brisées et planchers décalés donne des
valeurs (direction, intensité) des mouvements de masse et des séismes; cor-
rélées aux datations isotopiques, elles permettent de préciser les phases
d’activité néotectonique (Gilli, 1999).

De nombreuses investigations ont été effectuées dans les cavités anci-
ennes, hauts perchées et réseaux en partie fossiles, dans le Vercors la Char-
treuse, les Bauges, les Arbailles, ou méme décapitées (Pot Siva dans les Coul-
mes, Vercors, ou Belchou dans les Arbailles). De vieux massifs stalagmi-
tiques, maintenant, en surface permettent de repérer ces paléo-réseaux
démantelés (fréquentes sur les petits karsts sous-cévenols, Bruxelles,
1997). Certains gites des phosphorites du Quercy ont été réétudiés, permet-
tant de préciser leur caractére de produit d’altération.et les conditions de la
karstification éocéne (Pélissier, 1999; Astruc et al.,, 2000). Tous ces
réseaux trés anciens, leur morphologie, leurs dépdts et leurs vieilles concré-
tions sont susceptibles de donner de précieuses informations sur 1’évolution
morpho-tectonique et paléoclimatique régionale.
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Les recherches pluridisciplinaires réalisées dans le cadre des fouilles
archéologiques ont fourni, grace a la multiplicité des analyses effectuées,
une masse de données concernant 1’évolution des cavités, surtout pour le
Quaternaire moyen et récent, et leur environnement. Depuis longtemps les
Préhistoriens avaient I’expérience de ces recherches, spécialement I’analyse
des stratigraphies sédimentologiques et 1’étude des faunes et des analyses
polliniques, mais elles étaient surtout pratiquées dans les porches d’entrée
des grottes et les abris sous roche. L’intérét pour les géomorphogues de
ce type de recherche a été bien démontré par C. Ferrier (1997) dans son
étude du Karst de Karlukovo et de la grotte Temnata en Bulgarie; en ce
qui concerne le SE de la France on citera particuliérement les stratigra-
phies effectuées sur les cavités de 1’Ardéche (Debard, 1997), I’étude
comparative sur la signification paléo-environnementale des sédiments
karstiques des grottes des Alpes du Nord et du Jura méridional (Bintz et
al., 1997) et dans les cavités archéologiques du sud-est de la France
(Miskovsky, 1997).

Les conceptions nouvelles sur les paléomorphologies

Le karst est congu comme un géosystéme et étudié dans ses trois dimen-
sions, avec une interdépendance entre formes et fonctionnement, largement
envisagée par J. Rodet (1991) dans la genese des Karsts de la Craie (1992),
et analysée sur le plan théorique par Ph. Martin (1991, 2000). Les dépéts
endokarstiques sont témoins des phases de structuration et/ou de fossilisa-
tion; leur analyse compléte, en ce qui concerne I’évolution des reliefs, les
informations que 1’on déduit-en Géomorphologie classique- des dépdts
superficiels ou en poches (épikarstiques), et plus récemment de 1’étagement
des travertins (Ambert, 1990, 1991). Par ailleurs les dépéts travertineux
peuvent nous renseigner, comme les analyses hydrochimiques sur la struc-
turation du karst profond (Hoffmann, 1998a,b).

A T’aide des études récentes, principalement sur six secteurs-clés (Tabl.
2, 3), nous pouvons présenter quelques remarques sur les conceptions nou-
velles concernant la genése et 1’évolution des paléoformes et le creusement
des canyons, en rapport avec la tectonique et 1’organisation de I’endokarst.

a. Les altérations profondes, isovolumiques, ou «fantomisation» de Y. Qui-
nif (1999)

Elles sont acquises au niveau phréatique, dans des conditions vraisem-
blables de biostasie tropicale surtout sous les climats hyper-altérants du



Tableau 2

Evolution comparée de quelques karsts, conditions tectoniques paléogéomorphologies
des Pyrénées occidentales aux Grands Causses

Age Périodes Conditions générales Pyrénées Quercy Grands Causses
géologiques tectonique, eustatism. occidentales Causse de Gramat Larzac & rebord
Ma paléoclimats Arbailles Sarladais-Périgord S languedocien
Holocéne niv.~200 m | Travertins holocénes — Recoup.méandre Vis
récent { Wiirm| froid, surtout Wiirm 3 | Grézes wiirmiennes Grézes
Eémien | Intergl. Riss-Wiirm ) creusementW | | Trav. St.Cemin
0,2-0,13 Riss | (2 phases froides) [ N| Travertins:
Intergl. M-Riss | ™ Creissels (15m) 22 kaN
0,4 T O Nébelé 407 ka [niveaux étagés des ¥ Peyre (50m) 350 ka
PLEISTOCENE Phase froide Mindel niv. 365 m | |vallées et réseaux k. soutirages/causse v
moyen l Acreusement des incision du Tam 2
0,7 A vallées (M dégagement des pechs v
ancien OEtsanko Zola 675 structurat. endokarst Pl de France 125 m
Poljé perché Elsaré incis. réseau hydro ARoméguiere 1,9 Ma
~2
sup.| néotectonique A creusement ¥ | couloirs d’érosion N Tltend.soulévement
PLIOCENE({ subtropical humide O Beichou 1150 + (Dordogne et Lot)N évolution poljé de
inf. | altérations (Y évolution Kuppen I’Hospitalet
53 A Aziniéres 5,75 Ma
développ endokarst
Messinien | Régression Méditer. début incision réseau incision canyons N
hydro—karst binaire aplanissements T tend.soulévement
Tortonien | ANPhase alpine érosion et apports crypto-corrosion O Galerie Leicasse
sup. | majeure d’altérites (évol. poljé St-Maurice)
MIOCENE( climats tropicaux T fosilisation du karst NN Kuppen, poljé
inf. | secs/humidesl T molasses aplanissements
23,5/28 sup. <= distension altération apports détritiques étagés, érosion et
OLIGOCENE/{ climats tropicaux stabilité U subsidence transfert des
inf. | sec/humide alternés altérites

sup

altérations

OOV phosphorites
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EOCENE( charriages karstification |
Lutétien | APhase.pyrénéenne =» €compression 1 soulevement { crypto-corrosion
altération dalles silico-Fe dans et fantormnisation
PALEOCENE kaolinique O sud du Périgord
65 Ma
Maastrichtien | altération fantomisation? l
Santonien.Camp. | ferralitique Causse Campestre
CONIACIEN | cvevviverrerrrereeerencnsreneseneess [ erreiireeseesnesnnes eeeseeseesiennenes | seesmrnmnnseseeneseenesssss e > transgression
Turonien (N Kuppen
Cénomanien | climat hypertropical O poches Virenque
100 Ma -------—---meeemmee altération ferralitique
Albien | puissante Alter.ferralitiques
Aptien Obauxites Languedoc
1 1
Si g les: | }
Atectonique maxim. O réseau fossile Références: I SALOMON & ASTRUC, 921 AMBERT, 90:91

T surrection modérée
<= distension
A volcanisme dans karst

O poches paléokarst
M Kuppen
incision + ou - WN

VANARA, 98/99

: RENAULT et al., 92

; ASTRUC et al., 92/2000
1 HOFFMANN, 98

!

: CAMUS, 97
; BRUXELLES, 2001

|
1
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Tableau 3

Evolution comparée de quelques karsts, conditions tectoniques, paléomorphologies, de la Provence aux Alpes (suite tabl. 2)

Age Périodes Conditions générales Basse-Provence Chafnes subalpines Préalpes N
géologiques tectonique, eustatism. Plateau de Grand Canyon du Vercors
Ma paléoclimats Montrieux Verdon Pl. des Coulmes
Holoceéne Travertins Gapeau
récent { Wiirm | froid, surtout Wiirm3 Périgl. poljé Chibron nivation sur reliefs nivation dans paléo-
Eémien | Intergl. Riss-Wiirm T ¥
0,2-0,13 Riss | 2 phases froides | poursuite du W/| dolines des Coulmes
Intergl. M-Riss soutirages et stérili- creusement O méand.Coufin>209 ka
0,4 T sation des poljés niveau des Salles T
PLEISTOCENE Phase froide Mindel creusement vallée du creusement
moyen d Gapeau V¥ | érosion | incision V| O Goumnier>350 ka
0,7 ¥ | accélérée | du Grand creusement de la
ancien (N accentuation W | surreliefs | Canyon ¥W/| vallée de la Bourne
par soutirage arenes € chevauchement t T Accumulation
~2 bordure préalpine Chambarand
sup | néotectonique T tend. surrection travertins de Ségriés A soulévement
PLIOCENE( subtropical humide aplaniss. localisés évol. poljés Canjuers tend. au colmatage
inf. altérations | O Maramoye piémont de Valensole des réseaux
53
N | A SEvenos ~6 Ma début incis.canyonN? incision Bourne N
Messinien | Régression Méditer. structur.endokarst structur. endokarst structur. endokarst
retournement hydrol O Antre de Vénus
Tortonien | ANPhase alpine 1 basculement = A€ surrection (M Kuppen Coulmes
sup. | A\ majeure N-M ébauche poljés paléo-poljés = A€ surrection
MIOCENE( climats tropicaux crypto-corrosion aplanissements T
inf. | secs/humides épandages aplaniss. transfert dépdts k. sédimentation
23,5/28 sup. | <= distension <= jeu failles NS- <= jeu failles NS- molasse
OLIGOCENE({ climats tropicaux r
inf. | sec/humide alternés aplanissement aplanissements

sup

altération

+ altération

altération

apport sables du

97
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EOCENE({ kaolinique érosion Massif Central dans
Lutétien | AAPhase.pyrénéenne = € compression =< ph.provengale Opaléo-karsts
altération ™ période d’altération
PALEOCENE ferralitique érosion + altération ferralit. Ofer Beausoleil? 1 soulevement
65 Ma
Maastrichtien | altération A phase laramienne {rsoulevement->érosion r
Santonien.Camp. | ferralitique ™ 0
Coniacien | .....ocevvvemnenccniiiniinene, —sédimentation. du —rsédimentation. du —sédimentation du.
Turonien Crétacé supérieur Crétacé supérieur Crétacé supérieur
Cénomanien | climat hypertropical
100 Ma ___________________________ altération fCrl'alilique ...............................................................................................................................
Albien | puissante O bauxites du
Aptien Revest
T T
Sigles: ] 1
Atectonique maxim. O réseau fossile Références: I BLANC, 92/2001 I DELANNOY, 97
Tsurrection modérée O poches paléokarst NICOD, 92 ' NICOD, 98 ! DELANNOY
<= distension NN Kuppen BLANC, 2001 : : & CAILLAUT, 98
Avolcanisme dans karst  incision + ou - WN I 1 AUDRA, 94
1 I
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Crétacé moyen et supérieur, (formation des bauxites, cuirasses ferrugineus-
es etc.). Elles jouent un rdle dans la préparation des paléoformes en exploitant
les discontinuités lithologiques et la micro- et macro-fissuration (Nicod et
Salomon, 1990). L’altération des calcaires sous couverture de sables ocreux
avait ét¢ déja démontrée dans le cas du paléo-karst du Coulon prés d’Apt
(Guendon, 1981). On a envisagé ’intervention des altérations profondes
dans la genése de certains reliefs résiduels ruiniformes et des mega-couloirs
(canaules) par dégagement ultérieur des arénes, dans les dolomies des
Causses (Ambert, 1990) et des «pechs» du Sarladais (Salomon et
Astruc, 1992). Ce processus a été trés important dans les calcaires bajo-
ciens, sur le Causse du Larzac, autour du poljé de I’Hospitalet, ou il a généré
de grandes quantité d’argiles a chailles, in situ ou colluvionnées (Brux-
elles, 2001) qui ont joué un rdle dans la réalisation des aplanissements.

b. Les formations résiduelles et la genése des aplanissements

L’érosion (le recul dans un systéme de cuestas) de la couverture sédimen-
taire non karstifiable libére une grande quantité d’insolubles qui jouent un
réle important dans I’évolution de 1’exokarst comme de 1’endokarst: cas des
karsts binaires (Delannoy, 1997). Ces résidus, comme ceux provenant de
P’altération des calcaires ou de la craie (argiles a chailles, ou 2 silex, terra-
rossa et paléosols résiduels), les arénes dolomitiques, les graviers et sables
provenant des massifs cristallins jouent un rdle essentiel dans dans la cryp-
to-corrosion. Sous ces couvertures qui jouent le réle de compresse humide,
dans des conditions de saturation de 1’aquifére épikarstique et/ou de nappes
d’inondation, peuvent se réaliser des surfaces de corrosion, horizontales
comme celles de bordure de poljé, ou inclinées, les cones rocheux, (rock
fans), comme ceux du Grand Plan de Canjuers, au S du Verdon (Nicod,
1998). Dans le cas du Causse de I’Hospitalet, ’analyse précise de L. Brux -
elles (2001) montre bien les conditions de réalisation des quatre niveaux
emboités, en rapport avec les différents dépots résiduels siliceux (Fig. 2).
Et en Provence, on peut mettre en rapport ces évolutions anciennes, sous
faible potentiel hydrologique, et le développement de paléo-réseaux phréa-
tiques labyrinthiques, qui ont été recoupés par des puits lors des phases
ultérieures (Blanc, 2000).

Les cavités du Karst des phosphorites du Quercy, anciennes dolines
d’effondrement du type cénotes et grottes sans toit, se sont développées dans
les calcaires jurassiques légérement soulevés lors de I’orogénése pyrénéenne,
en phase d’altération kaolinique (Pelissier, 1999; Astruc et al., 2000),
et dans des conditions hydrologiques semblables a celles du karst du Yucatan
encore fonctionnel (Heraud-Pifia, 1996). Dans quelques cas les faunes
découvertes dans ces cavités fossiles ont permis d’estimer 1’age des paléo-
surfaces, comme dans les Corbiéres, a ’est des Pyrénées (Calvet, 1992).
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le Lingas Campestre-

ef-Lue Relief de
St-Michel
Serre d'Aubanel

Barriére la Virengue

NORD Col de la

le Luc

R e
MMM&
d:‘-- —, 77
Faille du Mus Guuzin

l: Crétacé supéricur sur substrat jurassique

© Albarons (type 1)

Grands Sotchs
[FTHI¥E)#N Escarpement du canyon @ Formation de type 2
& Formation dc type 3
@ Malm w Poche de sable siliccux
% Dogger b Fragment de chailles bajoclennes
---- Replats morphologiqucs
] | .
b= 0o 1 3km

Massif cristallin et Trias

Fig. 2. Bloc-diagramme de la partie occidentale du Causse de Campestre (montrant les prin-
cipaux éléments morphologiques et les formations siliceuses associées (Bruxelles, 2001,
Fig. 38)

Fig. 2. Sketch of the western part of the Causse de Campestre (East of Larzac), showing the
geomorphological features and the associated soliceous deposits. albarons = little quartz peb-
bles, pockets of siliceous sand, planation terraces

c. Les karsts a buttes

Ils évoquent les formes classiques du Kuppenkarst tropical, avec dépres-
sions, dolines et ouvalas associés. La plupart semblent s’étre développés dans
des conditions de soulévement modéré et lors des climats relativement al-
térants du Tertiaire et sous une couverture de dépdts résiduels: c’est le cas
de celui des Arbailles (Vanara, 1998), de Montrieux en Basse-Provence
(Nicod, 1992) ou des Coulmes en Vercors (Delannoy, 1997). Mais dans
les Grands Causses, le karst a buttes de Campestre résulte d’une évolution
polyphasée: formation des dépressions au Cénomanien, enfouissement des
reliefs résiduels par les sables de la transgression coniacienne, exhumation
et évolution ultérieure (Bruxelles, 2001).

La faible énergie de ces reliefs, lors de leur organisation est attestée par
des réseaux karstiques semi-horizontaux trés anciens, et maintenant perchés,
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comme celui de Belchou, a 1150 m dans les Arbailles (Vanara, 1998), la
galerie de Leicasse, ancien exutoire du paléo-poljé de Navacelles au S du
Larzac (Camus, 1997), ou le Pot Siva et les grottes-tunnels (Pré I’Etang,
Marignat) du massif des Coulmes (Vercors NW). Ce demier est alors en relief
par rapport au niveau du paléo-poljé du synclinal de Rencurel, marqué par
une banquette de corrosion a conglomérat miocéne infiltré. On rattache a cette
évolution anté-quaternaire du Vercors la grotte-tunnel de I’ Antre de Vénus,
exutoire du paléo-poljé synclinal de Méaudre, antérieurement au creusement
de la vallée de la Bourne, et perchée a 400 m au dessus (Delannoy et
Guendon, 1990; Delannoy, 1997, II-2).

De plus, ces paléo-morphologies en Kuppenkarst et ouvalas ont continué
d’évoluer, par soutirage (spécialement des arénes sur le Larzac et le Causse
Noir), par crypto-corrosion, actions périglaciaires et nivation (Coulmes) etc.

Un cas particulier-qui nous rapproche des problémes des paléokarsts de
Pologne- est celui de 1’ Ile Crémieu (a I’est de Lyon), prolongement du Jura
meéridional, karst a buttes recouvert des formations morainiques des glaciers
de piedmont rhodaniens, et dont I’endokarst a été structuré au cours du
Quaternaire en fonction du Rhéne (Grotte de La Balme — Audra, 1994).

d. Karst et volcanisme (cf. Tabl. 1)

Bien que trés localisé en France, le volcanisme dans le karst offre un grand
intérét. Sur les plateaux, les coulées basaltiques, maintenant en inversion de
relief, constituent un bon enregistreur de 1’abaissement des surfaces karstiques
voisines: ainsi sur le Larzac, par rapport au volcan de Romiguiéres, il est
de 20 m en 1,9 Ma. (Bruxelles, 2001).

Les éruptions phréatiques créent des maars, évoluant en méga-dolines:
telle celle de Soulages, sur le Causse de Sauveterre (Bayonnette, 1998).
Et le volcanisme a pu étre facteur de structuration de 1’endokarst, comme
au voisinage des coulées de I’Escandorgue (Ambert, 1991) et au SE du
plateau de Montrieux (vieux réseau de Maramoye — Nicod, 1992a, b et
Blanc, 2000).

Le creusement des canyons

Déconnectant les vieux réseaux, l’incision des canyons restreint
I’évolution des paléo-reliefs (sauf cas de soutirage direct des altérites) aux
actions morphodynamiques externes et stérilise les anciens poljés. Depuis
notre propre revue des problémes (Nicod, 1997), des données nouvelles sont
disponibles sur plusieurs canyons importants. Les stades de creusement
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peuvent étre précisés avec 1’enregistrements des paléo-niveaux dans certains
secteurs-clés, grace a 1’étude de la morphologie des réseaux (conduits phréa-
tiques, galeries horizontales), & 1’analyse des sédiments et aux datations
isotopiques de concrétions dans les cavités perchées des Arbailles, de la
Séranne au S du Larzac, du Vercors et des Bauges.

a. Du réle de la tectonique

D’une maniére générale, le creusement est commandé par le soulévement
des unités karstiques (qui initie une premiére incision dans les Grands Causses
des le Miocene supérieur). Dans les Arbailles les stades de creusement des
axes de drainage en fonction du soulévement néotectonique ont pu étre
corrélés aux niveaux des galeries horizontales, fossiles et perchées: Etsanko
Zola a 675 m, et Nébélé a 365 m, ce dernier daté de plus de 407 ka (Va-
nara, 1998).

b. Du rdle de la régression messinienne

Dans les bassins dépendant de la Méditerranée, une phase décisive de
creusement est déclenchée par la régression messinienne’, responsable dans
de nombreux secteurs (Languedoc, Vaucluse, Basse-Provence) de la struc-
turation de 1’endo-karst profond et qui serait aussi intervenue dans le cas du
Vercors, des Bauges etc. Le creusement de nombreux canyons est commandé
par cet abaissement drastique du niveau de base. Au contraire le Pliocéne
inférieur est une période de colmatage. Un exemple particuliérement démon-
stratif nous est donné par 1’évolution du réseau du rocher de St. Eucher, sur
la moyenne Durance en amont de la cluse de Mirabeau: structuration en
fonction du creusement messinien de la cluse, remblaiement pliocéne par la
formation de Valensole provoquant un fonctionnement en régime noyé, puis
nouvelle évolution vadose quaternaire (Delange et Guendon, 1998).

* L’incidence géomorphologique de la régression de la Méditerranée, liée 2 la crise de salinité
messinienne a été particulierement démontrée par G. Clauzon (1982). En ce qui concerne le karst
son role est aftesté par le creusement de certains canyons et des cavités qui y sont associées, comme
celui du Régalon au S du Luberon, et la cluse de la Durance 2 Mirabeau (avec le réseau de
I’ Adaouste), la grotte de Saint-Marcel sur I’Ardéche aval. La structuration des réseaux profonds,
qui alimentent les grosses émergences vauclusiennes, est envisagé dans le cas de la Fontaine de
Vaucluse (Julian et Nicod, 1989; Puig, 1990), de celle du Lez, ou de la source sous-marine
de Port-Miou. Récemment des cavités fossiles, en rapport avec les niveaux régressifs et comblées
lors de la transgression zancléenne, ont été¢ découvertes sur le horst de Roquemaure (Gard)
(Clauzon, Réunion AFK, Et. Géog. phys, URA 903 Aix, 1997).
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c. Une grande complexité, dans les Préalpes du Nord, avec 1’intervention des
englacements

Dans les massifs des Préalpes du Nord, les travaux récents ont montré
le role des actions antagonistes provoquées par les phases d’englacement/
déglacement des vallées, faisant varier les niveaux de base. Au cours des
périodes froides, dans les réseaux karstiques, se succédent des épisodes
torrentiels des eaux proglaciaires et sous-glaciaires, et des périodes de sédi-
mentation tranquille (dépdts de limons varvés), particulierement en rapport
avec le niveau des lacs proglaciaires et des remblaiements alluviaux inter-
glaciaires. Un cas particuliérement complexe est celui de la grotte Vallier,
au N du Vercors, réseau en grande partie anté-quaternaire, successivement
remodelé par les eaux proglaciaires du glacier de I’Is¢re et bloqué par sa
diffluence dans la vallée du Furon (Audra, 1994). Ces processus ont été
également étudiés dans les hyper-karsts es gypses de la Vanoise (Chardon,
1992; Hobléa, 1999).

L’agencement et les sédiments de cavités fossiles et perchées donnent des
jalons dans le creusement des vallées et canyons. Dans le Vercors, leur étude
a permis d’établir les étapes du creusement de la reculée de la Bourne, en
dessous des Coulmes, et surtout 1’incision du canyon amont de cette riviére:
la Grotte Favot, paléo-exutoire vauclusien du Val d’Autrans, située a 200
au dessus de la résurgence de Goule blanche, contient des concrétions de
>310 ka (Delannoy, 1997). A I’ouest du massif des Bauges, 1’adaptation
du réseau hydrographique superficiel et souterrain au niveau de base régional
constitué par la cluse du Chéran est mis en évidence par un systéme de cavités
étagées, principalement la grotte de I’Eau morte, située a +40 m (Hobléa,
1999).

d. Le cas du Grand canyon du Verdon (Fig. 3)

Je terminerai par un probléme. On a mis en évidence les paléo-géomor-
phologies portées en altitude (Fig. 3): les lambeaux d’aplanissements et les
paléo-poljés synclinaux des Canjuers (avec les anciens ponors et les cones
rocheux au S), les ouvalas de Barbin et de Suech au nord du Verdon. Ces
formes sont issues d’une longue période d’altération sous couverture (Crétacé
supérieur-Eocéne), puis d’une évolution subaérienne consécutives au mou-
vements tectoniques, mais dans des conditions d’encaissement modéré du
Verdon dans les structures anticlinales. Les phases de creusement du can-
yon peuvent étre mises en rapport avec 1’évolution du piémont de Valensole,
le soulévement néotectonique, avec chevauchement de la bordure subalpine,
attesté pas le plissement des travertins de Ségriés (datés ~2,2 Ma) et les
niveaux quaternaires du Bassin des Salles (¢f Nicod, 1998). Le rdle de la
néotectonique récente/actuelle, et des mouvements de masse générateurs de
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grands couloirs et de tabliers de bréches est particulierement mis en évidence
au NE, dans 1’unité des Réglés, au N de Rougon.
Toutefois deux grandes inconnues subsistent:

» L’impact exact de la régression messinienne, reconnu dans un niveau de
conduits fossiles de Baume I’Eglise, dans les Moyennes Gorges du Ver-
don (Blanc, 1992b, 2000), mais actuelle-ment rien n’a été inventorié a
I’amont, dans le Grand Canyon;

* Les stades précis de creusement au cours du Quaternaire, seulement es-
timés par 1’altitude relative des terrasses en aval, dans le bassin des Salles.

L’aide de la Spéléologie scientifique (selon Maire, 1994) serait indis-
pensable: une belle perspective de recherche dans 1’avenir!

Conclusion

L’apport de la derniére décade de recherche est considérable, tant dans
le domaine de la Karstologie, que de celui de la Géomorphologie générale,
et on le doit précisément a I’analyse des sédiments dans les grottes.

Sur le plan de la Karstologie on a montré dans toutes les massifs
karstiques élevés I’existence de vieilles cavités anté-quaternaires. Certaines
sont en rapport avec des karsts a4 buttes, issus des longues périodes
d’altération. L’¢étude de la structuration des réseaux en fonction des niveaux
de base successifs a fait de grands progres, spécialement grice aux datations
obtenues sur les spéléothémes; et on doit nécessairement intégrer le legs des
paléokarsts dans la structure et le fonctionnement des karsts actuels.

Sur le plan de la géomorphologie générale, il me semble que les acquis
sont tout aussi importants. D’une part 1’étude des paléokarsts et de leurs
formes résiduelles associées (Kuppen et aplanissements) permet d’évaluer
I’importance des phases d’altérations anté-quatemaires, les conditions paléo-
climatiques et leurs incidences régionales. Et on peut établir aussi des cor-
rélations avec les mouvements tectoniques et les variations eustatiques
déterminant la position des niveaux de base, et préciser le réle des altérites
provenant de la dénudation des massifs anciens sous des climats «tropicaux»
variés (Astruc et al.,, 2000). D’autre part les conditions et stades de creuse-
ment des canyons et de 1’évolution du réseau hydrographique (dont les
captures) sont réévalués précisément en fonction de leurs relations avec
I’hydrologie souterraine. Les indications et enregistrements fournis par les
karsts peuvent étre intégrés dans une meilleure compréhension de 1’évolution
géomorphologique régionale, y compris dans les secteurs non karstiques
adjacents.

3 Kras i Speleologia
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Karsts, palaco-geomorphology, palaeo-environments
— panorama of ten years (1991-2001) of karst research in France

Summary

The 13 thesis and main papers on the recent geomorphological researchs have been
inventoried and studied particularly the problems of planation surfaces, inherited cone karst
and stages of cutting of some karstic canyons. The forms and processes are mainly com-
pared in six areas of recent researchs:

— Arbailles massif, in Western Pyrenean Range,

— Causses of Quercy and Southern Périgord,

— Causse of Larzac, and adjacent Languedoc,

— Montrieux Plateau, near Toulon (Provence),

— Great Canyon of Verdon, (Southern subalpine Ranges),
— High Plateau des Coulmes, Vercors (Northern Préalpes).

The investigations on the deposits in dolines, various pockets and fossil or roofless caves
have given much information. Particularly the new notions are analysed on the processes
of alteration (crypto-corrosion, “gost-rocks’), and the part of the alterites (and other surf-
icial deposits) cover attend to:

— the formation of the planation surfaces and rock-fans;
— the genesis (by exhumation in some cases) and evolution of residual hills of inherited
tropical cone karst.

The speleogical studies on the fossil cave deposits and isotopic datas of the speleothems
and travertines terraces have given new information on the stages of the cutting of karstic
canyons.

The position of the base level controls most processes, according to tectonic movements,
eustatic stages (particularly the impact of Messinian regression in the Mediterranean and
Rhone areas) and the alternance of glaciation/retreat in the northern alpine valleys.
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Kras, kopalna rzezba paleoSrodowiska
— panorama dekady (1991-2001) badah krasowych we Francji

Streszczenie

W artykule dokonano analizy i przedstawiono dorobek 13 rozpraw doktorskich oraz
gléwnych artykuléw dotyczacych wspolczesnych badan geomorfologicznych i paleosrodo-
wiskowych. Autor zajal si¢ gléwnie zagadnieniem powierzchni zrownanf, rzezba reliktowa
(m.in. reliktami tropikalnego krasu kopiastego), stadiami wcinania si¢ wielkich kanionéw
krasowych. Formy i procesy wybrane do analizy i poréwnan pochodza z szesciu gléwnych
obszarow badawczych. Sa to:
~ masyw Arbailles (zachodnie Pireneje),

— Causses — Quercy i poludniowa czgs¢ Perigord,

— Causse Larzac oraz sasiadujace obszary Langwedocji,
— ptaskowyz Montrieux w poblizu Tulonu (Prowansja),
— Wielki Kanion rzeki Verdon,

— plaskowyz Coulmes, Vercors (Prealpy Pétnocne).

Badania wypelnien lejow krasowych, wypelionych kieszeni krasowych, kopalnych ja-
skin lub jaskin bez stropu daly podstawy do sprecyzowania pogladéw na temat kryptoko-
rozji (korozji pod przykryciem osadami) czy tzw. fantomizacji krasu oraz pogladéw na te-
mat genezy zrownan krasowych czy tez pogrzebania (lub ekshumacji) reliktéw rzezby krasu
tropikalnego.

Badania speleologiczne osadow kopalnych jaskin oraz datowania naciekow kalcytowych
i poziomoéw terasow trawertynowych daly nowe dane dotyczace etapéw wcinania sig¢ ka-
nionéw krasowych. Ewolucja tych form jest kontrolowana polozeniem bazy erozyjnej
zaleznej od warunkéw tektonicznych, stadiow estatycznych (glownie modyfikowanym ob-
niZeniem si¢ bazy w okresie ,,kryzysu messynskiego” w basenie Morza Sroédziemnego i do-
linie Renu) oraz przemiennym zlodowaceniem i deglacjacja dolin alpejskich.

Received: June 2001.
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Zwiazek rozwoju form krasowych Pasma Smolensko-
-Niegowonickiego z tektoniczng aktywnoscia podloza
Wyzyny Krakowsko-Wielunskiej

Zarys tre$ci: Srodkowa czeé¢ Wyzyny Krakowsko-Czestochowskiej, a w niej
Pasmo Smolensko-Niegowonickie, wyroznia si¢ od innych cz¢sci Wyzyny obec-
noscig kilkunastu duzych depresji morfologicznych — kotlin, o cechach zbli-
zonych do polji krasowych. Znane sg tez liczne jaskinie stanowiace fragmenty
istniejacych tu rozlegltych systemow jaskiniowych. Czg$¢ z nich obfituje w for-
my skalne powstale w warunkach hydrotermalnych w gigbokiej strefie frea-
tycznej.

Przeprowadzone w ostatnich kilku latach na Wyzynte Czg¢stochowskiej bada-
nia w jaskiniach, w trakcie szczegodlowej ich inwentaryzacji (Pulina, w druku),
oraz rozpoznanie podtoza paleozoicznego (Zaba, 1999) i niektérych zagadnien
geologicznych kompleksu jurajskiego (Bednarek, 1974) pozwolily na sformu-
lowanie tez tego artykulu i dokonanie proby odpowiedzi na kilka pytan dotycza-
cych genezy obecnych tu licznych form krasowych.

Wystepowanie kotlin oraz wielu duzych depresji morfologicznych o gene-
zie krasowej w potudniowej czg¢$ci Pasma Smolensko-Niegowonickiego swiad-
czy o obecnosci wyjatkowych warunkéw geologicznych sprzyjajacych rozwo-
jowi tych form. Czynnikiem podstawowym byly zapewne linie nieciaglo$ci
(strefy spekan, uskoki itp.) naruszajace skaly kompleksu mezozoicznego, ktore

* Katedra Geomorfologii. Wydziat Nauk o Ziemi, Uniwersytet Slaski, ul. Bedzifiska 60,
41-200 Sosnowiec.
** Katedra Geologii Podstawowej. Wydziat Nauk o Ziemi, Uniwersytet Slaski, ul. Bedzihska
60, 41-200 Sosnowiec.
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Ryc. 1. Schematyczna mapa Pasma Smolenisko-Niegowonickiego
Doling Wodaca i jej najblizsze otoczenie zaznaczono linig kropkowana

Fig. 1. Smolen-Niegowonice Range schematic map
Wodaca Valley and its nearest surroundings are marked by dotted line
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w tym obszarze sg wyjatkowo silnie rozwinigte. Stwierdzono, ze lokalizacja i ksztatt
duzych form krasowych $cisle zalezy od tych stref i linii tektonicznych. Autorzy
zwracaja uwage na fakt, ze tektonika pigtra triasowego i jurajskiego nawiazuje
do stale aktywnych stref uskokowych nacinajgcych podioze paleozoiczne wraz
z osadami dolnopaleozoicznymi zalegajacymi na oddzielnych blokach gérnosla-
skim i matopolskim. Ta wielka strefa nieciagtosci obejmujaca ogromny kompleks
skalny od podtoza paleozoicznego po okrywg mezozoiczna pokrywa si¢ z wy-
stgpowaniem duzych krasowych form rzezby oraz wielu jaskin. Polozenie
niektorych jaskin o wyraznych $ladach proceséw hydrotermalnych zdaje sig
wskazywacé na bliskie sasiedztwo ciagle aktywnych, gleboko zakorzenionych stref
uskokowych, dzieki ktérym wody podziemne krazac na duzych glgbokosciach
mogly zosta¢ podgrzane. Wyjatkowos¢ tej strefy moze polegaé tez na obecno-
$ci emanacji gazowych, co tlumaczyloby tak intensywny rozwdj zjawisk kra-
sowych.

Wstep

Srodkowa cze$é Wyzyny Krakowsko-Wielunskiej wraz z Pasmem Smo-
lensko-Niegowonickim (ryc. 1) wyrdznia sig od innych czesci Wyzyny obec-
noscig kilkunastu duzych depresji morfologicznych — kotlin, o cechach
zblizonych do polji krasowych (Pulina, 1999). Znana jest tu rowniez duza
ilos¢ jaskin stanowiacych fragmenty istniejacych na tym obszarze rozlegtych
systemow jaskiniowych. Czgs$¢ z tych jaskin obfituje w formy skalne powsta-
fe w warunkach hydrotermalnych w glgbokiej strefie freatycznej (Bogacz,
Dzutynski, Haranczyk, 1970; Sass-Gustkiewicz, 1974, 1975,
1985, 1988; Dzutynski, 1976; Rudnicki, 1978; Dzutynski, Sass-
-Gustkiewicz, 1982, 1985).

Lokalizacja wymienionych form krasowych nawiazuje do kierunkéw
glownych linii tektonicznych i zdaje si¢ wskazywac na Scisty zwiazek z prze-
biegajaca w podtozu monokliny $lasko-krakowskiej strefa kontaktowa blo-
kow gornoslaskiego 1 matopolskiego (lezacych na obszarze europejskiej
platformy paleozoicznej). Ta niezwykle aktywna strefa tektoniczna (Zaba,
1994, 1995, 1996) wywarla znaczny wplyw zaré6wno na styl tektoniki me-
zozoicznego nadkiadu (Zaba, 1999), jak i na uaktywnienie oraz kierunki
rozwoju procesdw krasowych.

Badania przeprowadzone w ostatnich kilkudziesigciu latach na Wyzynie
Czestochowskiej, zarowno w jaskiniach, w trakcie szczegoélowej ich inwenta-
ryzacji (Pulina, w druku), jak tez w obrgbie podtoza paleozoicznego (Buta,
1994, 2000; Zaba, 1995, 1999) oraz kompleksu jurajskiego (Bednarek,
1974, 1978; Rudnicki, 1978; Zapasnik, 1977; Bednarek, Gorecka,
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Zapas$nik, 1985), pozwolily na sformulowanie tez niniejszego artykutu
1 dokonanie proby odpowiedzi na kilka pytan dotyczacych genezy licznie tutaj
wystepujacych form krasowych'.

Zarys rzezby Wyzyny Krakowsko-Wielunskiej

W rzezbie Wyzyny Krakowsko-Wielunskiej wyrézniaja sig¢ szerokie,
pofalowane plaskowyze wzniesione na wysokos¢ kilkudziesigciu do stu
metréow, a nawet 150 m ponad otaczajace je obnizenia. Oddzielone sa one
obnizeniami dolinnymi czesto wyksztalconymi jako linijne strefy obnizen
z kotlinami. W péinocnej czgsci Wyzyny — Wielunskiej plaskowyze te prze-
kraczaja 300 m n.p.m., a w czgsci Ssrodkowej — Czgstochowskiej i potudnio-
wej — Krakowskiej, najczesciej przekraczaja 450 m, dochodzac do 500 m
n.p.m. Plaskowyze w krakowskiej czeSci Wyzyny sa rozcigte i nacigte gle-
bokimi jarami oraz kanionami krasowymi, a w czgsci czgstochowskiej wy-
sokimi grzbietami skalnymi zwieficzonymi wzniesieniami, niejednokrotnie
rozcztonkowanymi na oddzielne grupy skalne z malowniczymi skatkami.
Wymienione trzy obszary Wyzyny roéznig sig¢ migdzy soba uksztattowaniem
rzezby i stopniem rozwoju zjawisk krasowych.

Wyzyna Wielunska to tagodna, pofalowana wysoczyzna o szerokich do-
linach (Warty i Liswarty), przykryta osadami lodowcowymi, przewaznie
rzeczno-lodowcowymi i eolicznymi. Nieliczne, silnie przeobrazone formy
krasowe zachowaty si¢ nad Warta (gora Zelce z licznymi jaskiniami) i sg
widoczne w wielu kamieniotomach (jaskinia Szachownica w Krzemiennej
Gorze).

Wyzyna Czgstochowska pod wzgledem morfologicznym stanowi bardzo
urozmaicong kraine. W rzezbie przewazaja wapienne masywy (Sokole Gory
k. Olsztyna), grzbiety (Pasmo Smolensko-Niegowonickie) i wzniesienia
(Wzgbrza Kroczyckie koto Podlesic), zwienczone ,,ruinami skalnymi”, po-
dziurawione licznymi jaskiniami, nacigte schroniskami skalnymi i okapami
wapiennymi. Wznosza si¢ nad ptaskimi, wypetnionymi osadami piaszczysty-
mi szerokimi powierzchniami lub wystepuja na zboczach suchych dolin
,,wodacych” (w rejonie Smolenia), charakterystycznych dla tego obszaru (ryc. 1).
Plaskie powierzchnie potozone migdzy grzbietami pokryte sg licznymi za-
glebieniami krasowymi (lejkami) wypelnionymi osadami, czgsto piaskami

! Grupa pracownikéw naukowych zwiazanych z Wydziatem Nauk o Ziemi Uniwersytetu Sla-
skiego prowadzi na Wyzynie Slasko-Krakowskiej kompleksowe badania majace na celu okre$lenie
zwiazku rozwoju i charakteru wystgpujacych tam form krasowych z réznorodnymi przejawami
miodej aktywnosci tektoniczne;j.
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eolicznymi, osadami stokowymi, ale najczgs$ciej produktami wietrzenia
chemicznego, tzw. ,,piaskami formierskimi” (Btaszak, 1970; Gradzin-
ski, 1977; Bosak i in. 1978). Niejednokrotnie skalne grzbiety oddzielaja
poszczegolne doliny wodace lub stanowia granicg oryginalnych kotlin o za-
tozeniach krasowych. Poludniowo-wschodnia czes¢ Wyzyny Czgstochowskiej
wyraznie odroznia si¢ od pozostatych obszaréw tego regionu obecnoscia
duzych kotlin i depresji morfologicznych o cechach krasowych. W jednych
bija liczne, wydajne zrodta krasowe (w kotlinie Ryczéwka) dajace poczatek
duzym doptywom Biatej Przemszy, w innych (Kotlina Dolnego Kwasniowa)
brak jest powierzchniowych ciekéw, a jesli sa, to gina pod ziemia w obregbie
kotlin (Pulina, Polonius, w druku).

Charakterystycznym zjawiskiem na Wyzynie Czgstochowskiej jest obec-
no$¢ licznych duzych zrodet krasowych, ktore ksztaltuja oryginalne formy
rzezby (skalne dolinki wywierzyskowe), jary krasowe, formy powstate
w wyniku erozji wstecznej zrodet (Dolina Wiercicy) czy dolin rzecznych (Do-
lina Pilicy) gleboko nacinajacych plaskowyz jurajski.

Pod wzgledem morfologicznym Wyzyna Krakowska stanowi odrgbna
kraine geograficzna. Jest to pofalowany ptaskowyz, zwienczony niewielki-
mi wzniesieniami i grzbietami, w ktory wcinaja si¢ giebokie kaniony (Do-
lina Pradnika) oraz jary krasowe (Dolina Bedkowska i inne) z licznymi for-
mami skalnymi (mosty skalne, lejki, zapadliska, otwory jaskin, skatki) i ja-
skinami (Jaskinie Lokietka, Wierzchowska Gorna 1 inne). W dolinach tych
bija liczne zrodta krasowe dajace poczatek strumieniom, doptywom Wisty
(Pradnik, Rudawa).

Potudniowo-wschodnia czgs¢ Wyzyny Czestochowskiej stanowi Pasmo
Smolensko-Niegowonickie. Jest to kraina geograficzna wyraznie zaznacza-
jaca si¢ w krajobrazie, oddzielona od Wyzyny Krakowskiej doling Biale;j
Przemszy, a od potnocnej czgsci Wyzyny Czgstochowskiej — linig obnizen
potozona pomiedzy dolinami Pilicy i Mitregi. Natomiast granica potudnio-
wo-zachodnia przebiega wzdtuz wychodni wapieni jury gomej (,,kuesty ju-
rajskie;j”).

Budowa geologiczna oraz pozycja strukturalna
Wyzyny Krakowsko-Wielunskiej

Wyzyna Krakowsko-Wielunska stanowi — pod wzgledem geologicznym
— czeg$¢ duzej jednostki tektonicznej, znanej jako monoklina §lasko-krakow-
ska. Zbudowana jest w gtownej mierze z ptasko lezacych utwordw triasu
1 jury oraz fragmentarycznie zachowanych utwordéw permu i kredy (ryc. 2).
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Ryc. 2. Szkic geologiczno-strukturalny centralnej czg$ci monokliny $lasko-krakowskiej (na pod-
stawie Doktorowicz-Hrebnickiego, 19551 Zaby, 1999 — uzupetnione)

USB - blok gémoslaski, MB - blok malopolski; 1 — miocen, 2 — kreda, 3 — jura, 4 - (rias, 5§ — waryscyjskie intruzje,
6 — perm, 7 — karbon, 8 — dewon, 9 — uskoki, 10 — przebieg strefy uskokowej Krakow—Lubliniec (B ul a, 1994) pod
przykryciem utworéw mezozoicznych; 11 — obszar badan; A-B — linia przekroju geologicznego (ryc. 6)

Fig. 2. Geological-structural sketch at central part of the Krakow-Silesia Monocline (after
Doktorowicz-Hrebnicki, 1955 and Zaba, 1999 — supplemented)

USB — Upper Silesian Block, MB — Malopolska Block; 1 - Miocene, 2 — Crelaceous, 3 — Jurassic, 4 — Triassic,
5 — Variscan intrusives, 6 — Permian, 7 — Carboniferous, 8 — Devonian, 9 — faults, 10 — location of Krakéw-Lubliniec

Fault Zone (B uta, 1994) underneath the Mesozoic cover; 11 — study area; A-B - line of the geological cross-section
(Fig. 6)
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Skaty te tworza pokrywe lezaca niezgodnie na roznych ogniwach paleozoiku,
a gdzieniegdzie tez prekambru.

Utwory paleozoiczne wystepuja na tym obszarze w przewazajacej czesci
pod przykryciem miodszych osadow (ryc. 2), dlatego ich badanie jest moz-
liwe niemal wylacznie dzigki — wyjatkowo skoncentrowanym w tym rejonie
— pracom wiertniczym, a posrednio tez geofizycznym. Dotyczy to w szcze-
gblnosci serii staropaleozoicznych, ktére nie ukazujg si¢ na powierzchni
terenu. Jako najstarsze na tym obszarze odslaniaja si¢ utwory weglanowe
dewonu srodkowego (lokalnie tez gérnego). Wystepuja one jedynie w trzech
rejonach (ryc. 2) zlokalizowanych w obrgbie miodopaleozoicznych struktur
antyklinalnych, w okolicach Brudzowic (antyklina Brudzowic), Starych Glin
k. Kluczy (antyklina Chechlo—Golczowice) oraz Dgbnika i1 Dubia w poblizu
Krzeszowic (antyklina Debnika). W rejonie Krzeszowic odstaniaja sig tez
wapienie dolnokarbonskie.

Skomplikowana budowa i wielofazowa ewolucja tektoniczna tego obszaru
stanowig przedmiot licznych, czesto znacznie réznigcych si¢ migdzy soba,
pogladow 1 interpretacji (obszerny przeglad literatury o tej tematyce zawie-
ra publikacja J. Zaby, 1999). W miarg postepu badan coraz wigksza role
W rozwoju omawianego regionu przypisuje si¢ aktywnoS$ci wielkiej strefy
uskokowej Krakéw—-Lubliniec, ktorej przebieg zostat szczegélowo okreslo-
ny przez Z. Butg (1994). Dyslokacja ta stanowi bezpo$rednia granicg mig-
dzy blokami (terranami) goérnoslaskim i matopolskim.

Bloki (terrany) gornoslaski i malopolski — sytuacja strukturalna

Bloki goérno$laski i matopolski (ryc. 3) leza na potudniowo-zachodnim
przedpolu kratonu wschodnioeuropejskiego (EEC), w obrgbie §rodkowoeu-
ropejskiej czesci platformy paleozoicznej. Stanowia sktadniki mozaiki blo-
kéw skorupowych, odznaczajacych si¢ roznym wiekiem i pochodzeniem. Sa
to sztywne, wykazujace odmienna budowg i histori¢ geologiczng fragmenty
skorupy; roznig sig profilem stratygraficznym, charakterem i pochodzeniem
fauny, cechami, nat¢zeniem magmatyzmu, stopniem i rodzajem metamorfi-
zmu, parametrami paleomagnetycznymi, a takze typem mineralizacji i z16z
mineralnych. Od obszar6w sasiednich bloki te oddzielaja wyrazne niecigglo-
Sci strukturalne o glgbokim zasiggu. Sa reprezentowane przez wieloetapo-
wo rozwijajace si¢ walne strefy uskokowe, czg¢stokro¢ majace ponadregio-
nalne znaczenie. Wszystkie te cechy jednoznacznie wskazuja, iz bloki gor-
noslaski i matopolski maja charakter terrandw. Ich przemieszczenia odbywaty
sig¢ zarOwno w starszym, jak i w mtodszym paleozoiku (m.in.: Brochwicz-
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Ryc. 3. Sytuacja strukturalna blokéw matopolskiego i gornoslaskiego (Zaba, 1995, 1999; czes-
ciowo na podstawie prac Sikory, 1976; Kotasa, 1982; Gutercha i in., 1986, 1994;
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-Lewinski,Pozaryski, Tomczyk, 1983; Bukowy, 1984; Ziegler,
1984; Pozaryski, 1990; Berthelsen, 1992; Nawrocki, 1992; Le-
wandowski, 1993; Franke, 1994; Zaba, 1994, 1996), a niewielkie prze-
jawy aktywnosci przesuwczej w strefie granicznej obu blokdéw zaznaczaja
sie do czaséw wspolczesnych (Zaba, 1995; Morawska, 1997).

Blok goérnoslaski razem z sasiadujagcym z nim od potudnia blokiem
morawskim tworza wspoélnie Bruno—Vistulikum (ryc. 3 i 4). Jego pochodze-
nie jest szeroko dyskutowane; przewazajg poglady, iz kadomskie podtoze tej
jednostki wywodzi si¢ przypuszczalnie z kontynentu Gondwany (Cour-
jault-Radé, Debrenne, Gandin, 1992; McKerrow, Cocks, 1995;
Moczydtowska, 1995b, 1997, 1998; Pharaoh, 1999; Belka i in.,
2000). Bruno-Vistulikum stanowi zapewne czgs¢ wigkszego neoproterozoicz-
nego terranu, skladajacego si¢ z asocjacji kilku mniejszych terranéw (Finger
iin., 2000). Struktura geologiczna, litologia i geochronologia Bruno—Vistu-
likum wykazuje wiele cech wspdlnych z krystalicznym podiozem strefy
Istambutu (Leichmann, Kalvoda, 2002).

Blok (terran) matopolski pochodzi, by¢ moze, z potudniowej czesci kra-
tonu wschodnioeuropejskiego, skad zostat oderwany, a nastgpnie — wskutek
prawoskrgtnych ruchéow przesuwczych — przemieszczony wzdluz jego po-
tudniowo-zachodniej krawedzi w obecnie zajmowane miejsce (Lewan-
dowski, 1993; Moczydlowska, 1995a). Blok ten ma zatem charakter
terranu typu proksymalnego (Dadlez, Kowalczewski, Znosko, 1994).
Wedlug Z. Belki iin. (2000), Matopolska — podobnie jak Gorny Slask —
stanowi fragment skorupy wywodzacy si¢ z brzeznej czg$ci Gondwany. Po-
chodzenie obu blokéw jest nadal niejasne 1 stanowi przedmiot bardzo roz-
nych interpretacji oraz goracych dyskusji (np. Nawrocki, 1992, 1993a, b,
1995; Lewandowski, 1994, 1995).

Pozaryskiego iin, 1992; BABEL Working Group, 1993; Oberca, 1993; Buty, 1994,
Dadleza iin, 1994; Makrisa i Wanga, 1994 oraz Thybo iin., 1994)

USB - blok gomoslaski, MRB — blok morawski (Brunnia), BV — granica Bruno~Vistulikum (wedlug Dudk a, 1980),
MB - blok malopolski, TTZ — strefa Teisseyera—Tornquista, STZ — strefa Sorgenfreia—Tornquista, TEF — transeuropej-
ska strefa tektoniczna (uskok transeuropejski), CDF - front deformacji kaledofiskich, VDF - front deformacji wary-
scyjskich, AF — front nasunig¢ alpejskich; strefy uskokowe: HKFZ — Hamburg-Krakéw, MSFZ — morawsko-$laska,
PPFZ - perypienifniska (szew wewnatrzkarpacki), HCF — $wigtokrzyska (uskok $wigtokrzyski); prostokat — obszar badan
Fig. 3. Structural setting of the Matopolska and Upper Silesian Blocks (Zaba, 1995, 1999;
partly based on Sikora, 1976; Kotas, 1982; Guterch et al., 1986, 1994; Pozaryski et
al,, 1992; BABEL Working Group, 1993; Oberc, 1993; Buta, 1994; Dadlez et al., 1994;
Makris & Wang, 1994 and Thybo et al,, 1994)

HKFZ - Hamburg-Krakéw Fault Zone, MSFZ — Moravo-Silesian Fault Zone, PPFZ — Peri-Pieninian Fault Zone (In-
ner Carpathian Suture), HCF — Holy Cross Fault, STZ — Sorgenfrei-Tornquist Zone, TTZ — Teisseyre-Tornquist Zone;
boundary of Bruno—Vistulicum (BV) after Dudek (1980); rectangle — study area
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Ryc. 4. Pozycja strukturalna bloku gémoslaskiego (na podstawie Zaby, 1999 — uzupemiony;
czgSciowo na podstawie prac Dudka, 1980; Kotasa, 1982; Misafai in, 1983; Rajli-
cha, 1988; Cymermana, 1991; Buty, 1994 oraz Zaby, 1995)

1 - blok malopolski (MB); 2 — blok gomoslaski (USB); 3 — blok morawski (MRB); 4 — glowne strefy uskokowe
ograniczajace blok gornoslaski: HKFZ — Hamburg—Krakéw (OFZ — Odry, KLFZ ~ Krakéw-Lubliniec), MSFZ — moraw-
sko-slaska (BFZ - boskovickd, BNFZ — Brzeg—Nysa), EFZ — Laby, HFZ - Hand, PPFZ - perypieninska; 5 — nasunigcie
brzezne Karpat; 6 — obszary wystepowania intruzji granitoidowych oraz ich kontaktowego oddziatywania na skaty
oslony stwierdzone otworami wiertniczymi (obszary: M — Myszkowa-Mrzyglodu, Z — Zawiercia, P — Pilicy, DB -
Doliny Bedkowskiej); 7 — obszar badan

Fig. 4. Structural setting of the Upper Silesian Block (after Zaba, 1999 — supplemented; partly
based on Dudek, 1980; Kotas, 1982; Misaft et al, 1983; Rajlich, 1988; Cymerman,
1991, Buta, 1994 and Zaba, 1995)

1 — Malopolska Block (MB); 2 — Upper Silesian Block (USB), 3 — Moravian Block (MRB); 4 — primary fault zones
delimiting the Upper Silesian Block: HKFZ — Hamburg-Krakéw Fault Zone (OFZ — Odra Fault Zone, KLFZ — Krak6w—
Lubliniec Fault Zone), MSFZ — Moravo-Silesian Fault Zone (BFZ — Boskovice Fault Zone, BNFZ — Brzeg—Nysa
Fault Zone), EFZ — Elbe Fault Zone, HFZ — Han4 Fault Zone, PPFZ — Peri-Pieninian Fault Zone; 5 — Carpathian
overthrust front; 6 — areas of granitoid intrusions and their contact interactions on mantle rocks, confirmed by recog-
nized boreholes (M — Myszk6w—-Mrzyglow area, Z — Zawiercie area, P — Pilica area, DB - Dolina Bgdkowska area);
7 — study area
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Podloze monokliny slasko-krakowskiej jako strefa graniczna
blokow (terranow) gornoslaskiego i malopolskiego

Strefa graniczna blokow gornoslaskiego 1 matopolskiego przebiega w kie-
runku NW-SE w podlozu monokliny §lasko-krakowskiej (ryc. 2—4), obejmu-
jac silnie tektonicznie zaangazowane brzezne czgsci obu blokéw (terranow).
Bloki rozgranicza walna, glteboko siggajaca strefa uskokowa Krakéw—Lubli-
niec (ryc. 2—4).

W brzeznych czesciach blokow gornoslaskiego 1 matopolskiego wydzie-
lono kilkanascie kompleksow strukturalnych (ryc. 5). W spagu i stropie sg
one oddzielone od kompleksow sasiednich lukami stratygraficznymi oraz po-
wierzchniami niezgodnosci strukturalnych o regionalnym znaczeniu (ryc. 5
1 6). Jednostki te buduja dwa podstawowe megakompleksy platformy: dol-
ny — bedacy jej podlozem, oraz gérny — stanowiacy osadowa pokrywe
(ryc. 5). W strefie kontaktu blokéw gémoslaskiego i matopolskiego sasiaduja
ze soba — wzdtuz granicznej strefy dyslokacji Krakow—-Lubliniec —,,odmien-
nie wyksztatcone”, dolnopaleozoiczne (i starsze) kompleksy strukturalne,
ktére znacznie r6znia si¢ od siebie zaréwno litologia i wiekiem, jak tez cha-
rakterem przeobrazen, intensywnoscia deformacji oraz stylem tektonicznym
(Zaba, 1999).

W brzeznej czgSci bloku gornoslaskiego na réznowiekowych zespotach
skalnych krystalicznego fundamentu platformy spoczywaja dyskordantnie
klastyczne utwory kambru dolnego (kompleks kambryjski) przykryte —
réwniez dyskordantnie — klastycznymi osadami dewonu dolnego. Na obsza-
rze bloku gornoslaskiego tylko w jednym z otwordéw wiertniczych (zlokali-
zowanym w Bibieli w rejonie Brudzowic) stwierdzono klastyczno-weglano-
we skaty ordowiku (Gladysz, Jachowicz, Piekarski, 1990).

Do najstarszych utworéw wystgpujacych w brzeznej czesci bloku mato-
polskiego naleza stabo zmetamorfizowane i silnie tektonicznie zdeformowane
wendyjskie osady ilasto-mulowcowo-piaszczyste, rzadziej zlepiencowate,
wyksztatcone zazwyczaj jako fyllity (kompleks wendyjski). Utwory te re-
prezentuja podloze bloku matopolskiego. Na omawianym obszarze nie stwier-
dzono krystalicznego podtoza (ryc. 5). Na skatach wendyjskich zalegaja dys-
kordantnie weglanowe oraz klastyczne utwory ordowiku i syluru (kompleks
ordowicko-sylurski), przykryte — rowniez dyskordantnie — klastycznymi
osadami dewonu dolnego.

Wspolne dla obu blokow kompleksy skalne pojawiaja sig dopiero od
dewonu dolnego (ryc. 5 1 6). Sa reprezentowane przez weglanowo-klastycz-
ne utwory kompleksu dewonsko-karbonskiego, przykryte niezgodnie osada-
mi kompleksoéw: permsko-mezozoicznego oraz kenozoicznego (Zaba, 1999).

4 Kras i Speleologia
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W podtozu monokliny slasko-krakowskiej (Wyzyny Krakowsko-Wielun-
skiej), wzdluz granicznej strefy uskokowej Krakéw-Lubliniec, wystgpuja
intruzje gornokarbonskich granitoidow, lokujace sig tylko w brzeznej czgsci
bloku matopolskiego (ryc. 4).

Monoklina Slasko-krakowska (pokrywa mezozoiczna)

Monoklina $lasko-krakowska ma przebieg NNW-SSE, duza jej czes¢
znajduje sie na obszarze Wyzyny Krakowsko-Wielunskiej. W tym regionie
monoklina stanowi sktadnik pokrywy paleozoicznej platformy europejskiej
(ryc. 516). W gltdwnej mierze jest zbudowana z utwordéw triasu i jury oraz
fragmentarycznie zachowanych osadéw kredy. Razem z utworami permu wy-
stepuje w brzeznej strefie blokow gornoslaskiego i matopolskiego, wchodzac
w sktad permsko-mezozoicznego kompleksu strukturalnego. Kompleks ten
lezy niezgodnie na zdenudowanym i urozmaiconym pod wzgledem morfo-
logicznym, paleozoicznym, a lokalnie tez prekambryjskim podiozu, pokry-
wajac je dosé zwartym plaszczem. W brzeznych strefach obu blokow osady
triasu leza powszechnie na utworach dewonskich, karbonskich i permskich.
W krawedziowej czesci bloku matopolskiego leza ponadto na skatach sylur-
skich i ordowiskich, a nawet bezposrednio na wendyjskich fyllitach badz kar-
bonskich porfirach (Buta, Jachowicz, Zaba, 1997; Zaba, 1999). Utwo-

Ryc. 5. Kompleksy strukturalne w brzeznych czg¢sciach blokéw gémoslaskiego i matopolskiego
(wedhug Zaby, 1999 — zmieniony)

1 - osady trzeciorzedu i czwartorzedu, 2 — ilowce, 3 — mulowce, 4 — piaskowce, S — zlepiefice, 6 — wapienie,
7 — dolomity, 8 — metasedymenty (objete anchimetamorfizmem lub metamorfizmem regionalnym facji zielencowej),
9 — skaly krystaliczne fundamentu bloku goémoslaskiego oraz przypuszczalnego fundamentu bloku matopolskiego,
10 - glowne niezgodnosci strukturalne oraz luki stratygraficzne, 11 — luki stratygraficzne oraz przypuszczalne lub
podrzedne niezgodnosci strukturalne; wydzielenia stratygraficzne: Pr - prekambr, V — wend, €, — kambr dolny, €, - kambr
$rodkowy, Or - ordowik, § — sylur, D, — dewon dolny, D, — dewon $rodkowy, D, — dewon gérny, C, — karbon dolny,
C,- karbon gémy, P — perm, T ~ trias, J - jura, Tr - trzeciorzed, Q - czwartorzed,; Pr — prekambryjski megakompleks
strukturalny; kompleksy strukturalne: V — wendyjski, € — kambryjski, Or — ordowicki, Or-S - ordowicko-sylurski,
D-C ~ dewonsko-karbonski, P-M — permsko-mezozoiczny, Cen - kenozoiczny

Fig. 5. Structural complexes in edge zones of the Upper Silesian and Matopolska blocks (af-
ter Zaba, 1999 — modified)

1 - Tertiary and Quaternary sediments, 2 - claystones, 3 — siltstones, 4 — sandstones, 5 — conglomerates, 6 — lime-
stones, 7 — dolomites, 8 — metasediments (anchimetamorphism or regional metamorphism of greenschist facies),
9 — crystalline rocks of the Upper Silesia Block basement and hypothetical Matopolska Block basement, 10 - princi-
pal structural discordances and stratigraphical gaps, 11 - stratigraphical gaps and supposed or secondary structural
discordances; stratigraphy: Pr — Precambrian, V — Vendian, €, — Lower Cambrian, €, — Middle Cambrian, Or — Ordov-
ician, § — Silurian, D, — Lower Devonian, D, ~ Middle Devonian, D, — Upper Devonian, C, -~ Lower Carboniferous,
C, — Upper Carboniferous, P ~ Permian, T - Triassic, J — Jurassic, Tr — Tertiary, Q — Quatermnary; Pr — Precambrian
structural megacomplex; structural complexes: V — Vendian complex, € — Cambrian complex, Or — Ordovician com-
plex, Or-S — Ordovician-Silurian complex, D-C — Devonian—Carboniferous complex, P-M - Permian-Mesozoic com-
plex, Cen — Cenozoic complex

4%
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Ryc. 6. Kontakt blokow gomoslaskiego i malopolskiego w rejonie Siewierza i Zawiercia —
bez uwzglednienia zjawisk magmowych (Zab a, 1999 — nieco zmieniony)

1 - ilowce, 2 — mulowce, 3 - piaskowce, 4 — zlepierice, 5§ — wapienie, 6 — dolomity, 7 — metasedymenty (objgte an-
chimetamorfizmem lub metamorfizmem regionalnym facji zieleficowej), 8 — brekcje tektoniczne, 9 — mylonity,
10 - skaly krystaliczne fundamentu bloku gomnoslaskiego, 11 — glowne niezgodno$ci strukturalne oraz luki stratygraficz-
ne, 12 — graniczna strefa uskokowa Krakéw—Lubliniec, 13 — uskoki odwrécone, 14 — uskoki normalne, 15 ~ zwrot
wzglednych przemieszczen; otwory wiertnicze: 16 — znajdujace sig na linii przekroju, 17 — zlokalizowane w poblizu
linii przekroju; objasnienia symboli stratygraficznych — patrz ryc. 5; linia przekroju geologicznego ~ patrz ryc. 2

Fig. 6. Upper Silesian Block and Malopolska Block contact in the Siewierz and Zawiercie
area — without magmatic phenomena (Zab a, 1999 — slightly modified)

1 — claystones, 2 - siltstones, 3 — sandstones, 4 ~ conglomerates, 5 — limestones, 6 — dolomites, 7 - metasediments
(anchimetamorphism or greenschist facies of regional metamorphism), 8 — tectonic breccias, 9 — mylonites, 10 — crys-
talline basement of the Upper Silesia Block, 11 — principal structural discordances and stratigraphical gaps, 12 - bound-
ary Krakéw-Lubliniec Fault Zone, 13 — reverse faults, 14 — normal faults, 15 — sense of relative displacements,
16 — boreholes spaced along the geological cross-section line, 17 — boreholes located in a proximity of the geological
cross-section line; see Fig. 5 for explanations of stratigraphic symbols; location of geological cross-section line see Fig. 2

ry triasu ulegajq ku SE wyklinowaniu (sg $cigte erozyjnie przed jura)
1 w okolicach Krakowa utwory jury zalegaja juz bezposrednio na osadach
paleozoicznych. Monoklina $lasko-krakowska zapada pod niewielkim ka-
tem ku péinocnemu wschodowi pod utwory kredowe niecki Nidy. For-
macje skalne budujace monokling $lasko-krakowska sa wyksztatcone
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w facjach epikontynentalnych oraz kontynentalnych, reprezentowanych
w gidwnej mierze przez serie klastyczne i weglanowe. Przecigtna miazszo$é
utworow triasowych waha sie zazwyczaj w granicach 100-200 m (jednak
maksymalnie sigga nawet 1400 m), natomiast utwordéw jury wynosi zazwy-
czaj 150-200 m, a maksymalnie osiaga ponad 700 m (w rejonie Pajegcz-
na). Zachowane fragmentarycznie na skutek $cigcia erozyjnego utwory
kredy wystepuja lokalnie (np. w Rowie Krzeszowickim, Wolbromskim)
w postaci ptatow o réznej miazszo$ci; w okolicach Krakowa ich migzszo$¢
wynosi ok. 50 m, ale ku niecce miechowskiej miazszos$¢ kredy rosnie stop-
niowo do ponad 600 m.

Na terenie Wyzyny Krakowsko-Wieluriskiej powierzchnia monokliny
$lasko-krakowskiej jest zbudowana gléwnie z weglanowych osadéw gorne;j
jury (przede wszystkim jest to oksford, a wyjatkowo kimeryd). Wychodnie
utworéw gornojurajskich ciagna si¢ ,,nieprzerwanym pasem” od Krakowa
przez Czg¢stochowg, az po Wielun. W kierunku z péinocy na potudnie ich
miazszo$¢ stopniowo maleje. Na terenach potozonych migdzy Krakowem
a Czgstochowa wychodnie wapieni gomojurajskich wystgpuja na duzych ob-
szarach, natomiast pomigdzy Czgstochowa i1 Wieluniem utwory te pojawiaja
sig¢ znacznie rzadziej, gdyz sa tam przykryte lodowcowymi i wodno-lodow-
cowymi osadami czwartorzgdowymi.

Tektonika monokliny §lasko-krakowskiej w gldwnej mierze byla ksztat-
towana przez deformacje kimeryjskie i laramijskie. Dlatego w regionie tym
wyrdzniaja sig cztery nadlegle podpigtra strukturalne (Bukowy, 1974): sta-
rokimeryjskie dolne (obejmujace utwory triasu dolnego, srodkowego i kaj-
pru), starokimeryjskie géme (obejmujace utwory retyku), mtodokimeryjskie
(obejmujace utwory jury) i laramijskie (obejmujace utwory kredy). Ostatecz-
ny styl strukturalny monoklina §lasko-krakowska zawdzigcza przede wszyst-
kim ruchom laramijskim oraz — w mniejszym stopniu — deformacjom zacho-
dzacym w miocenie.

Zasadniczg cechg tektoniki tego regionu sa szerokopromienne fatdy o cha-
rakterze niecek i kopul oraz ggsta sie¢ uskokoéw i spegkan ciosowych. Dzieki
wielofazowej aktywnosci uskokow teren ten zostat zréznicowany na szereg
blokéw, tworzacych regionalne struktury zrgbowe. Na obszarze tym domi-
nuja uskoki przesuwcze 1 zrzutowe (Bednarek, 1974; Krokowski, 1984;
Teper, Hollek-Idziak, Idziak, 1988; Zaba, 1995, 1999). Zachodza-
ce wzdluz nich przemieszczenia byly raczej niewielkie i zazwyczaj wyno-
sity od kilku do kilkudziesigciu metrow.

Sie¢ spgkan i uskokow na obszarze monokliny §lasko-krakowskiej jest
przewaznie reprezentowana przez pionowo badz stromo nachylone zespo-
ly, zwykle odznaczajace si¢ katetalnym lub subkatetalnym ustawieniem
wzgledem ulawicenia osadow (Zaba, 1999). Ich geometryczne uktady oraz
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geograficzne kierunki wykazuja daleko idace podobienstwo do gtownych
zespotow spekan ciosowych i uskokow, wystgpujacych w nizej lezacych
utworach kompleksu dewonsko-karbonskiego (Bednarek, 1974, 1978;
Krokowski, 1984; Bednarek, Gorecka, Zapasénik, 1985; Zaba,
1999). Wiaze si¢ to w duzym stopniu z przenoszeniem do osadéw nadleglych
kierunkdéw wcezesniejszych struktur tektonicznych starszego podtoza. Powie-
lanie strukturalnego planu podioza zachodzito wskutek odnawiania i propa-
gacji z dotu ku goérze gtéwnych zespolow nieciaglosci. Proces ten postgpo-
wal juz czeSciowo w czasie sedymentacji osadow pigtra pokrywowego,
a przede wszystkim podczas pozniejszych, wielokrotnych naciskow tektonicz-
nych. Jednak powieleniu w osadach triasowych 1 jurajskich nie ulegly wszyst-
kie — zaznaczajace si¢ ponizej — zespoly nieciaglosci. Dotyczy to gtdwnie
wielu zespotow $cigé pochylych, ktore powstalty w wyniku deformacji po-
przedzajacych utworzenie si¢ mezozoicznej pokrywy (Zab a, 1999). W pig-
trze pokrywowym najwyrazniej zaznacza si¢ regionalny cios systemu or-
togonalnego, obejmujacy pionowe lub bardzo stromo nachylone zespotly
przewodnich spekan poprzecznych (kierunek NE-SW) i podtuznych (NW-
-SE) wzgledem osi niecki Nidy. Duza cz¢$¢ obserwowanych zespolow spg-
kan i mezouskokdw $ci$le wiaze sie z wielofazowa aktywnoscia przebie-
gajacej ponizej strefy uskokowej Krakow—Lubliniec. Nieciaglosci te maja
wiec charakter struktur naduskokowych.

Tektoniczna aktywnosé strefy krawedziowej blokéw
gornoslaskiego i malopolskiego

Strefa uskokowa Krakow-Lubliniec i jej wplyw na otoczenie

Bloki gornoslaski i matopolski rozgranicza walna strefa uskokowa Kra-
kow—Lubliniec (ryc. 2-4), bedaca najprawdopodobniej segmentem transkon-
tynentalnej linii tektonicznej Hamburg—Krakéw (por. np. Franke, Hoff-
mann, 1999). Dokladne polozenie tej granicznej dyslokacji przedstawit
Z.Bula (1994, 2000). Jej przebieg wykazuje liczne wygigcia i tuki, a sze-
roko$é zazwyczaj nie przekracza 500 m (Buta, Jachowicz, Zaba, 1997).
Biegnie ona na potudnie od Lublifica, pomigdzy Koziegtowami i Porajem,
nieco na zachdd od Myszkowa, Mrzyglodu, Zawiercia, Pilicy i Wolbromia
oraz na pétnocny wschod od Krakowa. Dalej na potudnie, pomigdzy Boch-
nia i Gdowem, chowa sie pod nasunigcie brzezne Karpat, gdzie by¢ moze
taczy sig z dyslokacja perypieninska. Strefa uskokowa Krakéw—Lubliniec ma
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proterozoiczne zatozenia, a jej tektoniczna aktywno$¢ obejmuje okres od naj-
starszego paleozoiku po kenozoik (Zaba, 1995, 1997, 1999). Wzdtuz linii
tej dyslokacji przebiega dziat wodny migdzy Odra i1 Warta, co sugeruje, iz
jej dlugotrwata aktywno$¢ sigga az do czaséw wspolczesnych (Morawska,
1997). Najwazniejsze etapy tektonicznej ruchliwosci, podczas ktorych
w glowne] mierze zostata uksztaltowana obecna budowa brzeznych czgsci
obu blokéw (terranow), taczy sie ze wzmozong aktywnoS$cia przesuwcza
przypadajaca na schytek syluru (lewoskretna transpresja — Zaba, 1994, 1995)
oraz na pézny karbon (prawoskretna transpresja i transtensja — Zab a, 1996).
Przesuwcza aktywnos¢ tej dyslokacji odgrywata tez wazna rolg metalo-
geniczng, co zapewne ma zwiazek z jej glgbokim zasiggiem.

Scisty zwiazek z lokalizacja oraz aktywnoscia strefy uskokowej Krakow—
Lubliniec wykazuja rowniez przejawy magmatyzmu, a w szczegélnosci gra-
nitoidowy plutonizm lokujacy sie wylacznie w brzeznej czgsci bloku matopol-
skiego w poblizu charakterystycznych krzywizn w jej przebiegu (ryc. 4).
Wyrazny zwiazek z lokalizacja tej dyslokacji wykazuje ponadto charaktery-
styczne rozmieszczenie wystgpujacych w obrebie jej skrzydel kompleksow
litostratygraficzno-strukturalnych (ryc. 5), a takze — wystgpujacych ponad tym
uskokiem — utwordw triasu i jury (ryc. 2 i6).

Zaznaczajaca sig w brzeznych czg$ciach blokow gomoslaskiego i mato-
polskiego gesta sie¢ uskokowa ksztattowata si¢ gtdwnie w warunkach po6z-
nokarbonskiej, wielofazowo rozwijajacej sig, prawoskrgtnej strefy §cinania
(Zaba, 1996; por. tez Arthaud, Matte, 1977). Pod koniec cyklu wary-
scyjskiego stata sie ona juz tak bardzo wielokierunkowa i osiagneta taki
stopien komplikacji, iz podczas pézniejszych deformacji zdolna byta niemal
wylacznie do odmtadzania i nasladowania réznych starszych kierunkow.
Uzyskata wiec typowe cechy sieci uskokowej nasyconej. Wiekszos¢ powsta-
tych w tym okresie uskokéw byla nastepnie, podczas pézniejszych ruchow
tektonicznych, przenoszona (przekazywana) ku gérze do nowo powstatych
osadow nadktadu. Pionowe uskokowanie zwiazane z tektoniczng ruchliwo-
Scig glebokiego podtoza prowadzilo réwniez do tworzenia sie licznych
makrostruktur o charakterze blokowym. W wielu rejonach procesy te zacho-
dza do czasow obecnych (m.in. Herbich, 1981).

Duza czg$¢ uskokéw obserwowanych w réznych wiekowo kompleksach
skalnych wykazuje bezposredni zwiazek z przemieszczeniami, ktore maja
miejsce w glebokim podlozu wzdtuz strefy dyslokacyjnej Krakéw—Lubliniec,
o charakterze struktur naduskokowych. Naleza do nich — migdzy innymi —
uskoki tworzace pozytywne struktury kwiatowe (Zaba, 1994). Charakter
struktur naduskokowych wykazuje tez wiekszo$¢ gtownych zespotdéw ciosu
1 uskokéw zaznaczajacych si¢ w obrgbie mezozoicznej pokrywy na obsza-
rze monokliny $lasko-krakowskiej (Bednarek, 1974, 1978; Krokowski,
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1984; Bednarek iin., 1985; Teper, Hollek-Idziak, Idziak, 1988;
Zaba, 1999). Sa one najczesciej zwiazane z prawoprzesuwczymi przemiesz-
czeniami zachodzacymi wzdtuz strefy uskokowej Krakow—Lubliniec oraz
z przenoszeniem do osadow nadleglych kierunkéw wcze$niejszych niecig-
glosci starszego podloza.

Ewolucja strukturalna

Utwory strefy krawedziowej blokéw gomos$laskiego i matopolskiego
zostaly objete czterema wyraznymi fazami deformacji tektonicznych prowa-
dzacymi do ksztattowania sie makrostruktur fatdowych (Zab a, 1999). Kaz-
da z nich konczyta si¢ wyraznie zaznaczajacym si¢ okresem ekstensji. De-
formacje te poprzedzily powstanie permsko-mezozoicznej pokrywy.

Pozniejsze deformacje obejmujace osady permsko-mezozoiczno-kenozo-
icznej pokrywy, wiazaly sig ze stopniowa — zachodzaca od triasu po miocen
— prawoskretng rotacja, poczatkowo nasuwczego, a nastgpnie kolejno prze-
suwczego i normalnego pola naprgzen. Deformacje te zostaly zapoczatko-
wane przez ruchy o charakterze przesuwczo-nasuwczym, prowadzac do
rozwoju subhoryzontalnie zorientowanych powierzchni $cinania. Struktury
te tworzyly si¢ prawdopodobnie pod koniec triasu §rodkowego lub/i na
pograniczu triasu §rodkowego i gormego (?faza labinska), zaznaczajac sig
w wigkszo$ci wystgpujacych w brzeznych czgsciach blokoéw gornoslaskiego
i matopolskiego komplekséw skalnych. Scigcia te powstawaty najprawdopo-
dobniej wskutek kompresji o kierunku NW-SE (Zaba, 1999).

Stopniowo, prawoskretnie rotujacy uktad naprezen ulegt nastgpnie prze-
warto$ciowaniu (osie naprezen o) i 0; lezace w plaszczyznie poziomej, 0§ 0,
ustawiona pionowo). W warunkach deformacji o charakterze przesuwczym,
zachodzacych wskutek naciskéw o kierunku NNW-SSE, lokalnie powstawaty
zespoty sprzezonych spekan hybrydowych, ktére nastgpnie ulegaty niewiel-
kiej rotacji zwiazanej z ksztaltowaniem sig¢ szerokopromiennych struktur
faldowych o charakterze niecek i koput. Z takim stanem naprezen wiazato
sie tez prawdopodobne otwieranie ekstensyjnego ciosu o przebiegu NNW-
-SSE. W okresie pdzniejszym rolg gtéwnych ptaszczyzn poslizgéw przesuw-
czych (prawoskretnych) przejal zespét przewodnich, skopiowanych z pod-
oza, nieciagloséci o kierunku NW-SE (Zaba, 1999).

Dalsza ewolucja sieci spgkan i mezouskokow pigtra pokrywowego wia-
zala sie ze stopniowa prawoskretna rotacjg osi gtéwnych naciskow (z zacho-
waniem przesuwczego charakteru uktadu naprezen) do potozenia NNE-SSW
lub nawet NE-SW. Rotacja osi glownych naprgzen o, powodowala przesuw-
cze uaktywnianie sie coraz to nowych zespotéw nieciagtosci, jak tez otwie-
ranie si¢ kolejnych zespotéw spekan ekstensyjnych (Zab a, 1999). Z kompre-
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sja o kierunku NNE-SSW najprawdopodobniej wiazaly si¢ prawoprzesuw-
cze przemieszczenia o kierunku NW-SE, odbywajace si¢ w glebokim pod-
lozu wzdtuz granicznej strefy uskokowej Krakéw—Lubliniec. Na taka moz-
liwosé wskazuja tez wyniki szczegdtowych badan wielu autoréw (m.in. Bed -
narka, 1978; Krokowskiego, 1984; Tepera, Hollek-Idziak,
Idziaka, 1988). Systemy aktywnych w tym okresie, réznie zorientowanych
zespotow $cie¢ maja cechy struktur naduskokowych.

Towarzyszacy aktywnoSci przesuwczej uktad gtéwnych napregzen ulegat
ciagtej prawoskretnej rotacji, doprowadzajac najprawdopodobniej do krot-
kotrwalej zamiany rezimu transtensyjnego na transpresyjny lub nawet kom-
presyjny (Zaba, 1999). O$ naprezen o, lezala w tym okresie poziomo i wy-
kazywala kierunek NW-SE lub nawet WNW-ESE. Nastgpnie ukfad o cha-
rakterze przesuwczym, wskutek nierotacyjnej zmiany osi gldéwnych naprezen,
przeszedt w normalno-zrzutowy (&, — pionowa, 0, 1 0; — lezace w plaszczyz-
nie poziome;j). Zdaniem J. Krokowskiego (1984), 0§ 0, miata wtedy kie-
runek NW-SE lub NNW-SSE. Dalsza prawoskrgtna rotacja tego uktadu spo-
wodowala, iz 0§ posrednich naprgzen o, przyjela pozycj¢ zblizona do W-E,
a 0$ najmniejszych glownych naprezen o; — kierunek N-S. Okres ten odzna-
czal sie wyrazng przewaga przemieszczen zrzutowych o charakterze normal-
nym, obejmujacych — szczegélnie czgsto — powierzchnie nieciaglosci o prze-
biegu zblizonym do réwnoleznikowego (Zaba, 1999). Warunki ekstensyj-
ne sprzyjaty rozwojowi licznych struktur typu rowow i zrgbow tektonicznych,
ktérym towarzysza lokalnie sztywne fatdy fleksuralne 1 przyuskokowe ugig-
cia. Omawiane zjawiska powszechnie taczy si¢ z tektogeneza miocenska
(m.in. Alexandrowicz, 1964; Bogacz, 1967; Krokowski, 1984,
Bednarek, Gorecka, Zapasnik, 1985).

Przedstawiona ewolucja ukladu naprezen zachodzita etapowo i réznila sig
nieco w poszczegdlnych rejonach monokliny slasko-krakowskiej. Na podsta-
wie szczegbotowych badan terenowych prowadzonych na tym terenie oraz ob-
szarach przylegltych wyrézniono kilka epizodéw deformacyjnych powszech-
nie laczonych z ruchami: starokimeryjskimi, mtodokimeryjskimi, subhercyn-
skimi, laramijskimi, miocenskimi oraz zachodzacymi po miocenie (m.in.:
Dzutynski, 1953; Poborski, Skoczylas-Ciszewska, 1963; Ale-
xandrowicz, 1964; Piekarski, 1965; Bogacz, 1967, Sliwinski,
1969; Burzewski, 1969; Jawor, 1970; Kutek, Gtazek, 1972; Mar-
cinowski, 1974; Bednarek, 1974, 1978; Jurkiewicz, 1975; Glazek,
Kutek, 1976; Gorecki, 1977, Zapasnik, 1977, Herbich, 1981; Rut-
kowski, 1981, 1986, 1989; Gatkiewicz, 1983; Szuwarzynski, Pa-
nek, 1983; Bednarek, Gorecka, Zapasnik, 1985; Poborski,Jawor,
1989; Gorecka, 1991; Gorecka iin., 1991). Deformacje te prowadzity
do tworzenia si¢ rozleglych, koputowatych wypigtrzen rozdzielonych — row-
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niez rozleglymi — nieckowatymi obnizeniami (powstatymi w wyniku ruchow
starokimeryjskich, mtodokimeryjskich i laramijskich); w fazie mtodokime-
ryjskiej zaczela sig tworzy¢ monoklina $lasko-krakowska, ktora ostatecznie
uksztaltowala si¢ w czasie ruchow laramijskich. Podczas wszystkich etapow
deformacji tworzyly sig, ujawniaty lub uvaktywnialy rézne zespoty ciosu
1 uskokéw, co prowadzito do rozwoju budowy blokowej. Najbardziej czy-
telna 1 ggsta sie¢ uskokéw powstata dzieki ruchom zachodzacym w mioce-
nie (zwiagzanym w glownej mierze z nasunigciami karpackimi). Uskokowa-
nie zachodzilo przewaznie w rezimie ekstensyjnym, lecz wyjatkowo two-
rzyly sig tez $cigcia o charakterze przesuwczym. Niewielka aktywnos$¢
uskokow przesuwczych (poludnikowych i rzadziej rownoleznikowych)
ujawniatla si¢ jeszcze podczas ruchdw miocenskich (Bednarek, 1974; Za-
pasnik, 1977).

Pasmo Smolensko-Niegowonickie jako element
pokrywy goérnojurajskiej

Litostratygrafia utworéow g()rnojurajslfifh

Utwory gornojurajskie budujace Pasmo Smolensko-Niegowonickie sg
reprezentowane przez osady keloweju i oksfordu. Utwory keloweju odsta-
niaja si¢ jedynie w okolicach Wysokiej i Ogrodzienca (ryc. 7). Sa to zapiasz-
czone margle przelawicone zottymi i zéitobrunatnymi wapieniami piaszczy-
stymi (Kaziuk, Lewandowski, 1980).

Osady weglanowe oksfordu wykazuja duza zmienno$¢ facjalng. Z tego
wzgledu wydziela si¢ w tym terenie kilka jednostek litostratygraficznych.
Oksford dolny i §rodkowy wyksztalcony jest w postaci cienkotawicowych
wapieni przetawiconych marglami oraz margli zawierajacych gabki i tube-
roidy. Powyzej tych osadow leza utawicone, ziarniste, gruzetkowo-grud-
kowe, porowate i mazace wapienie, zwane warstwami zawodzianskimi,
w ktorych powszechnie wystgpuja szare krzemienie tworzace plaskury row-
nolegle do utawicenia. W warstwach zawodzianskich pojawiaja si¢ wkladki
wapieni skalistych, ktore J. Bednarek (1974) okresla jako wapienie ska-
liste dolne. Sedymentacje oksfordu dolnego i srodkowego konczy poziom
wapienia skalistego, ktory rozpoczyna jednocze$nie sedymentacjg oksfor-
du gornego. Na granicy oksfordu srodkowego i gérnego w wapieniach
skalistych wida¢ miejscami wapienie detrytyczne lub plytkowe, nazywane
wapieniami z Kolbarka (Kotlicki, 1967; Bukowy, 1968; Bednarek,
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1974; Bednarek, Kaziuk, Zapasnik, 1978). Powyzej wapieni z Kol-
barka pojawia sie regularny i ciagly poktad wapieni skalistych o migzszo-
$ci 20-30 m, zwany wapieniem skalistym gtownym (Kotlicki, 1967; Bu-
kowy, 1968; Bednarek, 1974; Bednarek, Kaziuk,Zapas$nik, 1978).
Pomiedzy Smoleniem, Strzegowa i Diuzcem facje oksfordu gérnego roz-
winely sie do$é nietypowo. Glowny wapien skalisty jest silnie rozbudo-
wany ku gérze, tworzac prawdopodobnie strukturg biohermalna, podobna
do opisywanej z Niegowonic i Grabowej (Irminski, 1995). Miejscami
wapienie skaliste sa zastepowane wapieniami kredowatymi. Osady te o lo-
kalnym zasiegu nazwano wapieniem skalistym, smolenskim i wapieniem kre-
dowatym smolenskim (Kotlicki, 1967; Bukowy, 1968; Bednarek,
1974; Bednarek, Kaziuk, Zapas$nik, 1978). Poza tym obszarem na
gléwnym wapieniu skalistym wystgpuja wapienie pileckie. Sa to osady facji
bezgabkowej, reprezentowane przez wapienie pylaste i wapienie plytowe.
Wsrod wapieni pileckich wystepuja nieregularne i nieciggte wkiadki twar-
dych i zbitych wapieni skalistych pileckich, tworzacych ciata o ksztaltach
ptaskich bioherm.

W potudniowej czesci Pasma Smolensko-Niegowonickiego na gtéwnym
wapieniu skalistym leza ziarniste, grubodetrytyczne wapienie ulawicone,
nazwane wapieniami zarzeczanskimi, ktére mozna obserwowaé w odstonie-
ciach wzdtuz krawedzi rowu Wolbromia. Wapienie zarzeczanskie odpowia-
daja (w sensie stratygraficznym) poziomowi wapieni pileckich.

W okolicy miejscowosci Chechlo obserwuje si¢ detrytyczne wapienie
o cechach sptywow, osuwisk podmorskich i turbidytéw. Sa to wapienie
detrytyczne z Chechta. Odpowiadaja one poziomowi wapieni pylastych pi-
leckich dolnych (Bednarek, 1974; Bednarek, Kaziuk, Zapas$nik,
1978).

Specyficzng cecha utwordw jurajskich w rejonie jury pilecko-olkuskiej
(sensu Bednarek, 1974) jest to, ze zawieraja one silnie rozproszone mi-
neraty kruszcowe wykazujace mineralogiczne pokrewienstwo z kruszcami
Zn-Pb tworzacymi skupienia ztozowe w skatach triasowych w obszarze §la-
sko-krakowskim. Mineralizacja sigga az do dolnej czgsci oksfordu géomego,
do poziomu glownego wapienia skalistego. Zjawisko to stwierdzono w kilku-
nastu otworach wiertniczych w stosunkowo waskim pasie o szerokosci 5-8 km,
ciagnacym sig¢ od Pilicy pomigdzy Ztozencem i Strzegowa przez Krzywo-
ptoty, Dhluzec, Kolbark, Zarzecze w kierunku Chrzastowic (Bednarek,
Goérecka, Zapasnik, 1985).

Z przeprowadzonych badan wynika, ze temperatura homogenizacji inklu-
zji w mineratach kruszcowych waha si¢ w granicach 65-90°C dla sfalerytu
z utworow keloweju 1 70-85°C dla sfalerytu z utworéw oksfordu. Oprocz
mineraléw kruszcowych w otworach wiertniczych w tym rejonie stwierdzo-



Ryc. 7. Kotliny i wieksze depresje morfologiczne na tle budowy geologicznej w Srodkowej
czesci Pasma Smolenisko-Niegowonickiego (na podstawie: Bukowy, 1963, 1968; Ko 1lick i,
1966, 1967; Bednarek, 1974; Bednarek i in.,, 1978; Pulina, 2003).

Cr, - kreda dolna, alb: piaski glaukonitowe i piaskowce, 103 - jura gdrna, oksford gérny: wapienie kredowate
i skaliste, smoleriskie oraz wapienie skaliste, gérne. Wapienie kredowate. Wapienie pylaste, ptytkowe, detrytycz-
ne. Margie i wapienie skaliste, pileckie. Wapienie skaliste, gtdwne, J02 - jura gérna, oksford $rodkowy: wapienie
gabkowo-tuberolitowe, zawodzianskie. Wapienie detrytyczne z Kolbarka. Wapienie skaliste, dolne, JOi-2 jura g6rna,
oksford srodkowy / dolny: cienko i $redniotawicowe wapienie margliste i margle scyfiowe, J23jura gdrna / $rod-
kowa, oksford dolny / kelowej: margle, Jd - jura $rodkowa, kelowej: wapienie piaszczyste, Jbl - jura $rodkowa,
bajos / baton: ily czarne, piaskowce i zlepierice zelaziste, J, - jura dolna, hettang / pliensbach: zwiry, ity, glinki
oraz kwarcyty i zlepiefce kwarcytowe, T3- trias gorny, kajper / retyk: ity, ilowce i mulowce wisniowo-zielone
z wktadkami zlepiencéw kwarcowych, T2 - trias $rodkowy, Srodkowy wapiefn muszlowy: dolomity i wapienie,
dolomity diploporowe, D2- dewon, zywet: dolomity,

la - uskoki pewne, Ib - uskoki przypuszczalne, Il - przebieg granicznej strefy uskokowej Krakow-Lubliniec,
Il - jaskinie omawiane w tek$cie (z numeracja): 1 - Jaskinia na Bi$niku, 2 - Jaskinia Psia, 3 - Jaskinia Zegar,
4 - Jaskinia pod Szczytem, 5 - Jaskinia z Kottem, 6 - Jaskinia Jasna w Strzegowej, 7 - Schronisko w Dtuzcu,
8 - Schronisko w Krzywoptotach, 9 - Jaskinia w Straszykowej Goérze, 10 - Jaskinia Ciesen¢, 11 - Jaskinia pod
Kamykiem, IV - depresje morfologiczne o charakterze polji
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no rowniez wystgpowanie w utworach jurajskich (szczegélnie w dolnym
i sSrodkowym oksfordzie) zytek kwarcowo-kalcytowych. Temperatury homo-
genizacji inkluzji w kwarcu wynosza 80-90°C, co potwierdza teorig hydro-
termalnego pochodzenia kruszcoéw i towarzyszacych mineratow niekruszco-
wych (Bednarek, Gorecka, Zapasnik, 1985).

Tektonika

Blokowo-zrgbowy charakter tektoniki pokrywy goérnojurajskiej Wyzyny
Krakowsko-Wieluniskiej opisywato wielu autorow, m.in. Dzutynski (1953)
iKleczkowski (1972). S. Bukowy (1974) zaktadal mozliwos¢ istnie-
nia w pokrywie szerokopromiennych fatdow, lecz generalnie przyjmuje sig,
7e na tym obszarze dominuje tektonika saksonska. Blokowy charakter tek-
toniki Pasma Smolensko-Niegowonickiego (ryc. 8) potwierdzaja badania
Bednarka (1974) 1 Zapasnika (1977). Utwory jurajskie tnie ggsta sie¢
uskokow dzielacych obszar na liczne bloki, poprzemieszczane wzglgdem
siebie i tworzace asymetryczne rowy izreby (Bednarek, Koziuk, Za-
pasnik, 1978). Poniewaz na tym obszarze brakuje osadow gornej kredy,
a osady trzeciorzedowe zachowaly sig jedynie w formach krasowych, dato-
wanie uskokow jest znacznie utrudnione. Jedynie przez analogi¢ do obsza-
row sasiednich (Dzutynski, 1953; Burzewski, 1969) mozna przepro-
wadzaé proby okreslenia wzglednego wieku uskokow (ryc. 7).

Obszar Pasma Smolensko-Niegowonickiego od péinocy jest ograniczo-
ny asymetrycznym Rowem Pilicy o szerokosci kilkuset metréw. Skrzydio
poinocne i potudniowe rowu jest zbudowane z wapieni oksfordu gérnego,

Fig. 7. Basins and greater morfological depressions against a background of geological
features in middle part of Smolefn-Niegowonice Range (from Bukowy, 1963, 1968; Ko -
tlicki, 1966, 1967; Bednarek, 1974; Bednarek et al, 1978; Pulina, 2003)

Cr, — Lower Cretaceous, Albian: glaukonite sands and sandstone, Jo; — Upper Jurassic, Upper Oxfordian: chalky
and massive limestones from Smolen and upper, massive limestones. Detrital, dusty and platy limestones. Marls
and massive limestones from Pilica. Main massive limestones, Jo, — Upper Jurassic, Middle Oxfordian: spongy
limestones from Zawodzie. Detrital limestones from Kolbark. Lower massive limestones, Jo, ; — Upper Jurassic,
Middle/Lower Oxfordian: thin and middle bedded marly limestones and marls, J,; — Upper/Middle Jurassic, Lower
Oxfordian/Callovian: marls, J,; - Middle Jurassic, Callovian: sandy limestones, J,, — Middle Jurassic, Bajocian/
Bathonian: black clays, sandstones and irony conglomerate, J, — Lower Jurassic, Hettangian/Pliensbachian: gra-
vels, clays, quartzites and quartz conglomerates, T, — Upper Triassic, Keuper/Rhaetic: clays, claystones, cherry-
green mudstones with quartz conglomerates inserts, T, — Middle Triassic, Middle Muschelkalk: dolomite and li-
mestones, diplopore dolomite, D, — Devonian, Givetian: dolomite,

Ia — certain faults, Ib — inferred faults, 11 — boundary Krakéw-Lubliniec Fault Zone, III — caves discussed in
text (with numbers): 1 — Na Bisniku Cave, 2 - Psia Cave, 3 — Zegar Cave, 4 — Pod Szczytem Cave, 5 — Z Kotlem
Cave, 6 — Jasna Cave in Strzegowa, 7 — Shelter in Dluzec, 8 — Shelter in Krzywoploty, 9 — Cave in Straszykowa
Géra, 10 — Ciesené¢ Cave, 11 - Pod Kamykiem Cave, 1V - bassins and morphological depression
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Ryc. 8. Szkic rozmieszczenia jednostek tektonicznych w centralnej czgsci Pasma Smolenisko-
-Niegowonickiego (wg Bednareki in., 1978)

1 - R6w Czamej Przemszy, 2 — Blok Giebta, 3 — Blok Gulzowa, 4 — Zrab Wierzbicy, 5 — R6w Pilicy, 6 - Blok Ko-
cikowej, 7 — Zrab Smolenia, 8 — Zapadlisko Dhizca, 9 — R6w Wolbromia, 10 — Zrab Cheima, 11 — Blok Grochowca—
Straszykowej, 12 — Blok Ryczowskich Skal, 13 — Blok Pasinca, 14 — Zrab Ryczéwek-Cieélin, 15 — Blok Chechtla,
16 - Blok Golczowic, 17 — R6w Kluczy

Fig. 8. Sketch of distribution of tectonic units in central part of Smolen—Niegowonice Range
(from Bednarek etal., 1978).

1 - Czama Przemsza Graben, 2 — Gieblo Block, 3 — Gulzéw Block, 4 — Wierzbica Horst, 5 — Pilica Graben,
6 — Kocikowa Block, 7 —~ Smolefi Horst, 8 — Dhuzec Depression, 9 — Wolbrom Graben, 10 — Chetm Horst, 11 — Gro-
chowiec-Straszykowa Block, 12 ~ Ryczéw Rocks Block, 13 — Pasiniec Block, 14 — Ryczéwek—-Cieélin Horst,
15 — Chechlo Block, 16 — Golczowice Block, 17 - Klucze Graben

natomiast dno wyscielaja (gldwnie we wschodniej czgséci) osady kredy.
Wielko$é zrzutu uskoké6w w skrzydle potudniowym dochodzi do 250 m,
wielko$é zrzutu uskokow skrzydta poinocnego jest wyraznie mniejsza. Ku
wschodowi szeroko$¢é rowu wzrasta w kierunku zachodnim, gwaltownie sig
zweza do okolo 250 m, skreca ku SW i stopniowo wygasa na Bloku Ko-
cikowej. Dalej na zachdéd pojawia sig¢ potudnikowa strefa uskokow prze-
biegajaca mniej wigcej miedzy Kluczami i Ogrodziencem. Jeszcze bardzie;j
na zachod pojawiaja sie ponownie struktury o charakterze rownolezniko-
wych rowow tektonicznych: na péinocy Réw Czarnej Przemszy i na polu-
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dniu Row Mitregi (Bednarek, Kaziuk, Zapadnik, 1978). W morfolo-
gii terenu zaznacza si¢ wyraznie pas obnizen biegnacy pomig¢dzy miejsco-
woscig Pilica poprzez Wole Kocikowa, Kolonig Ryczéw do zrodet Centurii
w Ogrodziencu Krepie i dalej do zrédet Mitreggi (ryc. 1). Dlatego istnieje
pewne prawdopodobienstwo, ze Row Pilicy ma kontynuacj¢ na zachod
w kierunku Rowu Mitregi, cho¢ brak bezposrednich dowodéw w postaci ob-
serwacji choéby z otwordow wiertniczych (Pulina, Polonius, w druku).
Wzdluz tej linii obnizen przebiega potnocna granica Pasma Smolensko-Nie-
gowonickiego.

Na potudnie od Rowu Pilicy duza jednostkg tektoniczna wydzielit S. Bu-
kowy (1968), ktora nazwal Zrebem Smolenia (ryc. 8). Jest to wyrazne wy-
pietrzenie osadow mezozoicznych ciagnace si¢ od okolic Porgby Dzierzne;j
na wschodzie poprzez Smolen i Strzegowa w kierunku zachodnim rozbite na
szereg rownoleznikowych blokow pomigdzy Kwasniowem i Ryczowem,
zachowujac jednak tendencjg¢ obszar6w wyniesionych. Od potudniowego
wschodu do Zrebu Smolenia przylega Zapadlisko Dtuzca, ktore jeszcze bar-
dziej na potudnie przechodzi w Réw Wolbromia (ryc. 8) bgdacy jednocze-
$nie fragmentem potudniowej granicy Pasma Smolensko-Niegowonickiego
(Bednarek, Kaziuk, Zapasnik, 1978).

Od potudniowego zachodu Zrab Smolenia jest ograniczony przez wielka
strefg dyslokacyjna, ktora J. Bednarek (1974) nazywa siewiersko-kolbar-
ska. Wschodnia cze$¢ tej strefy biegnie na poludnie od Hutek-Kanek poprzez
okolice: Rodakow, Ryczéwka, Kwasniowa, Cieslina do Kolbarka (ryc. 1).
T.Zapasnik (1977) z kolei przediuza te strefg jeszcze bardziej na wschod,
w okolice Zarzecza, wydzielajac jednoczesnie waski Zrab Kolbarka, ktory
od wschodu graniczy z Rowem Wolbromia.

Na potudnie od tej strefy wydzielono dwa bloki majace charakter asy-
metrycznego rowu tektonicznego (Bednarek, 1974). Sg to Blok Chechia
na zachodzie i1 Blok Golczowic na Wschodzie, rozdzielone potudnikowo bie-
gnaca strefa uskokowa. Bloki wznosza si¢ na potudnie kilkoma stopniami
1traca charakter rowéw, przechodzac w struktury wypietrzone (ryc. 7).
Wzdtuz tych stopni przelamuje si¢ ze wschodu na zachdd Biata Przemsza
stanowiaca w tym miejscu potudniowg granicg Pasma Smolenisko-Niegowo-
nickiego (ryc. 1).

Na poélnoc od strefy siewiersko-kolbarskiej zostal wydzielony Zrab
Ryczowek-Cieslin (Bednarek, 1974). Jest to obszar wyniesiony na tyle,
ze w podlozu odstonity sig¢ osady gérnego triasu, osiggajac w okolicy Cie-
slina najbardziej na wschod wysunigte stanowisko.

Na péinoc od Zrebu Ryczowek—Cieslin zaznacza sie strefa obnizona,
w ktorej wychodnie wapieni skalistych sg silnie porozbijane na fragmenty.
W obszarze tym zostaly wydzielone trzy rownoleznikowe bloki bedace za-



64 Marian [Pulinal, Jerzy Zaba, Adam Polonius

chodnim fragmentem Zrgbu Smolenia. Jest to Blok Pasifica, Blok Ryczow-
skich Skat i Blok Grochowca—Straszykowki (ryc. 8). Bloki te charakteryzu-
ja si¢ silnie zaznaczonymi w morfologii stromymi (czasami urwistymi) zbo-
czami poludniowymi i fagodnymi stokami péinocnymi.

Szkic morfologiczny oraz duze formy krasowe
Pasma Smolensko-Niegowonickiego

Pasmo Smolensko-Niegowonickie stanowi SE cze$¢ Wyzyny Czestochow-
skiej. Na przedpolu zachodniej, silnie rozcztonkowanej granicy tego Pasma
stercza wzniesienia Wysokiej, Rokitna Szlacheckiego, Bledowa (ryc. 1),
pozostalosci pokrywy jurajskiej, usunigtej w trakcie procesu formowania sig
zachodniej krawegdzi Wyzyny. Sama krawgdz za$ jest nacigta licznymi ob-
nizeniami dolinnymi, ktore glteboko wkraczaja w plaskowyz.

Pod wzgledem geomorfologiczno-tektonicznym Pasmo Smolefisko-Nie-
gowonickie podzieli¢ mozna na dwie zasadnicze jednostki. Najwigksza
z nich, stanowiaca srodkowo-wschodnia cze$¢ Pasma stanowi wlasciwag cze$é
plaskowyzu, ktéra mogliby$my nazwaé¢ Smoleniska (Pulina, 2001; Puli-
na, Polonius, w druku). Druga, mniejsza jednostka, lezy w potudniowo-
-zachodniej czgéci Pasma i jest wyraznie oddzielona linia obnizen 1 kotlin
od cze$ci Smolenskiej. Moglibysmy ja nazwa¢ Niegowonicko-Golczowicka
(Pulina, 2001; Pulina, Polonius, w druku). Obydwie jednostki maja
rowniez wyrazng potudnikowa oddzielnos¢ morfologiczng. Doliny rzek Cen-
turii, Tamoéwki i Bialej Przemszy dzielg je na trzy poludnikowe rejony. Sil-
niej rozczlonkowana jest jednak jednostka Niegowonicko-Golczowska.
Rozcinajq ja nie tylko wymienione tu rzeki Biala Przemsza i jej poéinocne
doptywy, lecz takze potok Debiesnica bioracy poczatek w obfitych zrédtach
duzej kotliny Ryczowka. Ponadto zachodnia krawedz tego Pasma rozbita jest
na oddzielne wzgodrza wapienne przez géme odcinki dolin Mitregi oraz Czar-
nej Przemszy (ryc. 1).

Charakterystyczna cecha krajobrazu krasowego ptaskowyzu Niegowonic-
ko-Golczowickiego jest obecno$¢ duzych kotlin o wyraznym zalozeniu
krasowym (ryc. 7), zblizonym do polji krasowych. Formy te ukladaja si¢
wzdtuz linii tektonicznych o przebiegu WNW-ESE. Mozna tu wyrézni¢ co
najmniej dwie takie strefy: dolna (potudniowa) — o najwigkszym zasiggu —
przebiegajaca miedzy miejscowosciami Hutki—Kanki i Cieslin oraz géma
(p6mocna) — pomiedzy Huciskiem a Domaniewicami. Ta ostatnia lezy na linii
obnizen oddzielajacych obydwie jednostki morfologiczne (Pulina, Polo-
nius, w druku).
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Rzezba jednostki Smolenskiej charakteryzuje si¢ przede wszystkim
wyraznie wyodrebnionym w morfologii ciagiem grzbietow 1 wzgoérz wapien-
nych, pomiedzy ktorymi wystepuja suche doliny i obnizenia. Najbardzie;j
charakterystyczna jest tu Dolina Wodaca ze zboczami pokrytymi formami
skalnymi i grzbietami zbudowanymi ze skalnych grani i wzgorz. W obrgbie
tych grzbietow i wzgorz wystepuja liczne mniejsze formy krasowe oraz liczne
powierzchnie ztobkow krasowych. Grzbiety 1 wzgorza czgsto sa pokryte ,,ru-
inami skalnymi”. W jednostce tej wystgpuje réwniez kilka obszemych de-
presji morfologicznych o zalozeniach krasowych. Sa to m.in. Kotlina Czar-
nego Lasu (u uj$cia Doliny Wodacej) z duzym systemem zrodet (zrodia
Tarnowki), a takze bezwodna depresja krasowa polozona na SW od Ztozen-
ca i inne.

Kotliny zblizone do polji krasowych

Sa to duze formy wkleste, niekiedy przybierajace ksztalt kotlin, wyste-
pujace w Pasmie Niegowonicko-Smolenskim (ryc. 1 1 7). Charakteryzuja si¢
oryginalnymi cechami wyraznie odr6zniajacymi je od podobnych form zna-
nych z obszarow gorskich poludniowej Polski. Zaréwno cechy morfologiczne
tych kotlin, obecnoéé licznych zrodel krasowych i ponoréw, okresowe zbior-
niki wodne oraz ich geneza wskazuja na ich duze podobienstwo do polji kra-
sowych (Pulina, 1999). R6znia si¢ jednak od polji z klasycznego krasu nie-
co innym wyksztalceniem morfologicznym i hydrografia. Nie sa to bowiem
zamknigte kotliny, z ktérych wody s3 odprowadzane jaskiniami na zewnatrz
polja (czesto do polja polozonego ponizej lub do strefy kontaktowej ze
skalami niekrasowymi). Opisywane kotliny z racji ich genezy stanowig
zapewne ,,schytkowe” stadium ewolucji takiego polja, czy tez wskazuja na
odrebnie przebiegajacy proces geomorfologiczny ksztattujacy te kotliny,
zachodzacy zarowno w warunkach klimatu trzeciorzgdowego, jak i w trak-
cie zlodowacen skandynawskich. Kotliny te zatem nalezaloby nazwaé pa-
leopoljami krasowymi (Pulina, 1999, 2001).

Opisywane tu formy osiagaja powierzchnie od kilkudziesieciu tysiecy m’
do ponad 2 km’. Maja plaskie dno, czesto potozone na kilku poziomach,
z ktérych najnizsze bywa zalewane w czasie katastrofalnych opadéw. Dno
pokryte jest osadami rzecznymi i eolicznymi, a na jego brzegach bywa cze-
sto podniesione przez osady stokowe i stozki naptywowe. Czgsto z dna
kotliny wystaja pojedyncze skalne ,,wyspy” lub wzgérza. Dno omawianych
depresji morfologicznych jest na ogdél otoczone zboczami o niewielkim
nachyleniu (przechodzacymi w plaskie powierzchnie na wysoczyznie), ale
niektore z nich odznaczaja si¢ stromymi zboczami potozonymi u podnoza
grzbietow skalnych. Wigkszos$¢ depresji jest ,,otwarta” i kontaktuje z dolinami

5 Kras i Speleologia
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rzecznymi, czy tez formami podobnego typu, poprzez waskie doliny prze-
fomowe. Takie kotliny maja ciek wodny, w duzym stopniu zasilany miej-
scowymi zrédtami krasowymi. Przez nizej potozone kotliny przeptywaja cieki
tranzytowe ze zrédtami w wyzej potozonych depresjach. Czgsto w dolinach
przetomowych traca czgs¢ lub cato$é swych wod w systemach ponorowych
(ryc. 117).

Kotliny te s3 miejscem lokalizacji wsi oraz obszarem intensywnej gospo-
darki rolniczej. Lokalizowano tu takze drobny przemyst przetworczy. Rzeki
w ich obrgbie wykorzystywano do celow energetycznych (liczne miyny i tar-
taki). W czasach historycznych skalne wyspy oraz wysokie wzgorza w dnie
zabagnionej i czgsto zalewanej kotliny byly miejscem zaktadania warownych
zamkow i kosciotow (kotlina Swigtego Krzyza).

Lokalizacja oraz typy kotlin i depresji morfologicznych

Kotliny potozone w jednostce Niegowonicko-Golczowickiej zlokalizowa-
ne sa w dwoch wyraznych strefach. Strefy te o dtugosci 10 km (potudnio-
wa) i 7 km (pdinocna) przebiegaja w kierunku NW-SE w czg$ci zachodniej,
a WNW-ESE w czgsci wschodniej tej jednostki morfologicznej. W dolnej
strefie zlokalizowanych jest pie¢ obszernych kotlin (Cie$lin, Kwasniow
Dolny, Ryczéwek, Rodaki i Hutki-Kanki), natomiast w gornej — trzy kotliny
(Swiety Krzyz, Stoki i Hucisko; ryc. 7).

W jednostce Smolenskiej depresje morfologiczne znajduja si¢ pomigdzy
grzbietami skalnymi (ZioZeniec) lub w miejscu obfitych zrédet krasowych (Czar-
ny Las). Pierwsza z nich nawiazuje do wyraznej potudnikowe;j strefy lezacej na
péinoc od Kotliny Stokow, a druga jest zwiazana z ciagiem kotlin rzeki Tamowki.

Pod wzgledem wielko$ci mozna wyrdznié trzy grupy depresji morfo-
logicznych. Najmniejsze, nie przekraczajace 0,5 km’, zlokalizowane sa
przede wszystkim w jednostce Smolenskiej, aczkolwiek stwierdzono je row-
niez na wysoczyznie Niegowonicko-Golczowickiej (Kwasniéw i Hucisko).
Kotliny $redniej wielkosci osiagaja powierzchnig 0,5-1 km’ (Cie$lin), a ko-
tliny duze przekraczaja 1 km? osiagajac ponad 2,5 km? (kotliny Swigtego
Krzyza i Ryczowka).

Wsrod wystepujacych tu kilkunastu depresji krasowych mozna wyr6znic¢
kilka typoéw (ryc. 7). Najbardziej ,klasyczny” i najlepiej rozwinigty jest
system kotlin ,,nanizanych” na potok Tarnowka (pomigdzy kotlinami Czar-
ny Las a Swigtym Krzyzem) (Pulina, 2001; fot. 1). Skrajnym typem duzej
kotliny o cechach najbardziej zblizonych do polja krasowego jest kotlina Ry-
czéwka. Jest to pojedyncza forma zlokalizowana u podnéza wysokiego
grzbietu skalnego, do ktorej nawiazujg doliny rzeczne i depresje potozone
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wzdtuz tektonicznego kontaktu pomigdzy dwoma jednostkami morfologicz-
nymi. Inne pojedyncze depresje morfologiczne reprezentuja typ matych form,
najczesciej bezwodnych lub o wodach okresowych.

Wiegkszos¢ kotlin potozonych na wysoczyznie Niegowonicko-Golczowic-
kiej ma dno zalozone na skatach niekrasowych lub stabo krasowiejacych
(retyk, jura srodkowa i dolna cze$¢ jury gomej). Wyzej potozone depresje
lezg najczesciej na wapieniach gornej jury. Konsekwencja tego faktu bywa
podziemne odwodnienie wyzej lezacych kotlin. Kotliny pierwszego typu zas,
zatozone na skatach nieprzepuszczalnych, odprowadzaja wody licznych
zrodet bijacych spod wapiennych zboczy ciekiem przeptywajacym po nie-
przepuszczalnym dnie doliny przelomowe;.

W zachodniej czesci Pasma Niegowonicko-Smolenskiego nastapito roz-
czlonkowanie dwoch jednostek morfologicznych wraz z kotlinami kraso-
wymi, ktore wystgpowaly pomigdzy nimi. Fragmentem tej rzezby, tak do-
brze widocznej we wschodniej czg$ci tego pasma, jest pozostawienie
grzbietow i wzgorz wapiennych, pomigdzy ktérymi zachowaty si¢ fragmen-
ty obszernych kotlin zalozone na nieprzepuszczalnych skatach retyku.
U podnédza wapiennych grzbietdw i wzgorz bija liczne zrédia krasowe
stanowiace cze¢$§¢ zrodliskowa rzek Czarnej Przemszy i jej doptywow (Mi-
trega).

Kotliny krasowe w Dolinie Tarnowki

Dolina Tarnoéwki odznacza si¢ swoistymi cechami, ktore odrdzniaja ja od
zwyktlej doliny fluwialnej. Wynika to z faktu, ze w obrebie doliny wystepu-
ja dwie obszerne kotliny i jedna depresja morfologiczna. Sa one jakby ,,na-
nizane” na rzeke Tarnowke (ryc. 7). Rzeka bierze poczatek w obfitych zro-
dtach krasowych wyplywajacych u podndza wysokiego grzbietu wapienne-
go, osiagajacego ponad 450 m n.p.m. Tutaj tez powstata niewielka depresja
morfologiczna Czamego Lasu o powierzchni okoto 1 km’ (fot. 1). Jej dno
jest zabagnione 1 wypetnione torfami. U podnéza poéinocno-zachodniego
zbocza tej depresji mieszcza sig¢ liczne zrédia krasowe. W czasie powodzi
konca lat 90. ich obfite wyplywy zalaly cze$¢ depresji, tworzac okresowy
zbiornik wodny (Pulina, 2001). Obecnos¢ wody w dnie tej depresji, zato-
zonej w wapieniach gornej jury (oksford gomy), swiadczy o uszczelnieniu
ich dna osadami drobnofrakcyjnymi. Ponizej tej depresji woda przeptywa wa-
ska doling przetomowa w kierunku potudniowym. Po 1,5 km przebiegu
zmienia swoj kierunek na réwnoleznikowy i taczy sie z niewielkim dopty-
wem lewostronnym. W miejscu tym nastgpuje wyrazne rozszerzenie doliny.
W dalszym odcinku potok Tarnowka przecina grzbiet skalny i wpada dolina
przetomowa do duzej Kotliny Swietego Krzyza.

5*



Fot. 1. Kotlina Swietego Krzyza i Czarnego Lasu na zdjeciu lotniczym z 1952 roku
A - Kotlina Swietego Krzyza, B - Kotlina Czarnego Lasu, C - zrédta Tarnéwki

Phot. 1. Swiety Krzyz Bassin and Czarny Las Bassin on aerial photograph from 1952 year

A - Swiety Krzyz Bassin, B - Czarny Las Bassin, C - Springs of Tarnéwka river

Kotlina Swietego Krzyza ma wyrazne rozwiniecie rownoleznikowe (okoto
3,5 km x 0,8 km) iznaczng powierzchnie przekraczajgcg 3,5 km2(ryc. 7).
Jej obszerne dno stanowig co najmniej dwie powierzchnie: centralna, opa-
dajagca do wysokosci 345 m n.p.m., i peryferyjna, wznoszaca si¢ do ponad
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350 m n.p.m. Na pierwszej wystgpuja torfy i okresowe zbiorniki wodne
w kilku duzych depresjach (czgSciowo zmeliorowane). Zasilane sa one woda
ze zrodel krasowych, z ktorych najwigksze wystepuja pod poludniowym
zboczem kotliny. W potudniowej czgéci centralnej powierzchni sterczy izo-
lowane wzgorze wapienne z ruinami zamku zwane Swietym Krzyzem,
wznoszace sie na wysoko$¢ 30 m nad dno kotliny. Powierzchnia wyzsza
rozciaga sie przede wszystkim w zachodniej i potudniowo-zachodniej oraz
wschodniej czesci kotliny. Jest ona pozbawiona ciekéw wodnych 1 wigkszych
zrodet. Najwieksze powierzchnie osiaga ten poziom w czgsci potudniowo-
-zachodniej. Tutaj na potudnie od ptaskiego wzgorza wapiennego (ponad
360 m n.p.m.) powierzchnia kotliny opada na potudnie (do 345 m n.p.m.),
formujac szeroka doling Tarnéwki. Ta wyzsza powierzchnia jest w tym miej-
scu przecieta przelomowym odcinkiem potoku Tarnéwka oraz jej prawostron-
nym doptywem Stoki.

Kotlina Swietego Krzyza od poinocy i zachodu jest ograniczona wysoka
krawedzig Gor Bydlinskich (ponad 450 m n.p.m.). Krawedz ta jest nacigta
krotkimi, ptaskimi, suchymi dolinami. Natomiast granica potudniowa kotli-
ny kontaktuje sie z ptaskimi stokami wzniesien wapiennych pokrytych osa-
dami lessowymi. PoInocne i zachodnie krawedzie kotliny potozone ponad za-
bagnionym dnem zabudowane sa przez duze wsie Krzywoptoty i Zalgze.
Nowe budownictwo probuje wkroczy¢ w zachodnia czg$¢ kotliny na frag-
menty wyzszego poziomu. Zabiegi melioracyjne, ktore mialy osuszy¢ ko-
tling, zostaty przerwane powodzig kofca lat 90.

Dno Kotliny Swietego Krzyza w wigkszosci jest zatozone w wapieniach
pylastych i cienkotawicowych jury goérnej (oksford gomy i Srodkowy) 1 za-
pewne dodatkowo uszczelnione osadami ilastymi. Krawedzie kotliny za$ bu-
duja wapienie skaliste i ptytowe jury gornej (oksford gémy).

Na potudnie od Kotliny Swigtego Krzyza potok Tarnéwka plynie po-
czatkowo szeroka doling przetlomowa (pomigdzy miejscowosciami Kolbark
i Cieélin), a nastgpnie waskim przelomem w rejonie wsi Golczowice
(ryc. 1). Ten blisko czterokilometrowy odcinek doliny Tarnéwki przecina
wapienny plaskowyz Niegowonicko-Golczowicki. W srodkowej czesci tego
odcinka (rejon wsi Cieslin) powstata niewielka kotlina o powierzchni 1 km®
(ryc. 7), ktorej zabagnione dno lezy na wysokosci okoto 330 m n.p.m.
Ksztalt kotliny Cie$lina jest wydluzony (W-E). Czg$¢ zachodnia kotliny
wkracza stopniowo na tagodny stok ptaskowyzu, natomiast czg$¢ péinoc-
na jest ograniczona stroma krawgdzia wzniesien wapiennych. Czg$¢ potu-
dniowa natomiast przez niewielka krawgdz terasy rzecznej, a jednoczesnie
wyzszej powierzchni dna kotliny wkracza w doling Bialej Przemszy, tuz
przed Przelomem Golczowickim. W czg$ci péinocnej 1 zachodniej kotliny
wystgpuja zrodia krasowe formujace niewielkie potoki ginace w zatorfionym
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dnie kotliny. Przewazajaca cz¢$¢ kotliny Cieslina lezy na itowcach i mulow-
cach gormego triasu, a pozostala — na marglach jury $rodkowej (kelowej) oraz
wapieniach oksfordu.

Jaskinie Pasma Smolensko-Niegowonickiego

Lokalizacja i rozmieszczenie jaskin

W Pasmie Smolensko-Niegowonickim opisano 253 obiekty jaskiniowe,
z czego tylko kilkanascie przekracza 40 m dtugosci. Najwieksze jaskinie to:
Ciesen¢ — o korytarzach przekraczajacych 250 m diugosci i ponad 20 m
glebokosci, Zegarowa i w Straszykowej Gorze (Pulina, w druku) — licza-
ce ponad 150 m dlugosci. Wiele matych obiektow to fragmenty zachowa-
nych duzych systemow jaskiniowych, ktore ulegly zniszczeniu w czasie
ewolucji rzezby powierzchniowej (Pulina, Polonius, w druku).

Rozmieszczenie jaskin jest $ciSle zwiazane z wystgpowaniem wapieni
skalistych gomego oksfordu. Ze wzgledu na wilasciwosci fizykomechanicz-
ne tych skat, tworza one najlepsze warunki dla zachowania pustek podziem-
nych. W wapieniach ptytowych jaskinie nie zachowujg si¢ wcale lub sg to
pojedyncze przypadki. Oczywiscie rowniez w tego typu skatach rozwijaja sie
podziemne formy krasowe, lecz ze wzgledu na mala stabilno$¢ gérotworu
szybko dochodzi do ich zniszczenia.

Rozklad jaskin w Pasmie Smolensko-Niegowonickim jest bardzo nierow-
nomierny. Pustki podziemne wyraznie koncentruja si¢ w dwu rejonach.
Pierwszy z nich to okolice pomiedzy miejscowo$ciami Strzegowa, Smolen
i Ztozeniec, a drugi to okolice miejscowosci Ryczow (Pulina, w druku).
Obydwa te obszary znajduja si¢ w bezposSrednim sasiedztwie kotlin i duzych
depresji morfologicznych o genezie krasowej. W wielu tutejszych jaskiniach
wystepuja liczne slady wskazujace na ksztaltowanie sig form w strefie frea-
tycznej (przewaznie w jej gornej czgsci), a takze na granicy strefy freatycz-
nej i wadyczne;.

Jaskinie z formami glebokiej strefy freatycznej

Wiekszo$¢ jaskin Pasma Smolensko-Niegowonickiego nosi liczne §lady
wskazujace na ich geneze zwiazana ze strefs freatyczna, najczgsciej z jej
gorna czescia. Najbardziej typowym przyktadem moze tu by¢ Jaskinia Psia
w Dolinie Wodacej, ktdra rozwingla si¢ w postaci meandrujacego, galerio-
wego korytarza o dlugosci 85 m, nieco p6zniej przeksztalconego w wyniku
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procesow tektonicznych. Podobnie rozwingta si¢ Jaskinia w Straszykowe;
Goérze koto Ryczowa, w budowie ktorej bardzo wyraznie zaznaczy! si¢ wa-
dyczny etap jej rozwoju. W etapie tym powstal charakterystyczny ,,rynno-
wy” ksztalt korytarza lezacego w konicowej czgsci jaskini oraz gtebokie kie-
szenie w jego $cianach. Podobny, przeptywowy charakter ma réwniez Jaski-
nia pod Kamykiem k. Golczowic (Pulina, w druku).

Wsrod bardzo duzej ilosci obiektow podziemnych w Pasmie Smolefisko-
-Niegowonickim, w kilku jaskiniach (oraz w zachowanych fragmentach du-
zych systemdéw jaskiniowych) wystgpuja wyrazne $lady korytarzy i komoér
ksztaltowanych w glebokiej strefie freatycznej z niewatpliwym udziatem wod
termalnych. Sa to regularne komory owalne i bardzo charakterystyczne,
wystepujace w ich stropach, groniaste kotly wirowe §wiadczace, ze powsta-
ty w glebokiej strefie cyrkulacji freatycznej pod wptywem konwekcyjnego
ruchu wod, wywotanego roznica temperatur pomigdzy woda i otaczajaca
skalg (Rudnicki, 1978; Polonius, 1999; Pulina, w druku).

Charakterystyczny jest fakt, ze jaskifh wykazujacych powyzsze cechy jest
tylko kilka i wszystkie one (z dobrze wyksztalconymi formami owalnymi)
leza pomigdzy miejscowosciami Zlozeniec i Strzegowa, czyli w jednostce
smolenskiej, w obrebie ktorej rozwingly sig tez kotliny krasowe (Ztozeniec—
Czarny Las). Jednoczes$nie jaskinie te znajduja sig¢ w waskiej strefie, w kto-
rej stwierdzono obecno$¢ mineralizacji kruszcowej w utworach jurajskich
(Bednarek, Gorecka, Zapasnik, 1985). Najbardziej charakterystycz-
na z nich jest chyba Jaskinia na Bisniku (ryc. 9). Przed wejéciem do tej jaskini
znajduje si¢ duze amfiteatralne zaglgbienie czgSciowo osloniete okapem
skalnym, ktore niewatpliwie jest pozostatoscia wielkiej, regularnej komory
jaskiniowej. Jej wysoko$é dochodzita prawdopodobnie do kilkunastu metrow.
Pod okapem znajduje sie wejScie do nastgpnej, nieco nizszej komory. W stro-
pie tej komory wystepuja bardzo charakterystyczne, regularne w ksztalcie,
kotty wirowe o $rednicy do 1,5 m. W wigkszych formach czgsto wystepuja
mniejsze zaglebienia. Kotly taczg si¢ ze soba, tworzac formy groniaste bar-
dzo podobne do tych, jakie opisywal Rudnicki z Jaskini Berkowej (Rud-
nicki, 1978). Z tej charakterystycznej sali mozna przej$¢ przez skalne okno
pod stropem do nastgpnej komory, a stamtad do dalszych, korytarzowych
partii Jaskini na Bi$niku.

Nieco podobny wyglad ma rowniez jaskinia Jasna w Strzegowe;j (ryc. 10).
Tu réwniez przed wejciem mozna zauwazy¢ amfiteatralne zaglebienie,
z ktorego wchodzi sig do wielkiej komory z oknem w stropie. Komora ma
owalny ksztalt i cata jest wlasciwie wielkim, podwo6jnym kottem wirowym
podwojnym, poniewaz w gomej czg$ci komory widaé wyraznie drugi kociol.
Wysokos$¢ komory dochodzi do 10 m. Z gtéwnej komory przechodzi sig¢ do
dalszych cze$ci jaskini, ktére maja zupetnie odmienny charakter (sa to
waskie, przeplywowe korytarzyki lub szczeliny pochodzenia tektonicznego).



I I Przekréj wzdluz linii A-B
Section along A-B line

Przekréj wzdhat linii C-D
Section along C-D line

Ryc. 9. Jaskinia na Bisniku
1 - Plan jaskini, II — przekroje przez komorg wejsciowa

Fig. 9. Na Bisniku cave

I - Plan of cave, II - sections of entrance chamber (A-B, C-D)
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Sytuacja powtarza si¢ w przypadku Jaskini z Kottem (ryc. 11). Przed
wejsciem do niej znajduje si¢ amfiteatralne zaglgbienie (niezbyt glgbokie),
cze$ciowo ostoniete okapem. Zaraz za wejsciem po prawej stronie widaé
wielki i regularny kociot wirowy zaznaczajacy si¢ w stropie, $cianie bocz-
nej i spagu jaskini. Na Scianach kotta wida¢ liczne, mniejsze zaglgbienia wi-
rowe. We wnetrzu jaskini, za kottem, ciagnie si¢ korytarz o przebiegu NW-
-SE. Patrzac na plan tego obiektu mozna zauwazy¢, ze srodkowa czesc
korytarza byla kiedy$ rozwinigta w formie kulistych sal lub kopul, ktoére
w pozniejszym okresie zostaly przemodelowane przez wody strefy przejscio-
wej wadyczno-freatyczne;.

Poza wymienionymi jaskiniami formy pochodzace z glgbokiej strefy
freatycznej stwierdzono m.in. w Jaskini pod Szczytem oraz w Schronisku
w Diuzcu, w ktérym trzy owalne i regularne komory potaczone sa waski-
mi przej$ciami. Doda¢ tu mozna rowniez Okap w Krzywoplotach stano-
wiacy fragment wielkiej komory zachowanej na dlugosci 35 m 1 szeroko-
sci 6 m.

Wplyw tektoniki na lokalizacjg¢ i rozwdj duzych form krasowych

Kotliny i depresje morfologiczne Pasma Smolensko-Niegowonickiego
wykazuja bardzo wyrazna zalezno$¢ od linii tektonicznych obejmujacych
pigtro jurajskie i triasowe (ryc. 7). Przejawia si¢ to przede wszystkim w lo-
kalizacji tych form oraz w ksztatcie kazdej z nich. Lokalizacja kotlin jest
sciSle zwiazana z kilkoma gtownymi liniami tektonicznymi o przebiegu
zblizonym do rownoleznikowego (w czgsci centralnej Pasma) i do kierunku
NW-SE (w jego czgsci zachodniej). O lokalizacji dobrze rozwinigtych takich
form zadecydowaly przede wszystkim dwie strefy tych nieciaglosci. Jedna,
przebiegajaca przez jednostkg Niegowonicko-Golczowicka, a druga na gra-
nicy obydwu jednostek Pasma Smolensko-Niegowonickiego. Aktywno$¢
drugiej strefy spowodowata powstanie wyraznej rownoleznikowej linii ob-
nizen, w ktora ,,wpisaly” si¢ duza Kotlina Swigtego Krzyza oraz kotliny Sto-
kow 1 Huciska. Natomiast pierwsza strefa tektoniczna spowodowata ,,podziu-
rawienie” wysoczyzny Niegowonicko-Golczowickiej kotlinami i duzymi za-
glebieniami morfologicznymi. Naleza do nich m.in. wielka Kotlina Ryczowka
oraz kotliny Kwasniowa i Cie$lina.

W obrebie jednostki Smolenskiej wystepujg kotliny i duze zaglebienia
morfologiczne lezace poza dwoma wymienionymi tu strefami tektoniczny-
mi. Wydaje si¢ wielce prawdopodobnym, iz sa one tutaj rowniez zwiazane
z co najmniej jedna strefa tektonicznag (nie wykazana na mapie geologicz-
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Przekréj wzdluz linii A-B
Section along A-B line

Ryc. 10. Jaskinia Jasna w Strzegowej

I - Plan jaskini, I — przekroj gléwnej komory wzdtuz
linii A-B

Fig. 10. Jasna Cave in Strzegowa

I - Plan of cave, II - section along A-B line of main
chamber
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Ryec. 11. Jaskinia z Kottem
I — Plan jaskini, I1 — przekroje przez komorg wejsciowa (linie A-B, linie C-D)
Fig. 11. Z Kotlem Cave

I - Plan of cave, II - sections of entrance chamber (A-B Line, C-D Line)
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Section along A-B line
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nej) o przebiegu NW-SE. Wskazuje na to m.in. polozenie dwoch depresji
morfologicznych: Czamego Lasu i Zlozenca.

Lokalizacja kotlin jest zwigzana nie tylko z duzymi strefami tektonicz-
nymi o przebiegu roéwnoleznikowym, lecz takze z przecinajacymi je roz-
famami o przebiegu zblizonym do poludnikowego. Depresje morfologicz-
ne powstaja najczgsciej tam, gdzie krzyzujg si¢ obydwie strefy tych nie-
ciaglosci.

Ksztalt kotlin nawiazuje z duzg doktadnoscia do przebiegu uskokow
1 granic litologicznych. Gioéwna strefa tektoniczna decyduje, iz wigkszo$§¢
tych form ma ksztatlt wydluzony w kierunku réwnoleznikowym (np. kotli-
ny: Swietego Krzyza, Cieélina, Stokow). Obecno$é wyraznych linii tekto-
nicznych o przebiegu potudnikowym komplikuje (deformuje) ten obraz
(np. SW czeéé¢ Kotliny Swigtego Krzyza, Kotlina Kwasniowa) lub tez po-
woduje powstanie kotliny zwartej o ksztalcie owalnym (np. Kotlina Ryczow-
ka). W tym ostatnim przypadku wyraznie widoczne jest rozbicie kotliny na
pojedyncze bloki, ktére prawdopodobnie spowodowaty zdeformowanie pier-
wotnego jej ksztattu wskutek poézniejszych ruchéw tektonicznych.

Linie tektoniczne zadecydowaly nie tylko o powstaniu duzych stref
obnizen, lecz takze o kierunku przebiegu dolin rzecznych nacinajacych wy-
zyne ilaczacych poszczegdlne duze kotliny w pojedyncze systemy hydro-
graficzne. Ta wyrazna zalezno$¢ przebiegu dolin od linii tektonicznych jest
szczegolnie dobrze widoczna w dolinie Tarnowki. Zwraca uwage fakt, iz
wigkszos¢ przelomoéw rzecznych $cisle nawiazuje do przebiegu wigkszych
linii tektonicznych.

Analizujac rolg tektoniki w genezie duzych kotlin nasuwaja si¢ nastgpu-
jace pytania:

1. Czy linie tektoniczne zadecydowaly tylko o lokalizacji i ksztalcie
kotlin, to znaczy byly rusztem wykorzystanym przez procesy rzezbotwor-
cze, czy tez tektonika przeobrazila a nawet zdeformowala niektére kotliny,
co $wiadczyloby o tym, ze ruchy tektoniczne wystapity w czasie powstawa-
nia tych form, a nawet po ich uksztaltowaniu?

2. Czy strefy tektoniczne w kompleksie skat triasowo-jurajskich to tylko
strefy nieciaglo$ci o okreslonych wlasnosciach hydraulicznych i fizycznych,
czy tez sa to miejsca emanacji gazowych i termalnych obejmujacych kom-
pleks skat weglanowych?

OdpowiedzZ na pierwsza czg$¢ pierwszego pytania jest pozytywna, nato-
miast na druga czg$¢ jest wielce prawdopodobna. Jesli chodzi o drugie
pytanie, mozliwy wydaje si¢ doplyw goracych roztworow do skal weglano-
wych jury. Swiadczyé o tym mogtoby stwierdzenie $ladéw okruszcowania
zblizonego do zt6z Zn-Pb, obejmujacego skaly weglanowe jury az do oks-
fordu goérnego. Dodatkowym argumentem jest tu obecno$¢ form jaskiniowych
powstatych w warunkach hydrotermalnych. Otwarte pozostaje jednak pyta-
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nie: W jakim okresie emanacje te miaty miejsce, czy tez w trzeciorzgdzie
1 czwartorzedzie, oraz kiedy formowala si¢ rzezba skal wapiennych z duzy-
mi kotlinami typu polji krasowych?

Uwagi koncowe

Wystepowanie kotlin i licznych duzych depresji morfologicznych o ge-
nezie krasowej w poludniowej czg¢sci Pasma Smolensko-Niegowonickiego
$wiadczy o obecnosci wyjatkowych warunkoéw geologicznych sprzyjajacych
rozwojowi tych form. Czynnikiem podstawowym byly zapewne linie nie-
ciaglosci (strefy spekan, uskoki itp.) naruszajace skaty kompleksu mezo-
zoicznego, ktore w tym obszarze sa wyjatkowo silnie rozwiniete. Stwier-
dzono, iz lokalizacja i ksztatt duzych form krasowych $cisle zalezy od tych
stref i linii tektonicznych. Autorzy zwracaja uwage na fakt, iz tektonika
pietra triasowego i jurajskiego nawiazuje do stale aktywnych stref usko-
kowych tnacych starsze podloze w obrgbie stref krawegdziowych blokéow
(terranéw) goérnoslaskiego i malopolskiego. Decydujacy wptyw na ksztat-
towanie sig¢ tektoniki nieciaglej omawianego obszaru miata wielofazowa
aktywno$¢ granicznej strefy uskokowej Krakdw—Lubliniec. Ta wielka strefa
nieciaglosci obejmujaca kompleksy skalne od podloza paleozoicznego po
pokrywe mezozoiczna jest zbiezna z wystgpowaniem duzych krasowych
form rzezby oraz wielu jaskin. Potozenie niektorych jaskin o wyraznych
sladach procesow hydrotermalnych zdaje si¢ wskazywaé na bliskie sasiedz-
two, stwierdzonych wierceniami, intruzji magmowych (scisle zwiazanych
z przebiegiem strefy uskokowej Krakoéw—Lubliniec). Wyjatkowos¢ tej strefy
polega¢ moze rOwniez na obecnosci w niej emanacji gazowych i cyrkula-
cji wod hydrotermalnych (?), co tlumaczyloby tak intensywny rozwdj
zjawisk krasowych.

Jednoczes$nie jest znamienne, ze w poinocnej czgsci Pasma Smolensko-
-Niegowonickiego, na zrgbie Smolenia (w ujgciu tektonicznym), stwierdzo-
no tak mato stref uskokowych czy pojedynczych uskokow, chociaz to tutaj
wystepuje najwigksza 1los¢ jaskin i schronisk skalnych, ktore przeciez naj-
intensywniej rozwijaja si¢ w strefach potrzaskanych tektonicznie. Jednocze-
$nie mozna w tym obszarze zauwazy¢ niewielkie (w stosunku do wczesniej
omoéwionych) obnizenia, co$ jakby formy inicjalne polji, ktérych rozwoj
zostal przerwany we wstgpnym etapie rozwoju. Jest wielce prawdopodob-
ne, ze wystepujace tu obiekty podziemne wyznaczaja jakies linie tektonicz-
ne do tej pory nie dostrzezone w obserwacjach bezposrednich. Prawdopo-
dobienstwo to wzrasta, je§li wezmiemy pod uwagg fakt istnienia jaskin
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z formami typu hydrotermalnego. Aby w ogéle pustki podziemne tego typu
mogly sig¢ rozwinaé, w podtozu musialy istnie¢ strefy nieciaglosci, ktérymi
migrowaly podgrzane wody. Podgrzanie wod moglo nastapi¢ wskutek ich gle-
bokiej cyrkulacji np. na giebokos¢ 2 km (Lorberer, 1980). Cho¢ warunek
glebokiej cyrkulacji wod podziemnych wydaje si¢ wystarczajacy dla powsta-
nia hydrotermalnych form jaskiniowych, to obecno$¢ tak licznych ciat
magmowych w tym obszarze sugeruje, Zze mogly one mie¢ zwigzek z roz-
wojem krasu hydrotermalnego.

W wielu jaskiniach Pasma Smolensko-Niegowonickiego zwiazanych
z gorng czescia strefy freatycznej lub strefa przejsciowa, freatyczno-wadycz-
na, obserwuje si¢ efekty aktywnosci tektonicznej tego obszaru (korytarze
przecigte szczelinami, przesunigcia $cian) §wiadczace o tym, ze ruchy zacho-
dzity juz po powstaniu pr6ézni podziemnej, czyli w plejstocenie, a by¢ moze
nawet w holocenie. Stad prosty wniosek, ze podloze platformy mezozoicz-
nej na kontakcie blokéw gémoslaskiego i malopolskiego jeszcze do niedawna
bylo aktywne tektonicznie, a by¢ moze aktywno$¢ ta trwa do dzisiaj.

Postawiona w artykule hipoteza o wielkiej roli strefy granicznej blokow
gémoslaskiego i matopolskiego w rozwoju rzezby krasowej w skatach we-
glanowych Pasma Smolensko-Niegowonickiego powinna znalez¢ potwier-
dzenie na tych obszarach Wyzyny Slasko-Krakowskiej, ktore leza w obre-
bie strefy uskokowej Krakéw-Lubliniec.

Autorzy pragnq podzigkowac prof. dr. hab. Jerzemu Glazkowi i dr. hab.
Paviovi Bosakowi za konstruktywnq krytyke oraz za uwagi dotyczqce pier-
wotnej wersji artykutu, pozwalajqce na bardziej wnikliwe spojrzenie na pu-
blikowane zagadnienia.
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Relation between karst forms of Smolei—-Niegowonice Range and tectonic activity
of Cracow—Wielun Upland base

Summary

Central part of the Cracow—Wielun Upland, Smolen—Niegowonice Range especially,
distinguishes within the whole upland by presence of dozens of large morphologically
expressed depressions — basins with features similar to karst poljes. Large number of caves
that are remnants of cave systems present in the past is also significant feature of the area.
In part of these caves features developed in hydrothermal conditions of deep phreatic zone
are present.

Paper deals with results of long term research of caves (Pulina, in press) as well as
good knowledge on Palacozoic base (Zaba, 1999) and geology of Upper Jurassic carbo-
nate complex (Bednarek, 1974). Some morphogenetic conclusions for karst were possi-
ble to state. Presence of basins and numerous morphological depressions of karst origin in
southern part of Smolen—Niegowonice Range prove very specific geological conditions fa-
vourable for their development. Main geological factor were discontinuity lines (fracture
zones, faults etc.) disturb rocks of Mesozoic complex. Location and shape of large karst
depressions are strictly related to these zones and tectonic lines. Tectonic structure of the
Triassic and Jurassic units is connected with fault zones within Palaeozoic base, Lower
Palaeozoic rocks build Upper Silesian and Matopolska blocks among them. Location of ca-
ves with traces of hydrothermal processes shows probably that there are located in vicinity
of still active deep-seated fault zones. In these zones water of deep circulation were heated
up. Specificity of this zone is showed also by presence of gas emanation, what is probably
reason of so intensive development of karst phenomena.

Thesis stated in the paper, that border zone of Upper Silesian and Malopolska blocks
played great role in development of karst morphology in limestone of Smolen—Niegowo-
nice Range should be proved in areas of Silesian-Cracow Upland lying in the Cracow—
Lubliniec fault zone.

[Marian Pulina], Jerzy Zaba, Adam Polonius

Relations entre le modelé karstique de la chaine de Smolefi—Niegowonice
et I’activité tectonique du socle des hautes terres de Cracovie-Wielui

Résumé

La partie centrale des hautes terres de Cracow—Wielun, et en particulier la chaine de
Smolen—Niegowonice, se distinguent du reste des hautes terres par la présence d’un grand
nombre de vastes dépressions bien marquées dans la topographie, formant des bassins aux
traits similaires aux poljés karstiques. Un grand nombre de cavités ainsi que de trongons
d’anciennes grottes sont également présents. Une partie de ces cavités présentes des modelés
relatifs A une genése phréatique profonde en conditions hydrothermales.

Get article présente les résultats de recherches prolongées sur les cavités (Pulina,
a paraitre), qui s’appuient sur une connaissance approfondie du socle paléozoique (Zaba,
1999) et de la géologic du complexe carbonaté du Jurassique supérieur (Bednarek, 1974).
Quelques conclusions sur la morphologic karstique peuvent étre établies. La présence des
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bassins et des nombreuses dépressions d’origine karstique dans la partie méridionale de la
chaine de Smolen—Niegowonice reléve d’un contexte structural spécifique, favorable a leur
développement. Les principaux facteurs sont les discontinués (zones de fractures, failles...)
qui affectent les roches du complexe mésozoique. La localisation et la forme des grandes
dépressions karstiques est strictement corrélée a ces zones et linéaments tectoniques. La
structure tectonique des unités triasique et jurassique est en relation avec les zones de faille
du socle paléozoique, alors que les blocs de Haute Silésie et de Matopolska sont constitués
de Paleozoique inférieur. La localisation des cavités portant des marques de processus
hydrothermaux montre qu’elles sont vraisemblablement situées a proximité de grands ac-
cidents profonds encore actifs, a I’origine du réchauffement des circulations profondes. La
spécificité de cette zone est également marquée par la présence d’emanations gazeuses, cer-
tainement a 1’origine du développement intense des phénomenes karstiques.

Le role fondamental de la zone bordiere des blocs de Haute Silésie et de Matopolska
dans le développement de la morphologie karstique de la chaine de Smolen-Niegowonice
Range est démontrés pour les hautes terres de Silésie-Cracovie situées le long de la faille
Cracovie-Lubliniec.
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Morphogenesis of chalk karst in the Volhynia
Elevation (NW Ukraine)

Abstract: Karst in the discussed area is developed in chalk and chalk-like marls
of the Upper Cretaceous; it represents covered karst type, with features typical of
fluviokarst. Processes forming the relief of top surface of carbonate rocks are com-
plex due to lithofacial features of these rocks. Solution is there accompanied by
exodynamic processes: erosion and gravitation mass-movements. We notice that
structure and especially tectonics of the Upper Cretaceous formations play a very
important role in formation of recent karst relief in this area, conditioning typo-
logical differentiation of landforms, their spatial arrangement and development
conditions.

Introduction

Recent karst relief of the Volhynia Polesiye is characterized by separate
genetic and typologic character of forms, resulting from lithologic and struc-
tural conditions of carbonate rocks. Karst development is connected with
occurrence of Upper Cretaceous soft, porous rocks, mainly chalk and chalk-
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like marls, in places marly limestones. Lithology of these rocks determine
their great incompetence and very low water permeability. Karstification is
there accompanied by erosion and gravitation mass-movements. Therefore,
study of karst morphogenesis in the discussed Volhynia area requires more
detailed examination of geological (lithologic and structural), hydrogeolog-
ical and paleogeographical conditions.

Relief-forming role of karst was noticed for the first time in the Polesiye
a century ago by PA. Tutkovskiy (1898, 1899, 1911, 1912). He wrote
about the relation between distribution of surface karst forms and directions
of regional faults, and about role of artesian water in the karst development.
The problems connected with karst of that area aroused greater interest in the
30’s. In a short period many monographic works were published, which dealt
with karst morphology (Pawtowski, 1930), karst hydrology and hydroge-
ology (Lencewicz, 1931; Riihle, 1935), geological structure of the Upper
Cretaceous carbonate massif (Rithle, 1937, 1948), and with characteristics
of deposits filling karst depressions (Tymrakiewicz, 1935; Kulczyn-
ski, 1939). The Second World War interrupted that well developing, many-
sided trend of karst studies. Next publications appeared after 20 years.
However, the papers published in the 60’s were only contributions (among
others Zubashchenko, 1966; Lomaev, 1970; Shestopalov, 1970) or
review articles (Marinich, 1963; Maksymovich, 1969; Riihle, 1976;
Chikishev, 1978; Lomaev, 1979). Lately the Volhynian karst aroused
interest again, mainly at the instance of the authors of this paper (Dobro-
wolski et al, 1999; Dobrowolski et al.,, 2000, 2002). Unfortunately,
no detailed study basing on modern research methods has appeared till now.

A progress in the survey of geological, hydrogeological and geomorpho-
logical conditions of the Volhynia Polesiye has been made lately, what
enables us to determine in detail the factors conditioning karst development
in its western and central parts — within a structural unit distinguished as the
Volhynia Elevation. We report the current state of knowledge about the
Volhynian karst, and the results of field work (supported from the Research
Project No 6PO4E 014 14 by the State Committee for Scientific Research)
which we have carried on since 1998.

Structural conditions of karst development

The Palaeozoic Volhynia Elevation is characterized by the occurrence of
two structural complexes overlying the dislocated rocks of the Archaean. The
lower complex consits of a complicated Upper Proterozoic and Palaeozoic
volcanic and sedimentary rocks sequence cut into blocks by a system of faults



of NW-SE and NE-SW directions, with throws reaching over 1000 m by
places (Chizniakow& Zelichowski, 1974). The Ratno and Vladimir
Volynski faults, interpreted as the Early or Middle Variscan oblique-slip faults
(Pozaryski &Karnkowski, 1992), play also an important role within
this complex because they mark the northern and southern boundaries of the
Volhynia Elevation, respectively (Fig. 1). The upper structural complex, i.e.

J pre-Cambrian platform area fofrScSnplatform) D ~ P ™ Q™" Platform area

Fig. 1. Situation of the examined area against the background of the tectonic sketch of
SE Poland and NW Ukraine (after Chizniakow& Zelichowski, 1974; vide Do-
browolski et al., 2000)

the Meso-Cainozoic sedimentary cover consists mainly of late Cretaceous and
Quaternary deposits. It is slightly inclined to SW; considerable thickness
reduction of the Cretaceous deposits - from over 500 m in western part to few
metres in eastern part, near the Ukrainian crystalline massif - is a distinctive
feature of this complex. Subhorizontally occurring the Upper Cretaceous
layers are cut by a system of faults with different orientations and kinematic
ranks (Kruglov & Cypko, 1988). Some of them follow the Variscan
structural pattern, what seems to confirm an opinion about reactivation of
the old fault zones as aresult of periodically reviving, oscillatory block
movements (Liszkowski, 1979). In opinion of V.P. Palienko (1992) the



small-scale uplift movements can occur in the examined area also in these
days. On the basis of lithostratigraphic data she finds that the highest uplift
rate, about 0.1-1 cm/year, occurs in the Lubomi, Lukov and Owadno blocks
distinguished in the SW part of the Volhynia Elevation. Some of the Cain-
ozoic faults are arranged en echelon to the Paleozoic structures. They can
be interpreted as strike-slip and normal-dip-slip faults created by horizontal
displacements in the basement (Herbich, 1980; Henkiel, 1984). In
opinion of S.S. Kruglov and A.K. Cypko (1988) a periodic modification
of regional stress field, apart from reactivation of old faults, was a distinctive
feature of the Alpine stage of structural evolution in this area. This mod-
ification resulted in an arrangement change of forces between longitudinal
(NW-SE) and transverse (NE-SW) faults. Reorientation tendencies of the
regional stress field in this period seem to be also confirmed by the results
of mesostructural analyses made for the Mesozoic complex within the
Kumdw Elevation (Dobrowolski, 1995) and the Volhynia-Polesiye De-
pression (Dobrowolski - unpublished materials).

Though tectonics of the Meso-Cainozoic is much more weakly expressed
than in the lower structural complex, it was very important for the Caino-
zoic morphogenesis. It influenced course and dynamics of relief-forming
processes, what is visible in hypsometric pattern of the pre-Quatemary relief
of this area (Fig. 2). Relief of the Quaternary basement, i.e. relief of the

; ~ faults of the Meso-Cainozoic complex defined
izohypses of the sub-Quatemary surface on the basis of the geological-geomorphological criteria

Fig. 2. Hypsometric map of the sub-Quaternary surface in the Volhynia Polesiye (after
Riuhle, 1948, completed by Zaleski, 1999; vide Dobrowolski et al., 2000)
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surface of the Upper Cretaceous rocks, is of erosion-denudation nature. It
i1s much more differentiated than the present relief of the area; relative relief
of the basement reaches 100-150 m, and of present land surface — usually
up to 30 m. Several dozen meters deep erosion channels are well visible
and interpreted as buried valleys (of the Pripyat, Turiya, Stokhod and
Vyzevka rivers) following the Cainozoic faults (Riihle, 1935). These
channels were formed during the Upper Pliocene, and transformed by gla-
cial exaration or subglacial erosion (Riihle, 1937). Being distinct drainage
zones they influenced direction and dynamics of the Quaternary relief-form-
ing processes, in it also karst ones. Relaxation of the Cretaceous rocks near
such erosion dissections caused an increased density of release fissures
(secondary fissuring), resulting in an increased density of small karst and
piping-karst forms. On the sub-Quaternary surface we can also distinguish
vast, basin-like depressions (among others of the upper Neretva, Vyzevka-
-Stopyrka, Bagno Oranskie), considerably shallower than the valleys, with
a dense net of karst dolines and uvalas in their bottoms. Apart from the
concave landforms, the chalk hills of different size play also an important
role. In many cases they are also essential components of the present relief
of this area, and rise 10—20 m over the surface of accumulation plains (in
environs of Luboml, Lukov, Kovel, Turiysk). Most of the lake basins in this
area are situated on the slopes of the buried chalk hills and are commonly
related to activation of karst processes (Lencewicz, 1931; Riihle, 1935,
1961, 1976).

Hydrogeologic conditions of karst development

Permeability coefficients of all lithofacial varieties of Upper Cretaceous
rocks are low, of the order 10°-10™" m's™ (Lomaev, 1979; Zaleski,
1989). Therefore, water-bearing capacity of chalk and limestone-marly
complex is conditioned mainly by density of fissures, their genetic type and
vertical extent. These features depend not only on kinematics of the massif
but also on lithological type of carbonate rock (denser fissuring is recorded
in the carbonate-marly complex, somewhat less dense in chalk). Hydraulic
extent of tectonic fissures does not exceed 150 m owing to geostatic effect
of the massif and rock swelling (after Lozinska-Stepien, 1972 — vol-
ume expansion of chalk can reach 8%). However, this hydrogeological feature
of the area is considerably different near the greater faults, especially those
of tension nature. Coefficients of permeability recorded in fault zones are
many times higher. Hydraulic connection between groundwaters of differ-
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ent aquifers occurs along surfaces of neotectonic fractures in eastern part of
the examined area, because of considerably reduced thickness of Upper
Cretaceous rocks (Zaleski, 1989). Upper Cretaceous rocks are strongly tec-
tonically fractured and overlain by the Quaternary deposits of differentiated
thickness and permeability. Hydrostatic conditions of groundwater depend
on local geological conditions (lithologic features of cover deposits). Ground-
water table can be free or confined. Impermeable glacigenic deposits from
the Dnieperian (= Odranian) Glacial and weathered carbonate rocks form the
confining bed. It often reveals features of secondary displacement and
washing (colmatage zone); in the whole area it forms a discontinuous cover
of differentiated thickness — from few centimeters to 10-15 m. Its occur-
rence considerably reduces rainwater infiltration and contributes to commonly
found ascension phenomenon (Tutkovskiy, 1898, 1899, 1911, 1912;
Lencewicz, 1931; Riihle, 1935). Karst springs, often of ascending na-
ture, are rather numerous though the area is morphologically little diversi-
fied. Their discharge ranges from less than 1 dm-s™' to over 300 dm - s™'
(springs in Okonsk — vide Rithle, 1935).

Karst relief

The Volhynian karst represents the covered karst type developing as well
under residual soils (subsoil karst) as under allochthonous, mainly glacigen-
ic, deposits (mantled karst). Forms of bare karst are absent here due to
lithology of the Upper Cretaceous rocks. Karst forms occupy a large area
of the Volhynia Elevation. They occur in five regions (Fig. 3, 4): north-
-western (Shack Lakeland), western (Luboml Hills in the Bug and Vyzevka
interfluve), central (Kovel Plain), south-eastern (the Turiya and Stokhod
interfluve) and eastern (the middle Stokhod and Styr interfluve). In many
places they also occur as isolated “patchs” between the glacigenic forms.
Typological record contains the following karst forms: dolines (named
werteby), uvalas, karst valleys, karst lakes, large karst depressions (named
poplawy). Most of the forms are included in the surface drainage system and
reveal features typical of fluviokarst (sensu Rogli¢, 1964).

Dolines (werteby)

Most widespread primary forms of the chalk karst, i.e. dolines are small
depressions, circular or oval in plan, varying from few to over hundred meters
in horizontal dimensions (Phot. 1). They are usually shallow, reaching only



Fig. 3. The Volhynian chalk karst (after Rih le, 1976, completed by Dobrowolski, 2000).
The area presented in Fig. 4 - in small rectangle; the area subjected to a morphometric
analysis (Fig. 6) - in big rectangle

Phot. 1. Doline (werteb) in Radekhov environs






a depth of 5 m, with gentle slopes (generally 2-10°). They are filled with or-
ganic or mineral-organic deposits. They occur mainly in lower hypsometric sit-
uations, within vast surfaces of pediments. In such situations the density of their
occurrence can reach even 40-50 forms/km2 (Dobrowolski et al.,, 2000).

Uvalas

They originate by junction of the dolines neighbouring each other
(Phot. 2). This process proceeds as well by aggradation of mineral-organic
material in doline floors as by degradation of ridges separating dolines. The
complex forms created this way have uneven floors, often wet or swampy.
Their irregular shapes reflect dimensions and spatial arrangement of the
incorporated dolines. Uvalas are differentiated in size; lenght of their longer
axis usually ranges from 200 to 500 m. As dolines they occur in lower
hypsometric situations; their depths usually do not exceed 10 m.

Phot. 2. Uvala in Turiysk environs

<
Fig. 4. Part of the central karst area in the Volhynia Elevation (examined area marked
in Fig. 3)

A - geological sketch; B - geological cross-scction; C - distribution of karst forms



Karst valleys

These forms are of similar or higher rank than uvalas; they are formed
in result of widening and then junction of the neighbouring dolines in one
linear form (Phot. 3, Fig. 5). Fluvial processes predominate in final devel-

Phot. 3. Sielishche Kkarst lake near Turiysk

opment stage of karst valleys, so they are usually included in the surface
drainage system. They are distinctly tectonically conditioned and they fol-
low lines of mesofaults. Geological sections reveal a complex nature of these
forms (Fig. 5). Dense net of buried dolines can be found in a longitudinal
profile, and they are often reproduced in the Pleistocene cover. Both thick-
ness and lithology of the deposits filling the particular dolines are differen-
tiated, evidencing various local sedimentation conditions in the primary forms
neighbouring each other. Karst lakes occur often in heads of karst valleys
(Fig. 5). Karst valleys are usually 1-5 km long; in extreme cases their leng-
hts exceed 10 km (near Gorodno, Pariduby, Lubomi) and are similar as
dimensions of poplavas.
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Fig. 5. Occurrence conditions of karst valleys and lakes in Turiysk environs:
A - topographical sketch, B - geological cross-seclion
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Karst lakes

Karst origin is rather unanimously accepted for most of the lakes occur-
ring in the Volhynia Elevation (Phot. 4), and activity of artesian waters is
considered to be crucial for their rise (Tutkovskiy, 1899, 1911, 1912;

Phot. 4. Karst valley in Lubomi environs

Lencewicz, 1931; Riihle, 1935, 1961, 1976; Marinich, 1963; Lo-
rnaev, 1979). Lake basins are preparated directly in the carbonate rocks of
the Upper Cretaceous or reproduced in the Quaternary, loose and rather thin
deposits. Both horizontal dimensions and depths are differentiated, from small
and shallow forms (e.g. Okunin: area - 20.3 ha; max. depth - 7.4 m - after
Riihle, 1935) to rather large and deep ones (e.g. Switaz: area - 2750.2 ha;
max. depth - 58.4 m - after Lencewicz, 1931). They occur as rather close
lake agglomerations in the Bug and Pripyat interfluve (Szack region), and
the Turiya and Vyzevka interfluve (Turiysk region).
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Poplavas

Poplavas are large basin-like depressions with rather even, flat, often wet
floor; they are larger and generally deeper than uvalas. Their horizontal
dimensions usually range from 5 to 10 km, and depths do not exceed 20 m.
They are undoubtedly polygenetic forms distinctly tectonically conditioned;
their orientations follow the structural pattern of the Meso-Cainozoic com-
plex. Relief of their basement is very varied, and often different kinds of
their fillings indicate individual types of sedimentation in the primary forms
they are composed of which.

Recent karst relief in the Volhynia Elevation is rather young. Radiocar-
bon datings of the deposits filling karst forms indicate their Last Glacial or
Early Holocene age (Dobrowolski et al.,, 2001). Only some of large
poplavas seem to originate from the Upper Pliocene (Rithle, 1948). Dis-
tinct spatial arrangement of forms connected with the structural pattern of
the Meso-Cainozoic complex evidences participation of the young Caino-
zoic tectonics in formation of karst relief of the area (Fig. 4, 6). This par-
ticipation is complex, usually only passive one (formation of hidden drainage
net), but in many cases more direct relationships can be found (Fig. 6). Neo-
tectonic activity conditioned fissuring of the carbonate rock massif and thus de-
termined a change of its filtration conditions. Directions of faults in the Meso-
-Cainozoic complex, their extent, orientation, genetic and kinematic features
influenced spatial differentiation of the karstification rate, and thus dimen-
sions, shapes and orientations of the surface forms of karst relief. Lithos-
tratigraphic conditions lead us to suppose that large, basin-like karst forms
were formed in grabens and halfgrabens. Therefore, their development started
simultaneously with formation of tectonic macro- and mesostructures. Re-
gional stress field underwent a modification (Kruglov & Cypko, 1988;
Dobrowolski et al.,, 2000) resulting in a change of kinematic nature of
faults, which consequently played a less important role in a hidden drainage
of groundwater. Then, a well developed form reached a senile stage — fill-
ing of karst basins. Most of large forms (large poplavas) occur in areas
(blocks) recently lowered or rather stable, and that is a typical feature of the
whole Volhynian chalk karst (Palienko, 1992). Isopleth map of density
of primary karst forms (dolines) shows a distinct increase of gradients in the
zones of neotectonically active structural fractures (Palienko, 1992), main-
ly in the Luboml, Lukov and Kovel blocks, which were uplifted in the Qua-
ternary. Considering lithology of the carbonate rocks we can assume that
chalk solution in the successive activation stages of karst processes was often
assisted by piping, especially under conditions of extensional relaxation of
rock massif. Occurrence of paleokarst pipes (filled with the Tertiary or
Pleistocene sandy deposits) is characteristic among others of the near-val-
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Fig. 6. Density map of karst forms in western part of the Volhynia Elevation - after
Dobrowolski et al, 2000 (analysed area marked in Fig. 3) with structural interpreta-
tion of the results of morphometric measurements (Luboml-site, Lukov-site)



ley zones of the Stokhod, Turiya and Vyzevka rivers (Phot. 5). Some of the
present dolines occurring in these regions were probably conditioned by
piping.

The Volhynia Elevation area was glaciated at least four times (Narevian,

Donian = Nidanian, Okian = Sanian, Dnieperian = Odranian). Recent relief

was especially influenced by the Dnieperian (= Odranian) Glaciation, which

Phot. 5. Pipe filled with the Paleogene sands on the subhorizontal surface
at the first exploitation level in the chalk quarry at Lubliniec near Kovel
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was the last one in this area. The extents of its recession phases are marked
by at least two well-visible series of glaciomarginal forms. They are sep-
arated by vast surfaces of glacial or glaciolacustrine deposits, which were
transformed by the subsequent morphogenetic factors into denudation plains.
Total thickness of the Pleistocene glacigenic deposits in the northern part of
this area reaches in places up to 30 m, and in paleovalleys even up to 80 m.
Therefore, exaration and glacial accumulation were helpful in destruction or
complete concealment of the older karst relief (turning into paleokarst phase).
Apart from relief destruction caused by the Pleistocene ice sheets, also forms
of pipe type probably developed under influence of marginal meltwater in
the moraine front zones. It is very likely evidenced by the occurrence of such
buried forms filled with glacial or glaciolacustrine deposits (vide Lomaev,
1979). During the subsequent glaciations (Moscovian = Wartanian, Valda-
nian = Vistulian) the examined area lay within the extent of periglacial zone;
therefore, denudation was the dominant relief-forming factor which consid-
erably flattened older relief. Permafrost occurrence greatly reduced devel-
opment of karst phenomena, though active dolines could occur in the zones
of neotectonic structural fractures. These dolines drained water from the
seasonally active permafrost layer deep into the Upper Cretaceous massif.
Similar cases, i.e. development of dolines in periglacial climatic conditions,
were reported by D.C. Ford (1984, 1989) from the karst areas of northern
Canada. Substantial activation of karst processes was connected with per-
mafrost degradation on the turn of the Late Glacial and Holocene. Its decay
resulted in opening of tectonic fissures, and thus in reactivation of vertical
water drainage. Leaching of the exposed rock surface by aggressive water
from the dissapearing permafrost was commonly accompanied by mechan-
ical ground subsidence. Most of primary karst froms in the Volhynia Ele-
vation are evidenced to be of the Bolling — Preboreal age (Pazdur, 2000;
Dobrowolski et al., 2001).

Recent development of karst relief is largely connected with increasing
anthropopression. The results of photointerpretation of the large scale aerial
photographs made for the Kovel-Turiysk karst “research area” (about 240 km?)
in the years 1959, 1968, 1977, 1990, and the results of monitoring of karst
relief transformation carried out since the beginning of the 70’s by I. Zaleski
and co-workers indicate its general directions (Zaleski — unpublished
materials). Considerable qualitative changes of relief are visible in regions
with artificially lowered groundwater table (in result of increased water intake
for municipal and industrial use and incorrectly made deep land melioration).
Abrupt changes of groundwater hydrodynamic regime contribute to activa-
tion of paleokarst relief, and subsequently to gradual, selective ground
subsidence.
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Final remarks

In the Volhynia Elevation karst was developed in chalk and chalk-like
marls which represent late Cretaceous (from Turonian to Upper Maestrich-
tian). These rocks are characterized by dense fissuring and microporosity,
and also by considerable receptiviety to mechanical weathering, mainly due
to swelling and shrinkage of clay minerals and to frost action (Lomaev,
1979). Movement of aggressive water in rock fissures is here responsible
for piping. In opinion of G.A. Maksymovich (1969) the rate of mechan-
ical weathering of chalk can be sometimes even 4—6 times greater than the
rate of its dissolution. It is caused by many factors: tectonics, rate of water
percolation, exposure degree of joints and faults, their opening, morphology.

Distribution of large karst forms (poplavas) is closely related to the
Tertiary faults. The greatest density of primary karst forms (40-50 forms/
km?) is typical for the areas with evidenced uplift tendency in the Neogene
and Quaternary, i.e. Luboml, Lukov, Kovel, Ovadno blocks. Linear arrange-
ment of zones with higher density of karst forms was found in the near-valley
areas. It could be conditioned by the occurrence of relaxation fissures ac-
tivated by exogenic factors (fluvial erosion, denudation).

References

Chizniakow, Zelichowski, 1974. Zarys tektoniki obszaru lubelsko-lwowskiego. Geol.
Qart., 18, 4: 707-719.

Chikishev A.G., 1978. Karst Russkoy Ravniny. Moskva: Nauka, 191 pp.

Dobrowolski R., 1995. Drobne struktury tektoniczne w skatach gérnokredowych
wschodniej czesci Wyzyny Lubelskiej a dyslokacje podtoza platformy wschodnioeuro-
pejskiej w kenozoiku. Ann. Soc. Geol. Pol., 65: 79-91.

Dobrowolski R,,Fedorowicz S, Turczynski M., Zaleski I, 1999: Geologicz-
no-geomorfologiczne i hydrologiczne warunki rozwoju zespolu jezior krasowych
Okunin-Somino na Polesiu Wotyfiskim (Ukraina NW). In: Naturalne i antropogenicz-
ne przemiany jezior. Warszawa: IMiGW: 57-66.

Dobrowolski R,, Bogucki A, Zaleski I., 2000. Morfometryczne kryteria oceny
zwigzku powierzchniowych form krasowych z tektonikg na przykladzie podniesienia
Lubomla (Ukraina NW). Geol. Rev., 48, 7: 634-638.

Dobrowolski R.,Bataga K.,Bogucki A,,Fedorowicz S.,Melke J,Pazdur A,,
Zubowicz S.W, 200!. Chronostratigraphy of the Okunin and Czerepacha lake-mire
geosystems (Volhynia Polesiye, NW Ukraine) during the Late Glacial and Holocene.
Geochronometria, 20: 107-115.

Dobrowolski R, Bogucki A, Zaleski I., 2002: New research problems of the Vol-
hynian chalk karst. In: Geomorphologichni doslidzhennia v Ukraini: minule, suchasne,
maybutne. Lviv: Vid. Lviv. Univ., 7-9.



104 Radostaw Dobrowolski, Andrij Bogucki, Iwan Zaleski

Ford D.C., 1984: Karst groundwater activity and landform genesis in modern permafrost
regions in Canada. In: Groundwater as a geomorphic agent. Ed. LaFleur R.G.). London
Allen & Unwin: 313-336.

Ford D.C., 1989: Paleokarst of Canada. In: Paleokarst a systematic and regional review.
Eds. Bosak P, Ford D.C,, Gtazek J.,, Hora¢ek I. Amsterdam: Academia, Pra-
gue & Elsevier: 313-336.

Henkiel A., 1984: Tektonika pokrywy mezo-kenozoicznej na péinocnym skionie watu
meta-karpackiego. Ann. UMCS, sec. B, 39: 15-38.

Herbich P, 1980: Tektoniczne uwarunkowania horyzontalnej anizotropii warunkow wo-
doprzepuszczalnosci utworow gornej kredy okolic Chetma. Techn. Poszuk. Geol., 3:
27-32.

Kruglov S.S,, Cypko AK., 1988: Tektonika Ukrainy. Moskva: Nedra: 254 pp.

Kulczynski S., 1939: Torfowiska Polesia. T. I-II. Krakow: 777 pp.

Lencewicz S., 1931: Migdzyrzecze Bugu i Prypeci. Prz. Geogr., 9: 1-72.

Liszkowski J., 1979: Objasnienia do ,,Szczegdtowej mapy geologicznej Polski, Ark.
Ostrow Lubelski”. Warszawa: Wyd. Geol.: 100 pp.

Lomaev A.A., 1970: Geological conditions of karst development on the territory of the
Ukrainian SSR. Kiev: Phis. Geogr. & Geomorph.: 3-14.

Lomaev A.A., 1979: Geologia karsta Volyno-Podolii. Kiev: Naukowa Dumka: 129 pp.

Lozinska-Stepien H., 1975: Zmiennos¢ wilasnosci fizyczno-mechanicznych kredy pi-
szacej LZW. Bull. Geol. Warsaw Univ., 18: 1-87.

Maksymovich G.A., 1969: Karst mela. In: Osnowy karstovedeniya. II: Perm: 383—421.

Marinich AM,, 1963: Geomorfologiya juzhnogo Polesiya. Kiev: Izd. Kiev. Univ.: 250 pp.

Palienko V.P, 1992: Noveyshaya geodinamika i eye otrazheniye v rel’efe Ukrainy. Kiev:
Naukova Dumka: 116 pp.

Pawlowski S., 1930: Zjawiska krasowe na Polesiu. Czasop. Geogr,, 8, 3: 172-174.

Pazdur A., 2000: Sprawozdanie nr 20/2000 z wykonania oznaczen wieku metodg C-14
w Laboratorium C-14 Instytutu Fizyki Politechniki Slaskiej w Gliwicach. Maszynopis.

Pozaryski W, Karnkowski P, 1992: Tectonic Map of Poland During the Variscan
Time, 1:1 000 000. Warszawa: Wyd. Geol.

Rogli¢ J., 1964: Karst valleys in the Dinaric Karst. Erdkunde, 18: 113-116.

Riihle E., 1935: Jeziora krasowe zachodniej czgéci Polesia Wotynskiego. Roczn. Wotyn-
ski, 4: 210-241.

Riihle E., 1948: Kreda i trzeciorzgd zachodniego Polesia. Pol. Geol. Inst. Bull., 34: 1-
120.

Riihle E., 1961: Procesy dynamiczne w zbiornikach jeziornych i charakter ich osadéw na
przykiadzie jeziora Switaz. Bull. Geol. Inst., 169. Z Badan Czwartorzgdu w Polsce, 10:
255-302.

Riihle E., 1976: Uwagi o zjawiskach krasowych migdzy srodkowa Wista a Bugiem oraz
Bugiem i Styrem. Stud. Soc. Sc. Torunensis, 8, 4-6: 257-277.

Shestopalov V.M., 1970: Kreydyaniy karst Volini ta gidrogeologichni umovi yogo ra-
zvitku. Phis. Geograf. & Geomorph., 4: 65-70.

Tutkovskiy P.A., 1898: Artezyanskiye vody, bureniya i vodosnabzheniya. Yezhegodnik
po Geol. i Mineral. Rossiyi. 3. Moskva.

Tutkovskiy P.A., 1899: Polesskiye ,,okna”. Zemlevedeniye, 4: 29-82.

Tutkovskiy P.A., 1911: Karstovyje yavleniya i samobytnye artezianskiye kluchi w Vo-
lynskoy gubernii. T. 4. Cz. 1. Zhytomir: Trudy Obshch. Izsled. Volyni: 1-127.
Tutkovskiy P.A., 1912: Karstovyje yavleniya i samobytnye artezianskiye kluchi w Vo-
lynskoy gubernii. T. 8. Cz. 2. Zhytomir: Trudy Obshch. Izsled. Volyni: 79-125.



Morphogenesis of chalk karst... 105

Tymrakiewicz W., 1935: Stratygrafia torfowisk krasowych poludniowego Polesia i pol-
nocnego Wotynia. Kosmos, 60, A: 173-251.

Zaleski L., 1989: Karta estestvennoy zashchishchennosti podzemnikh vod Ukrainskoy
SSSR, 1:200 000. Volynskaya oblast’ — ob”yasnitelnaya zapiska. Kiev: 55 pp.

Zubashchenko M.A., 1966: Mielovy karst Russkoy ravniny. In: Voprosy izucheniya kar-

sta Russkoy ravniny. Moskva: 36-39.

Radostaw Dobrowolski, Andrij Bogucki, Iwan Zaleski
Morfogeneza krasu kredy piszacej na podniesieniu wolyiskim (Ukraina NW)
Streszczenie

Kras omawianego obszaru rozwinat si¢ na kredzie piszacej i marglach kredopodobnych gér-
nej kredy; reprezentuje typ krasu zakrytego o cechach charakterystycznych dla fluwiokrasu.
Z uwagi na wyksztalcenie litofacjalne skal weglanowych procesy ksztattujace rzezbg ich po-
wierzchni stropowej maja ztozony charakter. W wielu przypadkach oprocz proceséw czysto kra-
sowych (tzn. z wylugowania) wystepuja procesy sufozyjno-krasowe. Zwrocono uwagg na wielka
rolg struktury masywu gomokredowego, zwlaszcza tektoniki, w ksztaltowaniu wspétczesnej rzez-
by krasowej obszaru. Decyduje ona o zréznicowaniu typologicznym form, ich ukladzie prze-
strzennym oraz warunkach rozwoju.

Radostaw Dobrowolski, Andrij Bogucki, Iwan Zaleski
Morphogenése du karst crayeux des hauteurs de la Volhynia (NO Ukraine)
Résumé

Le karst de cette région se développe dans de la craie et des mames crayeuses du Crétacé
supérieur; c’est un karst couvert intégrant des formes fluvio-karstiques. Les processus d’élabo-
ration des reliefs de surface dans les roches carbonatées sont complexes, eiit égard aux faciés
concernés. La dissolution s’accompagne de processus exogénes, tels que 1’érosion et les mo-
uvements de masse gravitaires. On constate que la structure, et particulierement la tectonique
des formations du Crétacé supérieur, jouent un réle majeur dans I’élaboration du relief karsti-
que récent, créant des formes de relief variées, conditionnant leur localisation et leur dévelop-
pement.
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Reconstruction of paleoflows direction
in the western part of Lodowe Spring Cave System

Abstract: Ancient flow have been investigated in the western part of Lodowe Spring Cave
System in: Zimna, Czarna, Migtusia, Migtusia Wyznia and Naciekowa. A paleoflow reconstruc-
tion based upon scallop measurements on cave walls and heavy mineral analyses in cave depo-
sits. Development of underground flows and evolution of valley were reciprocal influenced and
consequently controlled by lower discharge point of karst aquifer at the boundary of carbonate
rocks with overlying aquiclude (marls or shales). The outflow since the Neogene was consequ-
ently directed to the west to the principal Koscieliska Valley.

Geology

Tatra Mts are the highest and northernmost massif in Carpathians. The
Lodowe Spring (in Polish: Lodowe Zrédto) Cave System occurs in the cen-
tral part of northern slope of the Western Tatra Mts (Fig. 1). The karst aquifer
joint underground three perpendicular valleys: Koscieliska, Migtusia and
Mata Laka (Czerwone Wierchy Massif). Three structural belts of karst rocks
(northern, middle and southern) are separated by the belts of non-karst rocks
(Fig. 2). Lodowe Spring is discharging considerable part of the middle belt.
This belt is built of limestones and dolomites of the Middle Triassic about
800 m thick (Kotanski, 1959) and by limestones of the Upper Jurassic-
Lower Cretaceous about 200 m thick (Lefeld et al., 1985) overlying pe-
nacordantly the former. In the Lodowe Spring Cave System occur the de-
epest and the longest caves of Poland (Grodzicki, 1995, 1996): Wielka

* Institute of Geology, Adam Mickiewicz University, Makéw Polnych 16, 61-686 Poznan, Poland.



em part of the Tatra Mountains (2) with marked outlines of the invetigated caves
A - Zimna, B - Czarna, C - Mietusia, D - Mietusia Wyznia, E - Naciekowa

Sniezna Cave System (814 m of depth, 22 km of total passages length),
Sniezna Studnia (763 m of depth, 6 km of length), Zimna (176 m of deni-
velation, 4 km of length), Mietusia (292 m of denivelation, 10 km of length),
Czama (303 m of denivelation, 6 km of length) and Naciekowa (95 m of
depth, 1.2 km of length). The analyses of paleoflow direction were made in
caves: Zimna, Czama, Mietusia, Mietusia Wyznia and Naciekowa (Fig. 1).

Previous investigations

The first observations of karst in the Tatras were published by A. Wrzo -
sek (1933). This author pointed out that karst areas cross drainage-basins
of rivers and cave development is influenced by tectonic. K. Kowalski
(1953) stated that Lodowe Spring in Koscieliska Valley drains the western
part of Czerwone Wierchy Massif between Koscieliska and Mietusia valleys
and possible the eastern part of Czerwone Wierchy massiftoo. S. Zwolin-
ski (1955) suggested that Lodowe Spring drains this massif between the
peaks Ciemniak and Matotgczniak (Fig. 2). Direction of paleoflows were
decifered on the scallops asymetry J. Rudnicki (1958, 1967, 1970). This
author investigated genesis and age of caves of the Western Tatra Mts and
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Fig. 2. Karst system in geological structure of the Polish part Western Tatra Moun-
tains modified from Gtazek (1997)

Paleozoic metamorphics and granitoids: 1 — of the Tatra crystalline core, 2 — of the overthrusted units,
Mesosoic sedimentary rocks: 3 ~ non karst (unsoluble or weak soluble), 4 — karst (limestones and do-
lomites); Tertiary sedimentary rocks: 5 — karst (detrital carbonate), 6 — non karst (Podhale flysch); im-
portant tectonic boundaries: 7 — overthrust, 8 — faults. Karst features: 9 — swallet, 10 — karst springs,
11 - caves, 12 - caves mentioned in Fig. 1, 13 — stated underground drainage connections; boundaries
of: 14 — Tatra National Park, 15 — the states

distinguished three cave levels connected with evolution of Koscieliska
Valley and two periods of different paleoflow directions in Zimna and
Migtusia caves. Z. Wojcik (1960, 1966, 1968) investigated cave deposits
and distinguished 12 cave levels on the basis of their entrance hights above
nearby valley bottoms. Futher investigations of genesis and age of caves were
made there by J. Grodzicki (1970, 1991). He concluded the main reason
of development of caves is tectonic widening of fissures. First calculation
of paleoflow velocity and discharge on the basis of scallop measurements
in the Tatra Mts were made by H. Hercman (1985). She (1986) made also
first analyses of heavy mineral assemblages from Tatra caves for estimation
of paleotransport directions. I have continued these investigations by scal-
lop measurements, heavy minerals analyses, observations of grain size and
roundness in cave deposits of the Western Tatra Mts (1995, 1996, 2002).
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Scallop analyses

First description of scallops were made by JH. Maxson (1940), JH. Bretz
(1942) and J.F. Coleman (1949). JJF. Coleman (1949) first decifered
direction of paleoflows on the basis of asymmetry of these form. Futher hy-
draulic parameters of paleoflow were obtained mathematically and simula-
ted by experimental research. J. Rudnicki (1960), R.L. Curl (1966) and
M.F. Goodchild & D.C. Ford (1971) pointed out that the size of scal-
lops is inversely related to the flow velocity of the water. PN. Blumberg
& R.L. Curl (1974) calculated the Reynolds number of flow after scallop
measurement. Roles of erosion and korosion were discussed by R.L. Curl
(1966), M.F. Goodchild & D.C. Ford (1971), PN.Blumberg & R.L.
Curl (1974) and D.C. Ford & PW. Wiliams (1989).

Scallops are corrosive forms commonly developed on walls, floors and
ceilings in caves. Ther are developed as the result of turbulent flow, where
condition of hydraulic roughness of the surface is accomplished. The scheme
of scallop development (Fig. 3): a molecule of water flow around grain or other
uneven, shares from a main stream, and in this point, where whirlpool appear,
erosion is strongest (Rudnicki, 1960; Blumberg & Curl, 1974).

Fig. 3. The scheme of
scallop forming

From experimental researches were derived equotions for calculation of
flow velocities (Blumberg & Curl, 1974):
where:
— L, — size of a ,Sauter-mean”:

Ly =2 (1)
W
+/-1
— L; - length of the individual scallops for suppress the statistical signifi-

cance of the subpopulation of very short scallops occurying among many
scallop: caused by bedrock inhomogeneties,
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— u — velocity of paleoflow:
for a circular conduit:

D U
u =Re [2,5 (In -1)+BJ]— , (2)
2Ly, - pLy,
for a rectangle conduit:
D U
u=Re[2,5(n —15)+B] — , 3
2Ly, oLy,

where:

D — width of conduit,
u — the medium velocity of water flow,

L;, — the Sauter-mean of scallops,
U — the kinematic viscosity,
p — the density of the fluid,

B, — a fraction factor (for scallops B, = 0.013 cms'l),

Re — the Reynold’s number based on friction velocity and L,, (for scallops Re = 2200).

The flow and discharge rates were calculated according to formulas (2)
and (3) because nearly all sections are not circular and not rectangle but
somewhere in between. Thus, calculated values in table 1 could be treated
as border parameters.

Heavy mineral analyses

Analyses of heavy minerals (HM) were conducted basing on their phy-
sical and optical properties (Racinowski & Szczypek, 1985). The se-
paration of HM from original sample was conducted using heavy fluid, with
specific gravity of 2.9 gcm™. The qualitative analyses of HM give us infor-
mation about composition of an alimentation area and where deposits were
transported from (Hercman, 1986).

According to M. Turnau-Morawska (1955) composition of heavy mi-
nerals depends on type of eroded rocks, conditions of sedimentation and dia-
genesis. Transport of deposits that supply caves in the Tatra Mts is short,
so their occurying is a function of source area composition and weathering
time. R. Burkhardt (1978) divided heavy minerals into instable (apatite,
amphibole, epidote), mechanostable (gamnets, zircon) and chemostable (ru-
tile, staurolite, disthene, tourmalines).
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Results of scallop analyses

In Zimna Cave scallops were observed in the lower part up to Siphon
Zwolinskis’ and in the upper part: Czarny Komin — Sala Diuga and Chatka
— Sala Zlomisk. Sufficient scallop measurements for calculation of flow
velocity and discharge were made in four places (Fig. 4, Tab. 1). Asymme-
try of scallops in Zimna Cave indicate two direction of paleoflows. The prin-
cipal direction of paleoflow runs from upper part of Sala Diuga to the
entrance. Different direction runs from Sala Ztomisk to Chatka.

Observations and measurements in Czarna Cave were made in all main
corridor, part of Tehuby, Colorado and Partie Zyrafowe. Sufficient scallop
measurements for calculation of flow velocity and discharge were made in
four places (Fig. S, Tab. 1). In the main passage asymmetry of scallops show
one direction of paleoflow from the entrance in Pod Wysranki Gully to the
main entrance in Koscieliska Valley. In Zyrafowe Partie analysed scallops of
different asymmetry are overlaped up each other. Smaller forms about 4-6 cm
indicate paleoflow to Kos$cieliska Valley and opposite direction show lon-
ger forms about 2040 cm.

1250. W ZIMNA CAVE E
SECTION —
Gully
1200 F PARTIE WROCEAWSKIE (2]

RUBINOWY KORYTARZ
—

Koddleliska
Valley
1150 KORYTARZ GALERIOWY
KORKOCIAG KRAKOWSK!
1100 =
ENTRANCE <=
1050 L
mas.l
0 100 m
Scallops:

(1 area where scallops were observed

—»  paleoflow directions deciphered from scallops

—> direction of paleoflow after Rudnicki (1958) and Grodzicki (1991)

1-4 places of calculated paleoflow velocities, and discharges, the same symbols as Tab. 1

Heavy minerals:

3] heavy minerals analysis, sample (Z)

Fig. 4. Paleoflow directions in Zimna Cave according to the author and after Rudnicki (1958)
and Grodzicki (1991). Section redrawn from Rudnicki (1958)



Reconstruction of paleoflows direction in the western part... 113
Measurements of scallops and calculated flows and discharges Table
. Dischar-

Amound Sizeof | Flow velocity | Flow velocity l?:c?;: gefor | Pale-

Cove losalzaton | sured | Ly em] | cros-section| L | cond e Foms) ] B rent
lops for 5°C for S°C{(m”s™) 50 o

for 5°Cl ¢ 1 g0

Zimna/l 79 | 10.37+£3.32]280 x 1000|42.92+19.32|38.92+17.52| 4.81 | 436 | W
Zimna/2 85 | 10.70£2.92]150 x 170 |43.79+19.52| 39.27+¢17.50| 1.12| 1.00 | W
Zimna/3 74 | 6.71+20.07| B0 x 200 | 56.56+23.90| 50.33+21.27( 0.90( 081 | W
Zimna/4 150 (11.49+34.40|200 x 500 | 35.82+15.17| 32.18+£13.63| 3.58 | 3.22 | W
Czarna/l 19 2.2910.75( 90 x 250 12.58+5.84| 10.75+499| 028 | 024 | W
Czama/2 151 | 5.18+1.64{250 x 400 | 95.95+43.00| 87.88+39.39| 9.60( 8.79 | W
Czamna/3 80 | 7.54+2.53|150x 400 | 56.07+26.58| 50.53+23.96{ 3.36| 3.03 | W
Czarna/4 160 | 7.21+2.33(300x 300 | 70.53+32.23 | 64.74+29.58| 6.34 | 583 | W
Migtusia/l 69 5.45+1.92| 70 x 170 | 70.73+36.41( 63.07+32.47) 0.84| 075 | W
Migtusia/2 87 | 10.67+3.54|257 x 207 | 41.08+19.25]| 37.16£17.41( 2.19| 198 | W
Migtusia Wyznia| 196 | 9.05+2.91|126 x 110 (43.41+19.73 | 38.79+17.63| 0.55| 0.54 | W
Naciekowa/l 40 |10.70+£3.30(150 x 1300 | 39.23+18.08 | 35.11£16.18] 2.35| 2.11 | SW
Naciekowa/2 32 9.48+2.72| 110 x 440 | 39.81+16.12| 35.40+14.34( 193 | 1.71 | SW
Naciekowa/3 60 15.944.62|350 x 1100 | 25.84+10.19| 23.31+9.20| 5.43 | 5.00 | SW
Naciekowa/4 63 | 12.24£3.82|210x 400 | 33.53+14.80] 30.11+13.29| 2.82| 2.53 | SW
Naciekowa/5 43 | 10.52+2.86| 180 x 500 | 38.98+14.99| 35.01x13.46| 3.51| 3.15 | NE
Naciekowa/6 44 | 12.13+£3.50)250 x 600 | 35.10+14.31| 31.65+12.90| 527 | 475 | NE
Naciekowa/7 60 8.01+£2.67|150 x 320 | 52.14+24.35| 46.92+21.92| 2.50| 2.25 | NE
Naciekowa/8 69 | 13.17+4.36/135x 500 | 27.90+13.07| 24.72+11.58| 1.88 | 1.67 | W

In Migtusia Cave observations of scallops were made from the entrance
to Prog Odzyskanych Nadziei. The velocities and discharges of paleoflows
were measured near Piaskowa Studnia and Prég Odzyskanych Nadziei
(Fig. 6, Tab. 1). Most scallops indicate direction of paleoflow to Koscieli-
ska Valley. Only some forms show opposite direction, to present entrance.

Observations in Migtusia Wyznia Cave were made in the entrance part.
The velocity and discharge were measured in Rura (Fig. 7, Tab. 1). Direc-
tion of paleoflows run on the west (probably toward to Mietusia Cave or
also Czarna Cave).

In Naciekowa Cave observations were made in entire cave. General
direction of paleoflow runs from SE to NW. The scallop measurements for
calculation of flow velocities and discharges were made in six places (Fig. 8,
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Fig. 5. Paleoflow directions in Czama Cave according to the author and after Grodzicki (1991). Section redrawn from Grodzicki
(1995)
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Fig. 6. Paleoflow directions in Migtusia Cave according to the author. Section redrawn from Grodzicki (1996)
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Tab. 1). In Naciekowa Cave the forms are on rubble blocks too it means that
water flowed in the same direction after fell of rocks.
270° 230° 300°40° 270" 0°

ENTRANCE

1393

1343

MIETUSIA WYZNIA CAVE

SECTION 11203
Scallops: m.as.l
(1 area where scallops were observed
—» paleoflow directions deciphered from scallops
1 place of calculated paleofiow velocities, and discharges, the same symbol as Tab. 1

Fig. 7. Paleoflow directions in Migtusia Wyznia Cave according to the author. Section redrawn
from Grodzicki (1996)

Results of analyses of heavy minerals

Heavy minerals were analysed from sediments in the upper part of Zim-
na Cave (Fig. 4). Mostly determined minerals are typical for metamorphic
rocks and belong to instable (Fig. 9).

Deposits in Czama Cave were analysed from ten places (Fig. 5). In the
sample C4 predominate carbonates (67.4%) it means domination of auto-
chthonous material. In samples from Colorado passage contains more mi-
nerals typical for metamorphic rock and they are mechanostable and che-
mostable. There are predominance of instable and mechanostable minerals
in deposits from Techuby, mechanostabilne from Korytarz Mamutowy and
instable and chemostable from Korytarz Trzech Studni (Fig. 9).

Heavy minerals of Migtusia Cave were analysed from sediments took
from five places (Fig. 6). Predominance of mechanostable minerals occurs
in deposits from M2 and M4 and chemostable and instable from M1, M3
and MS (Fig. 9).

Most HM in deposits in Naciekowa Cave are chemostable (Fig. 8 and 9).
Minerals of metamorphic rocks are not so numerous like in the other caves.
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Fig. 9. Composition of heavy minerals from caves
Z — Zimna, C1-C10 — Czama, M1-MS5 — Migtusia and N — Naciekowa. Division into mechanostable (M), chemo-
stable (C) and instable (I) minerals according to Burkhardt (1978)

Interpretations and disscusions

Investigations in the upper part of Zimna Cave which are presented in this
paper indicate opposite direction of paleoflow in comparing with previous
investigations, from E to W (Fig. 4). Observations were made by Rudnicki
(1958, 1967) it is difficult to explain, because this author based on scallops
too. According to Grodzicki (1991) direction of paleoflows based on
gradient of passages. Gradient of passages in phreatic conditions is not indi-
cators for direction of paleoflow. Composition of heavy minerals shows that
waters carried detrital minerals from Twardy Uptaz crystalline nappe outlier
to Wysranki Gully or from the eastern part of Czerwone Wierchy Massif and
than thought Zimna Cave to Koscieliska Valley (Fig. 1 and 2).

J.Rudnicki (1967) basing on network of passage suggested that evo-
lution of the upper level of Czarna Cave was developed independent on
Koécieliska Valley and these parts were drained to Pod Wysranki Gully.
According to J. Grodzicki (1991) both two levels of Czarna Cave at height
ca. 1300 m and 1380 m were drained toward SE, to Pod Wysranki Gully.
This author suggested that deposits choked outflow through Colorado pas-
sages and caused discharge of water by passage lying higher in the same
directions to Pod Wysranki Gully. Z. Wo6jcik (1968) considered that Czarna
Cave was an underground outflow of Koscieliski Stream. My observations
of scallops in Czarna Cave show opposite direction of paleoflows i.e. from
Pod Wysranki Gully to the main entrance in Koscieliska Valley (Fig. 5).
In some places scallops show opposite flow direction (Colorado passage,
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Zyrafowe Partie), what could caused by invasion water. Arguments of gra-
dient and networks of passage are not indicators of paleoflow directions in
karst area. Mostly minerals from deposits in Colorado passages typical for
metamorphic rocks indicate on transport from Twardy Uptaz or the eastern
parts of Czerwone Wierchy Massif (Fig. 1 and 2). Predominance of resistant
minerals testify about long transport or significant of weathered proccesses.

Migtusia Cave originally was probably drained to Pod Wysranki Gully
(Rudnicki, 1967, Grodzicki, 1991). According to J. Rudnicki (1967),
later water was captured to the lower level (level of Lodowe Spring). J. Gta-
zek et al. (1977) suggested that this change was caused by glacial process
which blocked outflow through the main passages of the cave system and than,
during glacier melting created new paths through a well to the present discharge
point in Lodowe Spring. My observations in Migtusia Cave based on the
scallops confirm previuos investigations. Different direction of paleoflow could
caused by tributary water flows from lateral passages between Salka z Dziur-
ka and Sala Beznadziejna. My observations of scallops don’t confirm another
interpretation of J. Rudnicki (1958, 1970) that the entrance part of Migtu-
sia Cave was drained to Migtusia Valley (Fig. 6). Predominance of carbona-
tes, chemostable and mechanostable minerals in deposits from Mietusia Cave
indicate long transport, probably from Twardy Uptaz (Fig. 1 and 2).

In Migtusia Wyznia Cave scallops show direction of paleoflow towards
the west. By J. Rudnicki (1958) water flowed from this cave to Mietusia
Cave. M. Gradzinski (personal information) observed scallops that asy-
metry indicated direction to up (chocked siphon in the main passage).
Migtusia Wyznia Cave is about Migtusia Cave ca. 80 m, so it is possible that
in the pass was joints between these caves. However, waters might have
flowed to Czarna Cave (Fig. 1, 2 and 7).

In the eastern part of Naciekowa Cave scallops show direction of pale-
oflow from SE, it’s mean on draining of Organy Massif (Fig. 1). Z. Wdjcik
(1966) pointed about flowing of Koscieliski Stream by the southern and
western part of Naciekowa Cave. Observations of scallops cofirm this idea
(Fig. 7). Composition of heavy minerals and predominance resistant mine-
rals testify to long transport of sediments (Fig. 9).

Conclusions

All studied caves (Zimna, Czarna, Migtusia, Mietusia Wyznia and Na-
ciekowa) drained the western part of Czerwone Wierchy Massif to Koscie-
liska Valley (Fig.1). In the past these caves formed one cave system which
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gradually was lowered. Observation of scallops and analyses of heavy
minerals verified previous ideas or completed information about evolution
of paleoflow directions (Rudnicki, 1958, 1967, 1970; Wojcik, 1960,
1966, 1968; Grodzicki, 1970, 1991). General direction runs towards the
west and is parallel to middle structural belt of carbonate rocks (Fig. 2).
Direction of paleoflows indicate that waters of Lodowe Spring Cave Sys-
tem flowed out from SE, across caves: Migtusia Wyznia, Mietusia (Zwo -
linski, 1955; Rudnicki, 1967, Grodzicki, 1991, Gtazek & Gro-
dzicki, 1996; Gtazek et al., 1977; Gtazek, 1997) to the place where
now is the Wysranki Gully (during that time it didn’t exist, Gtazek - per-
sonal information, 2002) and from this places thouhgt Czarna and Zimna
Caves to Koscieliska Valley.

The passages of Migtusia Wyznia and Czarna caves, and lower lying
Zimna and Migtusia caves are older counterparts of present-day Lodowe
Spring System. Basing on reconstruction old paleoflow is possible to describe
evolution and development of karst system in the investigated past of Western
Tatra Mts. The karst discharge of Czerwone Wierchy Massif in the past was
similar to present day (see Dabrowski & Rudnicki, 1967). This recon-
struction doesn’t confirm Grodzicki’s suggestion (1991): that during the Neo-
gene the Koscieliska Valley didn’t exist. Inversely Koscieliska Valley was
so deep cut, because most of water from Czerwone Wierchy Massif was di-
scharged to it by cave system, not to Wysranki Gully. It corfims investiga-
tion (Gtazek et al., in prep.) that denudation of carbonate rocks which was
shifted from the surface inside the massif can accelerated development of
valleys. In other words not only the cave development is caused by valley
incision but valley incision could be accelerated by cave development.

Presented observations confirm that the investigated cave system was
developed under phreatic conditions (Rudnicki, 1958, 1967). In these ca-
ves are a lot of forms which proved it: numerous phreatic loops (noticeable
on section of caves, Fig. 4, 5 and 6), circular and elipsoidal cross-section
of conduits (cf. M. Gradzinski & Kicinska, 2002). Preservation of
phreatic loops in several caves don’t confirm suggestion numerous cave levels
suggested in the Tatra Mts by Wojcik (1966, 1968) that based on the water-
table theory (Swinnerton, 1932). Most of these caves (Czarna, Migtusia,
Zimna) correspond to the State 2 or 3 within the “Four State Model” of Ford
& Ewers (1978, Kicinska 2002, M. Gradzinski & Kicinska, 2002).

Probably the karst development have been begun 6-5 Ma (Gtazek, 2000).
Age of the oldest speleothem from Czarna Cave is estimated to 1 Ma (No-
wicki et al., 2000). Then the oldest cave system evolved from initial to mature
stage of speleogenesis between 6 and 1 Ma. These caves were developed due
secondary porosity, a specially fissures and faults which were opened during
the uplift of the Tatra Mts and later karst processes (see Kicinska, 2002).
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Ditta Kicinska

Rekonstrukcja kierunkéw paleoprzeplywow w zachodniej czgéci
systemu jaskin Lodowego Zroédia

Streszczenie

W artykule przedstawiono wyniki badan paleocyrkulacji wéd w zachodniej cze$ci
systemu Lodowego Zrodta, obejmujacych jaskinie — Zimna, Czarna, Mietusia Wyznia i Na-
ciekowa. Rekonstrukcja paleoprzeptywéw w systemie krasowym zostata oparta na pomia-
rach zaglgbien wirowych na $cianach jaskini oraz na analizach mineratéw cigzkich w osa-
dach jaskiniowych. Rozwdj przeptywu podziemnego i ewolucja dolin byly konsekwentnie
warunkowane potozeniem najnizszego punktu drenazu zbiornika krasowego na granicy skat
weglanowych z przykrywajacymi je skalami nieprzepuszczalnymi (marglami lub tupkami).
Od neogenu odptyw z systemu odbywat sig stale w kierunku zachodnim do gtéwnej doliny
— Doliny Koscieliskiej.

Ditta Kicinska

Reconstruction des paléo-écoulements dans la partie occidentale
du réseau de la Source de Lodowe

Résumé

Une recherche a été conduite sur les paléo-écoulements de la partie occidentale du réseau
de la Source de Lodowe, dans les secteurs Zimna, Czarna, Migtusia, Migtusia Wyznia et
Naciekowa. Cette reconstitution et basée sur la mesure des vagues d’érosion ainsi que sur
les minéraux lourds des sédiments. Le développement des écoulements souterrains et I’évo-
lution des vallées se sont mutuellement influencés et sont par conséquent contr6lés par la
localisation la plus basse du point de vidange de I’aquifere karstique, a la base des calca-
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ires et au contact des couvertures imperméables (marnes, schistes). Par conséquent, le
drainage était orienté vers la vallée principale de Koscieliska, située a 1’ouest, et ce depuis
le Néogene.

Received: November 2001.
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Chemical composition origin of the waters
from San Diego de los Baiios — Los Bermejales
hydrothermal system, Pinar del Rio, Cuba

Abstract: The origin of the chemical composition and geochemical processes related with
waters San Diego de los Bafios — Los Bermejales hydrothermal system were determined
by means of pattern recognition as well as mass balance and mixing water models. This
composition is explained by the following geochemical processes: congruent dissolution of
halite and dolomite, calcite precipitation, mass transference between plagioclase (albite and
K-feldspar) and kaolinite, pyrite oxidation, H,S formation by sulphate anaerobic reduction,
CO, degassing and SiO, precipitation.

Introduction

The mineral waters from San Diego de los Baifios springs were well
studied from the therapeutic (Rodriguez, 1987), hydrogeologic (Pelaez
et al., 1990) and physico-chemical points of view (Embil, 1946; Guerra,
1948; Lopez-Rendueles et al., 1949). Los Bermejales springs situated

* National Center for Thermalism “Victor Santamarina”, Cuban Public Health Ministry,
Havana, Cuba.
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near the above mentioned, with similar composition were less studied
(Trelles, 1948). Besides mentioned thermomineral springs, with calcium
sulphate hydrochemical facies, other types of waters (calcium hydrocarbon-
ate and sodium hydrocarbonate) associating carbonate and sandy schist
sediments occur respectively. The whole hydrogeological system can be
considered as hydrothermal (W hite, 1957). The aim of this paper is to elu-
cidate the geochemical processes that takes place in this system, determine
the origin of water chemical composition and to find its relation with the
lithology and tectonic.

Material and methods

127 data set from the detailed exploration study carried out by Pelaez
et al. (1990) at San Diego de los Bafios—Los Bermejales hydrothermal sys-
tem and 18 data set from Mil Cumbres spring fed by the same Artemisa
Formation as above springs were used in this investigation. Recent samples
from San Diego de los Baifios and Los Bermejales (Gonzalez et al., 2000)
were collected to determine new physicochemical parameters no considered
in the above cited works. Temperature, conductivity, redox potential and the
contents of CO,, H,S were measured in the field. Macroconstituent of chem-
ical composition were determined by standard methods (APHA-AW WA-
-WPCF, 1992), while microconstituents by ICP-MS.

The hydrochemical data were processed by Windows Release 4.5, Mi-
crosoft Excell 97 and HIDROGEOWIN (Alvarez et al.,, 1999), MOD-
ELAGUA (Fagundo-Sierra, 2000) hydrogeochemical software, the later
for geochemical processes modelling.

Geographic, geologic and hydrogeologic setting

San Diego de los Baiios spa is located near the town with homonymous
name, at Los Palacios municipality, Pinar del Rio Province (Cuba), at the
N 315 037 E 256 008 coordinates (Fig. 1). There are three springs named
El Tigre, El Templado and La Gallina, which emergences are at the bed of
the river. 7 km upstream, at the bed of the same river springs occur and are
named M1, M2, M3, M4 and M5 Los Bermejales (N 318 351, E 250 468
coordinate). Those thermal springs are associated to the Pinar and San Diego
faults. The first fault separate the Guaniguanico and San Diego de los Bafios
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LOS BANOS

Fig. 1. Sample points of San Diego de los Baiios — Los Bermejales hydrothermal system
1 - springs, 2 ~ wells

structure-facial zones while the second one disjoins the two subzones which
are dividing the Guaniguanico tectonic unit (Sierra de los Organos and Sierra
del Rosario).

The geology of Sierra del Rosario, which constitute feeding zone of the
springs is characterized by a complex lithology and tectonics, as a conse-
quence of the displacement and rock tectonic transport occurring during the
Mid Eocene (Pszczotkowski, 1987). The Artemisa Fm. carbonate aqui-
fers are constituted by calcite and aleurolites intercalated with little perme-
able sandy-shale schist of sedimentary effusive type of the San Cayetano Fm.
(Uper Jurassic). The mineral constituents of these rocks are: quartz (60-75%),
plagioclase (2-3%), muscovite (1-2%), tourmaline and chlorite (less then
1 to 1 %). The structural deposition of those sediments determines the typical
relief of Sierra del Rosario, characterized by the polygonal karst morphol-
ogy, only different at Pan de Guajaibon, which mogote karst morphology is
similar to Sierra de los Organos (Tyc, 1992).

Lithology of Francisco Fm. (Mid Jurassic), constituted by intercalations
of limestone, lutite and less quantity of limestone and calcareous cement,
carbonate breccia composed of limestone and flint fragments, and limestone
jointed with calcareous cement (Cacarajicara Fm. of Cretaceous). There are
also present chaotic sediments associated to faults, constituted of olis-
tostromes composed of quartz sands and limestone fragments (Ancén Fm.
of Paleogen). Finally, sediments of the “melange” type with serpentine matrix
also occur.
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Results and discussion

The waters from San Diego de los Bafios springs have temperature slightly
greater (31-36°C) than Los Bermejales springs, which temperature vary
between 31°C and 32°C. On the contrary the mineralization at Los Berme-
jales (2256-2409 mg/]) is greater than San Diego de los Bafios (15061847
mg/1). The higher values of TDS are connected with the SO,>", Ca**, CI” and
Na' content in water. Finally, Los Bermejales springs have less Rn contents
than San Diego de los Bafios springs (Guerra, 1947; Trelles, 1948).

There are two different hydrogeochemical facies in the above springs:
the first of the calcium sulphate-hydrocarbonate type, present at El Temp-
lado and occasionally at El Tigre springs, and the second of calcium-sulphate
type, present at the remainder springs. They are hypothermal or mesother-
mal according with H. Schoeller (1962). The discharge of springs has
a great stability changing between 9 to 10 /s at El Tigre and El Templado
and between 0.6 and 0.8 /s at La Gallina. At Los Bermejales springs dis-
charge are of the 1 I/s order.

From the physicochemical parameters of San Diego de los Baiios and Los
Bermejales springs a common origin of chemical composition can be inferred.
The fraction of precipitation which is infiltrated in the region through the
fissured limestone of Artemisa Fm., moves down to deep aquifer where are
heated owing to the geothermic gradient and then ascend through the San
Diego fault. The observed magnitude difference of the parameters in both
sites can be associated to local lithological and structural characteristics, as
well as the depth of the water descent, length of the residence time, velocity
of ascending and mixing with shallow waters. Thus, the greater Rn contents
of San Diego de los Bafios springs suggest a higher water-rock contact than
in Los Bermejales springs. According with these results, we can expect higher
mineralization at San Diego de los Bafios springs, but on the contrary the
TDS is greater at Los Bermejales. This behaviour suggests that the waters
from San Diego would be mixed with other more shallow water, which are
in agree with the high HCO;™ (19-23% meq/l) of the El Tigre and El Tem-
plado springs. This fact indicates the possibility of mixing with sodium
hydrocarbonate waters from aquifers developed on schist, shale and sands
of San Cayetano Fm.

The greater H,S contents of Los Bermejales than San Diego de los Bafios
springs can be explained assuming a higher sulphate bacterial reduction of
the Los Bermejales springs. The relatively less temperature of the latter can
be related by a more distance travelled by the waters or with a minor mix-
ing proportion than in San Diego de los Baifios, or by the fact that in Los
Bermejales the water ascending from less depth. Also, more than the above
situation can be concurred.
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The chemical composition of El Templado spring (Ca-SO,>HCO,) can
be explained by the mixing of the P3 (90 m) well similar waters with the
P1 (237-320 m) well which water are of the Ca-SO, type. The correspond-
ing results of the mass balance calculation and the geochemical processes
are shown in Table 1. This composition is justified by the mixing of 64%
of waters from P3 (90 m) well and 36% P1 (237-320 m) well. The geochem-
ical processes involved are: congruent dissolution of halite and dolomite,
calcite precipitation, mass transfer between plagioclase and kaolinite, pyrite
oxidation, sulphate reduction and quartz precipitation.

Table 1
Mass balance and geochemical processes occurring by weathering of the Artemisa
formation sediments (El Templado spring). Concentration as mmol/l

Sample Hsio,| HS | €O, [HCO,[ €1 | SO, | Ca | Mg | Na K
El Templado 0.31]035;1.11 [500]1.07 |7.81 [7.38|1.87]3.09]0.10
P3 well 90 m (64.0%) 0.11 | 0.00 [0.75 | 6.28 | 0.76 [ 0.41 | 3.07 | 0.27 | 1.16 | 0.02
P1 well (36.0%) 0.37 | 1.18 | 0.86 [ 2.77 | 0.95 {20.52(15.92] 2.94 | 6.84 | 0.2]
» ionic 0.11 [ 0.08 [0.32 | 0.02 [0.24 [0.15 | 0.32{0.64 | 0.12 | 0.01
Geochemical processes
1) Halite 0.00{ 0.00 | 0.00 [ 0.00| 0.24 | 0.00 | 0.00 ] 0.00 [ 0.24 | 0.00
2) Calcite 0.00 1 0.00 { 0.96 | 1.92 { 0.00 | 0.00 | 0.96 | 0.00 | 0.00 | 0.00
3) Dolomite 0.00(0.00 [ 1.28 [ 2.56 | 0.00 | 0.00 | 0.64 | 0.64 | 0.00 | 0.00
4) Kaolinnite-Albite 0.7110.00 { 0.36 | 0.36 | 0.00 | 0.00 | 0.00 | 0.00 | 0.36 | 0.00
5) Pyrite 0.00 | 0.00 [ 0.30 | 0.30 | 0.00 [ 0.15 | 0.00 | 0.00 | 0.00 | 0.00
6) Quartz 0.82 ( 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00
7) CO, (gaseous)-CO,
(aqueous) 0.00 { 0.00 | 0.02 [ 0.00 { 0.00 [ 0.00 | 0.00 | 0.00 | 0.24 | 0.00
Total { 0.11 | 0.08 [ 0.21 | 0.06 | 0.31 | 0.06 | 0.34 | 0.62 | 0.18 | 0.00
Error | 0.00 | 0.02 | 0.02 | 0.04 | 0.06 [ 0.09 | 0.02 | 0.02 | 0.06 | 0.01

The waters from La Gallina spring has calcium sulphate hydrogeochem-
ical pattern, similar to P1 well, but with less mineralization. Assuming that
this chemical composition is originated by the mixing of waters from the
both above wells, then the whole of mixing and geochemical process can
be expressed by a similar mechanism as occurring at El Templado, but with
a mixing proportion of 36% P1 and 44% to P3.

P3 well is located between San Diego de los Bafios and Los Bermejales
springs. First, cut the San Cayetano Fm., latter a tectonic breach and after
the limestone of the Artemisa Fm. (Pelaez et al., 1990). At the first 40 m
of depth the aquifer has sodium hydrocarbonate waters with low tempera-
ture, mineralization and hardness. The waters are basic (pH = 9) and CO,*

9 Kras i Speleologia
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is present joint HCO;™ ion. The prevailing cation is Na’. CO, and H,S are
not present and the SiO, contents are low. This composition is characteristic
of the water drilling silicate sediments. Between 40 and 290 m of depth in
well there are calcium-hydrocarbonate waters originated by dissolution of
relatively pure limestone.

The P1 well (Fig. 1) was drilled to depth of 300 m, cutting only lime-
stone of Artemisa Fm. According to the sampled water property, five-hy-
drogeochemical zones were found, appreciating an increase of temperature
from 26°C up to 46°C.

The M1 Los Bermejales spring (calcium-sodium-sulphate-hydrocarbon-
ate waters) has a relatively higher Na" content than La Gallina spring (cal-
cium-sulphate waters) and lesser than more litter P1 well (calcium-sulphate
waters). Taking in account that the mineralization of M1 spring is lesser than
P1 well too, we can conclude that the chemical composition of M1 spring
can be originated by mixing of water similar to P1 with waters similar to
P4 (107-206 m), which has higher mineralization and Na® contents. The
results of mass balance transfer calculation and geochemical processes in-
volved are shown in Table 2. The chemical composition of this spring can

Table 2
Mass balance and geochemical process which explain the chemical composition
of M1 (Los Bermejales) spring from water mixing between P4 (103-206 m)
and P1 wells. Concentration as mmol/

Sample Hsio,| HS | co, [HCO,| €1 |so, | ca | Mg | Na | K
Los Bermejales (M1) | 034 | 1.13 | 1.36 | 5.24 | 1.72 {13.1312.58] 2.37 [ 3.22 { 0.10
P4103-206 well (31.6%) | 0.20 [3.53 | 0.00 | 9.55 [ 0.00 | 1.22 | 0.06 | 0.56 [15.02] 0.46
P1 well (68.4%) 0.37 | 1.18 | 0.86 | 2.77 | 0.95 [20.52]15.92| 2.94 | 6.84 | 0.21
3 ionic 0.020.79 1077 [033]1.07|1.29 [ 1.68 | 0.18 [ 6.21 | 0.19
Geochemical processes

1) Halite 0.00 | 0.00 | 0.00 [ 0.00 | 0.98 | 0.00 | 0.00 | 0.00 | 0.98 | 0.00
2) Calcite 0.00 { 0.00 | 1.49 [ 2.99 | 0.00 | 0.00 | 1.49 [ 0.00 | 0.00 | 0.00
3) Dolomite 0.00 [ 0.00 | 0.74 | 1.48 | 0.00 | 0.00 [ 0.37 [ 0.37 | 0.00 | 0.00
4) Kaolinite-Albite 14.20{ 0.00 | 7.09 | 7.09 | 0.00 | 0.00 | 0.00 | 0.00 | 7.09 | 0.00
5) K-feldspar—Kaolinite | 0.19 | 0.00 | 0.10 | 0.10 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.10
6) Quartz 14.39}0.00 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00
7) Sulphate 0.00 | 1.47 | 0.00 [ 2.95 | 0.00 | 1.47 | 0.00 | 0.00 | 0.00 | 0.00
8) H,S-S 0.00 | 2.27 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
9)%&(‘3%?:)0“)402 0.00 | 0.00 | 4.18 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

Total | 0.02 [0.79 | 0.77 | 0.23 [ 0.98 [ 1.47 | 1.86 [ 0.37 | 6.11 | 0.10

Error | 0.00 | 0.00 | 0.00 [0.09 [0.09]0.19 [0.19 [ 0.19] 0.09 | 0.09
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be explained by the following processes: mixing of waters from P1 and P4
wells in the proportion of 68% and 32% respectively join with congruent
dissolution of halite, calcite and dolomite, mass transfer between plagioclase
(albite and K-feldspar) and kaolinite, pyrite oxidation, H,S formation from
sulphur, quartz precipitation and CO, generation.

P4 well drilled near the Los Bermejales springs (Fig. 1), at the begin-
ning and the end cut the Artemisa Fm. limestone, while at the middle zones
(200-300 m) cut the San Cayetano Fm. sediments. The temperature change
between 28° to 30.5°C. The waters from depth of 100 m are similar in com-
position to the Los Bermejales springs. The mean temperature of the waters
is 30°C, and water has high mineralization, hardness as well as CO, and H,S
contents. Between 100 m and 200 m of depth the waters show a sodium-
hydrocarbonate hydrochemical facies. The origin of the chemical composi-
tion of the waters of this aquifer horizon is associated, possibly to the sili-
cates dissolution process in hydrothermal conditions. Between 145 m to 195 m
of depth the hydrochemical facies is calcium-sodium-sulphate, presumptively
originated by mixing between calcium-sulphate and sodium-hydrocarbonate
water types, associated to the Artemisa and San Cayetano sediments respec-
tively. Between 220 m and 300 m, the waters are of a similar chemical prop-
erties to the waters sampled between 103 m and 106 m of depth, with
a sodium-hydrocarbonate hydrochemical facies.

The chemical composition of the water collected by Pelaez et al. (1990)
between 145 m and 195 m of depth, can be originated by the mixing of waters
from the contiguous aquifers horizons. The results of mass balance calcu-
lation and geochemical processes related are shown in Table 3, the propor-
tions of mixing calculated are of 52% and 48% of the waters collected up
to 100 m deep and between 222-228 m of depth respectively.

The waters of the P13 well are of calcium-sodium-hydrocarbonate type
with middle mineralization and hardness. The results of mass balance cal-
culation and the respective geochemical processes are shown in Table 4. The
chemical composition of the spring are explained by mixing of 69% of P3
(90 m), Ca-HCO, type and 31% of P3 (40 m), Na-HCO,. The geochemical
processes are: congruent dissolution of halite and dolomite, calcite precip-
itation, pyrite oxidation, sulphate reduction, CO, degassing and mass trans-
fer between kaolinite and albite. The latter process was considered by
Helgeson (after Drever, 1982) on the basis of the X,0-A1,0,-Si0,-H,0
system weathering alteration products.

Similar mixing proportions to those obtained by the mass balance ap-
proach, were found using mixing diagram from extreme members represen-
tatives of Ca-SO, and Na-HCO, water types (Fig. 4) respectively. The
corresponding graphic results for P13 well are shown on Fig. 2; El Temp-
lado and La Gallina springs, and other springs on Fig. 3; Los Bermejales

g*



132 Juan R. Fagundo, P. Gonzilez, M. Suidrez, B. Peiia, L. Sanchez, J. Fagundo-Sierra

Table 3
Mass balance and geochemical processes occurring and water mixing at San Diego
de los Bafios-Los Bermejales hydrothermal system: P4 — 145-195 m well waters originated
from water of the same well collected to 100 m and at the 222-288 m interval
Concentration as mmol/l

Sample HSSiO,| H,S CO, |HCO, | C SO, Ca Mg Na K
P4 145-195 0.28 [0.70 [0.75 |6.32 | 1.63 |8.23 [5.23 |2.42 {8.83 |0.27
P4 100 (51.9%) 0.26 (3.44 | 1.48 |3.92 [1.10 |12.71 [11.71}2.50 [ 1.96 | 0.06
P4 222-288(48%) 0.06 |3.53 {2.75 (11.0314.35 |0.69 |0.75 [0.60 [13.62(0.42
3 ionic 0.12 {2.78 | 1.34 |1.02 [{1.03 |1.30 {1.21 | 0.83 [1.26 | 0.04
Geochemical processes
1) Halite 0.00 {0.00 {0.00 |0.00 (1.03 |0.00 |0.00 |0.00]1.03]|0.00
2) Calcite 0.00 [ 0.00 (2.04 [4.08 |0.00 | 0.00 [2.04 | 0.00 | 0.00 | 0.00
3) Dolomite 0.00 | 0.00 | 1.67 |3.34 {0.00 | 0.00 | 0.83 | 0.83 | 0.00 | 0.00
4) Albite-Kaolinite 4.59 (0.00 |2.29 {2.29 | 0.00 | 0.00 | 0.00 | 0.00 | 2.29 | 0.00
5) K-feldspar—Kaolinite |0.07 | 0.00 [ 0.04 | 0.04 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.04
6) Pyrite 0.00 | 0.00 |2.61 |2.6]1 {0.00 | 1.30 | 0.00 | 0.00 | 0.00 | 0.00
7) H,S-S 0.00 | 2.78 10.00 [0.00 {0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
8) Quartz 4.54 10.00 | 0.00 |0.00 (0.00|0.00 |0.00 |0.00|0.00 0.00
9) CO, (gaseous)-CO,
(aqueous) 0.00 {0.00 [ 1.99 |0.00 [0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Total |0.12 (2.78 [ 1.34 [1.02 | 1.03 | 1.30 [1.21 | 0.83 | 1.26 | 0.04
Error | 0.00 | 0.00 | 0.00 {0.00 |0.00 [0.00 {0.00 | 0.00 | 0.00 | 0.00

(M1) and P4 (145-195 m) well on Fig. 4. Finally, the processes resulting
from water-rock interaction and mixing water are showing by means of Stiff
diagrams on Fig. 5. The main geochemical processes occurring at the shal-
low carbonate aquifers are calcite and dolomite dissolution (II) as well as
pyrite oxidation, which originate the Ca-HCO, waters, while at the aquifers
constituted with acid aluminosilicate minerals (IIT) predominate the process
related of incongruent dissolution of plagioclase (albite and K-feldspar) which
originates the Na-HCO, waters. From the deeper zones coming the Ca-SO,
thermomineral waters (I) which are originated pyrite oxidation. By means
of mixing of those above waters at the proportions shown on Fig. 2—4 and
the occurrence of the geochemical processes calculating by mass balance
(Tab. 1-4) are originated the reminder source with variable composition:
HCOs-Ca>Na (IV), Ca-SO, with less mineralization (V), SO,>HCO;-Ca (VI),
HCO,-Ca>Na (VII) and SO,>HCO,-Ca>Na (VIII).
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Table 4
Mass balance and geochemical processes occurring by weathering of the Artemisa
formation sediments (P13) well. Concentration as mmol/l

Sample HS$i0,| H,S | co, |[HCO,{ € |so, | Ca | Mg | Na | K

P13 well 0.19 {1.36 |1.00 592 |1.09 (0.40 [2.15 |0.59 [2.26 [ 0.07

P3 40 m well (30.6%) 0.19 (0.00 |0.00 (3.86 [0.48 [0.36 |0.20 [0.15|3.74 [0.12

5 ionic 0.06 |1.36 |0.48 | 0.38 |0.42 [0.01 [0.04 {0.36 {0.3]1 [0.02

Geochemical processes

1) Halite 0.00 { 0.00 |0.00 | 0.00 {0.43 [0.00 | 0.00 | 0.00 [ 0.43 | 0.00

2) Calcite 0.00 | 0.00 {0.40 [0.80 | 0.00 |0.00 [ 0.40 | 0.00 | 0.00 | 0.00

3) Dolomite 0.00 | 0.00 (0.68 | 1.35 | 0.00 |0.00 [ 0.34 | 0.34 | 0.00 { 0.00

4) Albite-Kaolinite 0.2510.00 (0.12 [ 0.12 | 0.00 |0.00 | 0.00 [ 0.00 ]| 0.12 | 0.00

5) Pyrite 0.00 | 0.00 {2.77 [2.77 | 0.00 | 1.38 | 0.00 [ 0.00 | 0.00 | 0.00

6) Quartz 0.28 | 0.00 (0.00 | 0.00 |0.00 | 0.00 | 0.00 { 0.00 | 0.00 | 0.00
8) CO, (gaseous)-CO,

(aqueous) 0.00 | 0.00 |2.13 [0.00 |0.00 |0.00 [ 0.00 | 0.00 | 0.00 | 0.00

Total |0.06 | 1.36 (0.48 {0.39 [0.43 |0.02 [ 0.06 | 0.34 | 0.30 | 0.02

Error | 0.00 | 0.00 |0.00 [0.01 {0.01 [0.02 | 0.02 |0.02 | 0.01 |0.02
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S 800
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4(')01
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200
00 10 20 30 40 50 60 70 80 80
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Fig. 2. Water mixing 1 from Mil Cumbres spring and P4 A (103-206 m) well

which explain the chemical composition of P13 well
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P3 (90 m)

M3-Bermejales
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Fig. 3. Water mixing from P1 (237-320 m) and P2 (90 m) wells which ex-
plain the chemical composition of San Diego de los Baiios (El Tigre, El Tem-
plado y La Gallina) springs and Los Bermejales (M1) spring
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Fig. 4. Water mixing from P1 (231-320 m) and P4 A (103-206 m) wells
which explain the chemical composition of M1-Bermejales spring and some
samples of P12 and P4 wells
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Conclusions

The origin of the chemical composition of the waters from San Diego
de los Bafios-Los Bermejales hydrothermal system is explained by means
of mixing waters at different proportions from three extremal members which
composition are calcium-hydrocarbonate, sodium-hydrocarbonate and calci-
um-sulphate, coming the two first from shallow aquifers developed on lime-
stone and sandy schist of the Artemisa and San Cayetano formations respec-
tively, and the latter from deep aquifer which store hydrothermal waters. This
mixing occurring with chemical composition modification as a consequence
of complex geochemical processes, mainly: halite and dolomite congruent
dissolution, calcite precipitation, mass transfer between kaolinite and plagio-
clase (albite and K-feldspar), pyrite oxidation, sulphate reduction, quartz
precipitation and CO, degassing. Congruent dissolution of calcite and incon-
gruent dissolution of plagioclase also occur at shallow aquifers.
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Juan Reynerio Fagundo, Patricia Gonzilez Hernandez, Margaret Suarez Munoz, Boris Pefia
Forte, Luis Sanchez Rodriguez, Joel Fagundo-Sierra

Pochodzenie skladu chemicznego wéd systemu hydrotermalnego San Diego
de los Bafios — Los Bermejales, Pinar del Rio, Kuba

Streszczenie

Sktad chemiczny i pochodzenie proceséw geochemicznych zwiazanych z wodami sys-
temu hydrotermalnego San Diego de los Bafios — Los Bermejales ustalono na drodze roz-
poznania systemu oraz modeli bilansu masy i mieszania wod. Taki sktad chemiczny thumacza
nastgpujace procesy geochemiczne: rozpuszczanie halitu i dolomitu, stracanie sig kalcytu,
transfer masy pomigdzy plagioklazem (albit i skalen potasowy) a kaolinitem, utlenianie sig
pirytu, tworzenie sie H,S przez redukcj¢ beztlenowa siarczanéw, odgazowanie CO,
i stracanie si¢ SiO,.

Juan Reynerio Fagundo, Patricia Gonzalez Hemandez, Margaret Suarez Munoz, Boris Peiia
Forte, Luis Sinchez Rodriguez, Joel Fagundo-Sierra

Origine de la composition chimique des eaux du systéme hydrothermal
de los Baiios — Los Bermejales, Pinar del Rio, Cuba

Résumé

Les processus chimiques ainsi que I'origine de la composition des eaux du systéme
hydrothermal de San Diego de los Bafios — Los Bermejales ont été déterminées par la
reconnaissance des réseaux karstiques, par le bilan de masse et a 1’aide de modeles de
mélange des eaux. Les processus géochimiques sont expliqués de la maniére suivante:
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dissolution congruente de I’halite et de la dolomie, précipitation de la calcite, transfert de
masse des plagioclases (albite et feldspath potassique) en kaolinite, oxydation des pyrites,
formation d’H,S par réduction anaérobie des sulfates, dégazage de CO, et précipitation de
SiO,.

Received: October 2001.
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Lakes and springs of the Near-Ol’khon area
(Baikal): tectonic control of their localization
and water composition

Abstract: Features of localization of lakes and springs of the Near-Ol’khon area
and chemical composition of water are the main subjects of the paper. Location
of the lakes and springs is controlled by Cenozoic faults of two types: 1) faults
of NE strike, which inherit dextral strike-slips, formed at late stages of Early
Paleozoic collisional events; 2) “pull-apart” faults, related to sinistral strike-slips,
formed at early stages of Baikal rift system evolution.

Waters of the springs have low salinity (0.2-0.5 g-17'), stable cationic compo-
sition (Ca-Mg) and relatively variable anionic composition (from HCO, to SO,-
-HCO;). It is supposed existence of sub-aquatic thermal spring (Cl-Na composi-
tion) in the Tsagan-Tyrm Lake according some indirect evidences. The investiga-
ted lakes are divided according to composition of water into fresh (up to 1 g-17),
brackish (1-10 g-1") and saline (14—45 g:1"") ones. Waters of the fresh lakes have
mostly HCO,, Mg-Ca-Na or Mg-Na-Ca composition. The brackish lakes may be
subdivided into two sub-types according to composition of water: a) predominan-
tly HCO;-SO,, Mg-Na or Na-Mg and b) predominantly SO,-HCO,-Cl, Mg-Na or
Na-Mg. The saline lakes have SO,-Cl or Cl-S0O,, Na-Mg composition of waters.
Chemical composition of the lake waters is controlled by two main factors: 1) com-
position of feeding groundwater; 2) rate of surface water alteration (predominan-

tly cryogenic).
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Localization and salinity of water of the lakes and springs strongly depends
on type of Cenozoic faults distinguished. The springs and fresh-water lakes, where
waters are similar in salinity and chemical composition to springs, are located near
inherited faults. Almost all brackish and salt lakes, as well as supposed sub-aqu-
atic thermal spring in the Tsagan-Tyrm Lake, are situated in the limits of “pull-
-apart” structures. Possible explanation of this peculiarity is different depth of
penetration of different types of faults. Depth of inherited faults is restricted because
of complex thrust-strike slip related structure of the crystalline basement. Ancient
gentle dipping thrusts restrict penetration of recent inherited faults. So, waters of
the springs and fresh lakes correspond on composition to meteoric groundwater,
circulating on shallow depth. “Pull-apart” faults are related to sinistral displace-
ments in time of Baikal depression formation and are discordant to all ancient
structures. So, they can drain deeper horizons of groundwater circulation, where
composition of water (Cl-Na) differs from composition of meteoric groundwater.
Mixing of groundwaters of different composition is likely to be responsible for the
wide spectra of salinity and chemical compositions of lake’s waters.

Introduction

Saline lakes are widespread in the Transbaikal area. In most cases they
are situated in the limits of Mesozoic—Cenozoic depressions, where their
distribution shows no regularities. Variations of water salinity of the lakes
are very wide. Compositions of water of different lakes even in the same
depression also vary considerably. Main factors controlling geochemical
composition of lakes are supposed to be composition of feeding groundwa-
ter, lithology of watershed basement, climatic and landscape environment,
size of lakes and their biologic activity. Composition of feeding groundwa-
ter in turn depends on many factors, the most important of which are: depth
of circulation (Shvartsev, 1980) and conditions of water migration to the
surface. So, many factors control salinity and composition of lake water, but
estimation of “weight” of each one is usually not simple. It is methodically
correct to exclude possibility of influence of some factors for better estima-
tion of role of others. The lakes of the Ol’khon area, located on relatively
small area (not more than 300 km’), are the favourable objects for such
purpose. Landscape and climate conditions are the same for all the lakes,
and watershed areas are very restricted. The knowledge of geological struc-
ture and composition of the “basement” of the lakes is very good. The
basement may be considered as homogenous, meaning that almost of all rocks
are crystalline (magmatic and metamorphic rocks), Pre-Cenozoic non- and
weakly lithified sediments are absent, and Cenozoic sediments related to the
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Baikal rift evolution occur sporadically and have small thickness. In the same
time variations of salinity and main component ratio of water are sometimes
very high even in lakes, situated on distance not more than 0.5-1 km. The
springs also are present on the territory under considerations, so it is possible
to estimate their influence on composition of the lake waters. All these reasons
make it possible to regards the lakes of the Near-Ol’khon area as model object
for studying the problems of relations of ancient and modem geological struc-
tures and their influence on localization and chemical composition of lakes.

Methods of investigations

Methodologically two aspects — geological and hydrogeochemical — may
be distinguished. Geological methods are mostly traditional. It is notewor-
thy that the territory has been studied in details, using aerial photographs
of 1:5000 scale, providing high quality of geological and structural maps
of the territory.

The sampling of water in the lakes (27) and springs (10) has been made
in non-rainy period (August 7-10, 2000) after three weeks of dry weather.
Many lakes occupied the less area in comparison with shown on the topo-
graphic maps, and some shown lakes were dry. Bottom sediments in the lakes
have been sampled also. Technique of sampling was usual (Manual..., 1988).
The samples of water and sediments have been analysed in laboratory of the
Geochemical Institute of Siberian Branch RAS (Irkutsk, Russia) by standard
methods (Lurje, 1971).

Structural control of springs and lakes distribution

The Near-Ol’khon area is a part of the recent Baikal rift system (Fig. 1).
Together with the Olk’hon Island this relatively small area (about 700 km?)
represents plateau, uplifted above Baikal Lake on 100-300 m and oblique
to the shoreline of the lake. The upland is traced to the Saint Nose Penin-
sula on the opposite shore of the lake through the underwater Lomonosov
Ridge, forming a jumper, separating the Baikal Lake on large segments. The
structure formation has been related to extensional riftogene regime, as it
was shown in many publications. There are also many publications about
relation of modern rift structure of Baikal Lake and ancient tectonics of the
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basement (Pavlov, 1979; Vasil’ev et al., 1997). Weak point of all the
attempts to relate ancient tectonics with modern structure is quite different
degree of geological knowledge. The modern rift system is well exposed in
a whole and in any its fragment whereas the ancient tectonics may be in-
vestigated in less details. So, non-comparable components of ancient and
modern structures were usually used.

New data obtained for last years allowed to revise traditional points of
view on geology and tectonics of the Near-Ol’khon and Ol’khon Island areas.
It was proved Early Paleozoic (not Early Precambrian, as was traditionally
believed) age of sedimentation, magmatism, metamorphism and orogenesis
(Bibikova etal, 1990; Serebrjansky et al., 1998). Also geodynamic
nature of main complexes of the folded system, which may be considered
as collisional collage, has been determined (Fedorovsky et al., 1995a).
And what is more important, detailed geological maps have been compiled
on the base of aerial photographs of 1 : 5000 scale. There are unpublished
geological map of Near-Ol’khon area of 1 : 25 000 scale and series of geo-
logical maps of the larger scale for smaller areas of almost all of the Near-
Ol’khon region. All these materials allow to do correct correlation of an-
cient and recent structures.

The structure of Caledonides of the Central Asia is the result of accre-
tion of numerous terranes to the Siberian craton in the Early Paleozoic
collision processes. One of the terranes is the Ol’khon one (Fedorovsky
et al., 1995a), composed mostly of metamorphic rocks. Thrust-related, dome-
related and strike-slip-related structural assembles of metamorphic comple-
xes were formed as a result of two stages of collision: “island arc — terrane”
(thrusting and dome formation) and “terrane — craton” (strike-slips) (Fedo-
rovsky, 1997; Fedorovsky et al., 1993, 1995a). The integral structure
of the terrane may be regarded as syn-metamorphic collisional collage (Fe -
dorovsky et al.,, 1995b).

Fig. 1. Tectonic scheme of the Ol’khon area (after V.S. Fedorovsky, 1997 with changes)
Siberian craton: 1 — Late Precambrian sedimentary cover (shelf of passive margin); 2 — Early Precambrian me-
tamorphic basement; Ol'khon terrane: 3 — Early Paleozoic island-arc and back-arc allochtones (tholeitic series),
obducted on Early Precambrian basemenl. Linear-folded syn-metamorphic thrust-related and strike-slip related
structure; parageneses; 4 — Early Paleozoic island-arc allochtones (shoshonitic series), obducted to tholeitic al-
lochtones; Linear-folded syn-metamorphic thrust-related and strike-slip related structure parageneses; 5 — Early
Paleozoic gneiss dome zones with Early Precambrian protholith in the domes; 6 — suture zone between Siberian
craton and Ol'khon terrane (blastomylonites with fragments of Paleozoic granulites and Lower Proterozoic me-
tamorphic complexes); 7 — frontal part of zone of ductile thrusting of shoshonitic nappes, deformed by strike slip
ductile deformations; 8 — boundaries of large strike slip restricted blocks (blastomylonite sutures).

On the column (left) are shown six main nappes of various geodynamic nature, composing tectonic “sequ-
ence” of Ol’khon region (without scale). In circles: 1 — continental crust with Early Precambrian protholith (Au-
tochtone); 2 — paragneisses, tectonically intercalated with amphibolites after high-Ti, low-K tholeites (oceanic
islands); 3 - tholeitic low-K differentiated series of island arc type with comagmatic intrusions; 4 - oceanic ul-
tramafics (dunite-harzburgite restite and cumulate series); 5 — vulcanomictic sedimentary series with rare tholiete;
6 — island arc shoshonitic series with associated sedimentary rocks; 7 — low-K tholeitic basalts (MORB) and as-
sociated cherts (oceanic crust)
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Metamorphic complex of the Ol’khon terrane includes gneisses of vario-
us composition, mafic granulites, amphibolites, marbles, quartzites, calc-
silicate rocks, metagabbro, metaultramafics as well as granite-gneiss, mig-
matites and granites. According to data of G.S. Zakariadzeand S.P. Ko-
rikovsky (Bibikova et al,, 1990; Fedorovsky et al.,, 1995b), V.A.
Makrygina et al. (1992) composition of mafic rocks correspond to dif-
ferentiated magmatic series of mantle origin (suprasubductional tholeitic,
calc-alkaline and shoshonitic series). Magmatic complexes have been for-
med at environment of active continental margin of Western Pacific type
(tholeitic series — in environment of intra-arc or back-arc extension, and calc-
alkaline and shoshonitic series — at the different stages of island arc forma-
tion). New data show possibility of late collisional extensional events, re-
lated to metamorphic core complexes of Cordilleran type formation (Fedo -
rovsky, Sklyarov, 2001).

Grade of metamorphism varies from granulite to low amphibolite facies.
According to S.P. Korikovsky (Bibikova et al., 1990), ranges of PT-con-
ditions are T = 400-750° and P = 3,5-6,5 kbar (depth 15-25 km). Detailed
structural study has shown (Dobrozhinetskaya etal., 1992; Fedorov-
sky etal., 1993) that metamorphic “layering” does not reflect previous stra-
tification, but presents tectonic combination of thrust-related slices (see co-
lumn on Fig. 1). Sequences with shohonitic magmatic series occupy the up-
permost position, tectonically overlaying slices, composed of suites with
magmatic rocks of tholeitic series (Fedorovsky et al., 1995a).

Syn-metamorphic strike-slip deformations are the most prominent in
recent structure and are widespread. Two stages of these deformations have
been distinguished. Large compressed folds with sub-vertical bends and axial
planes are typical for the early strike slip deformations. Foliation and line-
ation are expressed in mineral orientation, reflecting decrease of PT-para-
meters of metamorphism. For example, in granulite zone blastomylonite
sutures of high amphibolite facies were developed. All earlier thrust- and
dome-related structures were banded in strike slip deformation zones, and
in the cases of intense deformations were destroyed almost completely or
completely. For example, granite-gneiss domes at the beginning of strike slip
deformations became elongated parallel to strike slip zones, and afterwards
completely lost dome features, being represented by linear zones of granite-
gneiss. In the zones of bending of early ductile strike slips the specific marble
mélange has been formed (Fedorovsky etal.,, 1993). After formation the
mélange may be squeezed from zones of formation and protrude to adjacent
lower pressure parts, forming transpression structures.

The latest syn-metamorphic structures in the Ol’khon terrane were rela-
ted to late strike-slips. Low temperature foliation is typical for them. Re-
sulting in this deformation stage folding structures are the largest, described
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in the region. Usually they are represented by folds with vertical axes and
axis planes, sometimes compressed, but not rarely open, forming S- and
Z-shape sigmoids in the surface plane. Slopes of such folds may reach several
kilometres. The folds reworked all previous structures, including earlier strike
slip-related folds and blastomylonite sutures. The latter in this case are
expressed themselves as large folds. Simultaneously to late folding new linear
blastomylonite sutures, cutting all previous metamorphic structures have been
formed. As a result of strike slip tectogenesis all the metamorphic complex
of the Near-Ol’khon area was cut on narrow stripes (lithons, blocks), which
are the most prominent in the recent regional structure.

In general, strike-slip deformations were related to oblique collision of
the terrane with the Siberian craton. The main suture zone (thickness from
hundreds meters to first kilometres) between the craton and folded system
1s composed of specific “megamelange”. Smaller blastomylonite sutures,
separating numerous strike-slip slices, are sub-parallel to the main suture.
Number of such slices shown on geological maps depends mostly on the scale
of the maps. For example, 56 slices are shown on the map of the scale
1 :25000. But actually there are much more slices, which may be shown
only in more detailed map. Strike slip structural assemblages are the most
prominent in the modern relief of the Near-Ol’khon area.

The relief of the territory under consideration is not very contrast and
is represented by combination of not high but prolonged “ridges” and se-
parated them narrow depressions. The relief is likely to depend on lithology
of the metamorphic sequence. Almost all ridges are composed of “light” gra-
nite-gneiss, whereas depressions have complex composition, including “he-
avy” mafic and ultramafic rocks. So, the structure of the modern relief is
very similar to combinations of keys (strike slip related slices), reflecting
composition of the crystalline basement. Recent faults, separated recent horsts
and grabens, inherit ancient blastomylonite sutures, which have been formed
at the time of the Early Paleozoic collision. It is very good seen on the
example of Maloe More strait depression, separating the Ol’khon Island from
the land and extending to the land on the distance of about 40 km in form
of narrow (1-1.5 km) graben. Boundaries of the graben are very contrast
(sharp rocky benches), and thick Early Paleozoic blasomylonyte sutures have
been mapped on the both sides of the graben. The same situation is along
the road Elantzi-MRS (Ol’khon Gate Strait). There the Main strike slip zone
is situated, restricted by two sutures, represented by strike slip related bla-
stomylonites. In the relief one can see narrow graben about 0.5 km width,
stretched on the distance about 40 km. And again sharp boundaries of the
recent graben coincide with Paleozoic strike slip sutures. The same picture
repeats many times in the territory under consideration, pointing out on
inheritance of ancient strike slip sutures by recent faults.

10 Kras i Speleologia
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Strike-slip deformations played an important role in formation of the
recent Baikal rift system, especially at the initial stages (Balla et al., 1990;
Delvaux et al, 1997; San’kov et al., 1997). So, one can suppose co-
incidence of ancient and recent strike slip structures on some parameters.
What are these parameters? Analysis of the geological maps of the Near-
-Ol’khon area shows that the general structure of the crystalline basement
have been formed at Paleozoic as a result of dexteral strike slip movements
(Katsura, Fedorovsky, 1996). Many structural features, e.g. configu-
ration of folded strike slip sigmoids, orientation of syn-metamorphic granite
veins, clockwise rotation of rigid bodies of mafic and ultramafic blocks, struc-
tural position of transpression zones, represented by marble mélange, and
so on. The recent tectonic structure also has many features, reflecting strike
slip deformations. But recent strike slip deformations, related to the Baikal
rift formation, are sinistral ones. On the territory under consideration the si-
nistral character of recent strike slips is confirmed by configuration of nu-
merous small grabens, which have typical stepped shape. Their structural pic-
ture is very similar to the one in the strike-slip zones of the basement

Abundant small grabens have typical stepped shape and are similar on
the structural design to exfoliation joints in strike slip zones of the meta-
morphic basement, filled by Paleozoic syn-metamorphic granite veins. There
are plenty of such veins in the territory. They are very good seen on the aerial
photographs. Most of these veins correspond to pull-apart structures. It is
worth noting that in recent relief stepped grabens, similar in origin to Pa-
leozoic granite veins, control locations of most of the lakes in the region,
most, but not all.

Some lakes are situated not in the “stepped” grabens but in the inherited
strike slip grabens (Fig. 2). So, if to consider the relations of recent tectonic
structure of the Near-Ol’khon area and ancient Early Paleozoic structure of
the crystalline basement, we can see that distribution and orientation of the
lake’s chains are controlled by two main tectonic systems.

The first system coincides with ancient strike slip sutures. The second
system is discordant to all ancient structures and corresponds to subsidia-
ry pull-apart fracture system, related to recent sinistral strike slip move-
ments in time of the Baikal rift evolution. It is noteworthy that strike slip
deformations were realized in compression regime, but related pull-apart
structures have been formed in extensional zones. Such situation is well
modeled experimentally. So, we have compression environment in main
strike slip zones with local extensional zones, reflecting bounding of stri-
ke slips. These pull-apart (extensional) structures, embedding saline lakes,
emphasize sinistral characters of recent strike slips (Fig. 4), typical for the
recent kinematics of movements along the Primorsky fault (Delvaux et
al., 1997).



Fig. 2. Aerial photo (scale ~1 : 25 000) (A) and scheme of main relief structures (B) for
the Kholbo-Nur Lake area

Thus, two types of structures, controlling locations of the lakes and spring
may be distinguished (Fig. 4):

1 Linear grabens of NE strike, bounded by recent faults, which inheri-
ted general structure, formed during Early Paleozoic strike-slip deformations.
All springs and some lakes of the central part of the territory under consi-
deration are located in these grabens. Sub-meridional faults, bouding the
Birkhin gabbro massif (SE part of the region) are likely to be inherited
structures also. Their formation was related to Paleozoic strike-slip defor-



Fig. 3. Geological scheme (A) and scheme of recent faults (B) for the Kholbo-Nur Lake area
The dexteral strike slip blastomylonite sutures and related extensional features (granite veins) are visible. In the
recent structure the system of grabens, separated by steep scarps is visible. The chain of the lake depressions, oblique
to inherited grabens, corresponds of extensional environment (“pull-apart”), related to sinislral deformations
1- Cenozoic lake sediments; Early Paleozoic rocks: 2 - amphibolits intercalated with silicatecarbonate rocks and
marbles, microgneisses, 3 - marbles, 4 - quartzites, 5 - amphiboliles, 6 - synmetamorphic granites, 7 - meta-
diorites, 8 metagabbroides, 9 - geisses, migmatiles, amphibolites; 10 - Early Paleozoic blastormylonites, rejuve-
nated in Cenozoic, 11 - deformation directions in Early Paleozoic (map A) and in Conozoic (map B), 12 - “pull-
apart” structures and of spreading (arrows) (map B)
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Fig. 4. Simplified neotectonic scheme of Near-Ol’khon area and places of sampling

1- Early Proterozoic metamorphic rocks of Sarnia series and granites of Primorsky complex (basement of the Siberian craton); 2 - Early Paleozoic metamorphic rocks,
composing collisional mélange; 3 - syn-metamorphic polimictic mélange of suture zone between Siberian craton and Ol’khon terrane; 4 - main strike slip zones of Caledonian
collisional system, inherited by recent faults of the Baikal rift system; 5 - recent Primorsky fault, inherited Early Paleozoic collisional suture zone; 6 - Cenozoic exten-
sional structures of pull-apart type, controlling lake depressions; 7 - sampling places and their numbers: a - lakes, b - springs
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mations, when the “rigid” Birkhin massif as megaboudin rotated, causing
formation of faults at its margins. Recent faults, surrounding the Birkhin
massif, are inherited as well as the faults, described above.

2. Faults of NNE strike, oblique to the previous system of faults, expres-
sed in relief by well-formed valleys (Fig. 2, 3, 4). Their general configu-
ration and relation to the main fault system support their pull-apart origin
as aresult of sinistral strike-slip movement.

Influence of karst processes on the distribution of the lakes

The karst processes are well expressed on the investigated territory. The
cave “Mechta”, situated near Baikal level, is known for a long time and
investigated. Carbonate rocks on the most of the region are exposed as narrow
stripes (50-200 m), so karst processes are recognizable predominantly in the
limits of these stripes (Fig. 5). In the same time gentle dipping of relatively
thin marble tectonic slices sometimes lead to formation of typical karst relief
(Fig. 6).

Morphology and some features of several lakes in the region evidence
participation of karst processes in their origin. Sometimes karst-related
depressions develop near the contact of marble with amphibolite or gneiss.
The karst origin of the lake 241 (see location of the lake on Fig. 4) is without
any doubts, and time of filling by water of karst depression is very short.
40 years ago the main road between villages Elantsi and MRS crossed the
recent lake. Relics of this road are very good seen at the Fig. 7. It is very
probable that all lakes, for which marbles constitutes their basement, origi-
nated with participation of karst processes. Sometimes they have good fe-
atures supporting this point of view, especially in the case of small lakes at
the contact of marbles and silicate rocks. Sometimes it is not so evident,
because the lakes are located on gneiss, granite or amphibolite. But taking
into account that in structure of the metamorphic complex low-angle thru-
sting on the early stages of collisional process played important role, leaching
of marble in thin slices on the small depth is likely to cause the subsidence
of small areas of overlying gneiss slices, exposed on the surface.

Available materials allow to regard karst processes as important factor,
controlling lake origin. In the same time tectonic processes, described in the
previous section are much more important for the distribution of the lakes
in the Near-Ol’khon area.



Subvertical layer

of marbles Narrow valley

Lakes

Fig. 5. Photos of the lakes in the Near-Ol’khon area
a - karstic freshwater lake controlled by marble layer;
b, ¢ - chains of saline lakes in “pull-apart” structures



Fig. 6. Quest relief of the area, composed of quartzite and gneiss, tectonically overlain by
marble napp. Marbles are light, gneiss and quartzite are dark

Water composition in lakes and springs

Almost all the springs known on the territory are related spatially to
the inherited system of faults (Fig. 4). Water temperatures vary from 7°C
to 12°C. Sub-aquatic thermal spring at the central part of the Tsagan-Tyrm
Lake is supposed according temperature measuring. (Dzjuba, 1991;
Dzjuba etal, 1997). Variation in salinity of waters from different springs
is insignificant - 0.2-0.5 gT 1(Table 1). Cationic composition of waters



old road

Fig. 7. Aerial photographs (A) and photo (B) of the karstic lake 241. Relics of the road
are visible at the shore of the lake

is also relatively stable. Waters have Ca-Mg composition with minor Na
and K.

Anionic composition of water is more variable. Most of the springs are
rich in HCO03and only sometimes in HC03and S04. Water of only one spring,
located to the north-east from Tonta village, has HC03S04composition.
Chlorine content is insignificant and varies in narrow interval. One intere-



Variation in salinity of waters from different springs

Table 1

CO.* + HCOy Cr SO, K’ Na* Ca™ Mg* M
No. | Spim/|TRecrl oH g me/ me/ my/ (g g/ (mg/ me/

an) | P |t | P |am) | P {am) | P @) | P |am) | P | am) | ® | am)
210 |spring 79 | 209 | 446 | 32| 12200 s542] 33| 12]11.8] 70| 92| 63.0] 255 288 [ 545
213 |spring 73 | 170 31| 16| 12| 470 257] 19] 14| 44| sa| a88] 69.7] 100] 234 | 283
216 |spring 78 | 181] 789| 16| 12| 36| 199 46| 29| 80| 85| 476| 586 148] 300 294
219 |spring 75 | 227 684| 18| 09| 80 |307] 62 3.0 93] 76/ s48| 52.1] 23.8] 373 [ 403
223 |spring 75 | 231 930] 12] 08| 12| 61| 63] 37120 11.8| 46| 520} 175] 325 326
234 |spring 75 | 281 | 796| 50| 24| so|180] s1| 21| 12| 78] 7] 535] 280( 36.7| 447
242 |spring 73 | 196 | 945] 08| 06| 8| 49| 43| 30| 39 47| 48] 659 11.7] 264 | 273
246 |spring 75 [ 335 | 971 | 44| 22 07108 47236 [ 172] 528] 443 2456] 33.9]| 453
251 |spring 77 | 309 835| 60| 28| 40| 137 | 42| 17146 | 99| 744] 577 24.1] 30.7| 473
252 |spring 75 | 264 | 984| 24| 15| 02| o1 21| 1.1] 46| 42 632] 662 165] 285 353
211 |lake | 1 | 79 | 166 | 245| 96| 24 [ 390 | 730|141 ] 31| 30| 11| 87]375]| 68.0] 483 | 764
218 |lake | 1 | 7.9 | 244 | 539|104 39 | 150 [ 421 93] 30| 19[102] 62]392] 457] 476]| 540
220 |lake | 1 | 9.1 | 481 | 716 21.0| 48 | 140 | 236 [ 306 65| 48[ 173 ] 225] 94| 976] 66.8| 841
221 |lake | 1 | 93 | 633 946| 50| 1.1 | 26| 43|243| 51| 36|126] 8| 33| 118] 79.1| 850
232 |lake | 1 | 73 | 188 ] 972 30| 27| 02 o1 25] 19| 35| 454 14f 211] 128] 31.6] 255
233 |lake | 1 | 72| 92| 306 30| 17| 160 [677] 91| 49| 33 [305] 252] 268] 216] 37.8] 344
239 |lake | 1 | 9.1 | 383 894 65] 25| 28| 81330113 ] 20| 170 23] 154 51.1] 563 | 554
243 |lake | 1 | 7.0 | 347 981 | 24| 12 2| 07| 95| 40| 9| 61]616] 505] 292|394 460
244 |lake | 1 | 88 | 602 934|204 | 51| 8| 15]302] 66| 60]222]364] 156] 79.0| 556 835
247 |lake | 1 | 9.4 | 484 9a8|170] 50| 1| 02]265] 69| 61 [265] 26| 13.1] 64.4] 53.5] 680
249 |lake | 1 | 98 | 233 | 960| 60| 39| 02| o1[123] 71| 20[ 198] 18] 203] 286] 529 318
250 |lake | 1 | 72 | 4341 o88| 28] 11| 02| 01| 57] 19| 8| 49| 888 59.1|31.1] 341] 571
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222 |lake 2a 95| 519|669 360| 65| 200|266 | 23.2| 3.9 | 105] 30.1 91 3.0| 117] 63.1 | 1009
224  |lake 2a 92| 784 | 553|840} 9.0 450| 357 | 732 | 7.1 | 244] 40.1 9| 17| 165] 512 1809
240 |lake 2a 93| 633 803 | 11.5( 23| 120] 174} 109] 19.8 75| 23.2 16 | 5.7 88| 514 1053
241 |lake 2a 75| 469| 504 | 98| 18| 350| 47.8 | 47.5] 7.1 102 258 | 648 | 188 | 102| 484 | 1145
245 |[lake 2a 93 | 1204 | 92.7| 64.0| 7.2 2| 02] 88| 92| 192]336| 60| 12| 169} 56.0| 1726
214 [lake 2b 88 | 453 12.3| 318 13.6 | 2350| 74.1 | 506 | 2.0 [ 624 | 41.2 78| 59| 409| 51.0| 4282
215 |lake 2b 91| 317| 12.0| 255 14.1 | 1810| 73.9 | 17.8| 09 | 454 | 38.9 65| 6.4 | 333) 53.8| 3251
225 |lake 2b 92 )1041) 284 | 403 [ 16.8 | 1780]| 54.8 | 186 | 7.1 [ 750 484 201 1.5] 352] 43.0| 4532
228 [lake 2b 9.4 12013 | 46.5| 327 | 114 1630| 42.1 | 202 | 64 [ 1072 | 57.6 91 06| 349] 355] 5601
230 [lake 2b 9.1 | 853 32.7| 184 11.2| 1250| 56.1 | 442 | 24| 555| 52.0 14| 1.5] 249 4411 3149
217 [lake 2b 93 | 1425| 39.8| 140 6.0| 1700| 54.2 | 688 2.7 | 707 46.7 11| 08| 399| 49.8 | 4451
229 |lake 2b 95 |2674| 534 194 | S5.4|2000] 412 | 172 43 ]11690| 72.3 6| 03] 285] 23.1[ 7021
231 [lake 2b 99| 212| 106| 945| 7.6 1380| 81.8 | 27.7| 2.0 | 251| 31.1 54| 7.7 253 59.2| 2272
226 |[lake 86 |2018 545125 209 |124500| 73.8 | 1446 | 5.4 | 8920 56.0 60| 0.4 |3216| 38.2 | 45285
227 |lake 8.6 | 1078 | 8.6(4500 | 55.1 | 4000 36.2 | 545| 6.1 | 3750 709 | 40.5| 09 | 619 | 22.1 [ 14532
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sting feature: there is tendency of decreasing of SO, portion from the main
suture, separating the Siberian craton from metamorphic terrane (the Primor-
sky fault) to the south-east. In the nearest to the suture spring (210) portion
of SO, is 54% (see Table 1), in the spring 213 from the same zone, but having
much higher debit — 26%. Water of the most distant from the suture spring
242 has almost pure HCO, composition.

Distinguishing different types of groundwater is quite important qu-
estion. We can suppose at least two types of the waters — almost pure HCO,
and SO,-HCO; ones, having similar cationic composition (Ca-Mg). Trans-
itional values of SO,/HCO, ratio are likely to be the result of mixture of
two chemical types of water. It is possible to suppose one more type of
feeding groundwater. As we mentioned above, higher temperature near the
bottom in the central part of the Tsagan-Tyrm Lake and observed taliks in
ice in the winter (Dzjuba, 1991), supporting presence of thermal sub-
aquatic spring. Composition of water in the lake also is unusual in compa-
rison with other lakes of the region. In addition there is tendency of incre-
asing of C1” and Na" portion in waters of the lakes, situated just near Tsa-
gan-Tyrm Lake. It is possible to assume that the water of the supposed
sub-aquatic spring refers to the third, Cl-Na type. So, we suppose existence
of three types of underground water, regarded as hydrocarbonate, sulfate and
chloride ones.

Waters of the lakes show much wider variations of component composi-
tion. According to many classifications (e.g., Shvartsev, 1980) three types
of the lakes according water salinity are distinguished: fresh (0.2-1.0 g - 17"),
brackish (1.0-7.0 g - I'") and saline (1445 g I'"). Every type may be subdi-
vided to sub-types, amount of which as well as criteria of their distinguishing
may be different, depending on the aims of investigation and necessity of
emphasizing of peculiar features. In many cases ratios of cations and anions
vary independently, so it is better to consider cationic and anionic composi-
tions separately. Some features of chemical compositions of lake and spring
water are shown at Fig. 8a, b.

In most of the fresh lakes HCO, predominates in water (eight lakes from
twelve, see Table 1). Portions of both Cl and SO, do not exceed 5%. Ac-
cording to cationic ratios the waters in the lakes have Ca-Mg, Mg-Ca-Na
and Na-Mg compositions. Regarding compositions of the spring waters as
initial for the lakes, decrease of Ca, and increase of Na portions in the lake
waters are likely to be indicators of the rate of surface water evolution. Most
of the fresh lakes, where portion of Ca exceeds 10%, correspond to trans-
itional degree of surface evolution of feeding groundwater. Most of the fresh
lakes are very small (0.3-1.5 hectares) with also small watersheds. The
presence of water in such lakes in dry seasons may be explained only by
permanent groundwater feeding. Sharp difference of temperatures of surfa-
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Fig. 8. Diagrams, illustrating peculiarities of cationic (A) and anionic (B) composition of
the springs and lakes
1 — springs; 2-5 — lakes with fresh (2), brackish of the first (3) and second (4) sub-types and saline (5) waters;

6-10 — composition field of springs (6), lakes with fresh (7), brackish of the first (8) and second (9) sub-types
and saline (10) waters
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ce and bottom levels in some lakes (up to 7-10°C) in summer also confirms
sub-aquatic groundwater feeding.

Only in some fresh lakes portion of SO, in water is high (up to 73% of
anions). These lakes are situated in the grabens, where the springs have water
with high content of SO, (see Table 1 and Fig. 4).

Variations of water composition in the lakes of the second type are much
wider in comparison with lakes described above. Two sub-types of lake
waters according their composition may be distinguished. The first sub-type
is characterized by relatively low water salinity (1-1.8 g-1"') and cationic and
anionic ratios similar to the lake water of the first type. All sampled waters
have HCO, -SO,, Mg-Na composition.

Typical feature of water composition of the lakes of the second sub-type
is higher content of chlorine. Waters of the lakes are characterized by SO,-
-HCO;-Cl and Mg-Na or Na-Mg composition.

There are only two saline lakes (the third type) with salinity 1445 g - 1"
(226 and 227). They are situated in the central part of the territory under
consideration (Fig. 4). Cationic ration in both lakes is similar, whereas ra-
tios of anions are different: in one of the lakes sulfate predominates over
chloride, and in another — chloride over sulphate.

All the lakes with higher Cl content are situated in the central zone of
the territory. The Tsagan-Tyrm Lake may be regarded as epicentre of chlo-
rine concentration. If to consider the lake as central point, from which
chlorine content rapidly decreases, the radius of circle, where portion of Cl
in anions is higher than 10%, does not exceed 3 km.

In general, there is prominent tendency of regular change of component
composition of the waters with increasing of their salinity: decrease of Ca
and HCO;, and increase of SO,, Cl, Mg (transitional values of salinity) and
Na (high salinity).

Factors controlling water composition of lakes

All the lakes regarded are situated in the same landscape and climate
conditions, so, main factors controlling chemical composition of their water
may be as follow: chemical composition of watershed basement; chemical
composition of feeding groundwater; and degree of surface evolution of
primary water during evaporation (summer season) and cryogenic processes
(winter period). Let us consider these factors more thoroughly.
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Composition of watershed basement

As it was mentioned above, the watersheds of each lake are relatively
small, not exceeding as a rule several square kilometres. Composition of the
crystalline basement, consisting of Early Paleozoic metamorphic and mag-
matic rock (other rock types, including Cenozoic sediments are almost
absent), is well known (Fedorovsky et al., 1993, 1995 a, b and others).
So, it is possible to estimate influence of rock composition of basement to
chemical composition of water for each lake. Five main rock groups, dif-
fering in composition may be distinguished in the territory under conside-
ration: The first group is represented by gneiss and granite-gneiss with
numerous veins of granites and pegmatites. Rocks of this group are most
widespread in the territory of the lakes distribution. The second group con-
sists of marbles, also widespread but in lesser degree than gneiss. Amphi-
bolites, metagabbro and metaultramafics are united in the third group, di-
stributed sporadically. Metagabbro of the Birkhin massif is referred as the
fourth group, which is similar to metagabbro and amphibolites in many
parameters but have higher K and Na contents. And the fifth group is re-
presented by calc-silicate rocks, intercalating with quartzite. These rocks
occur only in some parts of the territory.

Simplified compositions of the crystalline basement for watersheds of the
studied lakes are shown in the column 3 of the Table 1. Even from the first
sight it may be seen that composition of watershed has not much influence
the chemistry of lake waters, if any. For example, lakes 239, 231 and 226,
watersheds of which are composed of only granite-gneiss and granite veins
with minor amphibolites, differ contrastingly on salinity and rations of main
components. The same situation is for the lakes 233 and 245, watersheds
of which are composed of marbles. Or, chemical compositions of water of
the lakes 214 and 215 are very similar, and the watershed of the first lake
is represented by marble and granite-gneiss with minor amphibolites and
ultramafics, whereas watershed of the second lake is composed of calc-si-
licate rocks with minor marbles.

The springs also do not show any dependence of water composition on
composition of embedded rocks. But here situation is more complicated,
taking into account complex thrust-related structure of the crystalline base-
ment. Groundwater may drain different lithologies on the depth. Thus, com-
position of watersheds can not be regarded as important factor, controlling
chemical composition of the lakes.
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Composition of feeding underground waters and surface evolution
of the lake waters

The influence of feeding groundwater composition as well as change of
component composition of lakes waters with increase of salinity of waters
may be considered for the central part of the territory (Fig. 9). Here there
is hydrologic system, including: spring (219) — small running-water lake
1 (218) with inflow from the spring — lake 2 with inflow from the previous
lake (220) — undrained lake 3, situated hypsometrically lower in the same
valley — undrained lake 4 (217) in the same valley, hypsometrically lower
than lake 3. The distance from the spring to the lake 4 is a bit more than

® 219 1 C -

X 218 5 21%27'2

A6048 3
il ummm]]]]]]]]]]]n 220

222
‘"l ||||||| “"“"IIII||||||||“|" ,
"|||II|||II|||| “" 608'8
: 604,8
. 614,4
1 KM

Fig. 9. The local hydrologic system, including the spring and several lakes
1 - spring; 2 — sampling places in lakes; 3 — topographic height. Explanation in the text

3 km, and the height difference is about 20 m. There is regular increase of
sodium and chlorine and decrease of calcium in waters from the spring to
the last lake in this system (Tables 1 and 2), reflecting degree of surface me-
tamorphisation of water. Note, that portion of Ca (among cations) in waters
is less than 10% except for the spring and the first lake, situated only 300 m
from the spring.

The computer modelling of water chemical evolution as a result of eva-
poration using EQL/EVP program (Risacher, Clement, 2001) have been
made. The results of the modelling are shown in Table 2. Composition of
the spring 219 was used as the initial one, and the salinity values for the
lakes were considered as basic for calculations (Table 2, Fig. 10). The real
composition of the running-water lake 218 is very similar to the calculated
one, except for higher Cl content. For the other lakes calculated values of
almost all components don’t feet to real compositions. The differences of



Table 2
Real and calculated values of main chemical parameters of waters of the spring
and lakes

No. pH Aik Cl SO0, Na K Ca Mg Min Dev

219 75 3.72 0.051 0.833 0.402 0.159 1.37 0.98 403
218 7.9 4.00 0.293 156 0.809 0.238 1.55 1.88 539
219 7.59 455 0.0834 136 0.657 0.26 1.62 1.6 539 0.169
220 91 8.86 0.592 146 2.07 0.783 0.561 4.02 871
219  7.68 571 0.199 3.25 157 0621 1.29 3.83 871 0.316
222 95 105 1.01 2.08 457 0593 0224 438 1050
219  7.72 6.39 0.262 427 2.06 0.816 1.13 5.03 1050 0.576
217 93 26.0 394 177 307 1.76 0.274 16.4 4490
219  7.62 5.76 1.84 30 145 5.74 3.47 203 4490 0.883

Remark: Values in mmol. Min - content of TDS in waters; Dev - correspondence of calculated and real values,
if more than 0.2 - not satisfactory. For the lakes are shown real (upper line) and calculated (lower line) values,
using composition of the spring 219 as the initial one. Other explanations in text.

Concentration
in mmol/l

“\ T T ! =T T 2 T -
219 218 220 222 219 218 220 222

Fig. 10. Diagrams, showing real (2) and calculated (3) composition of waters in lakes, shown
at Fig. 9. 1- concentration and pH value in site 219
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calculated and real values for the components increase with the distance from
the spring (Fig. 10). The simplest explanation of this phenomenon is that
the supposition about compositions of waters in the lakes to be the result
of evolution of feeding groundwater is wrong. In this case good coinciden-
ce of calculated and real values for the lake 219 is only occasional. But ano-
ther explanation also is possible. The program EQL/EVP is based on con-
tinuous “linear” process of concentration of all components as a result of
continuous evaporation with precipitation of some salts, reaching critical
values in solution. In the studied lakes the process of water evolution is more
complex. In summer period the process of water evolution do corresponds
to “linear” evaporation, but winter processes also have strong influence on
water composition. All studied lakes are relatively small and shallow (L 0.8-
2.2 m). Thickness of ice at the end of the winter reaches 1.2-1.4 m, so form
70 to 90% of lakes water froze to ice. Concentrations of TDS increase greatly,
from 14 to 65 g1 and from 4 to 12 g-1”' in studied cases, causing preci-
pitation of appropriate salts. Dilution of water in the spring period after ice
melting may cause partial dissolution of newly precipitated salts. So, the
process of water evolution in the studied lakes can not be described by
thermodynamic equations of “simple linear” evaporation. It may be the reason
of differences in calculated and real values for the most components in water
of the lakes.

Tectonic control of water compositions in lakes

It was shown above that distribution of lakes in the Near-OI’khon area
is controlled by recent faults of different nature. Almost all lakes with low
salinity and “primitive” water composition, reflecting features of feeding
groundwater, are situated in the limits of narrow grabens, bounded by re-
cent linear inherited faults. Most of the lakes are very small and may be
regarded as sub-aquatic springs in non-drained conditions. The brackish and
saline lakes are located in the central part of the territory (Fig. 4). All the
lakes are located in the depressions controlled by “pull-apart” faults of NNE
strike, oblique to the previously described inherited faults.

Let us return to the question about main factors, controlling diversity of
chemical compositions of water in the studied lakes. As it was shown abo-
ve, the most important factors are composition of feeding groundwater and
degree of surface metamorphisation of “parent” water. Composition of the
crystalline basement of watershed is not so important. It also was shown that
lakes of the different types are located in different kinds of tectonic struc-
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ture. So, it is a question: what are the mechanisms of influence of different
kinds of faults on lake water composition? It is well known in hydrogeolo-
gy dependence of groundwater composition on the depth of water circula-
tion (Shvartsev, 1980). A.A. Dzjuba (1991) described the following ty-
pes of groundwater in the Transbaikal area. Shallow meteoric waters have
low salinity and Ca-Mg-HCO, composition. Deeper waters have usually
higher TDS content and have Na-Ca-SO, composition. And the deepest
waters have Cl-Na composition. If it is correct, the faults of different types
may drain different levels of the crust. As was mentioned above, low-angle
thrusts are important components of the ancient structure of the Near-Ol’khon
area. The recent normal faults and strike slips, related to the Baikal rift
evolution, which mostly inherited abundant ancient linear strike slips, may
be restricted to the depth by planes of the thrusts because of high depen-
dence on ancient structures. These recent faults may drain in this case only
upper level of the crust, corresponding to circulation level of meteoric waters.
In the same time in any slice or package of slices independent recent faults
or fault systems may develop, causing flux of groundwater from the lower
levels and contamination of waters from different levels. Variations of SO,/
HCO, in the studied springs may be explained by such a contaminations of
waters.

Formation of extensional pull-apart structures in time of strike-slip de-
formations (the second important component of the rift basin kinematics
along with normal faults) may lead to deeper level of fault penetration,
because these faults were not controlled by ancient structures.

Conclusions

The lakes and springs distribution is controlled by two types of Ceno-
zoic faults: (a) predominantly linear faults of NE strike at the flanks of narrow
grabens, which inherit Lower Paleozoic strike-slips; (b) “ladder-like” faults
of NNE strike, regarded as extensional “pull-apart” structures, related to
Cenozoic sinistral strike-slips, formed at the early stages of the Baikal rift
system evolution.

The sampled springs are similar on salinity and cationic ratios of water,
but differ on ion-ratio SO,/HCO;. Three types of underground water accor-
ding to anionic composition, depending probably on the depth of circula-
tion, may be distinguished: hydrocarbonate, sulphate and chloride ones.
HCO;-rich waters predominate, transitional from hydrocarbonate to sulpha-
te types also occur. All known at the surface springs are located in zones

11*
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of inherited faults. Supposed sub-aquatic spring at the bottom Tsagan-Tyrm
Lake is likely to have increased content of chlorine and is located at the limits
of “pull-apart” fault zone.

Increase of lake water salinity is accompanied by regular change of their
chemical composition. The fresh lake waters are similar to underground
waters (mostly meteoric) of springs. Waters of the most of such lakes are
characterized by HCO, or HCO;-SO,, Mg-Na-Ca or Mg-Ca-Na compositions.
The brackish and saline waters reflect high degree of surface evolution, and
sometimes possibly another type of feeding groundwater. They have SO,-HCO,
and SO,-HCO,-Cl (sometimes Cl-SO,), Mg-Na and Na-Mg compositions.

Three types of the lakes distinguished are controlled by recent faults of
different types. Position of the lakes with the most “primitive” water com-
position, reflecting specifics of feeding groundwater, is controlled by inhe-
rited linear faults. The lakes mostly have small size and may be regarded
as the result of groundwater outflow in non-sewage conditions. Chemical
alteration of waters at the surface is weak. Distribution of brackish and saline
lakes is controlled by stepped depressions, formed in extensional zones of
NNE strike (pull-apart structures). The origin of these zones has been re-
lated to sinistral strike slip deformations at the time of the Baikal rift zone
formation.
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Jeziora i Zrodla Przyolchonia (Bajkal): uwarunkowania tektoniczne
ich wystgpowania i skladu chemicznego wody

Streszczenie

Glownym tematem artykutu s3 warunki rozmieszczenia jezior i zrodet Przyolchonia nad
Bajkatem oraz sktadu chemicznego ich wody. Wystgpowanie jezior i zrodet jest zwiazane
z dwoma rodzajami uskokow kenozoicznych: (1) uskokami o kierunku NE, ktore dziedzi-
cza prawoskretnie skierowane plaszczyzny poslizgu, wyksztalcone w poznych stadiach
ruchéw wczesnopaleozoicznych; (2) uskokami typu pull-apart, zwiazane z lewoskretnie skie-
rowanymi plaszczyznami poslizgu, wyksztalconymi we wczesnych stadiach ewolucji baj-
kalskiego systemu ryftowego.

Wody zrodet maja niskie zasolenie (0,2-0,5 g - I'"), stabilny sktad kationow (Ca-Mg) i sto-
sunkowo zmienny sktad anionéw (od HCO, do SO,-HCO,). Zgodnie z pewnymi dowodami
posrednimi podejrzewa sig, ze w jeziorze Tsagan-Tyrm znajduje si¢ podwodne zrodto ter-
malne (sklad Ca-Na). Pod wzgl¢dem skiadu chemicznego wody badane jeziora mozna
podzielié na: jeziora stodkie (do 1 g - 1™'), stonawe (1-10 g - I"'") i stone (14+45 g - I''). Wody
jezior stodkich w wigkszo$ci sa typu jonowego: HCO,, Mg-Ca-Na lub Mg-Na-Ca. Jeziora
stonawe mozna podzieli¢ ze wzgl¢du na sktad wody na dwa podtypy: (a) z przewaga HCO;-
SO,, Mg-Na lub Na-Mg oraz (b) zprzewaga SO,-HCO,;-Cl, Mg-Na lub Na-Mg.
Jeziora stone maja sktad wody typu SO,-Cl lub CI-SO,, Na-Mg. Skiad chemiczny wod jezior
zalezy od dwoch glownych czynnikéw: (1) skladu zasilajacych je wod podziemnych;
(2) intensywnosci zmian wod powierzchniowych (w przewazajacym stopniu kriogenicznych).

Rozmieszczenie jezior i zrodel oraz zasolenie ich wod w znacznym stopniu zalezy od
rodzaju wyréznionych uskokéw kenozoicznych. Zrédia oraz jeziora stodkowodne, w kté-
rych wody sa podobne pod wzglgdem zasolenia i skladu chemicznego do wdd Zrddel, sa
usytuowane w poblizu uskokéw odziedziczonych. Prawie wszystkie jeziora slonawe i sto-
ne, jak roéwniez przypuszczalne podwodne zroédlo termalne w jeziorze Tsagan-Tyrm, znaj-
duja sie¢ w granicach struktur typu pull-apart. Prawdopodobnym wytlumaczeniem tej osobli-
wosci jest rozmaita gtebokos¢ penetrowania réznych rodzajow uskokow. Glgbokosé uskokow
odziedziczonych jest ograniczona z uwagi na ztozono$¢ struktury podloza krystalicznego na-
wiazujacej do ptaszczyzn poslizgu nasunig¢é. Lagodnie zapadajace stare nasunigcia ograni-
czaja penetracj¢ najmiodszych uskokéw odziedziczonych. Tak wige wody zrédet i stodkich
jezior pod wzgledem skiadu odpowiadaja meteorycznym wodom gruntowym, krazacym na
matych glebokosciach. Uskoki typu puli-apart sa powiazane z przemieszczeniami lewoskret-
nymi w czasie tworzenia sig depresji bajkalskiej i s3 niezgodne ze wszystkimi dawniejszy-
mi strukturami. Dlatego tez maja glebsze poziomy cyrkulacji wod podziemnych, gdzie skiad
chemiczny wody (Cl-Na) rézni si¢ od sktadu wéd meteorycznych. Mieszanie si¢ wod
podziemnych o roznym skladzie chemicznym jest prawdopodobnie odpowiedzialne za
szerokie spektra zasolenia i sktadow chemicznych wéd jezior.
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Lacs et sources de la région proche d’Ol-Khon (Baikal): contrdle de la tectonique
sur leur localisation et la composition chimique des eaux

Résumé

La localisation des lacs et des sources est controlée par des failles cénozoiques de deux
types: (1) failles de direction NE, héritées de décrochements dextres et formées lors des
stades tardifs de la collision du Paléozoique inférieur; (2) failles en “pull-apart”, correspon-
dant a des décrochements sénestres élaborés lors des phases précoces de I'évolution en rift
du Baikal. Les eaux de ces sources ont une charge faible (0,2-0,5 g - I"'), une composition
cationique stable (Ca-Mg) et une composition anionique plus variable (d’'HCO,; a SO,-HCO;).
Des observations indirectes permettent de supposer I’existence de sources thermales suba-
quatiques chlorurées-sodiques dans le lac de Tsagan-Tyrm. Les eaux lacustres se subdivisent
en trois types: douces (moins de 1 g - I"'), saumétres (1-10 g - I et salines (14—45 g-1IM.
Les lacs d’eau douce comportent généralement les solutés HCO;, Mg-Ca-Na ou Mg-Na-
Ca. Les lacs saumatres peuvent se subdiviser en deux sous-types: (a) prédominance de HCO;-
SO,, Mg-Na ou Na-Mg; (b) prédominance de SO,-HCO;-Cl, Mg-Na ou Na-Mg. Les lacs
salés sont composés de SO,-Cl ou CI-SO,, Na-Mg. Deux facteurs principaux contrdlent I’ hy-
drochimie: (1) la composition des alimentations d’origine profonde; (2) la vitesse de mise
en solution dans les eaux superficielles, liée principalement aux processus cryogéniques.
La localisation et la salinité des lacs et des sources dépens étroitement des types de failles
évoqués. Les eaux douces se localisent a proximité des failles anciennes, alors que prati-
quement tous les lacs saumitres et salés. ainsi que les sources thermales subaquatiques
supposées du lac de Tsagan-Tyrm, sont situés a proximité des structures en “pull-apart”.
L’extension en profondeur des différents types de failles pourrait en étre I’explication. Le
développement en profondeur des failles anciennes est réduit du fait des structures chevau-
chantes du socle cristallin. Les eaux douces qui leur sont liées ont une composition proche
des eaux météoriques et circulent a de faibles profondeurs. Les failles en “pull-apart”
recoupent les anciennes structures et peuvent ainsi drainer des circulations beaucoup plus
profondes, dont la signature chimique est spécifique (Cl-Na). Le mélange de ces différents
types d’eaux est a l'origine du large spectre de composition observé dans les lacs.
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Vulnerability Maps of the Triassic fractured-
-karstic aquifers of the Silesia—Cracow Monocline

Abstract: The Triassic fractured-karstic aquifers are the main source of usable
groundwater supply in urban-industrial agglomeration of the Upper Silesian Coal
Basin. During the last years the hydrogeological maps in the scale of 1 : 100 000
and 1:50 000 of these aquifers have been made in which the groundwater vulne-
rability has been evaluated and presented. Vulnerability assesment of groundwater
was calculated according to empirical formulae taking into account seepage time
of water and pollutants from the surface to the Triassic aquifer. Groundwater
vulnerability to the surface contamination evaluated in the maps by the empirical
formulae has been confronted with calculated values of the residence time of
groundwater in aquifers as well as the reaction of springs and wells and mine
inflows on the impulse of the precipitation and snow melting.

Introduction

The main source of usable water supply in urban-industrial agglomera-
tion of the Upper Silesia Region are fractured-karstic aquifers occurring in
the Silesia—Cracow Triassic formation. The total value of their estimated
groundwater resources is about 276 millions m’/y. The total pumpage of
groundwater is about 243 millions m'/y (Rézkowski et al., 1996b).

* Department of Hydrogeology and Engineering Geology, University of Silesia, ul. Bedzifiska 60,
41-200 Sosnowiec, Poland.
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The present state of the groundwater contamination and endangering
forces obliges to determine the strategy of Triassic aquifer protection. For
this purpose the groundwater vulnerability maps were constructed. The
concept of groundwater vulnerability maps was based on the assumption that
vulnerability is the natural property of a groundwater system that depends
on the sensitivity of it to the human and natural impacts. The degree of
groundwater vulnerability to contaminants as a function of hydrogeological
conditions by means of maps was conceived to show that the protection
provided by the natural environment varies from a place to another. There-
fore for construction of these maps the hydrogeological environment of
Triassic formation and the land use were investigated. The results of inve-
stigations are described in this paper briefly. The area of the Triassic aqui-
fers, situated in the range of the Silesia—Cracow Monocline, is about 2950 km’.
The region is variable in its land forms, land management, geological struc-
ture and hydrogelogical conditions. High concentration of mining and indu-
stry in the region has caused the large-scale development of urbanization
processes together with its technical and traffic infra-structure. The areas altered
as a result of urban and industrial activity, reach about 10-30% of the aquifer
area whereas 70-90% of the aquifer area is occupied by agriculture and forests.

The observed environmental degradation of the aquifer areas has occur-
red as a result of long-term exploitation of Zn-Pb ores, coal and rock raw
materials in this region as well as highly developed chemical, processing,
machine, and iron and steel industry. The sources of large-scale pollution
are also the areas of intensive agriculture activity.

Formation of numerous industrial waste dumps is one of the effects of
long-term industrial activity whereas high density of population favours the
accumulation of the communal wastes causing, due to the lack of sufficient
infrastructure, the additional hazard to the environment.

The often occurring lack of modern technology in industry, among them
in mining, leads to degradation of the atmospheric air and surface water. Low
quality of the latter is mainly caused by disposal of highly mineralised mine
waters to rivers.

Observed differences in pollution of groundwater are mainly related to
variable geological conditions, different rate of environmental pollution and
the type of area management, among them mining. In this situation the
regional valuation of the range of hazard to contamination of the Triassic
aquifers by anthropogenic pollutants is required.

J. Margat (1968), as one of the first, has proposed the valuation of
groundwater by assessment of its vulnerability to contamination. The occur-
rence of variable vulnerability of groundwater is related to the differences
in natural protective properties of the aquifer system against anthropogenic
and geogenic contaminations.
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Recently, the distinct increase of attention given to the problems of
contamination vulnerability of groundwater has been observed. Numerous
methods are proposed but most of them concern mainly the porous or the
fractured hydraulic systems (Margat, 1968, 1991; Albinet & Margat,
1970; Kleczkowski etal.,, 1973; Vrana, 1984; Aller etal., 1987; Fo-
ster, 1987; Zaporozec, 1989; Civita, 1990; Evans & Myers, 1990;
Kleczkowski, 1990; Civita et al.,, 1991; Adams & Foster, 1992;
Vrba & Zaporozec, 1994).

The much less numerous propositions are suitable for the specific pro-
perties of classical karstic or karstic-fractured systems (Civita et al., 1990,
1991; Avias, 1994; Mijatovic, 1996; Doerfliger & Zwahlen, 1995,
1997; Dassarques & Brouyere, 1997; Witkowski et al., 1997,
Malik et al., 1998, reports of Cost Action 620, 1998). In Poland the con-
cept of valuation of groundwater vulnerability in porous hydraulic systems
as well as in the karst-fractured ones is based on the time of water seepage
through the vadose zone (Kleczkowski et al,, 1991a, b; Kowalczyk
et al., 1998; Macioszczyk, 1999; R6zkowski ed., 1990, Rézkow -
ski et al., eds., 1997 b).

The calculation of the vertical seepage time for potential contaminants
from the ground surface, being the base for vulnerability valuation and the
risk range to the Triassic aquifers, has been aimed at developing of the
protection strategy of the Triassic fractured-karstic aquifers. It has been made
by the team of hydrogeologists of the Hydrogeology and Engineering Geo-
logy Department of the Silesian University and Hydrogeology Section of the
Upper Silesia Division of the State Geology Institute in Sosnowiec.

The first valuation has been done as a part of the CPBP 04.10.09 sub-
programme: “The strategy of protection of the Main Groundwater Basins
(MGWRBSs) in Poland” realised under the guidance of A.S. Kleczkowski
(1990). The results of the Triassic aquifers valuation have been shown in
the separate paper (R6zkowski, ed., 1990). The results of the next vul-
nerability valuation of the Triassic aquifer groundwater have been presen-
ted in the hydrogeological monograph of usable groundwater of the Upper
Silesia Coal Basin (USCB) and its margin (R6zkowski et al., eds., 1997a)
and they have been the major part of “Map of the occurrence, usage, vul-
nerability and protection of fresh-groundwaters in the USCB and its mar-
gin”, made in the scale of 1:100 000 (R6zkowski et al., eds., 1997b).
At the moment, the area of the Silesia—Cracow Triassic formation is the object
of a series of hydrogeological maps in the scale of 1 : 50 000 (Hydrogeolo-
gical Map of Poland), showing vulnerability valuation of the groundwater
expressed as the degree of groundwater pollution risk.

Moreover, during the last years several regional hydrogeological resour-
ce reports of the Triassic fractured-karstic aquifers have been made, in which
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the groundwater vulnerability has been evaluated and presented in the maps
for indication of the intermediate outer protection zones of water intakes
(Kowalczyk et al., 1998, 1999).

Hydrogeological environment of the Triassic fractured-karstic carbonate
aquifers, the concept of the aquifer vulnerability mapping and the results of
the valuation made, are shown in the following section of this paper.

Hydrogeological characteristics of the Triassic
fractured-karstic aquifers

The Paleozoic formations of the variable age are the basement of the
Triassic formation of the Silesia—Cracow Monocline. The geological profile
of the Triassic consists of sandy-silty and carbonate sediments of the Lower
Triassic, carbonate sediments of the Middle Triassic and clayey sediments
of the Upper Triassic. The Triassic formation is locally covered by the
Jurassic carbonate and clayey sediments and the Tertiary clayey formation.
The Quaternary formation of variable thickness (from less than 1m to tens
of meters) covers all area of the analysed structure. The Quaternary depo-
sits are represented by sands, clays and silts. The area of the Silesia—Cra-
cow Monocline is characterized with block tectonics.

The Mushelkalk and Rhaetian sediments occurring in the gelogical pro-
file of the Middle and the Lower Triassic formation are built mainly of
limestones and dolomites. The carbonate series are strongly cracked and
fractured. The Mushelkalk and Rhaetian carbonate rocks have undergone
multi-stage karstic processes (Gilewska, 1963).

The research done by J. Motyka and the others (1996), carried mainly
in the Zn-Pb ore mines, has confirmed significant cavernity of the rocks
belonging to the Triassic carbonate series, causing the high permeability of
the rock massif.

The Mushelkalk and Rhaetian built fractured-karstic aquifers mainly
jointly exploited as one water-bearing complex (Motyka, 1988, 1998; R6z-
kowski, ed.,, 1990; R6zkowski, at al.,1996 a). The thickness of the wa-
ter-bearing complex is in the range of 20—160 m. The depth interval of water-
bearing complex occurence is in the range of 100400 m. Due to the va-
rious thickness and high heterogeneity of the rock medium the transmissivity
of this complex is variable spatially in the range from a few up to about
80 m’/h. Correspondingly to the geologic structure and the hydrodynamic sys-
tem in the carbonate complex of the Silesia—Cracow Monocline several in-
dependent aquifers are distinguished with the range of major groundwater



basins (MGWBSs). According to the nomenclature and numeration applied
in the A. S. Kleczkowski’s work (1990) the Gliwice 330, Myszkow - 327,
Bytom - 329, Olkusz-Zawiercie - 454 and Chrzanéw - 452 aquifers belong
to the major groundwater basins (MGWB) (Fig. 1). Using the A. Mangin’s
classification presented in the J. Motyka’s work (1998) the fractured-kar-
stic aquifers of the Triassic carbonate series, under natural conditions can
be included into the Fontestorbess or Torcal types. They are karstic aquifers,
often partially hydrogeologically covered, relatively low “sensitive” to the
recharge impulse.

The Gliwice, Lubliniec-Myszkow, Olkusz-Zawiercie-Chrzanow MGWBs
are partially protected by clayey Rhaetian-Keuper rocks and, locally, by
clayey Quaternary sediments. The thickness of these, practically imperme-
able, formations reaches up to about 300 m. The MGWBs are hydrodyna-
mically confined or partly confined. The intensive groundwater drainage by
mining and well fields has caused changes in hydrodynamic conditions. It

Fig. 1 Hydrogelogical map of the Triassic Silesia-Cracow MGWBs

1- MGWBS; | - Lubliniec-Myszkdéw, Il - Gliwice, Ill - Bytom, IV - Olkusz-Zawiercie, V - Chrzandow;
2 - MGWRB borders; 3 - the outcrop areas of the Triassic carbonate series (recharge areas); 4 —the areas of the
covering of the Triassic carbonate series by isolating formations; 5 - hydroisohips of the Triassic carbonate com-
plex; 6 - groundwater flow directions; 7 - Zn-Pb ore mines
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concerns the mine workings of Zn-Pb ore mines in the Bytom, Olkusz and
Trzebinia areas and well intakes in the Bibiela, Lazy Bledowskie and Gli-
wice areas (Fig. 1). As a result of overexploitation of some MGWBSs the vast
cones of depression have been formed. Regional decline of pressure, up to
200 m in the mining drainage areas and flow pathways inversion have been
found. In the recharge areas the groundwater level is at the depth of 10-50 m
under surface level (R6zkowski et al., eds., 1997b).

In the recharge zone of the carbonate fractured-karstic complex there are
three hydrogeological zones lying one upon another. These are: the vadose
zone with gravitational vertical water flow, the phreatic zone with the la-
teral water flow and the intermediate zone situated between the previous ones
(Motyka et al.,, 1993; Pulina, 1999).

The boundaries between hydrogeological zones and their occurrence
depths are mainly related to geomorphological factors, geologic structure and
hydrodynamic conditions variable in time. The range of the vadose zone in
the natural conditions depends on the land relief and depth of the drainage
base. In the Triassic MGWBs the dynamic development of the vadose zone
has been observed. It is connected with active carbonate rock massif dra-
inage by ore mines locally up to 200 m. In the analysed fractured-karstic
aquifers the occurrence of the shallow phreatic zone with an active flow and
the deep one with slow laminar flow typical for karstic aquifers have not
been noticed. It seems to be mainly related to low thickness of the Triassic
carbonate complex and the occurrence of caverns in the total profile of the
Triassic carbonate series. After than the deep anthropogenic drainage has wa-
shed out the filled karstic paleo-forms.

The aquifers are recharged in the outcrops of the Triassic carbonate series
by permeable and semi-permeable Quaternary formations. The thickness of
the Quaternary deposits is various in the range of less than 1m up to tens
of meters. The additional source of recharge are water-courses infiltrating
into the ground. Also the forced lateral and ascensional recharge, both in the
case of geologically older as well as younger water-bearing horizons in the
areas of the active drainage is observed (Kowalczyk et al.,, 1996; Mo-
tyka, 1988; Rozkowski et al., eds., 1997a).

In the past, the drainage zones of the water-bearing complex of the
Triassic carbonate series were the modern and buried river valleys. Recen-
tly this role has been taken by the main areas of concentrated anthropogenic
drainage.

Dolomite-limestone hydrogeological environment of the Triassic MGWBs
is heterogeneous, discontinuous and anisotropic. Anisotropy of the rock
massif is related to the joint and stratification fissures and karstic cavities.

Hydraulic structure of rock environment of the Triassic carbonate series
consists of three hydraulic systems in respect to geometry and size: porous,
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fractured and karstic ones. They are characterised by transmissivity and
hydraulic capacity of the rock massif and their measure are the values of
hydraulic conductivity, effective porosity and specific yield.

Characteristic values of the hydraulic conductivity for the phreatic zone
of the fractured-karstic water-bearing complex of the Triassic Silesia—Cra-
cow carbonate series are variable in the range 10°-10 m/s (R6zkowski,
ed., 1990; Rozkowski et al., eds., 1997a; Wilk at al., 1984). The high
values, occurring mainly in the outcrop zones of the Triassic carbonate series,
are characteristic for strongly fissured and cavernous rock massif while the
low ones for the rock massif with low fissility and with karstic forms in-
filled by sediments of low permeability.

In the vadose zone, in the range of the weathering fissures occurrence
in the areas of mining activity the hydraulic conductivity of the carbonate
rocks is very high, in the range of 10”107 mys.

Hydraulic structure of the analysed rock massif is dynamic and variable
in time as a result of influence of the geogenic and anthropogenic factors.
Among the latter, the particular significance seems to have exploitation of
the Zn-Pb ores present in the Mushelkalk formation, lasting in this region
since the Middle Ages. Mining exploitation and active drainage have cau-
sed the additional rock massif cavernity and the exhumation of the old karstic
system infillings.

Various values of hydraulic conductivity in particular hydraulic systems
of the Triassic carbonate massif cause different water flow rate. In the
channel systems the flow rate values are in the range of tens of thousands
m/y whereas in the fissure systems from tens of hundreds to several tho-
usands m/y (Motyka, 1988). The average flow rate through cracked and
cavernous carbonate rock massif, considering its matrix porosity, is in the
range from tens to tens of hundreds m/y, reaching in the area of the active
anthropogenic drainage the values of about 2 thousands m/y (R6zkow-
ski, ed., 1990).

The concept of mapping of the Triassic aquifers vulnerability

The concept of mapping of the Triassic aquifer vulnerability to anthro-
pogenic pollution is based on the assumption that the vulnerability is the
natural property of the water-bearing system depending on its “sensitivity”
to influence of pollution sources. Natural water vulnerability has been de-
fined as the degree of pollution risk to the Triassic water-bearing system in
the case of the anthropogenic contaminants. The prepared maps should be
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classified as belonging to the maps of the water environment protection,
helping in protection of groundwater quality.

The main factors inhibiting migration of pollutants to groundwater are
regeneration processes of water seeping through soil and rocks of the va-
dose zone and the degree of the aquifer isolation from the ground surface.
It is assumed that the longer time of water residence in the vadose zone the
more active processes of the regeneration of the polluted water. The influ-
ence of the pollution sources on the groundwater are estimated only by the
travel time of water vertical seeping from the ground surface through the
vadose zone to the phreatic zone because of the lack of data concerning soil
structures and thickness. It has been assumed that the risk degree caused by
groundwater vulnerability depends on thickness and permeability of forma-
tions covering the complex of the Triassic carbonate series and on the depth
of the groundwater level.

It should be pointed that the estimation of the potential vulnerability of
the Triassic aquifer was very difficult task due to lack of direct measure-
ments of the water seepage time through the vadose zone. It has required
recognition of the geologic structure and hydrogeological conditions of the
analysed aquifers.

In the such cases when the hydrogeological profile of the vadose zone
was well known the seepage time (¢) has been calculated using the N.N.
Bindeman’s simple formula, describing the vertical flow rate through the
mentioned zone:

n
to Y, m/(Va) v=1/n, %/Ezk, (N

where: i=l

t, — seepage time (m/year),

v, — seepage velocity (m/year),

m;— bed thickness in meters,

k — hydraulic conductivity coefficient (m/year),

n,— effective porosity,

@ — infiltration intensity (m/year).

The water seepage time through the vadose zone in the area of the
analysed MGWBs has been defined mainly on the base of the geologic profile
of the overlain formation, estimated infiltration rate and assumed values of
volume moisture of rocks.

The following formula has been applied in the calculations:

t= (1000 -w-m)/ w, 2)
where:
t — seepage time (m/year),
w — rock moisture volume,
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m — thickness of isolation cover (m),
o — infiltration intensity (m/year).

The calculated average time of the vertical seepage through the vadose
zone with average values of atmospheric precipitation index P = 675-825
mm/year, is shown in the table 1.

Table 1

Average time of the vertical seepage through 1m of the vadose zone

Rock Time of water
Lithology of the Infiltration intensity oc seepage through Im
No. moisture
vadose zone [mm/year] volume of the vadose zone
(year)
1. | Sands 202-262 0,08 0,30-0,37
2. | Loesses® 218 0,32 1,47
3. | Tills® 4245 0,35 7,78-8,33
4. | Clays and tills* 3441 0,35 8,48-10,37
5. | Clays and sands® 43 0,35 8,10
6. | Clays and claystones 21-22 0,35 15,91-16,67
7. | Limestones, dolomites 135-262 0,03 0,11-0,22

Note: * the Chrzanéw aquifer, * — the Lubliniec-Myszkéw, Olkusz—-Zawiercie and Gliwice aquifers, © — the Bytom
aquifer.

Groundwater vulnerability assessmend also has been made applying the
numeric models constructed for estimation of the MGWBs resources as well
as their protection zones (Kowalczyk et al.,, 1998, 1999).

For instance, to calculate the time of the vertical seepage through the
vadose zone in the area of the Staszic intake situated within the range of
the Gliwice MGWB, the schematisation of the geologic conditions of the va-
dose zone has been made. The maps and geologic-structural profiles of the
roof and the base of the complex of the Triassic carbonate complex, the map
of the Quaternary formation thickness and occurrence of clay layers, more
than 5 m thick and the contour maps of the carbonate complex and the to-
pographic map of the area have been applied to this aim.

To assess the time of the vertical seepage through the following, litho-
logically variable strata of the covering rocks, the previously presented
empirical formula (2) has been applied which, after modification and ada-
ptation to the multi-layer profile, has the following form:

t= [(mp : Wp) + (mg ' wg) : (md : Wd) + (mm ) Wm) + (mr : Wr)] - 1000/w (3)
where:
t — the time of the vertical seepage (m/year),
w — infiltration intensity of atmospheric precipitation through lithologically variable
strata (m/year),
m — thickness of the succeeding lithologic layers shown in the table 1 (m).

12 Kras i Speleologia
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Calculation of the time of the vertical seepage according to the presen-
ted formula has been made in the square net applied in the numeric model-
ling. This has enabled to use in the calculations the distribution of effective
infiltration received by the aquifer model tarring. The rest of data, required
to calculation, has been discreeted in this net.

As a result of the calculation, the values of the vertical seepage time in
the range from less than 2 years to 74 years have been found. The calcu-
lated time values are related to natural vulnerability, meaning seepage of the
conservative chemical substances from the ground surface. It is worth to point
out that by application of infiltration values derived from the modelling
research it can be assumed that the factors influencing the time of the vertical
seepage such as drainage of the rock massif by vertical and horizontal mine
workings, breaking the isolating layer continuity or type of land manage-
ment have been taken into account in this way.

These calculations, aiming to limit the size of protection zones surroun-
ding water intakes, has helped outstandingly in the correction of vulnera-
bility maps of the Gliwice Triassic MGWB.

Groundwater vulnerability to pollution evaluated in the aeral maps by the
empirical formulae has been confronted with the calculated values of the
residence time of groundwater in aquifers as well as with the reaction of
springs and wells to raining, and particularly to snowmelting. The observa-
tions of changes of water inflow to the Zn-Pb ore mines in the Olkusz and
Bytom regions after violent rains in 1997, have been the important control-
ling element in the regional scale.

The Triassic aquifers vulnerability to pollution has been evaluated indi-
rectly by residence time of groundwater in them. The results of assessment
of natural isotope concentrations CH, "C, "*0, D) in water have been used
(R6zkowski, 1993). The results have confirmed and defined the degree
of aquifer isolation.

Considering the calculated time of the vertical seepage through the vadose
zone, the risk degree has been assessed for the particular aquifer areas.

Five degrees of aquifers vulnerability have been distinguished:

— very high — seepage time less than 2 years,

— high — seepage time from 2-5 years,

— medium — seepage time from 5-25 years,

— low — seepage time from 25-100 years,

— very low — seepage time more than 1000 years.



Results of assessment of groundwater vulnerability

The fractured-karstic Triassic MGWBs: Lubliniec-Myszkow, Gliwice,
Bytom, Olkusz-Zawiercie and Chrzanéw are characterised by very various
vulnerability, both within the basins range, as well as between them (Fig. 2).

The Lubliniec-Myszkow aquifer is naturally protected on about 75% of
its area by the clayey Rhaetian-Keuper sediments covering it. The results
of isotope analysis (14C, T, 180, D) have indicated that below the imperme-
able covering of the Upper Triassic formation the residence time of groun-
dwater is variable in the range from tens of hundreds to tens of thousand
years (Rézkowski, 1993), indicating almost total lack of vulnerability to
anthropogenic pollution in this part of the aquifer. High vulnerability has been
shown by the outcrop area, extending parallel to a latitude in the southern
part of the aquifer (Fig. 2). The time of the vertical seepage varies here in

Fig. 2. Vulnerability map of the usable groundwater of the Triassic Silesia-Cracow MGWBs
1- MGWBs: |- Lubliniec-Myszkéw, Il - Gliwice, Il - Bytom, IV - Olkusz-Zawiercie, V - Chrzanéw;
2 - MGWB borders; vulnerability of the aquifers: 3 - very high and high (the vertical seepage time from less
than 2 to 5 years); 4 - medium - (the vertical seepage time of groundwater from 5 to 25 years); 5 - low and very
low (the vertical seepage time from 25 to 100 or more years); 6 - Zn-Pb ore mines
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the zone of uncovered outcrops from less than 1 year and up to 24 years
under the cover of permeable and semi-permeable Quaternary formations.
These figures are confirmed by the results of quantitative analysis of tritium
content in groundwater. The very low values of time of the vertical seepage,
occurring locally in the zones of the Triassic carbonate formation outcrops,
and the same, very high risk degrees have been confirmed by the piezome-
tric observation of the reaction of water horizons to recharge.

The Gliwice MGWB groundwater vulnerability to anthropogenic pollu-
tion from the ground surface is various depend on the aquifer isolation degree.
Calculated by J. Kropka values of time of the vertical seepage of groundwater
through the vadose zone 10-76 m thick, are very variable and are in the range
from 2.5 years to more than 260 years. High time of the vertical seepage
is characteristic for the aquifer parts covered by the clayey Tertiary forma-
tions. Calculations have not shown the values of time of the vertical seepa-
ge through the vadose zone lower than 2 years, what, according to the
mentioned author, can be related to significant lowering of the groundwater
table as a result of intensive drainage. The results of tritium content in
groundwater have indicated the age being in the range from a few up to
several years.

A.Kowalczykand A. Idziak (1996), analysing the hydrogeological
conditions of the Staszic intake in the Tarnowskie Gory region, have shown,
that its maximum reaction time to rain recharge is several months. These data
indicate that in the areas of old mining, vulnerability of the Triassic water-
bearing complex is high and differs from that calculated by the classical
empirical formulae. This area is a region of high pollution risk to groun-
dwater.

Assessment of the Bytom MGWB vulnerability to anthropogenic pollu-
tion is exceptionally difficult. The research of J. Kropka (1996) concer-
ning the west and east parts of the Bytom MGWB, situated beyond the range
of the mining drainage, has shown a variable degree of the natural isolation
of the carbonate water-bearing complex. In the western part of the aquifer
its cover, composed of the Quaternary tills and the Tertiary clayey patches,
is present in its roof. Vulnerability of the Triassic aquifer is low here and
vertical seepage time exceeds 25 years. It is the region of low risk to the
groundwater environment. However, in the eastern part of the aquifer its vul-
nerability is high. This aquifer part could be included to the areas of high
and medium environmental risk.

The theoretical calculation can be incorrect. This is related to compli-
cated hydrogeological conditions resulting from mining exploitation of Zn-
-Pb ore mines and coal mines (Kropka, 1996). Long-term ore exploitation,
led here since the Middle Ages, has caused higher permeability of rocks and
drainage of the Mushelkalk aquifer. Longwall exploitation of coal seams has
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led to deformation of the Triassic rock massif. As a result theoretically
calculated time of the vertical seepage through the vadose zone is overe-
stimated.

The Kropka and Respondek (2000) observations have indicated that
after the violent rains in 1997 (318 mm per month), the groundwater inflows
to mine workings of the abandoned Orzet Bialy ore mine, increased from
28,0 m’/min to 60,1 m’/min during 3 weeks.

The Triassic Zawiercie—Olkusz MGWB vulnerability is various. In the
northern and north-eastern part it is practically not threated by potential
pollutants. It is due to its natural isolation by the clayey Rhaetian-Keuper
sediments covering it. The aquifer is very low vulnerable. The theoretical
values of time of the vertical seepage are more than 100 years. Generally,
the area with low vulnerability and low or very low risk degree includes about
62% of the aquifer area. However, in the range of the isolating Rhaetian-
-Keuper formation occurrence in the roof of carbonate series, there are hi-
ghly vulnerable to surface anthropogenic pollution areas in the Przemsza
buried river valley near the Olkusz and Lazy Bledowskie towns. The southern
and western parts of the aquifer, situated in the range of the recharge area
of the water-bearing complex of the Triassic carbonate series, are charac-
terised by high vulnerability to anthropogenic pollution. The values of time
of the vertical seepage are in the range from 1 to several years, indicating
high risk to the water environment. The short times of vertical seepage are
confired by tritium content in groundwater. Observations of the time re-
action of the springs to atmospheric precipitation, led in the Goéra Siewier-
ska region in the area of outcrops of the carbonate series, have reveal the
short time of water circulation, within the several months range (Kowal-
czyk & Witkowski, 1997).

The rock massif in the Olkusz mining area is actively drained and highly
permeable due to mining exploitation, led here since the Middle Ages. This
part of the MGWB is particularly vulnerable. The values of vertical seepage
time, calculated for this area with the use of the empirical formula, are in
the range of less than 1 year to several years. The observations led after
violent rain in 1997 by Adamczyk and Motyka (2000) have indicated
that water inflows to Olkusz mine increased during 2 months from 52,0 m’/
min to 68 m’/min, while water inflows to Pomorzany mine increased during
10 months from 210 m*/min to 300 m*/min. These data indicate clearly that
under the extremal conditions the vertical seepage time can be very short.

The Chrzanéw Triassic MGWB is naturally protected by the isolating
Rhaetian-Keuper and locally the Tertiary formations in the 60% of its oc-
currence area. The aquifer is low vulnerable in these areas. The values of
vertical seepage time through the vadose zone are in the range a few tens
of years or even more than 100 years. The rest of the aquifer, consisting of
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about 40% of its area, is uncovered from the hydrogeological point of view.
The values of vertical seepage time is variable, depending on thickness and
lithological structure of the covering Quaternary deposits. The calculated
values of point vertical seepage time are in the range from less than 1 year
to a few years. This fact has been confirmed by the isotopic analysis of
groundwater from the carbonate series investigated in the outcrop zone.
Considering the values of point vertical seepage time through the vadose
zone, these areas should be included into high and very high environmen-
tally threatened.

The active drainage up to 200 m deep and the increase of the rock massif
permeability due to Trzebionka mine activity in the south-eastern part of the
MGWB have caused the increase of the vertical and horizontal flow to the
high real values. Due to high flow velocity in the fractured-karstic rock
massif, the surface anthropogenic pollutions can be transported to large depths
in relatively short time.

Maps of groundwater vulnerability to anthropogenic pollution in the scale
1 : 100 000 are important components of the protection strategy of the karst-
-fractured Triassic aquifers, and are valuable tools in environmental mana-
gement. They can be used in a large scale, mainly to determine the protec-
tive zones of groundwater intakes. However, the achieved experience indi-
cates that more complete recognition of the chosen elements of the MGWBs
hydrogeological environment will be required in the future for such maps.

The increase of reliability of the applied valuation method requires more
detailed recognition of the values of basic parameters used for assessment
of the natural aquifer vulnerability such as: recharge intensity, properties of
the vadose zone soil and rocks influencing groundwater regeneration, hy-
draulic properties of the vadose and phreatic zones.

Considering the fact that in the case of the Triassic Silesia—Cracow aqu-
ifers the vulnerability is expressed as degree of risk from surface pollution
sources, the conducted valuation should take into account mainly the ver-
tical seepage time of groundwater through the vadose zone together with
residence time of groundwater and estimation of groundwater regeneration
by soil and rocks. The significance of the latter processes is confirmed by
the fact that some researchers (Andersen & Gosk, 1989) are inclined
to connect groundwater vulnerability assessment exclusively to absorption
of migrating contaminations and to time of renovation of groundwater re-
sources in the phreatic zone.

The working group of the German hydrogeologists (1994), in their gro-
undwater vulnerability valuation, has considered mainly the effectivity of the
vadose zone as a protective barrier. They have recognised mainly such
parameters as thickness, soil and rock permeability and time of groundwa-
ter residence in the vadose zone. Additionally they apply the ranking sys-
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tem, which, according to the authors of the paper, has precised the led
valuation.

Experience acquired during preparation of the maps of vulnerability of
the Triassic aquifers, indicates also usefulness of groundwater level moni-
toring, correlated to atmospheric precipitation, springs yield as well as
groundwater inflows into mines. The detailed recognition of parameters of
the hydrogeological environment of Zn-Pb ore mining areas, characterised
by high-degree alteration of natural hydrogeological conditions, is also
advisable. The comprehension of hydraulic structure of the vadose and
phreatic zones and their transmissivity is essential. Both the distribution of
transmissivity as well as the flow velocity can be found by mathematic
modelling (Witkowski et al., 1997).
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Andrzej Rézkowski, Andrzej J. Witkowski, Andrzej Kowalczyk

Mapy podatno$ci na zanieczyszczenia szczelinowo-krasowych zbiornikéw wod
podziemnych triasu monokliny $lasko-krakowskiej

Streszczenie

Podstawowym zrédlem zaopatrzenia miejsko-przemystowej aglomeracji Gornego Sla-
ska w uzytkowe wody podziemne sg triasowe szczelinowo-krasowe poziomy wodonos$ne.
W ostatnich latach wykonano dla tego obszaru mapy hydrogeologiczne w skali 1 : 100 000
1 1:50 000, ktérych istotnym elementem byla ocena podatnosci triasowych poziomow
wodonos$nych na zanieczyszczenia antropogeniczne. Ocena podatnosci zostala okreslona
czasem przesiakania wod przez strefe wadyczna do strefy freatycznej. Obliczenia dokona-
ne wzorami empirycznymi konfrontowano z wynikami badan izotopowych wod oraz ob-
serwacjami reakcji zrodet, studni i zawodnienia kopalf na impuls zasilania.

Andrzej Rozkowski, Andrzej J. Witkowski, Andrzej Kowalczyk

Carte de vulnérabilité des aquiféres triasiques karstiques et fracturés
du monoclinal de Silésie-Cracovie

Résumé

Les aquiféres triasiques karstiques et fracturés constituent la principale source d’ali-
mentation en eau profonde de I’agglomération urbaine et industrielle du bassin charbonnier
de Haute Silésie. Durant les derni¢res années, des cartes hydrogéologiques au 1 : 100 000
et 1 :50 000 ont été réalisées, permettant d’évaluer et de représenter la vulnérabilité des
aquiferes profonds. Cette vulnérabilité a été calculée a 1’aide de formules empiriques pre-
nant en compte le temps d’infiltration de I’eau et des polluants de la surface vers ’aquifere
triasique. Elle a été confrontée avec les valeurs calculées de temps de résidence ainsi qu’avec
les réactions aux impulsions des précipitations et de fonte des neiges enregistrées dans les
sources, les puits et les entrées d’eaux dans les mines.
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Groundwater circulation balance, renewal and
resources in the Cracow Jurassic karstic aquifer
in the light of modelling study

Abstract: The paper presents the results of modelling study of groundwater aquifer
in water-bearing formation in the southern part of Czg¢stochowa E Main Groundwater
Basin in range of Cracow—Czgstochowa Upland, realized as KBN Project No
9T12B03514. The aim of modelling study was: determination of groundwater circu-
lation system, calculation of groundwater balance, assessment of groundwater rene-
wal and resources in the Upper Jurassic aquifer. A “pseudo-three-dimensional” model
was constructed. It enclosed two aquifers: the first one, main — in the Upper Jurassic
formation of the area of 652 km’ and the second one — in the Triassic carbonate for-
mation of the area of 313 km’>. MODFLOW program was applied for model construc-
tion and task realization. Groundwater runoff in the Upper Jurassic aquifer is formed
almost entirely as a result of effective infiltration of precipitation. Such recharge within
the study area determines 87% of the total runoff. Average effective infiltration of
precipitation reaches 24% within the balance area in relation to the average annual
precipitation from multiannual period. The basic elements of water drainage are the
valleys of the four main rivers: Biala Przemsza, Diubnia, Pradnik and Rudawa. They
drain about 59% of the total runoff. Water vertical leakage to the lower Triassic aquifer,
forced by drainage of the Olkusz ore mines, is manifested mainly within the Biata
Przemsza river drainage basin. Intensity of the Upper Jurassic aquifer water renewal,
defined as a total runoff modulus, varies in particular drainage basins from 4.85 to 6.06
dm’/s - km?®, while average value is 5.5 dm’/s - km’.
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Introduction

The paper presents the results of modelling study of groundwater aqu-
ifer in water-bearing formation in the southemn part of Czgstochowa E Main
Groundwater Basin in range of Cracow—Czegstochowa Upland (Fig. 1, 2),
realized as KBN Project No. 9T12B03514.

@ Radomsko

L v,v 5

Fig. 1. Hydrogeological sketch of the Cracow—Wielufi Upland

1 - boundary of Cracow—Wielun Jurassic region, 2 - groundwater contour of Upper Jurassic aquifer, 3 — boundary
of the study area within Cracow Jurassic sub-region. 4 — boundary of Triassic main groundwater reservoir of Olkusz-
Zawiercie, 5 — location of drainage basins within Cracow Upland sub-region: 1 - of the Biala Przemsza river, 11
— of the Dlubnia river, III - of the Pradnik river, IV — of the Rudawa river, V — of the Sanka river
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Fig. 2. Location of the model area

1- boundary of the second model layer, 2 - boundary of the first model layer

The aim of modelling study was: determination of groundwater circula-
tion system, calculation of groundwater balance, assessment of groundwa-
ter renewal and resources in the Upper Jurassic aquifer.

Within this modelling study a numeric model of the area of 703 km2was
prepared. The constructed block model divides this area into 2606 compu-
tational blocks of 500 x 500 m each.

A “pseudo-three-dimensional” model was constructed. It enclosed two
aquifers: the first one, main - in the Upper Jurassic formation of the area
of 652 km2and the second one - in the Triassic carbonate formation of the
area of 313 km2 These aquifers are separated, in some part of the studied
area, by clayey-mudstone complex of the Upper Triassic-Keuper formation
and of the Lower and Middle Jurassic ones. Modelling was done for stable
water flow conditions in the main layer of partly confined water table and
in the second layer of confined water table shaped by current water with-



drawal by wells. MODFLOW program used in the Hydrogeology and En-
gineering Geology Department of Silesia University was applied for model
construction and task realization. A constructed model calibrated according
to current state of hydrodynamic conditions (1998 y) was abase for asses-
sment of groundwater renewal. Balance structure was determined and con-
nection between simulated aquifers and between ground- and surface wa-
ters was established. In the enclosed documentation map of modelling study
(Fig. 3) the following elements are shown: vertical boundaries of the first
model layer and rivers, described by head-dependent flux boundary, with-
drawal wells and main faults.

Fig. 3. Map of the first model layer

1- model area, 2 - model cells with specified recharge intensity, 3 - cells with head - dependent flux boundary,
4 - cells at the river - aquifer contact (head - dependent flux boundary), 5 - cells with a given water withdrawal
by wells (boundaries with known flux), 6 - horizontal flow - barriers representing main faults, 7 - boundary of
the second model layer

Process of model identification included calibration: hydraulic conduc-
tivity, infiltration recharge intensity from atmospheric precipitation and la-
teral inflow or outflow in boundaries determined by head-dependent flux
boundary as well as leakage coefficient of separating layer, hydraulic trans-
missivity of river beds and horizontal flow barriers simulating faults. The
value of hydraulic conductivity in the first layer of model is from 0.01 to



10 m per day (1.16 ¢ 10-—1.16 10~ m/s) (Fig. 4). Coefficient of permeabi-
lity of the second model layer was determined on the basis of the published
archival results of pumping tests performed for the adjacent area (Moty-
ka, 1988, 1998). Value of this coefficient for the model area was taken in
the range from 1 «10~5to 1 * 104 m/s. Recharge of the first layer by atmo-
spheric precipitation determined by calibration process varies in the interval
from 10 to 273 mm/y, with high values in interval 150-273 mm/y located
in the upland areas (Fig. 5). Recharge of the second layer by atmospheric

Hydraulic conductivity (m/d);

<0.4
0.4 -0.8

0610

1.0-50
50- 10.0

0 ~2.5 5 km

Fig. 4. Map of distribution of hydraulic conductivity (in m/day) in the first model layer

precipitation outside the first model layer was determined in the interval 73-
273 mm/y. Hydraulic transmissivity of faults simulated in the model varies
from 0.00005 to 0.1 [1/d]. Water table contours obtained by modelling is
shown in Fig. 6.

Hydrogeological characteristics of the Upper Jurassic aquifer

The fissure-karst-porous Upper Jurassic aquifer within the Cracow Upland
is hydrodynamically open and covers an area of the Upper Jurassic outcrops
overlied by Quaternary overburden and partly Cretaceous one. On the eastern
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Fig. 5. Map of the first model layer recharge from atmospheric precipitation. Result of calibration

Fig. 6. Map of groundwater contours of the Upper Jurassic aquifer. Result of modelling

1- boundary of the first model layer, 2 - wells, 3 - water table contour [m a.s.L], 4 - direction of groundwater
flow, 5 - boundary of the underground drainage basins
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side, the aquifer is hidden under Cretaceous formation of Miechoéw syncli-
ne. Water-bearing rocks consist of cracked karstic massive, layered and
chalky limestones. Thickness of the Upper Jurassic carbonate water-bearing
formation is from about 50 to about 300 m. The Upper Jurassic aquifer
constitutes one hydraulic system. Rate of fracturing and karstic processes,
porosity of rocky matrix as well as aquifer recharge and discharge con-
ditions influence transmissivity and retention of water in the Upper Juras-
sic carbonate aquifer. Open porosity from 0.6% to 18.9% (27.8%) with ari-
thmetic mean 6.0% is characteristic for the Upper Jurassic limestone massif.
Matrix porosity is a reason for high water retention and it plays a secon-
dary role in water transmissivity. Cracks, fractures and karstic caverns
appear to be the main flow paths of groundwater. Average velocity of water
flow in cracked karstic massif is from several hundreds to over thousand m
per year. Fracture porosity of limestones is from 0.12 to 2.25% and karst
cavernosity in phreatic zone is from a fraction to several per cent. Values
of filtration coefficient determined on the base of test pumping are from 2.3
107 m/s to 6.5 - 10~ m/s while average value is 1.1 - 10~ m/s. Yield of
wells taking groundwater from the depth of 8-300 m is from 0.1 m*h with
depression 22.0 m to 120 m’h with depression 5.8 m. The maximal yield
is observed in tectonic dislocation zone where karst is developed (R6zkow -
ski ed., 1990).

Hydrodynamic conditions

The hydrodynamic field pattern shows occurence of three flow systems
in the aquifer: regional, intermediate and local ones; the last two are domi-
nant. Underground drainage basins of intermediate system are drained by
river valleys. The plateau areas represent recharging areas and watersheds
of local flow system whereas stream valleys which are tributaries of the rivers
are drainage bases. Regional flow in the Upper Jurassic aquifer is directed
to the east to Miechoéw syncline (R6zkowski ed., 1990).

A shape of groundwater table in the Upper Jurassic aquifer shows that the
entire area of the model is divided into four partial groundwater drainage basins
(Fig. 6) separated by watersheds of groundwater. This division in generally
refers to the division into hydrographical drainage basins of four main rivers:
Biala Przemsza, Diubnia, Pradnik and Rudawa (Fig. 1). Their surfaces are
accordingly: 157 km’, 211 km? 98 km’ and 186 km? (together 652 km?).

The maximal elevation of water table surface occurs in the central part
of the model area. Hydraulic heads are 400 m above sea level. This is the

13 Kras i Speleologia
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main area of the Upper Jurassic aquifer recharge. The drainage zones are
connected with valleys of the four rivers mentioned. The lowest hydraulic
heads, below 260 m a.s.1., generally occur in the southern part of the model
area in the valleys of the rivers: Rudawa, Pradnik and Dilubnia.

Modelling verifies important leakance from the Upper Jurassic aquifer
towards the Triassic aquifer below. Such situation is forced by decrease of
water table in the Triassic aquifer connected with its dewatering by Zn-Pb
ore mines in Olkusz vicinity. Moreover part of water inflows from the
external aquifers. Scheme of groundwater circulation in the modelled aqu-
ifer is shown in Fig. 7.

Groundwater balance of the aquifer system

Balance of groundwater system is shown in Fig. 7. Total groundwater
discharge from the Upper Jurassic aquifer is 310 000 m’/d and is equal to
average drainage modulus i.e. 5.5 dm®/s - km® (475.4 m’/d - km?). In pre-
vailing part it is formed within the model boundaries. This run-off is rechar-
ged mainly by direct and indirect infiltration of atmospheric precipitation.
Share of recharge from lateral inflow and seepage from the rivers is little
and it is adequately about 11.7% and 1.3% of total run-off.

Recharge by infiltration of precipitation is about 269 910 m*/d (4.8 dm’/
s - km’, 414 m’/d - km®). Average annual recharge is 151 mm/y which is about
21% of precipitation (about 716 mm/y).

Groundwater discharge in the model layer representing the Upper Juras-
sic aquifer is equal to total recharge and it is divided into four directions.
About 58.7% of the total amount of groundwater is drained by rivers. Average
modulus of water drainage into rivers is 3.2 dm’/s - km® (279 m’/d - km?).
Leakage of water to the Triassic aquifer is 83 534 m’d and it equals 27%
of total drainage. Water withdrawal by wells and drainage by springs makes
up only 2.5%. About 11.8% of total discharge makes the lateral outflow from
the system, mainly in the north-eastern part of the Upper Jurassic aquifer.

In case of the groundwater balance of the second layer representing water-
-bearing complex of the Triassic carbonate formation it is worth to mention
that a great part of recharge the overlying the Upper Jurassic aquifer is forced
by water drainage in mine workings in Olkusz ore region.
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Fig. 7. Scheme of water-bearing system structure and groundwater balance according to

modelling (in thousands of m*/day)
IE - infiltration of precipitation, DR - water drainage by rivers, IR — seepage of water from rivers, QST — water
withdrawal by wells, DB - lateral external inflow from another aquifers, OB — lateral outflow from aquifer

Renewal and resources of groundwater

Infiltration of atmospheric precipitation is the main source for groundwa-
ter renewal of the studied aquifer. Lateral external inflow is of secondary
importance. Share of river water infiltration is insignificant. Share of effec-
tive infiltration is 87% in range of the total balance area and in the parti-
cular drainage basins is 74% to 99% (Table 1). Specified elements of gro-
undwater balance constitute groundwater discharge from the total balance
area as well as from the particular drainage basins. Therefore total groun-
dwater flow through the Upper Jurassic aquifer is assumed to be actual annual
renowable resources.

Results of renewal resources calculation for the total Upper Jurassic
aquifer area and for particular drainage basins are shown in Table 1. Mo-
dulus values of recharge obtained from simulation were taken for calcula-
tion. Taking renewal modulus as 5.5 dm’/s - km’® for the total balance area
of 652 km” renewal resources were calculated in amount of 310 000 m*/d.
Average index of renewable resources in a year is 173 mm and it makes 24%
of average annual precipitation. This index taken on the base of atmosphe-
ric precipitation series from meteorological posts situated in the Ojcow vi-
cinity, for years from 1960 to 1989, is P,,, = 716 mm. Renewal of resources
of four particular drainage basins is differentiated from 21% of precipita-
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tion index in the Diubnia river drainage basin to 27% in the Pradnik river
drainage basin and as modulus it is adequately from 4.85 to 6.06 dm®/s - km®.
Effective infiltration of atmospheric precipitation, which predominates in
groundwater renewal process, is from 20% in the Diubnia river drainage basin
to 26% in the Pradnik river drainage basin.

Table 1
Groundwater resourcees of the Upper Jurassic aquifer

(fo[t)mdwa.ter discharge Renewal from infiltration of precipitation
= Dynamic resources QI
Drainage basin of the river Surface QD
3. e .
Koy | tmms) | 1% p4) | 08 | fmmiy) | 1%5°1 | 1% QDI
1. Biala Przemsza 157 572 180 25 4.94 156 22 87
2. Diubnia 211 4.85 153 21 4.44 140 20 92
3. Pradnik 98 6.06 191 27 5.99 189 26 99
4. Rudawa 186 6.0 189 16 4.42 139 19 74
Model area of the
Upper Jurassic aquifer 652 5.5 173 24 4.8 151 21 87

* Pavg. =716 mm.

The results of model study are convergent with other results obtained by
different methods. According to E. Goc (1968) coefficient of effective pre-
cipitation infiltration in the Pradnik river valley is 25% and it is the same
as underground runoff.

According to J. Orsztynowicz (1988) average multiannual coefficient
of underground runoff from the years 19511980 for the study area is in range
from 160 to 270 mm/year what corresponds with modulus values from 5.07
to 8.56 dm’/s km”’.

Estimated groundwater runoff in particular drainage basins is not the same
as underground recharge of the rivers. The best example of it is drainage
basin of the Biala Przemsza river where estimated underground runoff is
5.72 dm*/s km?® and water drainage by river is about 1.08 dm*/s km”. Such
limitation of the underground river recharge is caused by forced water
leakage to the lower situated Triassic aquifer. Approximated value of the
underground recharge of the Biata Przemsza river in this part of the dra-
inage basin, i.e. 1 dm’/s km?, is given by J. Sawicki (2000) for the years
1989-1994.
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Conclusions

1. Performed model study enabled the authors to verify the opinion about
groundwater circulation system in the studied aquifer. As a result of the study,
structure of groundwater balance and estimation of the balance constituent
elements were obtained.

2. In configuration of hydrodynamic field of the Upper Jurassic aquifer
within the study area four partial drainage basins representing separate sub-
systems of groundwater circulation were distinguished. Their boundaries are
generally similar to the boundaries of the topographic drainage basins of the
rivers: Biala Przemsza, Diubnia, Pradnik and Rudawa.

3. On the basis of the groundwater balance it was determined that gro-
undwater runoff in the Upper Jurassic aquifer is formed almost entirely as
aresult of the effective precipitation infiltration. Within the study area this
recharge reaches 87% of the total runoff.

4. Average effective precipitation infiltration in the balance area is 24%
in realtion to average annual precipitation from multiannual period. In par-
ticular drainage basins this coefficient varies from 20% to 26%.

5. The valleys of the four main rivers: Biala Przemsza, Diubnia, Pradnik
and Rudawa are the main elements of water drainage. They drain about 59%
of the total runoff.

6. Vertical leakage to the lower situated Triassic aquifer, forced by mine
drainage of the Olkusz ore area makes a significant part in the Upper Ju-
rassic aquifer circulation system. This form of water drainage is manifested
mainly within the Biala Przemsza river drainage basin.

7. Intensity of the Upper Jurassic aquifer groundwater renewal determi-
ned as modulus of the total runoff is insignificantly diversified between
particular drainage basins in range from 4.85 to 6.06 dm®/s km’. The ave-
rage value of the renewal modulus is 5.5. dm’/s km®.
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Jacek Rozkowski, Andrzej Kowalczyk, Krystyn Rubin, Jacek Wrobel

Bilans krazenia, odnawialno§¢ i zasoby wéd podziemnych zbiornika krasowego
Jury Krakowskiej w §wietle badafi modelowych

Streszczenie

W artykule przedstawiono wyniki badan modelowych zbiornika wéd podziemnych
w utworach wodonos$nych jury gornej potudniowej czgsci GZWP Czestochowa E, w za-
siggu Wyzyny Krakowsko-Czgstochowskiej, zrealizowanych w ramach Projektu KBN
Nr 9T12B03514. Celem wykonanych badan modelowych bylo okreslenie systemu krazenia
wod podziemnych, zestawienie bilansu wéd podziemnych, ocena odnawialno$ci i okresle-
nie zasobéw waod podziemnych poziomu wodonoénego jury gornej. Skonstruowano model
»pseudotrojwymiarowy” obejmujacy dwa poziomy wodonosne: pierwszy poziom, giéwny
— w utworach weglanowych jury gémej, zajmujacy powierzchnig 652 km? i drugi — w utwo-
rach weglanowych triasu o powierzchni 313 km’. Do budowy modelu i realizacji zadania
wykorzystano program MODFLOW. Odplyw wéd podziemnych w gornojurajskim pozio-
mie wodono$nym formuje si¢ prawie wylacznie w wyniku infiltracji efektywnej opadoéw
atmosferycznych; w granicach analizowanego obszaru zasilanie to stanowi 87% odplywu
catkowitego. Infiltracja efektywna opadow atmosferycznych w obszarze bilansowym wy-
nosi $rednio 24% w stosunku do sredniego rocznego opadu z wielolecia. Gléwnym elemen-
tem drenazu wadd sg doliny czterech najwigkszych rzek: Bialej Przemszy, Diubni, Pradnika
i Rudawy; drenuja one ok. 59% odplywu catkowitego. Znaczaca role w ksztattowaniu sig
systemu krazenia i drenazu wod poziomu gémojurajskiego stanowi wymuszone drenazem
gorniczym kopaln olkuskiego rejonu rudnego przesaczanie pionowe wod do nizejlegtego
poziomu triasowego. Ta forma drenazu wod manifestuje si¢ glownie w obszarze zlewni Bialej
Przemszy. Intensywno$¢ odnawiania si¢ wod podziemnych poziomu gérnojurajskiego,
okreslona modulem odptywu catkowitego wykazuje nieznaczne zréznicowanie pomigdzy
poszczegdlnymi zlewniami w zakresie 4,85-6,06 dm’/s - km®; wartos¢ $rednia modutu odna-
wialnosci wynosi 5,5 dm?/s - km’.
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Jacek Rozkowski, Andrzej Kowalczyk, Krystyn Rubin, Jacek Wrobel

Bilan des circulations profondes, renouvellement et ressources dans ’aquifére
karstique du Jurassique de Cracovie, approche par modélisation

Résumé

Une étude de modélisation des circulations a été réalisée dans la partie méridionale du
grand bassin de Czgstochowa E, dans le secteur des hauteurs de Cracovie—Czgstochowa,
dans le cadre du projet KBN n° 9T12B03514. Les objectifs étaient: la détermination du
systéme de circulations souterraines, la réalisation d'un bilan et I’évaluation du renouvel-
lement des eaux profondes et des ressources de I’aquifere du Jurassique supérieur. Un modéle
multicouche été réalisé a 1’aide du programme MODFLOW. 1l intégre deux aquiferes: le
principal dans la formation du Jurassique supérieur (652 km?), et un second dans la for-
mation carbonatée du Trias (313 km?). Les circulations dans le Jurassique supérieur sont
presque exclusivement alimentées par I’infiltration des précipitations qui contribuent pour
87% de I’écoulement total. La part de ’infiltration des précipitations, calculée sur une
période pluri-annuelle, correspond a 24% des précipitations du secteur concerné. Les cir-
culations s’effectuent principalement vers les quatre grandes vallées régionales (Biata
Przemsza, Dlubnia, Pradnik et Rudawa) qui drainent environ 59% de I’écoulement total.
Les fuites profondes vers I’aquifere triasique, accentuées par 1’exhaure des mines d’Olkusz,
se manifestent principalement dans le sous-bassin de la Biala Przemsza. L’intensité du reno-
uvellement de 1’aquifere du Jurassique supérieur, définie a partir du module d’écoulement total,
varie de 4,85 a 6,06 dm’/s - km’ selon les sous-bassins, la moyenne étant 5,5 dm?/s - km®.

Received: June 2001.
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Weathering of cave walls in Krempljak, SW Slovenia

Abstract: Krempljak is a cave situated in karst area of Matarsko podolje in the
south-west part of Slovenia. The cave lies close to the surface and it was formed
in transition between Lower and Upper Cretaceous carbonate beds. In larger side
passage Stranski rov all the walls are extremely weathered, from few millimetres
to some centimetres in depth. Depth of the weathered zone depends on freshness
of breakdowns. In this cave are particularly interesting alternation of weathered
limestone laminas and calcite laminas which together form so called “waffle”
structure. The main reason of limestone weathering in this part of the cave is
probably corrosive moisture which has it origin in percolation water from the
surface above the cave.

Introduction

Krempljak is 290 m long and 47 m deep cave with the entrance at an
altitude of 492 m (y = 5421 955, x = 5048 080). The cave is situated in
karst area of Matarsko podolje in the south-west part of Slovenia (Fig. 1).

The cave lies close to the surface and it was formed in transition car-
bonate beds between Lower and Upper Cretaceous (Siki¢ etal., 1972). The
main tectonic structures in the area are in »Dinaric« direction (NW-SE) and
in E -W direction. Cave generally follows these two tectonic directions. The
entrance to the cave is about 20 m deep pit opened in fault zone in NW-SE
direction. Thin bedded limestone in the cave passes from medium to dark
grey. Beds dip toward NE with dip angle about 20°. Cave generally extends

* Karst Research Institute ZRC SAZU, Titov trg 2, 6230 Postojna, Slovenia.
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\ 50 Km ) Fig. 1. Location of the Krem-

pljak cave

in E-W direction (Fig. 2). The main channel is transformed by many bre-
akdowns of walls and ceiling. Breakdowns depend on stratification and on
tectonic deformation of limestone beds. Significant are chunks in dimensions
from 10 x 15 cm but also smaller and bigger exist. In the part where the
main channel turns and dip to the NW a big accumulation of cryoclastic
material is situated. The most interesting for research is larger side passage
Stranski rov (Fig. 3). The ceiling of the passage is in level with limestone
bedding plane and it is generally fissured in E-W direction. Walls of the
passage are fractured by faults and fissures in NW-SE, E-W and N-S direc-
tions. Stalagmites, stalactites and columns follow these fissures. The break-
down of limestone plates from the ceiling is typical for the passage. Plates
are formed by crumbling of cave ceiling along the micro-laminas in the
limestone bed. Percolating water flows between laminas and push them apart.

Fig. 2. Basic plan of Krempljak cave with marked Stranski rov passage



Plan

Cross-section AA' Cross-section BB'

Draw: Franjo Dréle, IZRK ZRC SAZU
October 2000

Fig. 3. Detailed ground plan of Stranski rov passage with two profiles A-A” and B-B’
1- limestone, 2 - weathered zone, 3 - water, 4 - speleothems, 5 - fluvial deposits; Krl - weathered limestone,
KrO - fluvial deposit

Usually in the openings calcite is precipitated in thin plates and this process
intensifies the widening. At the passage floor there are also pieces of flow-
stone plates grown up by limestone laminas which are fallen down from the
ceiling. The temperature in the passage is almost constant all the year, it is
8,8°C. In the passage is a little flood loam, existing only at one place like
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sandy loam material which is partly cemented. It covers the limestone
bedrock which is very much weathered. In Krempljak cave it was found
a particularly interesting form of weathered limestone. Soft completely
weathered limestone laminas lie between solid secondary precipitated cal-
cite laminas and together they form structure which looks like waffle.

Weathered limestone

In side passage Stranski rov all the walls are extremely weathered. Li-
mestone beds are weathered from few millimetres to some centimetres in
depth. On non-transformed walls weathered zone is thick and on fresh bre-
akdowns the walls and ceiling are not weathered yet. Depth of the weathe-
red zone depends on freshness of breakdowns. Ceiling is in level with li-
mestone bedding plane and it is criss-crossed by several fissures. Between
limestone laminas flowstone deposits as well as at the surface area of lime-
stone bed. Due to latter weight and due to the above flowstone plates the
bonds between laminas are weakened and plates fall down. Ceiling of the
passage is frontally weathered. In some places the weathered limestone is
covered by brown crust of flowstone which could be corroded after some
time. Degree of weathering decrease from the limestone surface towards
limestone bed. Weathered limestone laminas and calcite laminas together
form so called »waffle« structure where weathered limestone is soft and
usually wet (depends on rainfall) and calcite laminas are solid. These two
layers can alternate many times some centimetres in the depth (Fig. 4). If
percolation water is no more corrosive the precipitation of flowstone may
occur in pores. In that case the weathered part of limestone becomes solid
again (some kind of cementation) and where the flow of coming water is
stronger the sodastraw stalactites grow.

On the cave walls the weathered zone of limestone is more homogene-
ous and it is passed form weathered zone to fresh in few steps. Weathered
limestone is white in colour and soft. Fresh limestone during the weathering
first pass to slightly uncoloured zone which is much more light in colour
but nonporous and then pass to much more weathered zone which is com-
pletely uncoloured (white) and also highly porous. Weathering is forced along
the fissures and interfere with calcite veins and plates but if it the impact
of corrosive moisture is long enough also these veins and plates weather.
So in limestone weathered zones pass from wholly weathered limestone to
fresh one through few steps of weathering. Fresh limestone at first becomes
slightly discoloured and after progressive weathering limestone becomes en-
tirely white and porous.



Fig. 4. Fragment of weathered cave wall (width of the photo suits to 14,5 cm)

Between solid calcite plates (flowslone) the limestone laminas are weathered in different degree. The upper li-
mestone lamina is soft and wet. The calcite crust which covered the weathered limestone is corroded in some places
but not in between limestone laminas

Methods and results

To determine the process on cave walls some field and laboratory ana-
lyses were done. It is obvious that weathering of limestone is going on and
not the precipitation of calcite crusts.

Mineral and chemical composition were determined by complexometry
and by x-ray powder diffraction method. For the analyses samples were
divided into three different groups: the weathered part (zone A), uncoloured
part (zone B) and fresh (no weathered) limestone (zone C) (Fig. 5). Exam-
ple of sample Krl taken from wall of Stranski rov is discussed in this note.
For the comparison of mineral composition sandy fluvial deposit from the
cave (KrO) was also analysed.

Mineral composition of sample Krl in fresh limestone of zone C is 98%
calcite and in traces are clay minerals and quartz. Weathered limestone zone
A is composed of 99% calcite and in traces are clay minerals. Weathered part
of limestone is more pure than fresh part. Comparison between the mineral
composition of fresh and weathered zone of the same limestone sample Krl



Fig. 5. Section of weathered limestone sample Krl (width of the photo suits 7 cm). Wea-
thering is forced along the fissures and interfere with calcite veins
A - weathered zone, B - discoloured zone, C - fresh limestone

does not indicate almost any difference. Only that the weathered part of
limestone is slightly purer than the fresh part.

Sandy fluvial deposit is composed of 90% quartz, 8% of clay minerals
and with some feldspars in the traces. It is clearly different in mineral
composition like weathered part of limestone. So it can’t be insoluble re-
sidue of limestone and it has different origin. Mineral composition of sandy
material in the cave floor does not indicate any genetic connection with
limestone weathering and weathering residue.

Chemical composition of weathered limestone sample defined by com-
plexometry indicates following composition (Table 1).

Table 1
Results of complexometry investigations
Carbonates Insoluble
CaO MgO Calcile Dolomite - total id Ca0/Ma0
Sample [%] [%) [%] %] [Ot/)o]a re;:m]ue a g
Krl A 52.77 0.48 92.97 2.21 95.18 4.82 109.94
Krl C 51.87 0.93 89.29 4.24 94.53 5.47 55.77

Krl A- sample from weathered zone, Krl C - sample from fresh part of limestone
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» Zone A (weathered part): 52.77% of CaO; 0.48% of MgQ; and calculated
92.97% of calcite; 2.21% of dolomite, 4.82% of insoluble residue and CaQ/
MgO ratio 109.94;

and for

» Zone C (fresh part): 51.87% of CaO; 0.93% of MgO; and calculated
89.29% of calcite; 4.24% of dolomite, 5.47% of insoluble residue and CaQ/
MgO ratio 55.77.

Complexometry results stress out that percentage of CaO is slightly higher
in weathered part than in fresh part of limestone. The most characteristic
result is that the percentage share of MgO in weathered limestone is lower
than in fresh one. It is also seen that percentage of insoluble residue is higher
in no weathered part of limestone which is suppressing.

Discussion

The weathered zone of limestone is almost identical to the parent rock
in its mineral and chemical composition yet it is much more porous. In this
particular cave in the weathered limestone was less of insoluble residues than
in fresh limestone — that is not very common but in special environment may
occur. The main reason of limestone weathering in this part of the cave is
corrosive moisture (Davis & Mosch, 1988) which has it origin in perco-
lation water from the surface above the cave. I have no evidence that pas-
sage was filled up by fluvial sediments and that moisture from the sediment
was the main corrosive agent. During the weathering the processes of se-
lective dissolution is going on and the dissolution is not complete. Also the
cleaning of limestone is presented.

For the conclusion it is necessary to point out that the rest of limestone
dissolution in this example is “soluble” residue, which is much more pure
than no weathered limestone.
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Nadja Zupan Hajna
Wietrzenie §cian jaskini Krempljak w poludniowo-zachodniej Slowenii
Streszczenie

Jaskinia Krempljak jest usytuowana w rejonie krasowym Matarsko Podolje w potudnio-
wo-zachodniej cz¢sSci Stowenii. Znajduje sig blisko powierzchni w strefie przej$ciowe;j
migdzy warstwami skat weglanowych dolnej i gémej kredy. W wigkszym, bocznym koryta-
rzu Stranskiego Rovu wszystkie Sciany sa silnie zwietrzale — do glgbokosci od kilku mili-
metréw do kilku centymetréw. Glgbokos$é strefy zwietrzenia zalezy od generacji zawalisk.
W jaskini tej szczegdlnie interesujace sg przeobrazenia zwietrzalych warstewek wapiennych
i kalcytowych, ktore razem tworza tzw. strukture ,,waflowa”. Gléwna przyczyna wietrzenia
skal wapiennych w tej czgsci jaskini prawdopodobnie jest korozyjno$¢ wilgoci zwiazane;j
z perkolacja wod z powierzchni do wnetrza jaskini.

Nadja Zupan Hajna
Altération des parois dans la grotte de Krempljak, SO de la Slovénie
Résumé

La grotte de Krempljak se localise dans le secteur karstique du Matarsko podolje, dans
la partie sud-occidentale de la Slovénie. La cavité se développe a faible profondeur entre
les niveaux du Crétacé inférieur et supérieur. Les parois des diverticules les plus larges du
réseau Stranski sont extrémement altérées, sur des profondeurs allant de quelques millimétres
a plusieurs centimétres. L’épaisseur du front d’altération dépend de I’ancienneté des écro-
ulements. On observe des structures particuliéres «gauffrées» (waffle), liées a ’alternance
répétée de lamines de calcaire altéré et de calcite plus saine. La cause la plus probable de
I’altération du calcaire dans cette partie-ci de la cavité serait I’agressivité de I’humidité
provenant de I'infiltration superficielle a ’aplomb de la grotte.

Received: March 2001.
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Karst of the Danube Gorge (Iron Gates)

Abstract: A general review of karst features in the area of the Danube Gorge,
as well as the short description of geological setting and geomorphologic evolu-
tion of the region, are given in the paper. Among all surface and underground karst
forms in the whole gorge, both on Yugoslav and Romanian side of the Danube,
the most characteristic are those on Miroc Mountain, on which are situated five
out of seven deepest caves in Serbia. All those caves are developed along the
contacts of non-carbonate rocks and limestone, on western and eastern part of Miroc
Mt. They are permanently or periodically active ponors (stream-sinks). Hydrolo-
gical changes (higher water table, drowned springs), caused by the formation of
the artificial lake in the gorge, in 1971, are discussed as well.

Location and general characteristics

The Danube Gorge is situated in the mountain range of the Carpatho-
-Balkanides, between two large basins — Pannonian on the west and Dacian
on the east (Fig. 1). Carpatho-Balkanides stretch from Romania (Carpathian
Mountains) to Yugoslavia; turn to southeast and continue to Bulgaria (Bal-
kan Mountain). The whole Danube Gorge, which is nearly 100 km long, ac-
tually consists of several parts. There are four gorges (Golubacka Klisura,
Gospodjin Vir, Kazan, Sipska Klisura), developed in rocks which are more
resistant to erosion, and three wider parts (near Liubkova, Donji Milanovac
and Orsova). The Kazan Gorge is the narrowest part, only 150 m wide, with
water depths of more than 80 m, which are among the biggest river depths

* Geographic Institute ,,Jovan Cviji¢” SANU. Djure Jaksica 9, 11 000 Belgrade, Yugoslavia.



in Europe. Initially, the name Iron Gates referred only to the Sipska Klisura,
but later on, it began to be used for the whole Danube Gorge. In Yugosla-
via, the name for the Danube Gorge is Djerdap, and it is a National Park.

Geological setting of the area is rather complex. Limestones occupy
broader parts of the terrain in the southern (Yugoslav) part of the Gorge, and
are mainly of the Upper Jurassic (Malmian) age, while other rocks are
Palaeozoic schists, Cretaceous sandstones, etc. Down cutting of the canyon
of the Boljetinska Reka, which is a geological reserve, revealed distinctive
profiles with beds of quartzporphyres, red ferruginous limestone, and gre-
enish sandstones with intercalations of conglomerates. Geological compo-
sition of the northern side of the Gorge, which belongs to Romania, is more
heterogeneous. Rocks of various ages and of various types are situated on
a relatively small area, making a complex mosaic. Limestones of Miroc Mt.
extend to the other side of the Danube, but end up immediately after that.
On the other hand, the narrow karst of Djevrinska Greda (“greda” = ridge),
on the east of Miroc karst, stretches to Romania and becomes much wider.
Similar situation is characteristic also for karst near Golubac and Moldova
Nuoa, in the most upstream part of the Gorge. The area of the Danube Gorge
is still being tectonically uplifted. The orientation of structures is mainly
NNE-SSW, and one of the most prominent faults is so-called Porec fault,
which influenced formation of the Kazan Gorge.



Genesis of the Danube Gorge

During the Upper Oligocene and Lower Miocene, the Pannonian basin
was tectonically downthrown, simultaneously with the intensive uplift of the
mountain ranges of the Carpatho-Balkanides, the Dinarides and the Alps.
Those movements (as well as other movements on the east) helped the
formation of the Paratethys, situated to the north of the Tethys and stretching
from the Vienna basin on the west to the Caspian and Aral lakes on the east.
At that time the Pannonian basin was filled up with water (so-called Pan-
nonian Sea). Dacian basin, which lies to the east of the Pannonian basin (on
the opposite side of the Carpatho-Balkan mountain range), was also filled
with water. Although not permanently connected, Pannonian Sea and Da-
cian Sea were communicating most of the time during their existence. In the
Upper Pliocene, the water of the Pannonian Sea began to flow out of the
Pannonian basin, to the Dacian basin, through the strait, which is today the
Danube Gorge. Simultaneously with the intensive uplift of the Carpatho-Bal-
kanides, the outflow of the Pannonian Sea was entrenching into the moun-
tain range. That meant forming of the important part of the Danube river
system, which developed after complete withdrawing of the Pannonian and
Dacian Sea (during the Pleistocene, about 600 000 years ago).

Danube

karst areas

faults

Fig. 2. Distribution of karst in the Danube Gorge area. After Lj. Menkovic, 1995
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There is also another interesting theory on the genesis of the Gorge,
elaborated by Lj. Menkovic and M. Koscal (1997), which says that the
present Kazan Gorge was preceded by an underground canyon — a cave whose
roof collapsed in the Upper Miocene. A strong underground flow formed
cavities of immense dimensions and in that way represented an undergro-
und connection between Pannonian and Dacian Sea. That kind of connec-
tion was possible in the Kazan area thanks to its carbonate composition. Other
parts of the Danube Gorge (Fig. 2), with non-carbonate lithologies, were for-
med in accordance with the tectonic pattern (“Practically, the link between
Pannonian and Dacian Basin never broke up — it was always present, in the
labyrinth of faults of the Carpatho-Balkanides, even only for filtration thro-
ugh tectonically fractured zones”; Menkovic, Koscal, 1997). If we ac-
cept as a premise that the Kazan Gorge was initially a cave passage of great
dimensions, it can be concluded that its deepest parts (present water depths
of more than 80 m, as mentioned above) are not giant potholes formed by
whirlpool mechanical erosion, as in the “classical” theory, but strong siphon
risings, as parts of the karst drainage system.

Karst Morphology

Although there are several karst areas next to the Danube Gorge, the most
prominent one is that of Miroc Mountain, situated on the southeast side of
the Kazan and covering the area of about 130 km”. Its highest peak is Veliki
Strbac, at 768 m a.s.l., which represents the highest point above Kazan, on
the top of the very steep, at some places vertical escarpments.

Miroc Mt. is an anticline form, whose axis plunges towards north. The
core of the anticline is composed of Palaeozoic schists and of magmatites,
above which there are Jurassic (Malmian) limestones and, as the youngest
rocks, Cretaceous shales and marls. In the uppermost, central part of the
anticline, the Cretaceous formation has been washed away, leaving the
underlying Jurassic limestone on the surface. The most extensive part of
Miroc Mt. is a karstified plain at average elevation of 400-500 m a.s.l., with
numerous dolines and shrub vegetation. Karren forms are present only in the
uppermost parts of the peak Veliki Strbac. Vertical karstification on the plain
is not particularly deep because the carbonate sequence, being on the top
of the anticline, is of small thickness. However, the most interesting karst
features are situated in the zones of contact of Jurassic limestones and non-
carbonate rocks (mainly Cretaceous shales and marls, as well as Palaeozoic
schists). The main characteristics of the contact zone are blind valleys en-
ding in stream-sinks of periodic streams.
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Fig. 3. Stream-sinks and springs of Miroc karst

Most of the stream-sinks are cave entrances, especially on the western
contact zone, which abounds in deep and long caves (Zlokolica et al.,
1996), thanks to greater thickness of carbonates on the limbs of the Miroc
anticline. Out of seven deepest caves in Serbia, five are located on Miroc
Mt., and most of them have, besides their depth, also a significant horizon-
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tal development. The deepest cave on Miroc Mt., and second deepest in
Serbia, is Jama u Lanistu, with the depth of 272 m. It is situated on the
western contact zone, as well as other deep caves: Rakin Ponor (-256 m)
- Fig. 4, Ibrin Ponor (-239 m) — Fig. 5, Buronov Ponor (—187 m) and Suvi
Ponor (=133 m).

The deepest cave of the eastern contact zone is Nemacki Ponor, with the
depth of 210 m. It is also the longest cave on Miroc Mt. (3700 m). Gene-
rally, the caves are of cascading type and directions of the passages are
prevailingly northwards. Present morphology of the passages is mostly vadose
(underground canyons downcut by vadose entrenchment), but at some pla-

0__ Rakin Ponor

PROJECTED
ELEVATION 0-180°

256 m

Fig. 4. The cave Rakin Ponor
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Ibrin Ponor 0—

PROJECTED
ELEVATION 0-180°

Fig. 5. The cave lbrin Ponor

ces phreatic morphology is well preserved (for example, the terminal part of
the Rakin Ponor cave, which is a tube with a siphon on its end). The longest
cave on the other side of the Danube, i.e. on the small portion of limestone
that is a continuation of the Miroc karst, is Pestera de la Gura Ponicovei. It
is a tunnel cave, whose outflow part leads directly to the Kazan Gorge.

To examine the impact of tectonics on the development of the Miroc
caves, statistical analyses and comparisons were made (Mandic et al.,
1997). Cave gallery orientations were correlated with the orientation of the
ruptures. “Level of correlation of analysed data is locally very variable and
shows better correlation between cave galleries orientation and II order
ruptures than with I order ruptures”. Further research should also be focu-
sed on lithological impacts on cave development, as investigations of that
type still have not been carried out on Miroc Mt.

Besides Miroc, two other distinctive karst areas are those in the surroun-
dings of Golubac (in the most upstream part of the Gorge) and karst of
Djevrinska Greda (near the most downstream part of the Gorge), both stretching
to Romania across the Danube. Near Golubac, in the village of Duboka there
is the tunnel cave Velika Pecina, which is 1968 m long, while in the narrow
karst ridge of Djevrinska Greda there are several caves longer than 500 m.
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Hydrogeological characteristics

Apart from the areas composed of non-carbonate rocks, which have
a surface drainage, the limestone portions of the Danube Gorge, particularly
Miroc Mt., are characterised by underground drainage. Numerous stream-
sinks are situated in the contact zones, mainly on the eastern and western
rims of Miroc Karst, while springs are located in two zones — northern (in
the Danube Gorge) and southern (springs Blederija and Sokolovica, which
feed into small rivers that join the Danube downstream of the Gorge).

Due to the construction of the dam for the purposes of the electrical power
plant “Djerdap”, the conditions of the underground water drainage were
significantly changed. After formation of the artificial lake, the level of the
Danube is 20-30 m higher, which influences the discharge zone of karst
groundwater. The strongest karst springs in the Danube Gorge—Bele Vode,
Pena, Hajducko Vrelo (all of which drain groundwater from the Miroc Karst),
and several smaller springs, are now turned to drowned, sublacustrine springs.
When summed up, the minimum flow rate of those springs is about 65 1/s,
while in the hydrological maximum it rises to 6.5 m’/s, or even more (Ste-
vanovic et. al.,, 1996). Unfortunately, there were no speleological explo-
rations before construction of the dam, so it is not possible to see the dif-
ferences in the level of groundwater in caves.
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Jelena Cali¢-Ljubojevié
Zjawiska krasowe kanionu Dunaju (Zelazna Brama)
Streszczenie

W artykule przedstawiono ogdlne wiadomosci o zjawiskach krasowych serbskiej cze-
éci rejonu Zelaznej Bramy (dolina Dunaju). Odniesiono je do warunkéw budowy geolo-
gicznej oraz ewolucji rzezby regionu. Gory Miroc sa najbardziej reprezentatywnym obsza-
rem wystgpowania zarowno powierzchniowych, jak i podziemnych zjawisk krasowych dla
catego przetomowego odcinka doliny Dunaju po obu stronach rzeki (jugostowianskiej i ru-
munskiej). Znajduje sig tu pigé z siedmiu najglgbszych jaskin Serbii. Wszystkie jaskinie
rozwingly si¢ wzdluz kontaktu wapieni ze skatami niekrasowiejacymi w zachodniej
i wschodniej czgsci gor Miroc. Sa okresowymi lub statymi ponorami. W artykule poruszo-
no réowniez problem zmian hydrologicznych w regionie, jakie zaszly w przewegzeniu Zela-
znej Bramy w wyniku budowy zapory na Dunaju w 1971 roku.

Jelena Cali¢-Ljubojevié
Le karst des gorges du Danube (Portes de Fer)
Résumé

Cet article présente un panorama général des reliefs karstiques du secteur des gorges
du Danube, ainsi qu’une bréve description du contexte structural et de 1’évolution géomor-
phologique. Sur toute 1’étendue des gorges incluant les deux rives, yougoslave et rouma-
ine, les formes karstiques les plus caractéristiques, tant de surface que de profondeur, sont
celles des montagnes Miroc ou se localisent cing des sept réseaux les plus profonds de Serbie.
Il s’agit de pertes, pérennes ou temporaires, qui se développent dans les parties occiden-
tales et orientales du massif, au contact entre les calcaires et les roches non carbonatées.
La création en 1971 d’un lac artificiel dans les gorges a ennoyé les émergences et relevé
la surface piézométrique; les conséquences hydrologiques sont présentées.
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Charakterystyka wlasciwosci hydrogeologicznych
przestrzeni porowej wapieni gornojurajskich
Wyzyny Krakowskiej w Swietle oznaczen
laboratoryjnych

Zarys tresci: Artykul zawiera wyniki badan hydrogeologicznych wilasciwo-
$ci przestrzeni porowej wapieni goérnojurajskich Wyzyny Krakowskiej, przepro-
wadzonych w 1999 roku. Przebadano lacznie 91 prébek rdzeniowych i 72 préby
okruchowe pochodzace z kamieniotomdw, skatek oraz jaskin. Badania laborato-
ryjne przeprowadzono w Akademii Gorniczo-Hutniczej w Krakowie. Na probkach
rdzeniowych oznaczono porowato$¢ otwarta (ng), odsaczalnos¢ (u) oraz wspol-
czynnik filtracji, a na prébkach okruchowych oznaczono jedynie porowatosc
otwarta matrycy skalnej. Na podstawie badan laboratoryjnych stwierdzono istot-
ne zréznicowanie wihasciwosci hydrogeologicznych matrycy skalnej uwarunko-
wane jej litologia.

Najwyzsze $rednie wartosci parametréw hydrogeologicznych wykazuja stabo-
zwigzle wapienie kredowate. NajniZzsze wartosci charakteryzuja probki pobrane
w jaskiniach zlokalizowanych w gémej czesci strefy wadycznej, reprezentujacych
facje wapieni skalistych. Uzyskane wyniki badan wlasciwosci hydrogeologicznych
przestrzeni porowej wapieni gérojurajskich Wyzyny Krakowskiej, Wyzyny Czesto-
chowskiej oraz skat weglanowych w rejonie Olkusza sa ze soba porownywalne.

* Katedra Geomorfologii, Uniwersytet Slaski, ul. Bedzinska 60, 41-200 Sosnowiec.
** Katedra Gomictwa i Geoinzynienii, Akademia Gomiczo-Hutnicza, ul. Mickiewicza 30, 30-059
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Zlozono$¢ warunkow hydrogeologicznych poziomu wodono$nego gémo-
jurajskiego Wyzyny Krakowskiej (WK) wynika z jego potrdjnej struktury
filtrowej szczelinowo-krasowo-porowej, a takze z wysokiej przestrzennej
1 czasowej zmiennos$ci parametréw geometrycznych i hydraulicznych w po-
szczegolnych systemach krazenia (Motyka, 1998). W modelu sieci hydrau-
licznej przestrzen porowa, o stosunkowo niewielkiej przepuszczalnosci
1 wzglednie malej warto$ci wspolczynnika zasobno$ci, tworzy sie¢ hydrau-
liczng blokéw roéznej wielkosci, oddzielonych od siebie przewodami o bar-
dzo duzej przewodnosci hydraulicznej. Bloki te, budujace najwieksza czes$¢
krasowego zbiornika wod podziemnych, traktowane sg jako ,,element pojem-
nosciowy” (Motyka, 1989). System porowy odgrywa zasadniczg role
w opOznieniu migracji zanieczyszczen wskutek okresowego zatrzymywania
ich przez mase skalna.

Niejednorodno$¢ parametrow hydrodynamicznych jednocze$nie uwarun-
kowana jest zréznicowaniem facjalnym grupy skal weglanowych. W obsza-
rze WK utwory oksfordu reprezentowane sa glownie przez wapienie: ska-
liste, utawicone (fawicowe) i ptytowe (Dzutynski, 1953; R6zycki, 1953;
Kutekiin., 1977). Szczegllna role tzw. platformy krakowskiej w sedymen-
tacji gornojurajskich osadow podkresla J. Matyszkiewicz (1997). Wa-
pienie skaliste sa sinicowo-gabkowymi budowlami weglanowymi o sztyw-
nym szkielecie, wapienie utawicone i ptytowe za§ powstaty z osadu, ktory
wypetnial obnizenia migdzy budowlami. Wapienie skaliste sa skata masyw-
na, nieuwarstwiong lub grubouwarstwiona, barwy jasnej, o przetamie plasko-
muszlowym lub zadziorowatym, z bogactwem odmian mikrofacjalnych.
Wapienie utawicone sg skatami grubolawicowymi lub dobrze warstwowa-
nymi, jasnej barwy, o przelamie plaskomuszlowym lub zadziorowatym,
obfituja w krzemionkeg oraz liczne konkrecje krzemionkowe. Wapienie plyto-
we, wspotwystepujace z wapieniami skalistymi w zachodniej czg$ci Wyzyny,
sa dobrze uwarstwione, barwy jasnej lub szarej, nieco margliste. Ponadto
w jej potnocnej czesci autorzy wyrdznili wapienie kredowate, towarzyszace
wapieniom skalistym, zgodnie z opisem Bednarka (1974) i Zapas$nika
(1977). Wapienie kredowate sa biale, porowate i mazace, z reguly nieula-
wicone, zawierajg krzemienie.

Ilo$ciowa charakterystyka parametréw geometrycznych i hydraulicznych
systemu porowego opiera si¢ na bezpoSrednich badaniach laboratoryjnych
wykonywanych na probkach rdzeniowych i1 okruchowych.

W okresie od kwietnia do listopada 1999 roku oprobowano wapienie gor-
nojurajskie reprezentujace facje: utawicona i1 plytowa (uwzglednione w ana-
lizie statystycznej jako jedna subpopulacja), skalista oraz kredowata w 22
kamieniolomach i tomach gospodarczych, na 5 skatkach oraz w 9 jaskiniach
(ryc. 1). Lacznie pobrano 91 probek rdzeniowych oraz 72 préby okrucho-
we. Materiat skalny niezwietrzaty poddano badaniom laboratoryjnym w labo-



Rye. 1 Lokalizacja punktéw oprébowania. Facje wapieni gémojurajskich eksploatowane w ka-

mieniotomach i fomach gospodarczych

A - skaliste, B - utawicone i ptytowe, C - kredowate; D - skatki; E - jaskinie.

Kamieniotomy i tomy gospodarcze: 1 - iaroszowiec, 2 - Pazurek, 3 - Kolbark, 4 - Braciejowka, 5 - Nowy Kosciét,
6 - Poreba Géma, 7 - Ulina Wielka, 8 - Bogucin, 9 - Witeradéw, 10 - Skata, U - Minoga, 12 - Gwozdziec, 13 - Mtyn-
ka, 14 - Szklary, 15 - Bedkowice, 16 - Czajowice, 17 - Zabierzéw, 18 - Smardzowice, 19 - Januszowice, 20 - Podieze,
21 - Czulbéw, 22 - Kryspinéw; skatki: 1,2 - Suloszowa, 3 - Wrzosy; jaskinie: 1- Gorenicka, 2 - Sztolnia Galmanowa
w Czernej, 3 - Nietoperzowa, 4 - Wierzchowska Géma, 5 - Borsucza, 6 - Na topiankach, 7 - Gaudynowska, 8 - Kry-
spinowska.

Fig. 1. Location of sampling points. Facial differentiation of the Upper Jurassic limestone exca-

vated in quarries and local excavations

A - massive, B - bedded and piaty, C - chalky; D - monadnocks; E - caves.

Quarries and local excavations: 1 - Jaroszowiec, 2 - Pazurek, 3 - Kolbark, 4 - Braciejowka, 5 - Nowy Kosciét,
6 - Porgba Géma, 7 - Ulina Wielka, 8 - Bogucin, 9 - Witeradéw, 10- Skata, 11 - Minoga, 12 - Gwozdziec, 13 - Mtynka,
14 - Szklary, 15 - Bedkowice, 16 - Czajowice, 17 - Zabierzéw, 18 - Smardzowice, 19 - Januszowice, 20 - Podleze,
21 - Czutéw, 22 - Kryspindw; monadnocks: 1,2- Sutoszowa, 3 - Wrzosy; caves: 1- Gorenicka, 2 - Sztolnia Galmano-
wa w Czernej, 3 - Nietoperzowa, 4 - Wierzchowska Géma, 5 - Borsucza, 6 - Na topiankach, 7 - Gaudynowska,
8 - Kryspinowska.
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ratorium Zaktadu Hydrogeologii i Ochrony Wéd Akademii Gomiczo-Hutniczej
w Krakowie. Na probkach rdzeniowych oznaczono: porowato$¢ otwarta (n,),
odsaczalnos¢ (u) oraz wspoétczynnik filtracji (), a na probkach okruchowych
oznaczono porowato$¢ otwarta matrycy skalnej (tabela 1). Porowatos¢ otwar-

Tabela 1
Wlasno$ci hydrogeologiczne przestrzeni porowej wapieni gérnojurajskich
Wyizyny Krakowskiej (porowato$¢ otwarta ny; odsaczalnos$é u; stopien odsgczalnosci Sy;
wspélczynnik filtracji &)

Liczebnosé| Wartos¢ | Wartos¢ | Srednia | Wartos¢ | Wartosé |Odchylenie| WSPétezyny
Lp,| Parametr populacji | minimal. |maksymal.| arytmet. | modalna | mediany [standardowe; "‘k,z_““e"‘
nosci [%]
ny 163 0,006 | 0,278 | 0,060 brak 0,045 | 0,050 82
I u 78 0,000 0,130 | 0,009 | 0,000 0,001 0,021 222
So 78 0,000 0,468 0,087 | 0,000 0,026 0,121 139
k [m/s] 90 |2,88E-10|3,49E-07|1,87E-08|1,07E-09|2,37E-09|5,23E-08 280
no 80 0,007 | 0,160 | 0,048 brak 0,039 | 0,033 69
) U 42 0,000 0,056 0,005 | 0,000 0,001 0,010 197
So 42 0,000 0,442 0,068 | 0,000 0,027 0,088 130
k [m/s] 42  |6,26E-10(6,25E-08|8,68E-09(1,07E-09{2,37E-09|1,36E-08| 156
ny 23 0,023 0,278 0,124 brak 0,110 0,068 55
u 18 0,000 | 0,130 | 0,026 brak 0,007 | 0,037 142
3 So 18 0,005 0,468 0,155 brak 0,049 0,176 114
k [m/s] 18 5,55E-10|3,49E-07|6,47E-08| brak |7,30E-09|1,05E-07( 162
1, 29 0,017 | 0,189 | 0,076 | brak | 0,071 | 0,043 57
4. u 19 0,000 0,024 0,004 0,000 0,001 0,007 179
So 19 0,000 0,303 0,043 0,000 0,014 0,076 175
k [m/s] 19 2,88E-10|3,02E-08(4,92E-09| brak | 2,1E-09 |7,60E-09| 154
ng 31 0,006 0,103 0,030 brak 0,023 0,024 80
5 u 11 0,000 | 0,009 0,001 0,000 | 0,0004 | 0,003 224
So 11 0,000 0,304 0,058 | 0,000 0,011 0,099 170
k [m/s] 11 4,86E-10| 3,6E-08 |5,14E-09| brak (1,78E-09|1,04E-08] 201
Objasnienia: F - facje wapieni gornojurajskich; 1 — populacja ogdlna, 2 — wapienie skaliste, 3 — wapienie kre-

dowate, 4 — wapienie ulawicone i plytowe, 5 — prébki pobrane w jaskiniach (wapienie skaliste).

ta (ny) obliczono z relacji pomigdzy cigzarem probki a cigzarem probki
nasyconej woda — wazonej w powietrzu i w wodzie; odsaczalno$¢ (u) ba-
dano metoda odwirowania, a wspotczynnik filtracji — przepuszczajac przez
probke powietrze pod ci$nieniem. Stopien odsgczalnosci (S,) obliczono ze
wzoru: S¢= u / ny. Uzyskane wyniki badan poréwnano z badaniami E. Lisz-
kowskiej, A. Pacholewskiego (1989) przeprowadzonymi w zlewni
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Wiercicy oraz z badaniami B. Bielca (2000) z rejonu Olkusza, gdzie ba-
dana populacja liczyta odpowiednio 141 probek i 163 probki (tabele 2, 3).

Tabela 2

Srednie wartosci porowatosci otwartej (1), odsaczalnosci (1) i przepuszezalnosci (k,) matrycy

skalnej wapieni gérnojurajskich w zlewni Wiercicy w §wietle badan laboratoryjnych
(wg E. Liszkowskiej, A. Pacholewskiego, 1989)

_ | 1 [%) K, (mD)
. . Liczebnosé
Poziom litostratygraficzny odch. | oden. | .. ] ]
(n) Srednia Srednia liczebnos¢ |$rednia rozpigtosé
stand. stand.

Dolne wapienie plytowe| 26 4,63|4,06| 1,08 | 0,67 brak danych
Wapienie skaliste 22 3,40( 2,20 | 1,20 | 0,77 21 0,362|<0,001-11,009
Gome wapienie ptytowe| 44 4,54]13,5710,96 | 0,65 34 {0,305(<0,001-9,819
Wapienie kredowate 49 12,02]6,50 | 1,75 | 1,46 20 1,2661<0,001-6,786

Tabela 3
WilasnoS$ci hydrogeologiczne przestrzeni porowej weglanowych skal jurajskich
w rejonie Olkusza (wg B. Bielec, 2000)

Parametr \!Va.rtoéé Warto$é Srednia Wartosé War?oéé Odchylenie Ws'pélczy_nnik
minimalna | maksymalna |arytmetyczna| modalna mediany | standardowe| zmiennosci (%)
ny 0,006 0,219 0,103 brak 0,095 0,044 43
u 0,000 0,012 0,001 0,000 0,000 0,002 262
So 0,000 0,199 0,006 0,000 0,000 0,021 335
k 2,50E-12 | 7,72E-9 | 3,48E-10 | 6,36E-11 | 5,47E-11 | 8,28E-10 238

Na podstawie badan laboratoryjnych stwierdzono istotne zréznicowanie
wlasciwosci hydrogeologicznych matrycy skalnej uwarunkowane jej litolo-
gia. Najwyzsze Srednie wartosci parametrow hydrogeologicznych wykazuja
stabozwigzle wapienie kredowate. Najnizsze warto$ci charakteryzuja prob-
ki pobrane w jaskiniach zlokalizowanych w gornej czesci strefy wadyczne;j,
reprezentujacych facje wapieni skalistych. Srednie wartoéci parametrow
hydraulicznych masy skalnej wapieni skalistych oraz ulawiconych (i ptyto-
wych) oprobowanych w kamieniolomach sa zblizone. Przewazajaca czesé
przestrzeni porowej nie bierze udziatu w przeplywie wod podziemnych lub
odgrywa drugorzedna rolg, gtownie ja magazynujac. Dowodzi tego m.in.
warto§¢ odsaczalnosci bliska 0 dla 30% probek skalnych oraz stosunek
odsaczalnosci do porowatos$ci otwartej, mieszczacy sie najcze$ciej w prze-
dziale 0,06-0,09, a takze bardzo niskie wartosci wspotczynnika filtracji £
~0d 2,88 107" m/s do 3,49 - 107 m/s. Minimalna rolg w przewodzeniu wody
moze odgrywac przestrzen porowa w wapieniach kredowatych. Na podsta-
wie badan trytowych wykonanych w zlewniach lokalnych Rudawy stwier-
dzono, ze okres przebywania wod w matrycy skalnej sigga od 70 lat do
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powyzej 130 lat, a wskaznik retardacji, wyrazajacy opOznienie migracji za-
nieczyszczef w zbiorniku krasowym, wynosi 21 lat (R6zkowski J., 1996).

Uzyskane wyniki badan wiasciwosci hydrogeologicznych przestrzeni po-
rowej wapieni gormojurajskich Wyzyny Krakowskiej, Wyzyny Czestochow-
skiej (tab. 2) oraz skal weglanowych w rejonie Olkusza (tab. 3) sa ze soba
porébwnywalne. Najwigksza zgodno$¢ wynikow dotyczy wapieni kredowa-
tych. Srednie wartosci parametrow hydrogeologicznych masy skalnej facji
wapieni skalistych i utawiconych Wyzyny Krakowskiej sg o 140-380% wyz-
sze niz w zlewni Wiercicy, gdzie oprébowano (podobnie jak w rejonie
Olkusza) rdzenie wiertnicze z calego profilu jury gémej. Badania przepro-
wadzone w rejonie olkuskim potwierdzaja hydrauliczna niedrozno$¢ poro-
wych drég krazenia (matrycy skalnej).
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Jacek Rozkowski, Jacek Motyka, Kazimierz Rozkowski, Adam Polonius

Hydrogeological properties of Upper Jurassic limestones pore space of the Cracow
Upland in light of laboratory investigations

Summary

The paper presents results of Upper Jurassic limestones pore space hydrogeological
parameter investigations conducted at Cracow Upland (WK) in 1999. Total amount of 91
core samples and 72 of irregular-shape were sampled from quarries, rocks and caves.
Laboratory investigations were done at the University of Mining and Metallurgy in Cra-
cow. Core samples enabled indicating of open porosity (no), specific yield (1) and hydrau-
lic conductivity (k), while irregular-shape samples only matrix open porosity. Stated signi-
ficant diversification of matrix hydrogeological parameters depends on lithology. The hi-
ghest mean values were typical for chalky limestone population, while the lowest characterise
massive limestones sampled from caves, simultaneously of minimal matrix patency. Results
of matrix hydrogeological parameter investigations of the WK Upper Jurassic limestones,
Czestochowa Upland and carbonates of Olkusz area are comparable.

Jacek Rozkowski, Jacek Motyka, Kazimierz Rozkowski, Adam Polonius

Propriétés hydrogéologiques de la porosité des calcaires du Jurassique supérieur
des Hautes terres de Cracovie définie par investigations en laboratoire

Résumé

L’article présente les résultats des investigations conduites en 1999 sur les paramdétres
hydrogéologiques de la porosité des calcaires du Jurassique supéricur des Hautes terres de
Cracovie (WK). Des échantillons de roches (91 carottages et 72 blocs) ont été prélevés en carriére,
sur des affleurements et en grottes. Les mesures de laboratoire ont été réalisées f 1I’Université
des mines et de la métallurgie de Cracovie. Les carottages ont permit de définir la porosité ouverte
(n,), le rendement spécifique (1) et la conductivité hydraulique (k), tandis que les blocs échan-
tillonnés n’ont donné que la porosité ouverte de matrice. Les mesures montrent que les varia-
tions des paramétres hydrogéologiques de la matrice dépendent de la lithologie. Les valeurs
moyennes les plus élevées sont typiques des calcaires crayeux, tandis que les plus basses sont
issues des calcaires massifs récoltés dans les grottes, qui sont les moins poreux et simultanément
de ,,patency” de matrice minimale. Les résultats des investigations sur ces paramétres hydrogéolo-
giques de la matrice des calcaires du Jurassique supérieur des WK, des Hautes terres de Cze-
stochowa et des carbonates de la zone d’Olkusz sont comparables.

Received: January 2001.
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Prace Naukowe Uniwersytetu Slaskiego nr 2364

Albert Slezak*
Artur Padewski**

Osady Jaskini Borsuczej w Srocku
(Wyzyna Czg¢stochowska)

Zarys tre$ci. Artykul zawiera najwazniejsze wyniki badan nad osadami wy-
pelniajacymi Jaskini¢ Borsuczag w Srocku k. Czgstochowy. Zamieszczono opis
jaskini, przedstawiono wyksztatcenie litologiczne stropowej czg$ci namuliska oraz
jego tres¢ paleozoologiczna. Na podstawie roznic w litologii i zmienno$ci gatun-
kowej ssakéw w poszczego6lnych warstwach osadu podjeto probg jego datowania
i rekonstrukcji paleo$rodowiska.

Wprowadzenie

Badania naukowe osadow wypelniajacych jaskinie Jury Polskiej prowa-
dzone od przeszto stu lat dostarczyly wielu danych o przemianach srodowi-
ska naturalnego w okresie od pliocenu do holocenu (Samsonowicz, 1936;
Madeyska, 1969 iinni). Jaskinie stanowily i w dalszym ciagu stanowia
dogodne schronienie dla réoZznych grup zwierzecych, a specyficzne warunki
sprzyjaja fosylizacji ich szczatkéw kostnych (Wiszniowska, 1989).

W 1996 roku pod kierownictwem prof. dr hab. T. Wiszniowskiej w stro-
powej cze$ci namuliska Jaskini Borsuczej wykonano sondazowy wykop'

* Katedra Paleogeografii i Paleoekologii Czwartorzgdu, Uniwersytet Slaski, ul. Bedziaska 60, 41-
200 Sosnowiec.
** Jaworzno.
' Wraz z autorami prace eksploracyjne prowadzil mgr P. Socha z Zakladu Paleozoologii
Uniwersytetu Wroctawskiego.
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o wymiarach 1,50 - 0,6 - 0,9 m, w korytarzu laczacym Komore Gléwng z Ko-
morga Ostatnia. Z powierzchni namuliska, korytarzy i komor jaskini zebrano
material kostny.

Opis Jaskini Borsuczej

Jaskinia Borsucza znajduje si¢ w ostancu wapiennym na zachodnim zbo-
czu wzgoérza Skalki (333 m n.p.m.), na poludnie od miejscowosci Srocko
k. Czgstochowy (ryc. 1). Wylot jaskini o ekspozycji WNW potozony jest ok.

Srocko

[O] jesie wody \/

Mstéw=>

@ 1 - jaskinia (caves)
' 2 — skatki (monadnocks)

Ryc. 1. Lokalizacja Jaskini Borsuczej

Fig. 1. Location of the Borsucza Cave
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20 m ponizej wierzchotka wzgorza. Jaskinia ma rozwinigcie poziome. Po-
znana dotychczas dlugos¢ korytarzy wynosi ok. 35 m. Otwor w ksztalcie
trojkata rownoramiennego prowadzi do komory wejsciowej utworzonej na
przecieciu szczelin o przebiegu WNW-ESE oraz NE-SW. Za nia strop ulega
obnizeniu, korytarz zweza si¢ i doprowadza do Komory Glownej (ryc. 2).
Od Komory Glownej odchodza niskie i ciasne korytarze: jeden o przebiegu
NW-SE, ktory zakreca niemal pod katem prostym na pdtnocny wschod i jest
zakonczony Komora Ostatnia, oraz drugi o przebiegu NNW-SSE. Doprowa-
dza on przez zacisk do Sali Peggy Brown. Sala ma dlugos$¢ 8 m, szerokosé
4 m oraz wysokos$¢ dochodzaca maksymalnie do 2,5 m. W kilku kierunkach
odchodza od niej zasypane korytarze. W kierunku NNE przez ciasny, obni-
zajacy si¢ korytarzyk mozna si¢ dosta¢ do niewielkiej Komory Okragle;j.

Opis profilu (poludniowo-wschodnia $ciana wykopu)

Wyro6zniono cztery odrgbne litologicznie warstwy I-IV (numeracja
warstw od najstarszej do najmlodszej) — ryc. 3. Wykonano analiz¢ granu-
lometryczna® kazdej warstwy dla frakcji ponizej 20 mm.

* Warstwa IV (0-10 cm) — piasek kwarcowy barwy ciemnobrazowej z hu-
musem i drobnym gruzem wapiennym.

* Warstwa III (1042 cm) — piasek kwarcowy barwy jasnobrazowej z drob-
nym i grubym gruzem wapiennym.

* Warstwa II (42—60 cm) — piasek kwarcowy barwy szarobrunatnej z drob-
nym gruzem wapiennym.

* Warstwa I (60-90 cm) — piasek kwarcowy barwy brazowej z drobnym
gruzem wapiennym,

Szczatki kostne

Sposrod ogolnej masy materiatu kostnego do analizy wybrano 291 szczat-
kow kostnych duzych ssakéw oraz 260 szczatkow (zebow i zuchw) gryzoni
(Rodentia), nadajacych sie do oznaczen®. W Jaskini Borsuczej znaleziono
kosci dwunastu gatunkéw z czterech rzgdow duzych ssakow (Carnivora,
Artiodactyla, Perissodactyla, Proboscidea) oraz szczatki ludzkie. Olbrzymia

? Laboratorium Hydrogeologii i Geologii Inzynierskiej Wydzialu Nauk o Ziemi Uniwersytetu
Slaskiego w Sosnowcu.

* Analizy paleozoologiczne wykonano w Zakladzie Paleozoologii Uniwersytetu Wroclawskiego
pod kierownictwem prof. dr hab. T. Wiszniowskiej.
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Ryc. 2. Plan Jaskini Borsuczej w Srocku k. Czgstochowy
Korytarze jaskini: 1 — w przekroju, 2 — w planie; 3 - progi i krawedzie, 4 — wykopy, § — wykop na przedpolu, 6 — linie przekrojow rozwinigtych

Fig. 2. Plan of the Borsucza Cave in Srocko near Czgstochowa
Cave galleries: 1 — in profile, 2 — in plan; 3 — escarpments and edges, 4 — excavation, 5 — excavation outside the cave, 6 — cross section

(4%4

Iysmaped InUY “Yezd|§ Haqly



[em]

Ryc. 3. Profil osadéw Jaskini Borsuczej z zawartos$cig drobnego gruzu wapiennego  -20 mm)
frakcji piaszczystej | | oraz frakcji drobniejszych ~ ~ w poszczeg6lnych war-
stwach

Fig. 3. Profile of sediments in the Borsucza cave with distinguished limestone debris
sand grade Q Q and less grades [] within individual layer

wiekszo$¢ kosci dtugich byta potamana lub rozdrobniona, lub tez zachowa-
ty sie tylko ich nasady. Najlepiej zachowaly sie kosci izometryczne i zeby.
Znalezione szczatki kostne gryzoni byly to przede wszystkim izolowane zeby
i zuchwy nomikowatych (Arvicolidae) (wiekszos$¢) oraz wiewidrkowatych
(Bciuridae), popielicowatych (Gliridae), chomikowatych (Cricetidae) imy-
szowatych (Muridae). Analiza zeb6w pozwolita na oznaczenie 14 gatunkéw
matych ssakow.

Zestawienie oznaczonych gatunkéw wraz z podziatem na grupy ekolo-
giczne:
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Gatunki stepotundrowe
Rupicapra rupicapra Linne, 1758; Rangifer tarandus Linne, 1758; Equus
caballus Linne, 1758; Mammuthus primigenius Blumenbach, 1799; Lem-
mus lemmus Linne, 1758; Microtus gregalis Pallas, 1779.

Gatunki lesne
Meles meles Linne, 1758; Sus scrofa Linne, 1758; Cervus elaphus Linne,
1758; Capreolus capreolus Linne, 1758; Sciurus vulgaris Linne, 1758;
Eliomys quercinus Linne, 1766; Clethrionomys glareolus Schreber, 1780;
Pitymys subterraneus de Selys-Langsdhamps, 1836; Apodemus cf. flavicollis
Melchior, 1834; Apodemus cf. sylvaticus Linne, 1758.

Gatunki eurytopowe
Ursus spelaeus Rosenmiiller, Heinroth, 1784; Panthera spelaea Goldfuss,
1810; Canis lupus Linne, 1758; Vulpes vulpes Linne, 1758; Microtus cf.
arvalis Pallas, 1779; Microtus oeconomus Pallas, 1776; Microtus cf. agre-
stis Linne, 1779; Cricetus cricetus Linne, 1758; Arvicola terrestris Linne,
1758; Apodemus cf. agrarius Pallas, 1771.

W Sali Peggy Brown znaleziono tez szczatki ludzkie na powierzchni na-
muliska wsrod kosci zwierzat plejstocenskich. Byly to: krggi kregostupa (ob-
rotowy, szyjny i piersiowy), prawa czes¢ miednicy kobiety oraz fragment
miednicy.

Whioski

Zestawienie gatunkow w grupy ekologiczne ujawnia zmiany zachodzace
w ekosystemach otoczenia jaskini, jakie dokonaly si¢ pod koniec sedymen-
tacji jej namuliska.

Zmianom sktadu gatunkowego towarzyszyly zmiany cech osadow. W ca-
tym profilu osadow piasek kwarcowy stanowi gldéwna masg wypetniska. Ku
stropowi profilu jednak jego zawarto$¢ systematycznie maleje (ryc. 3).
Najprawdopodobniej jest to odzwierciedlenie stabnacej dziatalnosci wiatru
na tym terenie na przetomie plejstocenu i holocenu (Szczypek, 1977).

Odwrotnie ksztattuje sig rozklad zawartosci gruzu wapiennego w po-
szczeg6lnych warstwach. Udzial drobnego gruzu (o $rednicy 1-20 mm)
ros$nie w kierunku stropu osadow, a w warstwie III pojawia si¢ duza ilos¢
gruzu o $rednicy przekraczajacej 20 mm. Moze to $wiadczy¢ o stopniowym
zanikaniu stalego przemarznigcia jaskini. Gruby gruz w warstwie III jest
by¢ moze wskaznikiem nasilenia mechanicznej dezintegracji $cian i stropu
prozni. Proces ten najintensywniej zachodzi w warunkach klimatu suro-
wego (Madeyska-Niklewska, 1969). Ztagodzenie klimatu spowodo-
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Ryc. 4. Procentowe udzialy zespolow gryzoni o roznych wymaganiach ekologicznych

(® — zespdt stepotundrowy, B — le$ny, A — eurytopowy) oraz obecnos¢ szczatkow duzych ssa-
kow w poszczegdlnych warstwach wykopu

Fig. 4. Percentage composition of rodents’ assemblages with different ecological requirements
(® — steppe-tundra assemblage, B — forestry assemblage, A — eurytopic assemblage) and pre-
sence of large mammals’ remains in individual layer of the profile

hd Ursus spelaeus

walo prawdopodobnie zakonczenie dostawy grubego gruzu wapiennego
do warstwy stropowej.

Zmiany paleoekologiczne zachodzace podczas osadzania stropowych
warstw namuliska odzwierciedlajg znalezione w nim szczatki zwierzgce.

Na podstawie szczatkow gryzoni stwierdzono wyraznie widoczne wypie-
ranie fauny zimnolubnej (stepotundrowej) przez cieplolubna (le$na), przy
nieznacznie rosnacym udziale fauny eurytopowe;j (ryc. 4). W warstwie spago-
wej brak jest szczatkow gatunkow lesnych. Pojawiajg sie one w warstwie II
(11,8%), w warstwie III stanowia 28,3% populacji, a w warstwie stropowej
jest to ponad potowa ogdlu (53,7%). Procentowe zawarto$ci szczatkow
gryzoni stepotundrowych zmieniaja sig jeszcze wyrazniej: warstwa I — 83,3%,
warstwa II — 72,3%, warstwa III — 47,2%, warstwa IV — 11,3%. Wzrastaja-
cy udzial gatunkow cieplolubnych kosztem gatunkéw zimnolubnych wska-
Zuje na systematyczne poprawianie si¢ warunk6éw klimatycznych pod koniec
sedymentacji namuliska. Szczatki duzych ssakéw w warstwie I sg reprezen-
towane tylko przez niedzwiedzia jaskiniowego, w warstwie II towarzyszy mu
renifer. W warstwie III oprocz niedzwiedzia znaleziono szczatki jelenia eu-
ropejskiego i sarny, a wigc gatunkéw lesnych. Warstwa IV zawiera kosci ssa-
kéw eurytopowych — niedzwiedzia jaskiniowego, lwa jaskiniowego i wilka,
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lesnych — jelenia europejskiego i borsuka, oraz konia, czyli gatunku stepo-
tundrowego. Szczatki niedzwiedzia jaskiniowego to w kazdej warstwie ponad
90% ogotu kosci duzych ssakow (w warstwie I — 100%), co wydaje sie
typowe dla jaskin Wyzyny Krakowsko-Czegstochowskiej (Wiszniowska,
1998). Rozklad szczatkow wigkszych ssakow w poszczegdlnych warstwach
profilu gtdwnego potwierdza wnioski o warunkach klimatycznych panuja-
cych w czasie depozycji osadow wyciagnigte na podstawie rodzaju namu-
liska i rozmieszczenia w nim szczatkOw gryzoni.

Nalezy sadzi¢, ze badane osady reprezentuja okres schytkowego vistu-
lianu z oznakami narastajacego ocieplenia klimatu.

Na uwage zastuguje fakt, ze prace przeprowadzone w Jaskini Borsucze;j
w Srocku k. Czgstochowy, mimo iz mialy charakter sondazowy, to dostar-
czyly licznego i réznorodnego materialu paleozoologicznego. W ich trakcie
nie odstonigto catego profilu namuliska, a obserwacje prézni wskazuja na
jego znaczna miazszos¢. Sklania to do wniosku, ze w przysziosci nalezato-
by kontynuowac prace eksploracyjne na tym ciekawym stanowisku.
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Albert Slezak, Artur Padewski
Sediments of Borsucza Cave in Srocko (Cz¢stochowa Upland)
Summary

Paper presents most important results of investigations of sediments filling Borsucza Cave
in Srocko near Czgstochowa, performed in 1995-1997. Besides of cave description, litholo-
gy of upper part of cave sediments as well as results of palacozoological investigations are
presented. Within sediment’ profile four layers, different in structure and texture were distingu-
ished. Among big mammal’s bones collected in cave 85% are these of Ursus speleaus. Bones
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of Panthera spelea, Canis lupus, Vulpes vulpes, Meles meles, Sus scorfa, Rupicarpa rupicar-
pa, Cervus elaphus, Rangifer tarandus, Capreolus capreolus, Equus caballus, Mammuthus
primigenius, indefinite Bovidae and human bones were found in the cave. Following species
represents rodents: Sciurus vulgaris, Eliomys quercinus, Cricetus cricetus, Lemmus lemmus,
Clethrionomys glareolus, Arvicola terrestris, Pitymys subterraneus, Microtus cf. arvalis,
Microtus cf. agrestis, Microtus oeconomus, Microtus gregalis, Apodemus cf. flavicollis,
Apodemus cf. sylvaticus, Apodemus cf. agrarius. Mentioned species belong to three groups
of different environmental requirements: steppe-tundra, eurytopic and forestal.

Percentages of steppe-tundra species decrease and forest species increase from lower to
upper part of the profile cave sediments’. It proves steeply warming of climate in late Vi-
stulian. It is also visible in lithology within the profile and proved by late glacial eaolian activity
(mostly sandy sediments in cave). From the bottom to the upper part of profile increase qu-
antity of small limestone rubbles. It could be connected with increasing frequency of tem-
perature oscillation close to 0°C. In layer no. III larger amount of rubbles with larger dimen-
sion was registered. It means probably more intensive processes of weathering. All presented
evidences in paper shows that investigated fragment of cave sediments’ profile in Borsucza
Cave were deposited in conditions of steeply softer climate of late Vistulian.

Albert Slezak, Artur Padewski
Les sédiments de la grotte Borsucza a Srocko (Hautes terres de Czestochowa)
Résumé

L’article présente les principaux résultats des investigations dans le remplissage sédi-
mentaire de la grotte Borsucza a Srocko, prés de Czg¢stochowa, réalisés en 1995-1997. La
description de la cavité, la lithologie de la partie supéricure du remplissage sédimentaire
ainsi que les résultats paléontologiques sont présentés. Le profil sédimentaire est constitué
de quatre niveaux aux caractéristiques structurales et texturales propres. 85% des ossements
des grands mammiferes trouvés dans la cavité proviennent d’ Ursus speleaus. Les autres sont
Panthera spelea, Canis lupus, Vulpes vulpes, Meles meles, Sus scorfa, Rupicarpa rupicar-
pa, Cervus elaphus, Rangifer tarandus, Capreolus capreolus, Equus caballus, Mammuthus
primigenius, des bovidés indéfinis, ainsi que des reste humains. Les rongeurs identifiés sont:
Sciurus vulgaris, Eliomys quercinus, Cricetus cricetus, Lemmus lemmus, Clethrionomys
glareolus, Arvicola terrestris, Pitymys subterraneus, Microtus cf. arvalis, Microtus cf.
agrestis, Microtus oeconomus, Microtus gregalis, Apodemus cf. flavicollis, Apodemus cf.
sylvaticus, Apodemus cf. agrarius. Les espéces mentionnées relévent de trois types de
conditions environnementales: steppe-toundra, eurytope et forestier.

La part des espéces de steppe-toundra décroit au profit des espéces forestiéres vers le
haut du profil sédimentaire, illustrant le réchauffement marqué de la fin du Vistulien. Ceci
est également visible dans la lithologie, avec des traces d’activité éolienne fini-glaciaire,
marquées par un dépot de sédiments sableux dans la grotte. La quantité de petits fragments
calcaires s’accroit également vers le haut du profil. Cela pourrait étre relié a la fréquence
croissante des alternances gel-dégel autour de 0°C. Le niveau III a enregistré une plus grande
quantité de fragments de grande dimension, attestant de processus d’érosion plus actifs. Tous
ces faits démontrent que la partie étudiée du remplissage de la grotte de Borsucza s’est mise
en place dans des conditions de réchauffement climatique net a la fin du Vistulien.

Received: June 2001.
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Stanistaw Dzulynski (1924-2001)

On the sunny morning 28th June, 2001 Stanistaw Dzutynski suddenly
died, reading a book in his garden at Cracow. He was highly esteemed
between earth scientists for his inventiveness, and was widely known be-
tween scientists, cavers and climbers under the nickname “Bruin” (Mi$ in
Polish) for his clumsy silhouette and good-natured character.

S. Dzulynski was born 27" August, 1924 at Sambor in the Carpathian
foothills. He began the study of geology during the Second World War at
the Ukrainian Lvov University and completed his studies with a Ph. D. at
the Jagiellonian University in Cracow in the famous sedimentological scho-
ol of prof. Marian Ksiazkiewicz. There He was employed as assistant in
the years 1946—1950 and since 1992 as a full professor. In between He was
employed in: the Museum of the Earth, Geological Survey of Poland, Geo-
logical and Geographical Institutes of the Polish Academy of Sciences. His
scientific activity was concerned with the sedimentology of the Carpathian
flysch sequences and experimental modelling of sedimentary structures.
Numerous publications on this subject were often synthesized in bench-
mark papers and books, e.g. Dzutynski, Ksigzkiewicz & Kuenen
(1959) — Turbidites in flysch of the Polish Carpathians (Geol. Soc. Am. Bull.
70: 1089-1118), Dzutynski & Walton — Sedimentary features of flysch
and greywackes (Elsevier, Amsterdam 1965, 274 pp.), Dzutynski (1996)
— Erosional and deformational structures in single sedimentary beds: a ge-
netic commentary (Ann. Soc. Geol. Polon., 66: 101-190), and the latest, the
posthumously printed: DZutynski — Atlas of sedimentary structures from
the Polish flysch Carpathians (Inst. Geol. Sci. Jagiellonian Univ., Krakow
2001, 132 pp.).

However, Mi§ began his research with sedimentology and tectonics
of Late Jurassic limestones near Cracow (Ph.D.) and then He investigated
geomorphology of this area, as well as, later, other countries (Mongolia,
Cuba).

16 Kras i Speleologia
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The most important acheivements of S. Dzutynski in karst sciences are
numerous papers on the hydrothermal karst origin of the Upper Silesian
zink-lead deposits published over a quarter of century, since the crucial
paper: Bogacz, Dzulynski & Haranczyk (1970) — Ore-filled hydro-
thermal karst features in the Triassic of the Cracow-Silesian Region (Acta
Geol. Polon., 20: 247-267) had been printed. These investigations He
extended to some other similar deposits, e.g. DZutynski & Sass-Gust-
kiewicz (1977) — Comments on the genesis of the Eastern Alpine Zn-Pb
deposits (Mineralium Deposita, 12: 219-233), and summarized in a series
of general papers published with M. Sass-Gustkiewicz on the karst origin
of sulfide deposits: The role of hydrothermal karst processes in the em-
placement of sulfide ores (Kras i Speleologia 4(13): 21-32, 1982), Hydro-
thermal karst phenomena as a factor in the formation of Mississippi Val-
ley-type deposits (In: Wolf — ed. Handbook of Strata-Bound and Strati-
form Ore Deposits, 13: 391439, Elsevier, Amsterdam 1985), Pb-Zn Ores
(In: Bosak,Ford, Gtazek & Horacek, eds., Paleokarst, a systematic
and regional review, Elsevier, Amsterdam 1989: 377-397). Further, He
substantiated his interpretations with experimental modelling of karst pro-
cesses, e.g. Balwierz & Dzulynski (1976) Experiments on rock de-
formations produced by underground karst processes (Ann. Soc. Geol.
Polon., 46: 419-434), and Dzutlynski, Gil & Rudnicki (1988) Expe-
riments on kluftkarren and related lapies forms (Z. Geomorph., N.F. 32:
1-16).

As quoted above, these papers represent only small fraction of the scien-
tific achievements of S. Dzutynski, who was among the most distinguished
of Polish earth scientists. He received many scientific distinctions and
honorary fellowships, among others he was a honorary member of the
Geological Society of London, the Geological Society of America and the
Slovakian Geological Society, a Doctor honoris causa of the Warsaw Uni-
versity, and a member of the Polish Academy of Sciences and Académie
Polonaise des Sciences at des Lettres.

However, S. Dzulynski (Mi$) was always amenable with even very young
beginners. His climbing and caving activity was limited nearly entirely to
the Tatra Mountains owing to political confinement at the time of his youth;
only as late as 1955, He took part in exploration of one among the deepest
shaft of Slovakia “V OhniStem” in the Low Tatra Mountains, as a member
of expedition of the Cracow Caving Club.

Mis$ was long time a member of Editorial Board of the “Kras i Speleolo-
gia” where his criticism was highly appreciated. He attended some of the
Speleological Schools, at first organized by the Wroctaw and latter conti-
nued by the Silesian University, where his lectures were presented in per-
fect English and invariably was the most interesting event.
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His house in Cracow was famous for its hospitality to friends from many
countries, where they would discuss with the Host problems of contempo-
raneous world and science, with a glass of good vine and a spicy dish.

Mi$ will be missed in the earth sciences scene of the World as very
inspiring scientist and friendly fellow.

Jerzy Glazek'

Stanistaw Dzulynski (1924-2001)

Stonecznym rankiem 28 czerwca 2001 roku zmart nagle w Krakowie Sta-
nistaw Dzulynski, znany wéréd naukowcow, grototazow 1 wspinaczy jako Mis.

S. Dzutynski urodzit si¢ 27 sierpnia 1924 roku w Samborze u stop Karpat.
Niekiedy mawial, ze ,jest géralem od Sambora”. Studia geologiczne rozpo-
czal podczas drugiej wojny $wiatowej na Uniwersytecie im. 1. Franki we
Lwowie, a ukonczyt w Krakowie na Uniwersytecie Jagiellonskim w stynnej
szkole sedymentologicznej profesora M. Ksiagzkiewicza, gdzie tez byl asy-
stentem w latach 1946-1950, a od 1992 roku profesorem zwyczajnym. Po-
miedzy tymi latami pracowal w Muzeum Ziemi, Panstwowym Instytucie
Geologicznym oraz w instytutach nauk geologicznych i geograficznych Pol-
skiej Akademii Nauk. Jego dzialalno$¢ naukowa bylfa skoncentrowana na se-
dymentologii fliszu karpackiego i modelowaniu struktur sedymentacyjnych’.
Jednak swa prace naukowa rozpoczat od badan sedymentologicznych i tek-
tonicznych na Wyzynie Krakowskiej, p6zniej zajmowal sig¢ tez geomorfo-
logia tego obszaru, uczestniczyl w badaniach polskich wypraw do Mongolii
1 na Kube.

Do najwazniejszych osiagni¢¢ Misia naleza liczne prace o krasowo-hy-
drotermalnej genezie $laskich z16z cynkowo-otowiowych, ktore rozszerzyt
na inne podobne ztoza (np. we Wschodnich Alpach) i podsumowat w cyklu
prac o krasowej genezie zt6z Zn-Pb typu Mississippi Valley. Badania te
uzasadnial tez eksperymentalnym modelowaniem. Za swe prace S. Dzulyn-
ski otrzymat wiele wyréznien naukowych, byl czlonkiem rzeczywistym
Polskiej Akademii Nauk i cztonkiem czynnym Polskiej Akademii Umiejgt-
nos$ci, cztonkiem honorowym towarzystw geologicznych amerykanskiego,
londynskiego i stowackiego.

' The author is indebted to Peter Walsh, Ph.D. (London) for linguistic corrections of this note.
? Dane bibliograficzne kilku najwazniejszych publikacji S. Dzutynskiego sa podane w tekscie
angielskim,

16*
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Wspinaczkowa i jaskiniowa dzialalno$¢ Misia przypadata na lata izola-
cji politycznej, przeto ograniczona byla do Tatr, gdzie wspinaczka po slowac-
kiej stronie nalezala juz do wielkich sukceséw. Mimo to w 1955 roku brat
udzial w wyprawie Krakowskiego Klubu Grototazéw do jaskini V Ohnistem
w Tatrach Niznich. Uczestniczyl w wielu sympozjach speleologicznych PTP
im. Kopernika i szkolach speleologicznych organizowanych przez Uniwer-
sytety Wroctawski i Slaski, na ktorych wygtaszat referaty i prowadzil wy-
cieczki. Swa wiedzg i krytyka stuzyl tez Radzie Redakcyjnej ,,Krasu i Spe-
leologii”.

Jego dom w Krakowie byl znany z go$cinnoéci, gdzie przy ostrych po-
trawach i dobrym winie mozna bylo wies¢ z gospodarzem dyskusje i spie-
ra¢ sig nie tylko na tematy naukowe. Przeto Mi$ pozostanie w naszej pamieci
nie tylko jako wybitny uczony i wielce inspirujacy dyskutant, lecz takze jako
nadzwyczaj bezposredni nawet w stosunku do bardzo mlodych i oniesmie-
lonych adeptow geologii, geomorfologii i speleologii.

Jerzy Glazek

Problematyka krasu hydrotermalnego w dorobku Profesora
Stanislawa Dzulynskiego

Lektura dwudziestu prac Profesora Stanistawa Dzulynskiego dotyczacych
zagadnien krasu i paleokrasu, ktére powstaly w latach 1970-1998, uswiada-
mia, ze ich najwigksza wartoscig jest oryginalno$¢ spojrzenia — przez zja-
wisko krasu hydrotermalnego — na nierozstrzygnigta wowczas genezg zloz
rud cynku i ofowiu na Gémym Slasku. Warto$¢ owych prac powigksza fakt,
ze odnosza sie tez do grupy licznych z16z o wielkim znaczeniu ekonomicz-
nym, znanej pod nazwa z16Z typu Mississippi Valley.

Doniosto$¢ tych prac dla poznania roli krasu hydrotermalnego w przy-
rodzie zostata doceniona takze w $rodowisku krasologdw. Juz w 1989 roku
Kutyriew, Michajlow i Ljachnicki, autorzy monografii Krasowe zloza, wy-
razili swe uznanie nastepujacymi stowami: ,,Hydrotermalny kras jako samo-
dzielne zjawisko krasowe zostal wydzielony juz w roku 1904 przez Van
Hise’a, i pozniej nie raz powracali do niego krasolodzy, jednakze naukowe
zrozumienie tego zjawiska i ocena jego roli przyszta nie ze strony krasolo-
gow, a geologow kruszcowych. Jednym z pierwszych, ktorzy zwrocili uwa-
ge na przejawy hydrotermalnego krasu w zlozach rud cynku i1 olowiu, w tria-
sie zachodniej Europy, byl Stanistaw Dzulynski”.
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Dyskusja nad geneza z16z, w kategoriach syn- czy epigenezy, toczyta
sie¢ od konca XIX wieku, a jej przyczyna byta forma tych zt6z zblizona do
poktadowej oraz obecno$¢ rud warstwowanych i zmineralizowanych osa-
déw. W poszukiwaniu rozstrzygajacych dowodéw na krasowe pochodze-
nie form zloZzowych Profesor Stanistaw Dzutynski rozpoczat wraz z inny-
mi wspolne badania w bytomskim i chrzanowskim obszarze wystgpowania
tych rud. Punktem wyjécia do dyskusji, zakonczonej rozstrzygnigciem na ko-
rzy$¢ pochodzenia epigenetycznego z10z, staly sig oryginalne prace o cha-
rakterze podstawowym, ktére zostaly w skrécie omoéwione w publikacji
Sass-Gustkiewicz (2002). Tutaj przedstawiono jedynie zarys ich bo-
gatej problematyki.

Po raz pierwszy w powojenne;j literaturze dotyczacej genezy zt6z rud Zn-
-Pb na Gérnym Slasku termin , kras hydrotermalny” zostat uzyty w pracy z 1970
roku, w ktorej autorzy stwierdzili, ze zarowno powierzchnie spgkan, jak i po-
szerzonych krasowo szczelin byly inkrustowane siarczkami, a okruchy w brek-
cjach byly nimi spojone. Wynikal z tego bardzo istotny wniosek, ze rozpusz-
czanie skal i powstanie w nich podziemnych form krasowych postgpowaty
rownoczes$nie lub prawie rownoczesnie z wypetnianiem wolnych przestrzeni
przez siarczki metali. Oznaczalo to, ze za rozw¢j zjawisk krasowych i1 wyste-
pujacej w nich mineralizacji siarczkowej odpowiadaly te same zmineralizowa-
ne roztwory hydrotermalne. Znaczenie krasu hydrotermalnego jako procesu
zlozotworczego zostato przedstawione przez Profesora Dzulynskiego w 1976
roku w jego autorskiej pracy o hydrotermalnym krasie w ztozach rud Zn-Pb.
Powolujac sie na przejawy i cechy diagnostyczne wspolczesnego, niekruszco-
wego krasu hydrotermalnego, ocenial wystepujace w tych ztozach struktury jako
klasyczne przykiady kopalnego krasu hydrotermalnego.

W omawianej pracy wprowadzil rowniez nowe w geologii strukturalne;j
pojegcie ,tektonika krasowa” na okreslenie mechanicznych skutkéw rozpusz-
czania krasowego. W celu zilustrowania rozwoju tektoniki krasowej w ula-
wiconym goérotworze weglanowym przeprowadzit serig eksperymentow na
modelach zbudowanych z kredy piszacej. Nawiazuja one do ré6znorodnych
sytuacji geologicznych i, w zestawieniu z autentycznymi strukturami tekto-
niki krasowej wystepujacymi w zlozach, zaskakuja w swej prostocie wielka
precyzja w odniesieniu do rzeczywistosci.

Osobnym zagadnieniem, ktérym zajmowal sig¢ Profesor Dzutynski, byta
dezintegracja granulama krystalicznych skat weglanowych, polegajaca na
przeobrazeniu litych i spoistych skat w migkka, rozsypliwa masg krysztatow
kalcytu lub dolomitu. Znaczenie dezintegracji granularmej byto dotad do$é¢
rzadko poruszane w problematyce krasowej. Tymczasem z prac Profesora
1jego wspotautoroéw wynika, ze trudno przecenié jej role w procesach two-
rzenia si¢ pustek krasowych czy jako zrodta podstawowego skladnika osa-
dow wewnetrznych, wypetniajacych te przestrzenie.
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W innej pracy Dzulynskiego i wspotautorow rowniez podkres§lono istot-
na rolg dezintegracji granularnej w formowaniu si¢ do$é szczegdlnych ty-
pow rud wystgpujacych w obszarze chrzanowskim i znanych pod nazwa
»galen sznurowych”. Autorzy stwierdzili, ze zdezintegrowana masa luznych
ziaren dolomitu stwarzala dogodne warunki do nieograniczonego wzrostu
krysztalow. Pokrywajac twarde powierzchnie litych dolomitéw kruszcono-
$nych badz ich reliktéw, krysztaty galeny rosty przez rozpychanie luznych
ziaren dolomitu, tworzac inkrustacje podobne do powstajacych w wolnej
przestrzeni. Postgpujacy rozwoj procesu dezintegracji granularnej prowadzit
do powstania skupien galenowych rud sznurowych, tzn. skupien idiomorficz-
nych krysztaléw galeny ,,zawieszonych” w spiaszczonych dolomitach. Dla
tego, po raz pierwszy opisanego, procesu wzrostu krysztatlow siarczkow
w migkkim Srodowisku zdezintegrowanych skat weglanowych zaproponowa-
no nazwe ,,ammoblasteza”.

Odstonigcia kopalniane stwarzaly bardzo rzadka mozliwosé badania spe-
leotemu wypelniajacego wolne przestrzenie krasowe w obrgbie nienaruszo-
nej strefy freatycznej, w tym problemu klastycznych osadéw laminowanych.
Przez zwolennikow syngenezy uznawane byly za syndepozycyjne osady
morskie, a krasowy spag, na ktorym spoczywaty, za podmorska powierzch-
nig¢ erozyjna. Tymczasem Profesor Dzutynski przedstawil i uzasadnit poglad,
ze zmineralizowane siarczkami osady, wystepujace zarbwno w gornoslaskich,
jak i alpejskich ztozach rud Zn-Pb, sa produktem podziemnych pradow za-
wiesinowych, wywotanych upadkiem okruchéw ze stropu kawern badz jego
zawahlu. Powodowato to powstawanie chmury zawiesin z naruszonego, zde-
zintegrowanego materiatu, spoczywajacego na ich dnie. Idea pradéw zawie-
sinowych, przemieszczajacych si¢ w obregbie pustek freatycznego systemu
krasowego, w istotny sposéb zawazyla na uznaniu zi6z tego typu za epi-
genetyczne.

Przedstawione tu oryginalne prace* o znaczeniu podstawowym postuzy-
ty jako materiat faktograficzny do reinterpretacji genezy innych zl6z rud Zn-
-Pb typu MVT z punktu widzenia krasu hydrotermalnego jako procesu zto-
zotworczego. Wplynetly one decydujaco na zmiang pogladéw odnosnie do
genezy tej grupy zi6z dostownie na catym Swiecie.

Maria Sass-Gustkiewicz

* Wykaz prac Profesora Stanistawa Dzulynskiego dotyczacy krasu, wraz z komentarzem
ilustrowanym jego rysunkami, znajduje si¢ w publikacji: Sass-Gustkiewicz M., 2002: Profesor
Stanistaw Diutynski — Jego wkiad w poznanie paleokrasu. Materialy XXI Szkoly Speleologicznej,
Cieszyn—Morawski Kras, 7-13.02.2002. Cieszyn 2002, s. 10-16 (dostgpne: http://geomorf. wnoz.
us.edu.pl/szkola/abs2-pl.pdf)
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Znaczenie edukacyjne badan naukowych
Profesora Stanistawa Dzulynskiego

Badania naukowe Profesora Stanistawa Dzutynskiego sa ogromnym
wkiadem w poznanie geologii i tektoniki okolic Krakowa. Ich wyniki,
oprécz oryginalnych publikacji autora, znalazty takze swoéj oddzwiegk
w pracach popularmonaukowych réznych autorow. Warto wigc poswigcié
kilka stow zagadnieniu, w jaki sposob dociekliwos¢ tego badacza zazna-
czyla si¢ w dziatalnos$ci edukacyjnej 1 popularyzatorskiej, zwlaszcza w od-
niesieniu do procesoOw krasowych, powstawania form skatkowych czy
tworzenia sig bram skalnych w wapieniach jurajskich regionu krakowskie-
go. W pracy o tektonice poludniowej czgsci Wyzyny Krakowskiej (Dzu -
tynaski, 1953) Autor zamiescit kilka interesujacych rysunkéw, ktore
w przekonujacy sposéb tlumacza powstawanie krasowej rzezby dolin kra-
kowskich. Dotycza one krasowego rozmywania spgkan ciosowych i two-
rzenia sig izolowanych form skatkowych (ryc. 1) oraz powstawania bram
skalnych (ryc. 2). Publikacje te sa podstawowym zrodtem wiedzy na kur-
sach dla przewodnikéw po Wyzynie Krakowsko-Czgstochowskiej, w zaje-
ciach szkoleniowych dla nauczycieli, lekcjach przyrodniczych z mtodzie-
Za 1 na tzw. ,,zielonych szkotach” organizowanych na terenie Wyzyny oraz
w Ojcowskim Parku Narodowym. Poglady Stanistawa Dzulynskiego sprzed
p6t wieku zachowuja wciaz swa oryginalno$¢, na trwale weszty do lite-
ratury popularnonaukowe;j i sa przytaczane w réznych publikacjach (por.
Gradzinski, 1972; GradzinskiR., Gradzinski M., 1994; Micha-
lik, Partyka, 1992; Musielewicz, 1996). Na zajeciach edukacyjnych
bardzo czg¢sto korzysta sig z prac i rysunkéw S. Dzulynskiego, a schematy
tworzenia si¢ bram skalnych czy powstawania izolowanych form skatko-

Ryc. 1. Krasowe rozmywanie spgkan ciosowych w wapieniach wedtug S. Dzutynskie-
go (1953)
Fig. 1. Karst dissolution of joints in limestone (after S. Dzutynski, 1953)
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Ryc. 2. Sposob tworzenia sig ,,bram”
u wylotow dolin krakowskich wedlug
S. Dzutynskiego (1953)

Fig. 2. Development of “Gates” in
the valleys’ mouths in Krakoéw area
(after S. Dzulynski 1953)
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wych znalazly si¢ na przystankach Sciezek dydaktycznych w Ojcowskim
Parku Narodowym.

S. Dzutynski (1966) jest jednym z autoréw koncepcji ttumaczacej
rozw@j rzezby dolinnej poludniowej czesci Wyzyny Krakowskiej. Odtwo-
rzenie rozwoju dolin umozliwity badania teras skalnych dobrze zachowa-
nych na zboczach dolin podkrakowskich. Wyr6zniono trzy poziomy teras
obnizajacych si¢ w dot biegu dolin. Sa one stosunkowo dobrze zachowa-
ne, a najnizszy poziom (tzw. ,.bramkowy”) jest najlepiej czytelny w kra-
jobrazie Doliny Pradnika, szczegélnie w rejonie Krakowskiej Bramy i na
Gorze Zamkowej w Ojcowie. Terasy w dolinach Wyzyny Krakowskiej
przebiegaja bez zaburzen uskokowych, ich bieg jest przerwany na terenie
Rowu Krzeszowickiego, a nastgpnie pojawiaja si¢ dalej, na potudnie,
w obrebie Garbu Tenczynskiego. Na tej podstawie udowodniono, Ze obec-
ne doliny rozcinajace Garb Tenczynski sa przedtuzeniem dolin wystgpu-
jacych w potudniowej czgsci Wyzyny Krakowskiej. Ich rozwdj nastapit po
ustgpieniu morza miocenskiego i po ostatniej fazie ruchéw uskokowych.
Okolice Krakowa byly woéwczas pokryte osadami miocenskimi. Potoki
plynace z Wyzyny w kierunku potudniowym zlobily swe doliny poczatko-
wo w migkkich osadach miocenu, a nastepnie dotarly do twardszego,
wapiennego podloza. Prawdopodobnie pod koniec trzeciorz¢du lub na
poczatku czwartorzedu nastapilo potaczenie srodkowych odcinkéw poto-
kéw na terenie Rowu Krzeszowickiego, powstanie rzeki Rudawy i tym sa-
mym opuszczenie przez potoki odcinkow dolin na obszarze Garbu Tenczyn-
skiego, ktorych fragmenty wykorzystaly mniejsze cieki. Kolejne etapy
rozwoju sieci dolinnej potudniowej czg§ci Wyzyny Krakowskiej autorzy
przedstawili w precyzyjnych i przekonujacych blokdiagramach, pokazywa-
nych czgsto na zajgciach edukacyjnych. Dzigki nim uczestnikom zajeé
latwiej jest zrozumieé skomplikowang tektonikg okolic Krakowa, a zwlasz-
cza mechanizm powstawania dolin z systemem skalnych teras, stanowia-
cych zasadniczy rys rzezby dolin objgtych ochrong prawna i dostepnych
dla ruchu turystycznego.

Profesor S. Dzulynski nieraz bywat w Dolinie Pradnika; brat udziat
w sympozjach naukowych organizowanych w Ojcowie. Na jednej z sesji XI
Sympozjum Speleologicznego w Dolinie Saspowskiej w pazdzierniku 1977
roku uczestnikom tego spotkania wyjasnial geneze tzw. kottow stropowych
w jaskiniach, wskazujac przyktady (w Schronisku Wylotnym) powstawa-
nia takich form w warunkach aeralnych (Wo6jcik, 1978). Zachowane fo-
tografie dokumentuja jego pobyt na tym sympozjum w Dolinie Saspow-
skiej, m.in. przed Schroniskiem Wylotnym i w poblizu wawozu Koziarnia
(ryc. 3).

Niech tych kilka przytoczonych stéw o osobie Profesora S. Dzutynskie-
go, a takze ryciny i fotografia (fot. 1) beda wyrazem wdziecznosci dla Uczo-



Fot. 1 Profesor S. Dzutynski w wawozie Koziarnia. Fot. J. Partyka
Phot. 1. Professor S. Dzutynski in the Koziarnia gorge (phot, by J. Partyka)

nego za trwaty wktad jego badan naukowych w popularyzacje wiedzy o geo-
logii i tektonice okolic Krakowa, utatwiajgcej zrozumienie trudnych proce-
séw genezy irozwoju rzezby tych terendw.

Jbézef Partyka
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Vladimir Pano$ (1922-2002)

Vladimir Pano§ died on January 7, 2002 early morning in the hospital
of Olomouc (Czech Republic) after a short but serious illness. Vladimir was
born on July 7, 1922 in city of Strazske (eastern Slovakia; at that time a part
of Czechoslovakia) in a family of railway officer. The closure of universi-
ties at the very beginning of the World War II by German occupants, did
not allow him to start geographical education. This fact initiated his really
not easy life.

After a short period of military activity in Italy he moved to Britain, where
he entered Royal Air Force. He served as pilot and navigator, later in the
war times on Liberator planes for Canadian Royal Air Force. For extraor-
dinary services, he was awarded by numerous war medals. But he did not
lived only by military actions. In a free time, he started to study meteoro-
logy and climatology at University of Cambridge (Great Britain). He disco-
vered, e.g., system of ice removal from plane wings, which was utilised in
air forces. After the World War II he served in Czechoslovak military mis-
sion in Germany (Berlin and Hamburg) and shortly as teacher at Military
pilot school in Olomouc.

He started to continue in his geographical education at University of
Olomouc. Nevertheless, the beginning of fifties of the 20™ Century repre-
sented a substantial change in a political system in the past Czechoslovakia.
Communist system pushed him away both from military service and from
the university. He entered a tourist co-operative as caver-explorer, but Prof.
Frantisek Vitasek, well-known Moravian geographer, arranged him the con-
tinuation of the geology-geography education, now at University of Bmo.
Vladimir graduated in 1952 by the thesis: Pleistocene Glaciers at KriZianka
in Low Tatra Mountains obtaining the RNDr. Degree (Rerum Naturalium
Doctor).

In 1955 the structure of the Czechoslovak Academy of Sciences started
to grow, e.g., by foundation of Laboratory of Geomorphology. Prof. F. Vitasek



254 Vladimir Pano$ (1922-2002)

Phot. 1 Vladimir Pano$. Phot. J. Rehak

opened to Vladimir again the way into the world of research. The Labora-
tory continuously changed to the Institute of Geography, where Vladimir
defended his PhD thesis: Sloup Valley and Pusty Glenn in the Moravian karst
and their position within the karst cycle in 1962. Years 1964 to 1965 Vla-
dimir spent on Cuba by geomorphological mapping. In 1969, he left Aca-
demy of Sciences for the Department of Geography of the Olomouc Uni-
versity, where was established as Associated Professor in 1972 after the
successful habilitation procedure at University of Bmo. He spent by teaching
almost 10 years.

In 1987 he retired from University and he returned to the Institute of
Geography in Bmo where he worked until the Institute dissolution in 1995.
Years until his death he spend partly with family, partly working for the
Centre of Children Speleotherapy in Mladec. He finished his life publica-
tion: Karstological and Speleological Terminology, which was inaugurated
during the November 2001 international conference in northern Slovakia.
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This event was the last when Vladimir joined the caving and scientific com-
munity.

Vladimir’s life was not easy and pleasant, both in family and in profes-
sional life. Nevertheless he spent the life full of changes and good possi-
bilities. Some of possibilities were damaged by the War and later by non-
human communist system.

Scientifically, Vladimir grew up on small, dispersed karst areas in sedi-
mentary and metamorphic limestones of northern and northermcentral Mo-
ravia (Na Pomezi Caves, Na Spiééku Caves, Mladec¢ Caves, Javoticko Caves).
Here he obtained the principal knowledge of karst geomorphology, hydro-
logy, hydrogeology and speleogenesis. This period was terminated by the
discovery of principal parts of the system of Javofi¢ko Caves in 1959 and
by description of karstwater collector buried by Quatemary/Tertiary alluvial
fill in the broader vicinity of Mlade¢ Caves. The collector, principal source
of drinking water for more than a quarter of millions of inhabitants, was
described in “Mitteilungen d. Osterreichischen Geographischen Gesselschaft”
in 1961 (Vol. 103, No. II).

The latest fifties and early sixties were very useful for scientific growth
of Vladimir. There was the campaign of regional geological mapping, which
resulted in 1963 by the edition of new geological maps of Czechoslovakia
at the scale of 1:200 000. The geomorphological research and mapping
accompanied the campaign. Research of extensive areas in northern and
northcentral Moravia were carried out or guided by Vladimir. Numerous
articles, especially concerning periglacial phenomena, weathering forms of
rocks (“Petermanns Geographische Mitteilungen”, 1964, H. 3), geomorphic
evolution and karst resulted from this substantial experience. At that time
he concentrated also to investigation of thermomineral karst and caves in
Moravia (Zbrasov Aragonite Caves) and in Budapest (Hungary). Results were
published in a volume of “Prace Bménské zikladny ESAV” in 1961 (Vol.
XXXI11/7, No. 420).

At the end of fifties, his interest shifted to the region of a classical karst
area of Czechoslovakia — to the Moravian Karst. In excellent PhD thesis he
reconstructed the evolution of the territory since the pre-Jurassic time, fo-
cusing on Tertiary/Quaternary development (published in “Ceskoslovensky
kras”, 1963, Vol. 14). His speleogenetical theory of the Moravian Karst has
been still valid, even after 40 years and numerous recent researches utili-
sing the top methodology. In 1962 to 1964 he published several articles
dealing with the paleokarst, especially on eastern margins and slopes of the
Bohemian Massif (principal were two papers in “Geograficky ¢asopis Bra-
tislava”, Vol. 14, 1962 and “Zeitschrift fiir Geomorphologie, N.F.”, 1964, Bd.
8, Nr. 2) founding the paleokarstology as the special scientific discipline at
least in our territory. The paleokarst problem, especially in the Central Euro-

17*
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pean space, was his favourite problem also later. He defined Central Euro-
pean type of karst as polygenetic and polycyclic karst evolving for a long
time on epi-Variscan platform (Problems of the Speleological Research, Proc.
Brno, 1965).

The fieldwork in Cuban karst areas (1964—1965) and numerous later visits
resulted in the compilation of different kinds of geomorphological maps of
Cuban provinces and of the whole Cuban territory (together with Antonio
Nuiiez Jiménez and Otakar Stelcl). The work at Cuba contributed to his
knowledge of karst processes, influence of lithology, structure and climate.
His contributions to climate/karst type relation on Cuban example (with
O. Stelcl and A N. Jiménez) brought the result, that the climate in only one
of factors (besides lithology, tectonics, etc.) influencing the karst type (“Ze-
itschrift fiir Geomorphologie, N.F.”, 1968, Bd. 12). This was the substantial
argument against the “Klimageomorphologie” concept, which was popular
at that time.

After 1987, he focused on a complete different field of science — to the
speleotherapy. He initiated the detailed and complex studies of cave atmo-
sphere, aerosols and medical applications. He founded a team composed of
specialists from different branches of natural and medical sciences. The
activity of a team resulted in the EU project within the PHARE program in
1992-1994. His last publication from that field was in 2000 in Proceedings
of the 11" International Symposium of Speleotherapy Zlaté Hory.

Vladimir published nearly 400 papers in media in Czech Republic, Slo-
vakia, Slovenia, Hungary, past Yugoslavia and USSR, Romania, Bulgaria,
Cuba, Germany, Canada, Great Britain, France, Italy, the Netherlands. Of
a great importance are his principal studied published in a prestigeous me-
dia (e.g., Zeitschrift fiir Geomorphologie, Petermanns Geographische Mit-
teilungen), reviewed journals and numerous papers in proceedings of impor-
tant geographical and speleological congresses and conferences, etc. He was
the Editor-in-Chief of Proceedings of the 6" International Speleological Con-
gress 1973, published in numerous volumes until 1977. He published a gre-
at set of papers (mostly with co-authors) on geomorphology of the Czech
Republic. Nearly half of his output was in popularisation papers, i.e. espe-
cially guide-books to most of Moravian touristic caves and on important
Moravian and Silesian karst regions and newspaper news or short papers in
popular geographical journals. He contributed several monographies. He was
author or co-author of a high number of unpublished manuscripts, especial-
ly professional expertises and research results. He was supervisor of nume-
rous diploma theses at Olomouc University. His reputation of precise and
qualified reviewer was utilised until his death by national and international
publishing houses, grant agencies and universities, e.g. he served as revie-
wer of two habilitations in Poland.
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Vladimir entered the international karstology and speleology scene in
1962 when he was one of principal co-organizers of the International Karst
Symposium in Bmmo. In 1965, as a member of the Czechoslovak delegation
at the 4™ International Congress of Speleology in Ljubljana (past Yugosla-
via), substantially contributed to the foundation of international non-govemn-
mental organisation of the International Union of Speleology (UIS), which
was long time affiliated to the UNESCO. In 1969, he was elected as a mem-
ber of the UIS Bureau (Stuttgart, Germany) responsible for the organisation
of the 6™ International Congress of Speleology in Olomouc. The Congress
was held in 1973 with a great success and with attendance of more than 1000
participants. He was elected the Vice-President of the UIS and he served in
this position for 3 election periods until 1989, when he was elected the
Honorary Bureau Member.

On the national scene, Vladimir initiated and pushed the process of the
unification of the Czech and Moravian caving from individual and indepen-
dent caving clubs into one society. The Czech Speleological Society was
founded on December 12, 1978 and Vladimir was elected the President. In
1990 he retired from the position, but he was elected to the highly influ-
ential position of the Honorary President. Vladimir was also honorary
member of the Venezuelan, Cuban and Hungarian Speleological Societies.

Doc. RNDr. Vladimir Panos, CSc. (Associated Professor, PhD) was not
only good fellow, careful teacher and excellent scientist, but he was good
friend who was prepared to consult any problem (personal and scientific)
in any time. This behaviour resulted from his complex, not easy but full life.
Air Major and University Professor General Pano§ left us forever but only
physically; he will survive both in international scientific scene for his excel-
lent studies and in our lives and minds because he was really a great Man,

Pavel Bosak
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