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PALEOKARST OF THE BOHEMIAN MASSIF
IN THE CZECH REPUBLIC: AN OVERVIEW AND SYNTHESIS

Pavel Bosak”

ARSTRACT

Paleokarse of the Bobemian Massit on the termitory of the Crech Repubbe developed as polygenctic and
polyiye lic Torms with several pliases of fossilation and rejuvenation depesding on teclonse phases and decp
chemical weathering. Faleotectonic penod (pre-Permian in general) wis charscterized by evolution of relanively
miner depositieni] and local paleokaras, Neoteclome (platform) period (posi-Permian) Gvoored the prolonged
karst evolution of intermegional paleokarst in two kaed periods and several mere or less distinenly separwied kst
phases,

INTRODUCTION

The Bohemisn Massif is sometimes called also the “reey of Errape™ noting it
elevated tendecy since its consolidation during the Variscan Orogeny. The region is
known by landforms that have been intricately and uncqually developed during many
periods and phases of changing climate and of lectonic activity in the gealogical past.
This very complex form of the karst and paleokarst, with relict, fossil, recent, aclive or
rejuvendled features and in periglacial conditions transformed karst, led Panos (1964 to
define i as the Cenrral Ewropean Type of palveyelic barse. The polycyelic and
polygenetic nature of karsts and paleokarsts represenis the specific characteristics Tor
karst evolution of the whole Bohemian Massif, and leads 10 the presence of polyeyclic
and polygenetic features attributed 1o paleokarst also within the present landscape. They
sometimes form o great part of present objects of the speleotogical interest, To
distinguish what is ancient and what can be remodeled w0 the present time is therefore
very dilficult. This fact is also reflected in terminological problems.

Karst arcas, measured on oucrops of carbonate rocks, in the Bohemian Mas<if total
only nearly 300 ki, The Largest karst region in the Moravian Karst with about 83 ki’
(fig. 11, The rest of karst rocks occur as small outeraps, lenses andfor tectonic blocs or
strips in highly folded regions forming so-called scattered tisolated) tvpe of Karst
Allogenic karst regions dominate, surrounded by siliciclastcs andfor metamorphic or
plutonic sequences. The scattered type of kara highly influenced the polyeyelic and
polygenctic nature of paleokarsts and it is typical Teature of the Massif. Karst areas which
nowwe form suberops, sometimes buried several thoussnds of metres, occured in erosional
section on the surface in the past as proved by padeokaras from deilling, They occupy
area which can be roughly estimated to abou 8061 000 km? for Devonian 1o lower
Carbemiferous carboniates and abow 1 O km? for upper Jurassic limestones (fig. 1.

The general review of paleokarsts of the Bohemian Massif was presented by Bosil,

" Barth Sciences Comaltant, Divensdd 10066/7, CF- 120000 PRAHA. Crech Bepublic,



d P OSAK

Horicek and Panos {19895 Individual karst regions were sumimarized also by Panos
(1962, 1964, 19635), Bosdk and Hordeek (198 1) Bosik (1983, 1990c), and Dvordk ef of,
(1993), Nevertheless, the interest in paleokarsts has a long-lasting tradition starting with
studies of André (1821 and Reichenbach (18341 in the Moravian Karst,

THE GEQLOGICAL BACKROLUND

The complexity of paleokarst evolwion resulted from the geological history of the
Bohemian Massit, especially from the dominance of nondepaosition in the planform stage.
The Bohemian Massif represems ihe epi-Variscan platform consisting of two major
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Fig. 1 - Rarso wreas e Crech Regaiee doescladfoed from Bosdh, Honicek and Pane 1ost
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blocks, e, the Bohemian Mussif proper in the west and panly subducted promonion: of
the East European Platform -Brunoyvistulicom (Cudek 9803 - in the east.
Brunovistulicum represents the oldest element in the structure of the Massif (more than
I3 bad, The castern and sowheastern slopes of the Massif are covered by the Carpathians
as o consequence of Alpine nappe overthrusting over the epi-Variscan platform in the
foreland of Alpine - Carpathian chain (Grecula and Roth 1978)

Three siructural levels can be distinguished in the Massif (e.g. Suk of af. 19841 (1)
Precambrian (Cadomian) basement composed dominantly of metamorphites and
plutenites. Crystalline limestones and dolostones occur within the Yaried Group of 1he
Maoldanubicum: (2) Variscan (Paleozoic) level with development of sedimentary and
sedimentary-voleanic scquences, dominantly of marine origin, in places metamorphosed
and intruded by plutonites. Carbonate rocks of upper Silurian (Pridolian) to middle
Devonian (Eifelian) are known from the Barrandian area and from South Bohemia,
Middle Devonian (Eifelian) to Lower Carboniferous ( Tournaisian b ocewr in Moravia and
in North Bohemia, and (31 Platform (posi-Variscan) level composed dominantly of
sediments (continental and marine) separated by importam enconformitics, Upper
Jurassic limestones and dolostones (Callovian to upper Tithonian cover eastern margins
of the Massif, Some upper Tertiary carbonates and evaporites (Karpatian and Badenian)
are developed in Moravia ifig. 1 No paleokarst developed during the tormation of the
Cadomian basement. The Variscan level is characterized by abundant evelution of many
small paleokarst horizons, The Platform level is characierized by the broad amd imensive
paleckarst evolution (Tig. 2).

Post-Variscan platform evalution since upper Permian or lower Triassic can be
assigned 1o the seetectonde perfod of evolution, while Precambrian and Variscan levels
conrespond o paleotectonic period. The patestectonic perfed, prior to the conselidation
of the cpi-Variscan platform, is characierized by high mohiliny and resulted in a great
changes in [acies development. The peotectonic pericd is more quiel with only several
important marine nsgressions covering larger extent of the Massif (upper Jurassic,
Cenomanian, middle Miocene). The evolution af easiern and southeasiem margins of the
Massif tmajority of Brunovistulicum) facing the Tethys realm as passive continetal
marging wils especially strongly influenced by the Alpine Orogeny as being submerged
under thick pile of flvsh nappes and molasse deposits.

The influence of single phases of Alpine Orogeny o paleogeography and tectonics
of the Bohemian Massif has been summarized by Malkowvsky (1979 and Roth { 1980).
They influenced 1o a great extent also the course of individua! karstification phases (¢f,
fig. 2) bringing the energy 1o the karst/reliel sysiem.

NOTES TO TERMINOLOGY

The terminological problems appeared as the reflectance of the complexity of the
problem in our geological and geomorphological environment. A ot of ancient karst
forms occur within recently active karst structures and they are still or newly developing.
Therefore pafeckarss is refered to karst developed largely or entirely during past
geological periods (Bosik, Ford and Glazek |989) by agents sctive in karst environment
in the pase (Laznicka 19851 under morphogengiic conditions dilfering from the present
(Gams 1973, Panos 1978), As the foxwd! Lorst we can mention only karst forms which
completely originated in the past, entirely Tossilized and loosing its hydrological
chamcteristics without any traces of present developement: such forms were designated
as fossil karst x5, (e.g, Panos 19780, Fossil karst .. is characterised by polyeyelic origin
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with more phases of development, fossilization, rejuvenation. including alse relict karst
landforms (Bosdk. Hordcek and Panos [989) and it is equal 1o our meaning of the
paleokarst, This broader meaning will be used also hereafter including both relict
paleckarst (present landscapes formed inahe past) and burieddcovered paleokarst {(karst
landscape buried by sedimenis) comparably o Choguette and James (1988), Definitions
of individual categories of paleckarsts can be found mentioned in very similar way in
many sources (e.g. Monroe 1970 Jennings 1971, [985; Gvordetsky 1972 Quinlan 1972;
Sweeting 1972: Walkden 1974: Panos 1978 Tsykin 1980; Wright 1982 James and
Choguette 1988; Bosik er of. 1989 Ford and Williams 19849,

The grear achievements have been made by sedimemologists studyving diagenerical
changes of carbonates connected winh freswater and marine dingenetic stages. Karst and
paleckarst started o be treated as o diagenctic Facies (Esteban and Klappa 1983) or
subaerial diagenenc terrane (Rochl 1967 A lol of early paleokarsts developing in the
evolution of carbonate depocentres really represent results of Treshwater diagenetic facies
and led Esteban (19917 1o distinguish two models of paleokarstification -ie, the
Carribean and the general models. The study of the former is based on the sequences of
diagenetic facies characterizing Karstification equivalent o the depositional or local
paleokarst types (syndepositional with carbomue sequences), the latter is equivalent o
conditions of long-lasting subaerial exposure far from marine domain (interregional
paleokarsis sensy Choguette and James 1988 This approach influenced the
pualeokarstology as the mdividual sciemific disciphine cspecially in past ten years (of.
Wright, Esteban and Smart 1991, Choguette and fames [988) using abundant data from
petroleum and mimeral deposit exploration in carbonates,

STRATIGRAPHY OF PALEOKARST

Combination of sedimentological/diagenetic approach with seismic and sequence
stratigraphy, new ideas on paleokarst stratigraphy appeared. Karstification periods and
karstification phases (Herak and Stringfield 1972; Glazek 1973; Bosik 1981b; Bosik,
Ford and Glazek 1989) and their equivalents of interregional and local paleokarsts
together with the depositional paleokarst (shont karst episodes) (Choguetie and James
1988) were defined in the past. The use terminology of Choguette and Tames { 1988)
sgems (o be with big advamage, as they are well defined and clear,

Kearstification {karst) period defines a long-lasting imes of continental weathering
and groundwater circulation which were terminated by ensuing marine transgression,
Karst periods will be recognized by upper unconformities or disconformities. They may
be divided imo more karst phases {Bosdk, Ford and Glazek 19890 During such periods
ierregional paleokarst (Choguette and James 1988) originaed. It s related 10 major
eustatic - tectonic events and results in karst lerranes with profound erosion, a wide
variely of karst features and deep, pervasive dissolution.

Rararifeation karst) phases are caused by geodynamic or major climaiic change,
.. uplilt or downwarping, ete. { Bosdk, Ford and Glazek 19893 Local and depositional
paleokuarsts (Choguette and James 1988 form during such periods. Local paleokarst
forms when parts of carbonate shelf is exposed. geperally becavse of tectonism, small
drops in sea level, or synsedimentary block nling. Depending en the length of time
involved. the effects of exposure can vary from minor w0 extensive exokarsts and
endokarsts, Depositional paleokarst is that karst forms as a natural consequence of
sediment aceretion to sea level and 1o be expected within sedimem packages ypifying
carbonate platforms. It s most commonlly associated with metre-scale cyeles and
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smooth topographical relief.

For petroleum geologists using 4 broad variety of seismic records, the study of
paleokuarsts coincided with the evaluation of unformities. However, the importance of
search for karst-hosted and karst-related mineral deposits around unconformities has been
stressed already by Zuftardi (19763, Bosdk (1980c), Schultz ( 1982 and Laznicka ( [985).

Sequence stratigraphical approach 1o this problem is typical for Esteban (1991 who
developed the application of a complex scheme of conformities and unconformities
according to the character of sequence boundaries and their orders for the classification
of paleokarst introducing time as important factor o distinguish them, His rather
complex hierarchy of unconformities is applicuble cspecially by petroleum geologisis
and seismic stratigraphy. For terranes like as the Bahemian Magsil, the application of the
complex hierarchic system of conformities, single and composite unconformitics can be
with advantage only within the paleotectonic stage of the evolution.

FOSSILIZATION AN REJIUVENATION PROBLEM

Karst becomes fossil or inactive when it loses its hydrological function, The
general cawvse for this are changes of local or regional geotectonic conditions or of global
sea level. Fossilization can be o result of uplift or of subsidence, of marine rransgression
or of mass continental deposition, Continental drift (plate motion) may change the
latitudinal position of karst dreas in differemt geologic stages resulting in climatic
changes, i.e. 1o arid or to humid, which may contribute 1o fossilization or rejuvenation
(Bosik 198 1a. 1989; Zhang |986).

As the karst represents nothing more than open space in rocks available for
deposition of sediments (both clastic and chemicalLaznicka 1983), the paleokarst
represents the irap for the stratigraphic record of variably long peniods without any
lithological record preserved (Glazek 1973, 198%). The fossilization preserves features
existing in certain time span conserving them. The fossilization includes stages of karst
evolution, wealhering, deposition, elimate, ete. (Hordeek and Bosik 1989). The presence
of paleokarst forms imforms that the exposure occurred and nondeposition prevailed
during the break. It allows 1o define these conditions in more detail. The character of
paleokarst (karst type) enables to judge on lectonic processes and feaures prior 1o the
subaerial karst development. The climatic conditions of karst iniciation and evolution
can be easily reconstructed based on the typology of karst forms, on lithology ol their
infill and on the nature of faunistic and forstic remnants (Glasck 197 3).

The absence of paleokarst forms and features on exiensive areas with distinet traces
ol erosion and denudation is also of big importance. It informs us on the fact that karst
forms developed were destructed by pronounced erosion in subaerial exposures or by
abrasion of transgressions, Therefore, puleokarst of the youngest development phases is
preserved (of. Bosdk 1980a, 1981b). Glazek (1973} believed, that the absence of
paleokarst can be also the evidence of the absence of karst rocks on the surface and that
such aspects can be gasily conserved in correlate sediments in adjacent areas,

The fossilization of karst forms represents perhaps the most sriking characteristics
of paleokarst and preserves numerous sediments, fossil remmants and indirectly also the
evidence of different processes during continental periods, From these perspectives,
paleckarst phenomena may be considered orue congservers of the geological and
environmental past; but frequently they are “degraded ™ or "unreadable” because of some
overlooked rejuvenation, reactivation and redeposition in their further evolution {Bosik
1987 Hordicek and Bosdk 1989, Sometimes containing the direct context of remestrial
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and marine deposits, paleokarst can represems the Kev 1o the locked doors of bio- and
lithostrigraphic correlation of continental and marne deposis and 1o the contimuous
geochronology of the past (Bosdk 1987, 1990b; Hordcek and Bosak 1989 The comples
of such characteristics makes alten the paleokarst the smissing fak in regional and global
chronostratigraphy.

The refuvenation of karst making the conserved fossil record degraded and
unteadable s caused by numerous factors generally leading o the renewal of the
hydrological function of the karst and of karst water circulation. It is typical for penods
ol imtroduction of energy o the whole karst/relief system. The most common cause is the
increase in the hyvdraulic head, i.c. the lowering of the base level as a consequence of the
tectonic uplift andfor 1he (Imp of the sea level. The rejuvenation is contradiciory to the
fossilization. The new creative and destructive karst and landform processes, deposition
and redeposition, exhumation and weathering disturb the paleokarst content and cause
the chaos in the primary superposition of elements in karst fillings (Bosdk 1989). It
resulting in the presence of deposits differing in age and genesis in the same place and in
the direet relation, as documented on numerous sites of the Bohemian Massif (not only
m e werrtory of the Czech Republic, but also in Poland. of, Glazek 1989,

The rejuvenation sspect and related processes led numerous scienusis o the
scepticism during the evaluation of karst sites for hroader geological and
geomarphological contexis. Nevertheless, numerous studies from past vears showed that
broadly applied multidisciplinary research of karst and paleckarst can result in reliable
interpretation of "shadowed” situation of paleokarst sites. It bring*i resulis applicuhtc 1
palengeographic analyses in the broadest possible sense (of. e.g, Glazek 19730 James and
Choquette 19388 Bosik er ol 1989,

PALEOKARST RECORD

Present paleogeographic analyses have been based especially on the investigation
and interpretation of marine records and/or on the analysis of huge continental basins,
Such record of the geological past on pladforms reflecis maximum 50 to 605 of Lhe
geological time (Glagek 1973, 1989, by Glazek, Dabrowski and Gradzinski 19720 In
reality, time covered by such records is much more shorter, Analysis of the Bohemian
Massaf (fig. 2, tab. 1) proved only 12 to 4549 of the geological tme is reflected insuch
records counting the time since the regression of Paleozoic sea in upper Devonian o
loweer Carbomniferous and oot from the start of the neotectonic {platfonm) evolution stage.
Fromm the analysis resulied that 35 o 88% of time has not been recorded in recently
preserved marine or continental sequences (Bosdk 1987),

The rale of paleokarst as a trap of stratigraphic information was menticoned above
Inthe Bohemian Massif, there are some striking examples of the preservation of recently
missing sediments. There are: {a) carbonate and other facies preserved in depositional
and local paleokarsts, documenting the evolution of carbonate platforms and reefs,
missing due o syndepositional or postdepositional eroston, and (b sediments deposited
aler the evolution of carbonate hosti-rock sequences finished, especially deposits
belunging o the Platform evolution level which disapeared i periods and phases of
weathering, denudation and erosion,

The first case can be documented from the Koneprusy region, where paleokarst
macroporosity and neptunian dykes zenetically conpected with the depositional
paleakarst (freshwater - marine phreatic/vadose diagenesis) preserved carbonate facies
nol occurring in the record, They are missing due 1o winnowing of the matrix by
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Tamr | - The review of time data recording the evolution of the Bohemian Massif
since the Paleozoic regression tfrom Bosak 1987)

Duration Record | Record in | Record Ciap
Region from totully  |continental without
sy deposits (%) record
iMaj i Mad {Ma) %
Maoldanubicum 375 45 EE) 12 B85
Bohemicum 115 45 ks 13 LT
Sasothuringicunm 420 a2 A1 1z bt
Brunovistulicun
A, I OULCTOPS i 75 ki) 23 77
I covered in Carpathian
FUH,'l.lL'E]'l . 320 100145 2 _ 3145 hi-35

submarine currents and due 10 the abrasion and erosion within numerous hialuses, The
preservation of organodetrital limestones and limestone breccias with phosphates in
depositional and local paleokarst forms of the Moravian Karst { Valkovicovd 1979 Hiadil
[983) can be memtion, as Paleoroic examples (oo, Calcareous lwermal sediment and
spelemhems of lae Hawterivian 1o Aprian age preserved in caves of local paleokarst
developed in upper Jurassic-lower Cretaceous seguence of the Kotoue Hill (at Stramberk,
northern Moravia, Housa 1976, 1978},

The second case 15 widespread in the postdepositional history, especially during the
pre-upper Cretaceous and Paleogene-Miocene Karstification periods, Following examples
can be mention, ¢.2. the deposition and preservation of lover Yiséan grevwackes in shal
and cave of local paleokarst w Cebin (the Tisnoy Karst, Bosdk 1983b), the preservation of
up e 30 m thick sequence of middlefupper Jurassic in broad comosional depresion of the
Moravian Karst (Panos 1962-1963, Bosak 1978a), evolution and preservation of the
Rudice Fermation in sunken block of the Rudice Plateau (the Moravian Karst, Burkliardt
15974; Bosdk 1978b, 1980b) and near Moravsky Krumlov (Burkhardy 1962), preservation
of upper Cretaceous marine and continental sediments and older weathering produets in
Paleogene(?) deep collapse shafts in the Koneprusy region {Bosdk 1993, in print) and in
pre-upper Cretaceous geological organs in the Svaly Jan pod Skalou-Bubovice-Morina
area (both i the Bobemian Karst, Réhlich and Chlupac 19510 ).

Results of paleckarst evolution are best preserved direcily beneath the cover of ma-
rine or contmental sediments, Le. under sediments lerminating karsnfication periods or
phases, The longer is the stratigraphic gap the more problematic is the precise dating of
the age of paleokarst, if not chronostratigraphically proved. Theretore. the age of
pileokarst has been connected mostly with period just or shortly before the termination
of the stratigraphic gap. This Fact can be easily illustrated on Figure 2 for
pre-Cenomanman age clswhere, for pre-Callovian in the Moravian Karst or for
Westphalian/Stephanian in the central Bohemia, On the contrary, the nuain phase of cave
origin in the Bohemian Massif (Bosik 1990b) can be dwed relatively accurately thanks
to paleontological finds in the Koneprusy and Javorickos Caves indicating The
fossilization periods in that spaces,

PALEOKARST PERIODS AND PHASES IN THE BOHEMIAN MASSIF
The evalution of paleokarst can be connegted with Variscan and Plarform stages of

the evolution of the Bohemian Massif, The majority of forms developed in Devonian
limestones, now buricd or uncovered, which were also highly metamorphosed by
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Variscan Orogeny, in places, Some forms developed in Proterozoic carbonates and a
limited number has been known from upper Jurassic carbonate sequence deeply
submerged on eastern marging of the Massif.

The evolution of palcokarst, its origin, development, fossilization and rejuvenation
have been affected by numerous lithological and structural conditions. In general, three
types of paleckarsts could be distinguished (lerminology sensu Choquetie and James 1983),

Depositional paleakarst was typical by low relief, freshwater vadose and phreatic,
and mixing freshwater/ marine diagenesis, Its evolution followed cyelic nature of
deposition without tectonic influence and the Milankovich cycles of the Sth o 4th orders,
The role of freshwater/marine mixing diagenesis was substantial, Its evalution was
comnecied with the evalution and accretion of Devonian carbonate sequences.

Lecal paleokarst was the product of longer emersion caused by regressions in
individual blocks. Karst relief was developed up to first hundreds of metres (shafs,
dolines, caves) with well defined hydrological zonation. The evolution followed tectonic
movements of individual, even very small, tectonic blocks together in the combination
with cyclic events or sea level changes (unconformities of the 3rd and the 2th arders
sensu Esteban 19913, Biozone to stage is missing. Results of the local paleokarstification
can substantially differ place to place owing o the altitudinal position of emerged
carbonate surface. Low altitudinal position led o undeveloped paleakarsts similar 1o
depositional paleokarst forms even through longer hiaws, while high altitudes of distinct
elevations created mature paleckarsts, lts evolution was connecled with the evolution of
sedimentary basins during lowerfmiddle Devonian in the Barrandian and middle
Devonian/lower Carboniferous in Brunovistulicum, where the effect of drowned
platforms followed the polarity of orogenic movemets from W to E. Some of Jurassic
carbonates suffered also by this kind of evolution,

fnterregional paleokarst was the product of long-lasting erosion and Karstilication
cannected with deep weathering and formation of planation surfaces. There was
developed substantial karst relief and deep groundwater circulation. There was a close
connection to individual tectonic phases reflecting major impacts of the Alpine Crrogeny
leading to the rejuvenation of relief and the acceleration of karstification. There was the
clear relation 1o marine transgressions/regressions separating individual karst phases
within karst periods or 10 periods of mass continental deposition. This evolution was
typical for post-upper Carboniferous evolution of the whole Massif, There are several
tvpical conditions affecting the evolution of the interregional paleckarst in the Massif:
{13 the prevalence of a continental regime since the Permmian; (2) relatively short-lasting
mirine transgressions in upper Jurassic, late Cretaceous and middle Miocene times, (3)
incredasing weronic activity since the late Paleogene as the impact of the Alpine Orogeny,
{4} evolution of the Parmethys sea on the eastern margins of the Massift (5) increasing
reliel dynamics resulting in a considerable increase of crosion rates exhuming and
rejuvenating old planation surfaces and karst forms, and (6) a continual fall of the base
level following stabilisation of the river system in the Pliocene (Bosdk and Hordcek
19811 Nevertheless, the phases of accelerated erosion were interrupted by relatively
long-lasting quict periods with siabilized conditions favouring the development of
subsurface karst forms (Bosdk, Cllek and Tipkovd 1992),

PALEOKARST EVOLUTION IN THE BOHEMIAN MASSIF: BRIEF REVIEW

The karstification periods and phases can be relatively easily distinguished within the
“karst” history of the Bohemian Massif, Nevertheless, the sharp definition of individual
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argans, Wk kanst cooes, 11 karst inselhenzs, 12, oallapss shfts, 13-15. karst canyons and valleys: 13 canyons, 14 ¥ shaped valleys,
15, L-shaped valdeys, 1 pal e and lage karss depressions, 17, comnmional surfaces., |8, karren znd minor soluticn forms, 19, neptunan
dykes, 20, diagenetical solutn macopanosiny, 21, hydrothermal kzrs, 22, volvanic activiey, black - Botwemsian Massif, cincde - Outer
Western Carpathisns adiacent 1o the Bebomaan Massif. circle diametre approansstely covers he ins-span of volease soivie
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phases is sonetimes not possible. The karst evolution depended on the individual
developments of the regional-geological andfor structural units/blocks. Therefore, the star
and the end of some of karstification phases can mutualy overlap in different regions of the
Massif as indicated by Devonian and Carboniferous paleokarstification and by the
evolution of post-middle Miocene karst and landscape (¢f, fig. 21

There was staled above, that the basement (Cadomian) level ol the Massil is
characterized by the absence of the paleokarstification of that age.

Within the Variscan level there are developed rather karstification phases. They are
characierized by changing paleogeographical enviromment with abundant transgressions!
ingressions and regressions combined with high ectonic instability in certain regions
and uges,

Regression of Devonian-Carboniferous scas was followed by the molasse stage, The
molasse developed directly from marine deposition only in places (Lower Silesian
Basind., In other sites, the continental molasse developead as thick sequences ol redbeds
after more or less prolonged period of nondeposition (folding. faulting, metamorphose,
pluton intrusions). Karstification phases within this level was rather short-lasting with
abundant depositional and local paleckarsts,

The Platform level is characterized by two prolonged karstification periods
separated by the deposition of thick Cenomanian/Senonun siliciclastics on nearly all the
Massif territory. Several karstification phases can be distinguished within both periods,
They resulted from short-lasting marine transgressionsfingression and from the periods
of tectonis instability s the reflect of the evolution i the adjacent Alpine-Carpathian
domain. These processes are inprinted m the evolution of the plaform cover of the
Massif as follows: (1) upper Jurassic, corresponding 1o the platform development of the
West Carpathians: (2) upper Cretaceous, conesponding with the principal Alpine folding;
(34 Paleogene, characterized by wntensive planatian; (4) lower o middle Miocene,
assocuned with the folding of the Cuter (Flyshy Carpathians, and (5) upper Miocene 1w
Quaternary, the stage of platfonm cover o the Carpathians (Malkovsky 19793, These
stages of plaiform cover development correlate closely with mdividual karstification
periods and phases,

The review of peridos and phases of paleokarst is given by Bosik, Horicek and
Panos (1989 where the description of individual most imponant sites of paleokarst can
be found, Paleokarstification of some karst regions were summanized also by Panos
1962, 1964, 1965) Bosdk and Hordoek (1981, Bosiak er af, (1984); Bosak {1985,
19901 Bosdk, Cilek and Tipkowd (1992); Bosik, Cilek and Bedndrova (1993), and
Drvordk ef af. {1993),

Hereatter, only short basic characteristics of individual karstification periods/phases
will be given. Chart on Figure 2 summarizes the state-of-the an. Schematic and highly
simplified lithostratigraphical calumns for selecied regional-geological units and regions
of the Bohemian Massif were compiled, and completed in the review of phases of in-
tensive weathering (kaolinic, lateritic, red earths), weetonic phases and periods of voleanic
achivity, Location of paleokarst sites mentioned in the text are expressed on Figure 1.

Lower Devonian (phases)

The local paleokarst developed in the Koneprusy reef (central Bohemia). The
Pragian reefal and organodetrital limestones underwent the comples succession of
freshwater/marine vadose and phreatic karstification (disgenesis) connected with the
tectonic unrest and sea level changes. Vuggy 1o cavern secondary porosities developed
tem scale), The complex network of neplunian dykes originated in several phases (cl. in
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Chlupdcer af. [942),

Climate 1s supposed to be tropical, wet and hot. Correlate sediments are reprezented
by the content of iron oxides derived from lateritic weathering of mainland is mentioned
from overlying Dalejan 1o Eifelian limesiones (Havlicek and Kuokal [9901,

Midele Devonian {phaxes|

The depositional paleokarst developed in limesione cvcles of the Old Red comples,
in the Moravian and the Tisnov Karsts, and in the Carpathian foredeep (of, Dvordk 1478).
The freshwater vadose and phreate karstification {diagenesisy was responsible for the
origin of smooth karstic surfaces tkarreny. The paleckarst was connected with the cyelic
sea level changes (Milankovich™ s cveles),

Climate is supposed o be hot, seasonally dry and wet, Correlate sediments are
reprezented by red beds of the basal clastics themselves (the Old Red facies, of. Dvorik
ef of, 1993,

Lipper Devonioan o fower Carbomiferons {phases)

The local and in limited places also depositional paleokarst developed in upper
Devonian/lowermost Carboniferous limestones in the Moravian Karst {pre-upper
Tournaisian in age. Valkovicovd 1979, Dvordk and Fridkova 1981), the Tisnov area
ipre-lower Viséan in age, Bosak [983b), the Carpathian Foredeep and Osirava region
{pre-upper Viséan in age, e.g. Addmek, Dvordk and Kalvoda 1980; Hladil e af. 1993;
Dvordk 19930, There developed sinkholes and depressions of different dimensions,
island karst relief (Carribean type of paleokarst) and even cave horizons or level. The
paleckarst evolution was connected with the tectonic uplifis in individual tectonic blocks
jeven relatively small) as the dominam facior, associaed with global and local sea level
changes (regional rangressions/regressions, local ingressions ).

The general evolution and migration of paleokarsts indicate that they were caused
by the polarity of the Variscan Orogeny. The termination of this evolution was clearly
connected with the paradox of drowned platfonms Gaensee Schiager 1981,

Climate was supposed 10 be subtropical oo ropical. Correlate sedimems are
represented by variocoloured pelitic marrix of the Krtiny nodular Limestone (upper
Frasnian 1o Tournaisian} and of the Jedovnice breceia (Fammenian to Tournaisian)
derived from lateritic weathering of the mainland, and by the lateritic material and
phosphorites in the Ostrov Shales (Towrnaisiang for the Moravian Karst and adjacent
regions (of. c.g. Dvorik or af 19930

Lipper Carboniferous { phse)

The local to interregional paleokarst is supposed to develop in lower/middle
Drevonian limestones forming karst inselbergs within red beds of the Mseno Basin (upper
Stephanian., central Bohemiay, Traces of paleokarstification are represented by finds of
speleothem pebbles ( Bosdk 1990a). Nevertheless, speleothem-like cements oceur also in
slope breccias, thefore this paleokarstilication phase has not been verified definitely, The
karstification followed the tectonic evolution of the Variscan molasse basins. The
hydrothermal paleokarstification his been noted from the Bohemian and Tisnov Karsts.

Climate 15 supposed 1o be dry, seasonally wet, warm (subiropical). Correlute
sedimenms are reprezented by the upper Carboniferous kaolinization of the Plzen -
Podborany group of deposits (west Bohemia, of. S16mr, Kuzvart and Neoeil 19738),
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Peruian o upper Javassic (period)

The imerregional paleokarst characterizes this period. Nevertheless, this prolonged
period cannot be subdivided into individual phases owing 1o the lack of correlae
sediments. The kartification occurred mostly on Paleozoic carbonates, This paleokarst
period is characterized in the Moravian Karst by the origin of its macroform prior the
Callovian transgression (Kettner [960, Panos [962-1963), in the Hranice Karst {north
Moravia, Kodym 19600 by some supposedly Permian to Paleogene karstification, m the
Bohemian Karst no identified karstification has been noted but some pre-Doggerian
karstification is expected now,

For the climate no direct evidence has been available on the Bohemian Massif,
Correlate sediments are represented by kaolinic clastics of the Bohdasin Formation
¢ Bundsandsiein, north Bohemia, of, Prowea ef af, [985), and by the lateritic admixture in
the Kimmeridgian breccia erminating the sequence of upper Jurassic in the Moravian
Karst {Bosik 19781, no cormelate sediments has been found in the Bohemian Karst.

Lower Crewaeeons (plase)

The intervcgional paleokarst developed at the top of the pre-Cenomanian karst
pericid. Paleozoic carbonates as well as metamorphic limestones {(pre-Paleozoic and
Paleozoic) were uncovered and karstified. This karstification phase was widespread in
the Bohemian Massif (of Bosik 1981c)h s products are preserved mostly thanks to
overburden of the upper Cretaceous {?Albian -Cenomanian o Santonian) platform cover.
The evolwion of the karstification phase followed the young Cimmerian movements
rejuvenating the levelled upper-Paleozoic-middle Mesozoic surface (Bosdk 1985),

The products are known in the Bohemian Karst (depressions with kaolinie sands and
clays, Kodym 1923, Rohlich and Chlupdc 1951 Turnovec 19850; Zelenka 1980, 1934,
Kovanda and Hercogovd 1986), Moravian Karst (the Rudice Formation, i.e. kaolinic
sands and clays, quartzose sands. kaolins, Glling extensive corrosional depressions, cone
karst, Panos 1962, 1964), Vratikov - Nemeice Karst (central oravia, mogotes, iron ores in
caves, relics of the Rudice Formation, Panos 1962, 1964). Tisnov Karst (relics of sands
and clays in sinkholes, Panos 1964: Bosdak 198305 and Kunsti-Olesnice (both in central
Moravia, terrac caleis and lateritic weathering products in fissures of crystalline
limestones, Pelisek 1975), Moravsky Krumlov (south Moravia, the Rudice Formation in
sinkholes, Burkhardt 1962), Carpathian Foredeep (inselbergs on Jurassic limestones,
Beevodovd and Zeman 1983, Turold Hill {(Mikulov, south Moravia, tectonic clippe,
planated surface with depressions and Fe-Mn incrustations on upper Jurassic limestones
covered by Turonian flysh, Bosdk er af. 1984}, Some of forms are very deep. Depressions
at Rudice attamed more than 100 m {of. Bosdk 1978, 1980b) and in Prague exceeds even
120 m of the depth ( Klein and Zelenka 1991 indicating deeply sunken hase level bath in
the Maoravian and the Bohemian Karsts, The Moravian Karst was drained mostly
southwards into the simultaneously developing deep structures of the Nesvacilka and
Vranovice Grabens (¢f. Dvordk e af. 1993) dissecting easterm margins of the Massif. An
ancient valley system developed in the foreland of boih grabens, The characteristics of
the hase level for the Bohemian Karst has been unsolved vet.

The depositionad and Tecal paleckarst was deseribed from the Kotouc Hill
{Stramberk, north Moravia, Housa 1976, 1978) Twao karstification phases in upper
Valanginian and upper Hauterivian 1o Aptian were connected with oscillating sea level (3
tod order cycles)

Climate is supposed o be subtropical to tropical, wet and hot, at the end temperate
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only. Correlate sediments are reprezented by widespread wemthering profiles under upper
Cretaceous platform cover, e.g. laterites, kaolins, paleosols. kaolinization of some
deposits in west Bohemia (gf. Stim, Kuzvart and Neuzil 1978}, the Rudice Formation (cf.
Bosdk er af. 1979) and the Amberg Ore Formation (NE Bavaria. FRG, Gudden 19843,
ele, Some bauxites are reported from adjacen Tethyvan realm (ef. e.g. Birdossy 1982).

Paleogene o fower Miocene (perind)

The interregional paleokarst developed on all varieties of karst rocks. The products
of this karst period are widespread, but without possibilities of precise dating of phases
due 10 the geperal absence of palcontologically dated sites. The karst evolution was
conneeted with the rapid continuous destruction of the upper Cretaceous siliciclastic
cover uncovering karst rocks. The period werminated with the lower Badenian
transgression over the castern marging of the Massif. The period was defined as the medn
phase of cave formarion in the Bohemian Massil {Bosdk 1990b) with ihe origin and the
evolution of the largest karst svstems in the Bohemian. Moravian, Javoricke and Hranice
(here filled with Badenian clastics. ¢f. Panos 1965) Karsts and smaller karst regions of
crystalline complexes. e.g. ot Bliznd, (south Bohemia, Bosdk 1991), Karst surfaces with
depressions and conical hills developed at Tisnov (7 pre-Badenian) and Lazdnky
[pre-Karpatian, bath central Moravia, Bosdk 1983), Hranice {pre-Karpatian and
pre-Badenian, nonh Moravia, Tyrdcek 1962, Brannd, Vipennd, Supikovice {norh
Moravia, Panos 1964), karst of the Drahany Upland @t Mladec, Cervenka, Javoricko,
Hvordecko (Panos 1962, 1964, 1965), numerous sites in the Carpathian Foredeep {e.z.
Leman 1980, Bezvodovid and Zeman 19833 The causes of the accelerating karstification
were in the effect of the Laramide phase of the Alpine Crogeny in the combination with
the climate, Planated surface originated during the Paleogene and the Oligocene {Demek
et @l 1965, Suk ef af. 1984), Tectonic block movements broke and dislocated the surface
during upper Bocene/Cligocene (Styrian phase) and upper Oligocene/lower Miocene
tectonic {(young Pyrences and Savian sense Roth 1980} phases reflecting neoalpine
tectonics of the Alpides. Volcanic activity in west Bohemia is connected with this
tectonic activity (35-17 Ma, of. Kopecky 1978)

Climate was supposed 10 be tropical, extremely wet and hot during Paleocene and
Eocene with oscillations from rropical 1o Meditermanean (ype during Oligocene-lower
Miocene. Commelate sediments are widespread and they are reprezented e.g. by kaolins al
WVidnava (north Moravian) and Znojmo (somh Moravia, pre-Eggenburgiang, Lazinky
tcentral Moravia, pre-Karpatian), by kaolinic and Iaeritic weathering products at Hranice
(pre-Karpatiany, by kaolinic clays at Vizinag (central Bohemia), by quartzose o quartzitic
conglomerates and sandstones of the Staré Sedlo Fommation (northwest Bohemia, upper
Eocene - Oligocene) and by pre-Oligocene kaolinitization in North Bohemian Coal
Basing (of e.g. Storr, Kuzvan, Neuzl 1978 Suk of al. 1994),

Midefte Mivcene fe Pleistocens { pliases)

The imerregional paleokarst is characterized by numerous karst siles originated
probably in more mdividual karst phases which cannot be distinguished in detail now
eewing 1o abundant biostratigraphically dated sites scattered all over the Massif and the
individual geologicalfreliel evolution of single genlogicalfiectonic units. Hydrothermal
karstification influenced pre-Badenian caves in the Hranice Karst (¥hrasov Aragonite
Caves, Kunsky 1957; Panos 19635),

Examples of young karstifications are numerous with karst landforms differing in size
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occurring even in the smalest outcrops of karst rocks (sedimentary as well as metamorphic
ones). Kryokarst features are also commeon, A lat of karst lindforms of the present relicf
are the resull of this evolutionary stage however somewhat modilied by Quatermnary
landscape forming agents {cryogenic processes, deep backward erosion, etc. ).

This phase was characlerized mostly by complex sequence of creation, rejuvenation.
fossilization and/or destruction of karst forms, These effects were closely associated with
the tectonic mobility of individual tectomic blocks and with vigorously changing climatic
conditions. Neoteclonic movements brought relief rejuvenation and decrease of regional
base. Younger phases of the neovoleanic activity are connetec with lectonic movements.
This evalution was fellowed by the accumulaiion and erosion phases with the origin of
secondary higher levels in river caves. Tt appears that the lae Pliocenefearly Quaternary
processes were very significant in the paleckarst fossilization that was occurred in the
Massif (Bosdk and Hordeek 19%81: Bosik, Hordeek and Panos [989),

Climate is supposed 1o be subtropical 1o moderate with cold oscillations o the end.
Correlate sediment are represented e.g, by widely distributed paleosols of the terre
calcis group (Miocene 1o lower Pleistocene), or by paleontologically dated sites of upper
Sanmatian age (Bohemian Karst, subtropic faunal assemblages), smd of rare Pliocene and
relatively abundant Biharian age (lower Pleistocene, dry and relatively warm climate of
the Mediterranein 1ype, Hordeek 1980),

PALEOKARST, PLANATION SURFACES AND DEEP CHEMICAL WEATHERING

As demonstrated above, the evolution of paleokarsts are often linked with the
formation of planation surfaces, as the result of the uniform process of relief-forming
agents. Planation surfaces are proved 1o be very ofien connected with perinds of deep
chemical weathering. The prolonged s the stabilized sitwaton with wembering the more
pronounced is the progress in the planation surfaces evolution. Nevertheless, the
uncovering of weathering profiles needs further tecionic nstability, which, on the
coptrary, pronounces certain karstificmion processes, The clear link of tectonics,
weathering and karstficalion can be stated,

The review of pew literature on planation surfaces in the Bobemian Massif s relatively
scarce. Kl (1985 mentioned (1) distinet pre-Cretaceous surface connected with kaolinic
weallering profiles under upper Cretaceous plafform cover; {21 Paleogene erchplain with
tacal pre-Oligocene kaolinic weathering profiles, and (3) several Neogene surfaces
dissecting the Mesozoic-Paleogene glabal surface by neotectonic mowemenis. Storm, Kozvan
and Newzil (1978 mentioned surfaces connected with deep chemical wearhernmg and daed
them to 1 upper Paleogene - middle Bocene (F, 1 (20 upper Oligocene - lower Miocene (F )
{3) middle Miocene (F ). and (4) uppermost Miocene - middie to upper Pliocene (F).

The review of literature on weatherng crusis is also not oo rich. Stém, Kuavart and
MNewsl (1978} sumumarized perinds af the kaalinic weathering in the Bohemian Massilin
general for { 1) Ordovician, (23 Carboniferous - lower Permian. (3 upper Trinssic - lower
Jurassic und (4) Cretaceous - Miocens ("Pliocenc) nmes. Kurvan ef af (1983 lisied
kaclins of the Bohemian Massif originated during (1) the Carboniferous (Plzen and
Podborany group of depositsin Bohemiak (23 in pre-upper Cretaceous time {(Karlovy
Vary and Kadan group of deposins in Bohemiay, and (31 in Paleogene - lower Miocene
Widnava, Lazdnky, Znojme, all in Moravia), Zeman (19805, and Bezvodovii and Zeman
(1983), based on dima [rom deep drilling, summarized periods ol intensive weathering
for somheasiern margins of the Bohominn Massif, the Carpathian Foredeep and the
WVienna Basin as follows: (1) pre-Devonian (kaolinization, red earths), (2) middle
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evonian (karstification), (3) Mesogoic - Paleogene, (4) pre-Miocene thaolinization ),
(51 midddle 1o upper Miocene (kaolinization). (6) upper Miocene - lower Pliocene (local
kaolinizsaton, red carths, only in Zeman 1980)

The pre-Cenomanian weathering crusts underlying Cenomanian-Senonian platform
cover of the Bohemian Massif are preserved on extensive areas and oo wide vanety of
the substrate, The farerites developed on crystalline and vlramafic rocks, (e.g. al
Letowvice, Ransko, Rychnov), The mickef-farerites cover uliamunic rocks (at Kremee in
South Bohemia), The keefinic weathering profiles were found oo different parent rocks
oopo b sedimemary and weakly metamorphosed origin (e.g. in the Carboniferous Mscono
Basin near Melnik and Bendtky n. Jizerou in Cemral Bohemiak

To cormelme periods of karstification and of formation of weanhering crusts in the
Bohemian Massil is relatively complex owing 1o the lack of well defined
chronostrmigraphic horizons within long perieds of nondeposition and cominental regi-
me. The foreland amd flanks of the Massif are covered by complex sucession of marine
formations, sometimes of high thicknesses (e.g. Alpine and Carpathian Foredecps,
pre-Sudetes blockh. In the centre of the Massil, marine formations younger than lower
Carboniferous {except of Cenomanian to Turonian) are rare and preserved in very small
areas (lopmest Doggerian (o Kimmeridgian, Badenian). Also the extent of continental
deposits of post-Variscan age is limited 10 cerain regional geological units, Such
formations don’™t cover the whole time span of hiatuses belween marine transgression -
regression cycles, ot offer paleogeographic and paleoclimatic data enabling to roughly
date periods of karstification (Bosik 1992,

The best link between periods of intensive chemical weathering and karstification
can be stated for two periods (fig.2):

(1} During 1opmost Jurassic and lower Cretaceous (or pre-Cenomanian), large
karst forms of rropical paleokarst are preserved under thick kaolinincel-lateritic) weathering
crusts in the Moravian Karst and some adjacent arcas including Carpathian-Alpine
Foredeeps. The similar situation can be stated in the Bobemian Karst (weathering crusts
are thinner in general: Bosdk 1985; Bosiak, Cilek and Tipkovd 1992; Bosdk, Cllek and
Bedpdrovi 1993) These phenomena can be correlated e.g. with identical forms and
sediments of the northeasierm Bavaria { Amberg Ore Unit, NE Bavaria, FRG Gudden 1984},

(2) The Paleogene to lower Miocene karsufication {i.e. the main phase of cave
formation) can be correlate with Paleogene-Miocene weathering period. The origin of
caves was iniciated wnder the cover of upper Cretaceous rocks. Surface paleokarst of
ientical or somewhal younger age {Miocene) is also relatively abundant, sometimes
containing kaolinic A1l (Laxdinky near Tisnov, central Moravial, variezaed and other
weathering products (Bohemian, Hranice and other karsis). Correlate sediments in
nearby areas can be mentioned e, from Poland, where moulding sands G0l karst forms
in the Cracow-Wiclun Upland, the Holy Cross Mountains, in Upper Silesia and the North
Sudetic Depression {Bosik o7 af, 1979). The hugest accummulations in the
Cracow-Wielun Upland are supposedly of the Eocene age (Gradzinski 1977).

The indications of, simultancous weathering and karstification exist for upper
Carboniferous (Stephaniant,. Pebbles of limestones and speleathems were found in mo-
lasse red beds in the central Bohemia (Bosdk 1990a), The karstification occured in the
same Hme-span in which some of large kaoline deposits in the west Bohemia were
formed (e.g, Karnejov, e.g, Kugvart ef af, 1983

The link between periods of intensive chemical weathering, origin of planation
surfaces and karstification is evident in the Bohemion Massafifig. 2), Both the imensive
chemical weathering (lateritization, kaolinization) and the evalution of planation
surfaces, and 1the karstification are linked rather with prolonged periods of relative
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tectonie stability. The link between intesive weathering and karstification is imporsant
indicator for prospection of economic mineral deposits in palenkarst terrains,

The link of weathering periods and individual orogenic phases is also evident from
Figure ¥. It can be generally stated, that weathering periods started after one phase and
terminated with the following one (¢f. middle Devonian. upper Carboniferous, Permian
to Triassic, lower Cretaceouns, Epcenc).

PALEOKARST AND TECTONICS

Paleokarst evolution in the Bohemian Massif was closely linked with the ectonic
evolution of that terrane. Tectonic evolution, ie. individual tectonic phases of the
Variscan and Alpine Orogeny determined the start and the terminastion of deposition in
distinci regions during the Variscan and Plaiform levels {cf. Suk er af. 1984). Especially,
the imprint of Neoalpine period in adjacent Alpine-Carpathian domain on the
development of the Massif {s remarkable (Malkovsky 19791 Dvardk (1993} stated that
the distribution of areas with deposition and nondeposition and the characier of the
sedimentation in the Moravian Paleozeic was strongly aftected by the movement of
individual tecionic blocks as the reflection of early Variscan orogenic phases.

As stated above, the karstification was rather connected with prolonged periods of
relatively stable tectonic regime and weathering, Nevertheless, the stable conditions with
decreasing entropy af the system are leading to the fossilization of karst. The necessary
energy o the system can be brought by the increase in hydraulic head, The entropy in the
system will increase and karstification can act.

Figure ¥ collecting data on deposition, weathering. tectonic phases and karstification
show the link between tectonic phases and the geological evolution of the Massil,
Connection of Devonian/lower Carboniferous orogenic phases and the develompent of
local paleokarsts is clearly visible, The continuous succession of orogenic processes 15
evidenced by the differing age of longer Fammenian/Tournaisian to Viséan gaps from the
west to the east. In the Tisnov area, local paleokarst is covered by lower Viséan
siliciclastics {Bosdk 1983b), while in the Osirava region the age of the cover is only of
late Wiséan age (e.g. Dvordk 1993), Similarly the evolution of lower Cretaceous
paleokarst can be linked with yvoung Cimmerian and Austrian Paleoalpine phases, when
vertical movements of great blocks of the epi-Paleozoic platform ocour (Roth 1980}, The
main phase of cave origin in the Massif {Bosik 1990b) was connected with morphogeny
after the Laramide and the early Pyrencan phases of the Alpine Orogeny. The complex
situation in Neoalpine period with numerous short-lasting phases and the lack of correlate
sediments does not allow o clearly correlate individual orogenic phases and subacrial
processes. Nevertheless, the Savian (upper Oligocene 1o lower Miocene) and Styrian
(Ounangian to Sarmatian) phases contributed substantially 1o the karst formation,
fossilization and rejuvenation. as well as 1o the evolution of Bohemian Tertiary basins {¢f,
Malkovsky 1979 and Tertiary volcanism (cf. Kopecky 1978), Distinct acceleration of the
deep erosion and karstification was stated afier the youngest tectonic phase in the
Bohemian Karst dated 1o early Quatermnary {Biharian, Hordcek 1980,

SELECTED CASE STUDIES

Four typical case studies originally compiled by the ambor were selected and will be
mention hereafter. They reprezent different kinds of paleokarst evolution in the
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Bohemian Massif. The case studies range from the analysis of relatively extensive arcas
of sedimentary limestones (the Koneprusy region), through the description of rypical
scattered (isolated) karst in partly metamorphic carbonates {(the Tisnov area) oup (o
paleckarsts in small carbonate lenses in crystalline terrains differing in the age of
paleckarst evalution {the Blizna region and the Krilicky Sneznik M),

FOLYCYCLIC FALEOKARST OF THE TISNOY REGION (CENTRAL MORAVIA)

The karst of the Tisnov area is the typical representant of the isolated karst in highly
folded and faulted terrane. Devonian carbonate rocks outcrop in two geological unmits, Le.
in the Moravian and the Broo units. The Moravian unit reprezents highly deformed zone
of the Moravian Variscides with the nappe structure and relatively scarce and areally
small outcrops of limestones and dolostones in individual tectonic shoes, Carbonates of
lower 1o upper Givetian age are lying on basal clastics of the Zlichovian to middle
Givetian age. Lower 1o middle Givetian is characterized by alternation of numerous
clasticfearbonate cycles of variable thickness. Rocks are slightly metamorphosed
{dynamometamorphose ). The Brno unil is deformed in horst - graben style along the
deep Permian Boskovice Furrow. Carbonate rocks outcrop on larger areas on the surface
with more complete stratigraphic section (lower Eifelian to top Fammenian). The
maximum thickness of carbonates attains 200 m {cf. Bosdk 1983h).

The geological development highly influences the karst evolution, It was
characterized by long periods of subaeric exposures and by relatively short interruptions
by continental andfor manne deposition. Polyeyclic development of karst s the results,
This classical region of paleckarst was lirsily fully described by Panos (1962, 1964).
This case study is based on analyses of Bosak (1980a, 1983a, b). Several phases of
karstification can be distinguished here.

Middte Bevanign paleokarst developed during the deposition of the Zdvist facies
unil characlerized by the allemation of clastic/carbonate cyeles during lower/middle
Givetian (the Backovec Hill near Chudcice village). Cyeles thick from decimetres up 1o
several meters are composed of arcosic sandstones, sometimes with pebbles, rare
silistones as clastic member and of limestonefdolostone dark coloured laminites,
intraclastic limestones and light grey limesiones as the upper part of cycles. The
depositional paleckarst developed in some of cycles in the carbonate member. Karst
features are smooth with very small vertical amplitude. Uneven corrosional surfaces
prevail, mostly developed in dark laminites or under intraclastic limestones. In places.
small karren developed on wop of carbonate layers.

Lower Carboniferons paleokarst is developed in the Frasnian-Fammenian
limestones of the Cebin Quarry. The karst shafl developed on overthrust continues for
several tens of meires by the horizontal level. The shalt is more than 3 m deep and 2-3 m
wide. The cave level had variable widih from about 0.5 1o 2 m. The fill was composed of
lower Carbonilerous greywakes (the Culm facies) presumably of the lower Viséan age.
The upper part of the shaft was further filled with Permian continental redbeds
{sandstones, siltstones, shales) and by Neogene (lower Badenian) ochreous and grey
calcareous clays. The fill was terminated by two horizons of Quaternary sandy/pebbly
deposits. The local paleokarst developed during topmost Fammenian to Tournaisian
emersion of reefal imestones and before deep submergence beneath Nysh deposits
teffect of drowned platforms). During Variscan folding, the karst system was disturbed
by ovenhrusting.

Lower to upper Carboniferony, maximum up o the Autunian (basal Permian) were
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characterized by the Variscan folding and the evolution of hydrothermal paleokarst in the
Kvewnice Hill and at Heroltice village. Some small karst cavities were [ormed by
hydronhermal solutions. They were filled wilh siderite, ankerite, barite, calciie, aragonite
and rare Ph and Cu sulfides. Some of caverns contain sphalerite-galenite-guarte
assemblage (Ceskovd 19781, One cave was once accessible with (illings by
ungonsolidated fine limonite and wad, and with relic barite on walls (Slexik 1954).

Lipper Carboniferons w lower Permian karstification sl Cebin village preceeded the
mass continental deposition in the Boskovice Furrow. Karst forms are represented by
uneven corroded surface with widened fissures and iniial karren evolution. The
Karstified surface was covered by reddish brown continental redbeds {late
Stephanian-Autuniany. The Karst reliel was developed in dry and hot climae
unfavourable for more pronounced evolution of forms,

Lower Cretaceons paleokarst forms are the constituent of widely disiributed
imerregional paleokarst of this age in Moravia (Bosdk 198 1) In the Tisnov karst, only
relics were found. They are reprezented by small depressions and corroded fissures Gilled
with the Rudice Formation in the Cebin Quarry (Bosdk er af. 1979), Exhumed karst
platean with cockpit-like elevations and depressions described Panos (1962) from the
Gbora Hill, All features developed in favourahle climatic conditions priore the
Cenomanian marine Irnsgression.

Paleogene imerregional paleckarst is scarcely preserved at Cebin village, Not
extensive geological organs and corroded fissures filled with variegated weathering
products are attributed 10 1his phase, Karst forms developed afier the erosion of upper
Cretaceous sedimentary cover. They are covered by the Badenian sediments.

Nepgene karstification was connected with the episode of the lower Badenian
ingression and the intensive faulting of the region, Karst evolution was strongly
influenced by variations of the altitudinal position of the base level, The pre-lower
Badenion evolution of karst 15 documented by numerous complex depressions
{sinkholes, geological organs, several hundreds of metres wide and up w 60 m deep)
lilled with the succession of freshwater sediments (clays, kaolinnic clays and kaoling
separated by lignine seams and fossil soils) at Lazdnky and Marsov villages. The fill was
dated 10 Helvetian/Tortonian, i.c. Karpathian by fish remains and Characeans (Smetana
1924}, Also some smaller caves developed at that time being filled with kaolinitic
sediments (Skicel 19540 In evirons of Malhostovice village, pre-Badenian karst
pediplain with karst towers or inselbergs developed (Panos 1962, 1964, Bosdk [980).
Positive Tormes are more than 50 m high,

Lowver Badendan paleokarst was conpected with the Badenian (Moravian) maring
ingression and the evolmion of the Tisnov faull zone, The sea invaded into very old
valley system founded even during lower Cretaceous age and entrenched by the
Palepgene paleoriver network directed into rapidly sunken Mesvacilka Graben in the
castern margins of the Bohemian Massil. During Paleogene. the graben attained depths
up 1o 1 000 m (Zeman 1980) and originated great hydraulic head and potential for
karstification. The graben structure was filled gradually from Oligocene o Badenian,
The Tisnov fault zone constituted narrow graben filled with lower Badenian clastics,
predominantly composed of calcarcous clays, The lower Badenian sea Hooeded
pre-Badenian karst reliel with karst towers. When emerged, local paleokarst developed
on them, There are small spherical caves originated in nearshore environment an interface
of fresh and sea water (similarly 1o processes described by Rudnicki 1980} Other small
caves can be attributed to the surl action (abrasion caves, fig. 3). The syngenetic cave
formed in the Badenian abrasion breccias on the wp of one of Karstiowers (fig. 3).

Post-Badenian karstification was connected with the exhumation and evolwion of
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pre-Badenian reliel and the neotectonic activiy, The Badenian Gl avgined the thickness
of several bundreds of metres. more or less completely covering the pre-Badenian relief.
The tecronic unrest caused relatively rapid exhomation of the [l The origin and
evolution of nearly all caves in the region was connected with those processes. The
largest cave of the region, Keil's Cave at the Kvenice Hill, originated when Badenian
sediments filling the Tisnoy faull cone were partially exhumed and limestone appeared
as the outerop. The upper entranee of the cave atiain all femures of the horizomal ponor
Further. the cave developed during the cominuous fall af the base level as the Badenian
fill was exhumed. The prevailing ventical morphology of that and other caves indicates
thiat the exhumation was slow and relatively regular except of short-Lasting stable siands
connecied with the formation of larger vadose spaces or “levels”,

Plivcene aind Quaternary processes were integral pant of the post-Badenian
evolution characterized by neotectonics, hackward erosion and exhumation of older
sediments, Small cavities, karren and comoded fissures Gilled with red soils, limonitic
crusts amd Fe-Mn concrenions originated presumably in Pliccese -conly Qraternory. The
fossilization phase of subhorizontal cave systems ol Lazdinky village was connected with
eitrly Quiaternary Biharian stape and with the post-Biharian (?Holsieing interglacial {1,
Hordcek perscomm.) similarly 1o other regions of the Bohemian Mussil (e.g. karsts at
Tavoricko, Mladec and Sovinec, of, Bosdk, Hordeck and Panos 19891,
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The Tisnov Karst thus represents the classical area of the Bohemian Massif with the
origin and evolution of the polyeyelic karst in the complex geological structure and
scattered small carbonate ouwicrops, The karst and morpholohy evolution were strongly
affected by relief-forming process closely related 1o the Variscan Orogeny and to the
direct effect of the Alpine Orogeny in the nearby forcland of the Bohemian Massif,

PALEOKARST OF THE KONEPRUSY REGION (BOHEMIAN KARST):
THE EVOLUTION OF KARST AND CAVES

The Keneprusy region is typical by specific facies development of the lower
Devonian of the Barrandian Basin. The reefal and organoderrital Koneprusy Limestones
(Pragian) is overlain by the Suchomasty Limestones (uppermost Zlichovian to Dalejany,
Acanthopygae Limestones (Eifelian) and siliciclastics of the Srhsko Formation
(Givetian, Chlupde ¢ af. 1992). Limestanes show good lithification in the stage of very
deep burial. They are folded, often with overthrusts and densely faulted and fissured.
The Koneprusy Devonian represenmts complicated syncline struciure separated 1o two
individual synclines separated by flat anticline.

Up to now, the arigin and development of karst forms in the whole Barrandian
region has been connected with the evolution of the terrace svstem of main rivers, i.e,
Berounka and Litava Rivers and their paleoequivalents. The origin of caves has been
linked especially with the Quaternary geomorphelogical cycle, The evaluation of
explormtion in the Koneprusy region {1952 to 1993} and of the spelealogical investizgation
of active and old quarries brought some new knowledge and imterpretation possibilities
(Bosdk 1993) for the whole Barrandian Basin, whose limesiones landscapes are known
as the Bohemian Karst, The case study is based on studies of Bosdk (1993, in print) and
on new unpublished synthesis.

Karst formy in the landscape, The presence of caves in the northern part of the
region, in the Zlay Kun Hill, is concentristed (o the belt situated somewhat 1o the 5-5W
from the line of the Ockoy ovethrust, limiting limestone outcrops, There are situated not
only the Konepruské Caves developed in 3 levels, bur also about 19 smaller caves in
levels corresponding 1o the middle and lower levels of the Konepruské Caves. Caves in
other smooth hills (Na Voskope, Plesivec) are relatively small. The common feaures of
all smaller caves can be summarized as follows: (1 ) they are more or less isolated without
distinet known interconnection, and {2} they have character of upward blind and inclined
phreatic channels or imegular phreatic corrosional spaces. The pan of caves is completely
colmated by sediments as old as upper Sarmatian to lower Pliocene (Hordcek 19804, b).

Karst fearnres in boreheles can be characterized into several categories: (1) karst
cavities, Le. space mostly filled with sediments - reworked upper Cretaceous and Tertiany
deposits and In situ Tertiary and Quaternary deposits, sometimes with speleothems. Only
small percentage of cavilies is completely or partially empry: (23 imtergrannlar karstified
carbonates represent in situ decomposed wackestone and grainstone into calcarcous
sandy eluvium during very imensive process deeply below the base level; (3) farseified
zanes, without detailed specification are reprezented by widened fssures, bedding planes
or crucks, often representing the epikarst zone; (4) fnffleration kaolinizarion when the
carbonate rocks is altered 1o clayey-silty material by in situ cold metasomatosis with the
transport of clayey-silty panicle during calcite dissolution as a resull of aggresive water
percolaion under wet-hot climate on the surface, and (3} epigenenie reddening caused by
weathering procésses and Fe transport, The process was tectonically conirolled and
influenced by lithology/porosity and i1s products occur in distinctive levels as the marker
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of fossil piezometric levels. The terms intergranular karstification, infiltration
kaolinization and egigenetic reddening were introduced by Bosik, Cilek and Tipkovi
(1992) and explained by Cilek, Bosdk and Bednd_ovd (1995).

Devonian karstiffcation, Local paleokarsis oviginated during Lower to lower Middle
Devonian. Freshwater vadose and phreatic karstification was connected with reefl
emersions and the origin of freshwater lens. Several phases can be dated to the interval
of Pragian {lower Devonian) 1o Givetian (middle Devonian). Criginated macroporosity
{vuggy and cavern types) was filled with clayey dolostone to dolomitic claystone. dark
coloured {Bosdk 1993), Connected leatures of neptunic dikes filled with several
generation of all lithostratigraphic units can be connected with blue holes of recent
Bahamas (Smart ef of. 1988), 1t seems that the system of this paleoporosity influenced all
further subsurface karstification processes, The origin and evolution of the Koneprusy
reef, its emersions and the evolution of neptunic dykes and hiatuses in the sirtigraphic
sequence were influenced by the tectonic movements of the basement block as the echo
of late Caledonian phases.

Carboniferous 1o Cenomanian karsificadion. During Variscan Orogeny (upper
Carboniferous). hydrothermal karstification originated. Smaller caverns filled with
hydrothermal dolostone and crystalline calcite occur on or at thick calcite veins,
Pre-Cenomanian karsiification period started in the upper Carboniferous. No known
subsurface karst forms have been known, There are only some relics of surface forms
and sediments. The period was finished by extensive marine transgression.

Paleogene to lower Miocene barstificarion was connected with gradual but rapid
erosion of the upper Cretaceous platform sediments (siliciclastics prevail), Intensive
subjacent karstification started when the Cretaceous cover was substantially thinned by
intensive weathening {(Paleocene and Eocene) and by backward erosion to permeable
Cenomanian sands and gravels, Ponors in the multiple rank {(seesua Ford and Williams
1989} appeared al the margins of limestone subcrops and outcrops (fig. 5). The
development of basic network of passages led to the origin of extensive caves which
presently contain various fill sometimes reworked completely. The time of cavern origin
can be linked with the main phase of cave evolution defined by Bosik (1990c) for the
whole Bohemian Massif and dated to middlefupper Paleogene,

The evolwion of caves was connected with prolonged periods of stabilized base
level {cf. Palmer 1987) representied by the origin of extensive aluvial plains in the
Bohemian Karst { Bosik, Cilek and Tipkovi 1992). This evolution was indicated also by
older morphological analyses (e.g. Ovearav 1973 or Lysenko 1987),

The morphology of caverns shows, that they mostly originated in the phreatic regime,
The cavern shapes have typical morphological features of batyphreatic or phreatic caves
tyensy Ford and Ewers 1978) with multiple loops, and inclined ascending and descending
passages connected by shorer or longer subhorizontal wonels or channels. Phreatic
corrosional features and widening of channels is also typical and led to the origin of
irregularly shaped and sized domal caverns. The horizon equivalent of the middle level af
the Konepruské caves was later morphologically reworked at oscillating piezometric level
in the vadose regime. The concentration of cave close to the thrust limit of limestones at
the porth is most probably caused by paleohydrogeological and palechydraulical featunes
of underground drainage and hydraulic head owards the hydraulic barrier of the Ockov
averthrust. Phreatic caves discovered in quarries and boreholes represented inflow
channels connecting the ponor area with the barrier along tectonic directions of N-5 and
W-E directions (. 6 and 7). Some caves collapsed originating iregular to circular pipes
filled with the upper Cretaceous and Paleogene deposits (fig. 4 and 53, The depth of pipes
more than 90 m was proved by geaphysical mesurements,
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Fig. 4 - The view of excavaied upper Cretadeois sealinwars Imom imepulio doaossis n e e labin Certovy sclnsdy
Cuarry e Koneparsy (phiota b P Bosik, September 1994

Fig. % - The marphology of excavared enllapse pape e elkutom ey sotiody Quamy an Kemepnasy phoo by 1
ok, Sepdember U
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Mioceae kavstification, The gradual diminution in the Karstilication can be observed,
It was cansed by rectomc/morphological features feading to the shift in the position of the
piezometric level. Gradual decrease of the base level resulied in (1) the fossilization of
some of nflow chaneels, and (23 the evolution of venical connections and vadose
invasion caves. The main periods ol fossilzation can be dated sinee vpper middle Miocene
(Sarmatian and vounger colmatage of Oligo-Miocene caves) Younger caves were
connected with mixing corresion under about two to three further phases of the
stahilization of broad wlluvial plains, Large lakes developed in caves, Some older ones
were dissected and somewhat displuced by neotectonic movements (Ovearow of af. 1972),

Pliccene to early Pleistocene karvsiification. The continuing (ossilization with
middle Pliocens and Bibarian phases was typical feature of this evolutionary phase. The
last neotectonic movements are dated back 1o Biharian (cca 1.1 May in the Koneproske
Caves (Hordeek [950),

Claternary peocesses. Pleistocene w0 Holocene was characienzed by intensive
backward erosion owing w rapicd entrenchment of main river of the region (Berounka)
some Y0 m down an the end of Bibarian and by continuous evolution of superficial
karstification tepikurst zonel. Some minor caves werg maybe inserted during shorer
stabilization of base levels,

Paleodivifrogealogical model The presented palechydrogeological model of the
evolution of caves in the Koneprusy region abandons up to now prefered theory on
continuous evoldution of cave levels in the connecied wih the ongm ol lerrace niver
systen (e.g. Hroamas 19681 T s based on [ollowing postulates.

111 The predisposed network of lewer - middle Devonian diagenetic porosity was
several times unilized by vounger karstification phuses miTuencing the space arrangement
of subsurface karstifcation provesses. Strong tectome comtroll can be stated,

(21 The evalution of some karstic porosity o macroporosity during pre-Cenomanian
tmostly upper Jurassic - lower Cretaceous ) evalution of landscape cannot be completely
excluded. Tt was connected with the stabilization of broad alluvial plains characterized
by mixing corrosion of river and ground waters im limestones,

{3} The destruction of the wpper Cretaceous plattorm sediments underwent e wel
and hot climates dormg Puleocene o Cligocene. This was connected with the evolution
of da) ponors at margins of hmestone core of synchines: (b inlilration routes under o
cover of permeible Conomanian sedimems (mostly sandstonesy, and (c) ponor network
i mlriple ks dod onudtiple lines at the margions of Stluviun and Devonian subcraps
and outcrops (fig. 6.

14 The evolutien of cave systems was 1o deep phreatic zone with cave harizons
with multiple Toops and Toval horizontal features, The cavern ongin (and the kars
groundwater circulation ) fullowed man fectonic scheme, Le. NNE-S5W 10 NNW-55E
tension apen Iractures and Taolts and WHNW-ESE 10 WSW-ENE compressional faults o
overthrosts, The main characteristics of caverns cin be summarized as Tollows: (ab
arcis close o ponors cave lave muostly character of circular, mostly phreatic wnnels,
Their dimerre incrcases with the distance Trom ponee areas, and (B inarea close to the
muain hydraulic bamer, caves wie imegalar, vertical with subhorieoneal “levels™, They are
characterice by maee o labyrinth nature and irreular morphology of shallow phreatic o
vidose lake-Tilled rooms (hye. 7

(51 The main hydipulic barrier bas been representng by the Ockov overthrus
formmyg the NE closure of luoestone synchine, [0 coused the upwelling of swater, the
mncrease in piezometric level and water discharged along the thrust line i NW and Sk
directions, The zone, tens o lirst hundreds of metres wide along the ovenbust is typical
[ the absence of caves due wthe compressional nature of fssure network.
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() The evolution of lower deep phreatic cave horizons was later dependent on the
decrease of piczometric level as a consequence of climate aridization andfor change of
regional base level, Base level subsided due to uplift connected with Miocene volcanic
phases. Old piezometric levels are marked by iron precipitates inside the carbonate
massif. Complete removal of Cretaceous platform cover led o formation of carbonate
outcrops and resulted in the retreat of limestone slopes and shift of ponors in the
centripetal manner.
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Fig. & - Evelution of drimage in the Koneprusy region in plan (aller Bosdk, in print )

A The main phase of cave origing 1. limits of imestons subcrops and cutcrops. 2, Ockow overthrust, 3. main directions
o] sweder inflow doe karst, 4. peencrs (sehemadically), 5 fow cdirection ol karsiwater

B. Presem sination; 6, present Liming of limesone outcroge, T limestone slope retrear, 8. caves, 9. kars spnings, 10, warer
davide. 1. Mow direction of groundwarer.



PALEDKARST OF THE BOHEMIAN MASSIF I8 THE CZECH REPUBLIC: AR OVERVIEW ANDSYNTHESIS 27

#
ey

B g 4T s 6F] TR

Fig. 7 - Schematic secton of the syieline stnsciune of the Koneprusy region in the time of the main phase of cave origin
(aftes Bosak, in prim )

1. Silurizn and Devenian lmesiones, 2. Cremceous siliciclstics, 3, Ockov ovenhrust, 4. ponors, 5. prosmdwater
circulation paths, 6. caves (known @ present), 7 grogndsater descharge directions.

TERTIARY PHREATIC PALEOKARST SYSTEM AT BLIZNA, SOUTH BOHEMIA

The Bliznd graphite field is situased in south Bohemia at the Lipoo reserveir in the
Witava valley. Large karst caverns were opened during two cmastrophic floods in the
Viclav Mine (January and Febroary 1983). The karstogenetic evaluation was published
by Panos and Pucdlka (1989, 19903, Pucilka (1990) and Bosdk (1991b). Karst
bydrogeological study is presented by Bosdk and Koros (19910, There, details can be
found. The case study is based on study of Bosdk (1991hb).

Geofogy. Metamorphosed carbonate rocks in the Varied Group of the Moldanubicum
(Proterozoic or lower Paleoroic) form locally subsiantial part of the rock sequences
consisting of gneisses, migmatitized gneisses and locally migmatites, Carbonate rocks
are developed in two horizons. They are separated by graphite-bearing deposit level.
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Their thickness varies between several metres 10 tens of metres. The Varied Group is
here highly folded and strongly faulied,

Crecnmonpfteoferg v, All karst fetures belonging 1o the Moldanubian of this region and
adjacent arcas belong 10 the seattered karst type. The main geomorphological unit of the
region is the fault limited Vitavice Turrow as a pad of ald deinage network of the
Sumava Mts. The foundation of the Vitva paleonetwerk is dated from Helvetian up w
lower Tortonian (e, upper Karpathian 1o lower Badenian in the stratigraphic scheme of
the central Parmethys: Malkovsky 1975, 1979, The drainage was directed o he SE into
the region of Alpine Molasse Basins (Kinel 19300 In the dependance to the movement of
local structural blocks during the Alpine Orogeny it seems, thal the furrow lost its
hydrological function w the end of Miocene {Sarmatian and in Pliocene. The drainage
was stoped (Malkovsky 1979), Following the movement of the Ceské Budejovice Basin
and uplilt of e Sumava Mis., gradient of rivers increased and rivers entrenched their
buscement. Back erosion of the ¥iava River during Pleistovene beheaded the old form of
the ¥lavice Turrow,

The whale area 1 lighly weathered. The present reliel represents, most probably.
partially exposcd basal erchplain surface. The Vitvice furrow eroded the surface,
Cinetsses of different (ypes are deeply weathered into the loose eluvivm into the depths
of 200m somnetimes up o 63 m. Limestones are weathered into sandy eluvium with low
cluy contents, According o geomaorphological longitudinal section i can supposed that
the main erosional torm of the relier s represented by Mat, broad and sep-like pediment,
By 35 transtormed imo fonms resembling cryopediments, mplaces, Altnudinal dissection
of the pediment was caused by young activity of soime tectonic lines, Pediments are
entrenched by young crosion and by the network of present drainage paths. The evoluion
of pedimem followed, most probably, the end phase of the kaolinic-laeritic weathering
and preceded the foundation af the Vigvice furrow or was simulianeous with its
evolulion in tume angd space,

Keresr i overiving Nmestores (with the respect o the graphite-bearng horizon)
represe it costtenct Lvpe al karst developed by amtensive karstufication along lithelogical/
tectonic boundary of nonkarst and karst rocks. Karstified sones have several metres in
the widil. Lithologically influenced free caverns, irregularly -shaped cavities, chimneys,
anastomeses, blzare spongeworks and boxworks and small ovate o irregular channels
and other torms have been surveyed. They are mostly filled with sandy eluvia or
collapsed blucks

Kaese i wederiving fimestones are reprezented by Large water-filled karst caverns
uncovered by mme and detected by wndergroond boreholes, Caverns we less or more
steeply inclined twbes with digmeters of 4 w0 7 m, Caves with loop-and-bypass
maorphalogy have known heigth of appos, 22 mudn the upper part of caves, horizontal o
subhorizental passages are developed. Caves are of distinet phreatic momphology, In
horizomal sections, there are developed Teatures of vadose entrenchments and change of
primary phreatic Torms, Sediments in caves form stratitied sequence ol allochthonous
deposits, Except of huge caverns, also contact 1vpe of Karst has been detected with
similar characierisiivs as inthe overbving Hmesione horizon,

To solve the general picture of karstogencsis in the region studied, there are very
mmportant results ab deep borehole Novesedly MV -1 snuated about |5 kmowe NE from
Bliznd d Tichy 1954, pers.comm_ The Borehole detected deep circalation of groundwater
e the urtesian regume.

Natrtum-hydrogencarbonate chlonde walers with temperaire of 30 w0 360C
circuhate i the depib of 1 2000w 1 3000 m. The existence ol such deep circulation ol
grotndwiater also m carbonme rocks mdicates the possibiliny of evolution of karst
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porasity (6.0 in phreatic or deep phreatic conditions even in metamorphosed. e
crystilline limestones. Svstem of karst porosity and of embryonal vags was ler
exploited for the development of karst caverns in shallow phreatic and vadose conditions.
Regional decp circulation of groundwater is fed by infiltrating precipitations. Water was
enriched in some elements in somewhat elevaied lemperature (corresponding (o the
geothermal pradiem ) during decrase. The absence of free COL alihough discussible, can
indicate low panicipation of juvenile waters or of hydrothermal fluids (v.5.) in the
formation of groundwater sampled,

Karstogenetic model. The character of karst Torms in overlying and uderlving
lumestones substantially differs. In the everfeing horizon, the karst is of the comact tvpe
developed in vadose conditions in relation 1o the weathering and the character of
undergound drainage. Imegular cavities of the pocket type originated by this way. They
are partly or completely colmated, mostly nearly vertical forms with assoviated chanpels
of the epikarst type.

The morphology of caverns in waderiving limestone horizon, as well as their
orzanization relaed o hology and structure, indicate that they are a component of well
developed system of phreatic caves. Panos and Pucilka ¢ 1989, 1990) interpret them as
cave system developed in the upper. dynamic zone of the shallow phreatic envirenment,
The system represents caves of the 2nd stage from the “four stage” mode| of Ford and
Ewiers | L978), e, caves with numerous phreatic Toops and shor vadose bypasses in their
upper pans. Their phreatic morphology is of a primary nature while vadose modifications
are, most probably, connected with later evolution. It seems that the cave system
developed In relatively dynamic upper level of the shallow phreatic condition, The
inconsistency of the batyphrestic morphology arisen from shallow phreatic zone, we can
explain by the geological structure. In underlying limestones, conditions of confined
aquifer appearcd (artesian confinement) with favourable hydrulic and hydrochemical
environment Tor the evolution of cave of the bathyphreatic type and morphology. Cave
origin, therefore, took place in relatively shallow subsurface. After piceometric level
somewhal dropped, partial change of morphology in vadose conditions occured as well
as the mass deposition of resedimented gneiss eluvia. Caverns, which have been known
novw, are nit isolated coves, but they are constituents of larger cave system originated in
environment of concentrated water inflow and free outflow from the system (Panos and
Puciilkn 198%),

Phreatic stege, The phreatic stage of the evolution is connected with the period
characierized by sufficient guantity of precipitation available for infiltration and
swallowing of surface waters into the karst subsurface. Distinetly humic climate was
interpreted in the Bohemian Massif and adjacent areas during nearly whole Paleogene
with short-lasting somewhat less humid o colder phases,

Especially humid lower Oligocene has been docwmented, Intensive kaolinic-lateritic
weathering took place during Paleogene. Its main phase or culmination, respectively, can
be dated into Eocene. Comrelate sediments are reprecemed by basal formation of the
North Bohemian Brown Coal Basins (Saré Sedlo Formation - Eocene 1o Oligocene;
Knohloch 19907 with numerous feaures documenting the evolution of the wemthering.,
foral remains (e.g. Knobloch and Kyvacek 19900, ete. The phreaic karsiogenetic phase
was bounded 1o the course and cessation of weathering with relatively stable wetonic
regime (Malkovsky 1979), Karstilication was characterized by conditions of intensive
groundwuter circulation, a least partially in the artesian confinement. The drainage
followed either faull systems andfor was active by the transfer into the lissure systems
and porous envirmment overlving the deposit (fig. B). The role of increased aggresivity
af water due (o sulfide decomposition cannot be excloded, The phreatic karstogenesis in
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Fig. & - Schematic section of the evolution of karst systiem of the Bliend deposit (alier Bosdk 1991b)

a, phreatic lage. b, vadose slage, ¢, subrecent stage before ming dewatering, o, present state, |, non karst rocks, 1.
crystalline lhinwestones, 3. weatlsered rone, 4. water-Gilled caves, 5. mine gallery and drained caves, H. groundwater level,
7. groundwater Mow direction, §. karst spring in the mine.

the Bliznd area can be dated into the “main phase of cave formation™ of the Bohemian
Massif defined and daied by Bosdk (1990b) into Oligocene-lower Miocene,

Vadase stage. The vadose karstification phase is connected to the stabilization of the
piczometric level which followed the formation of the erosion base level in the arca. lis
stabilization for longer time period corresponded 1o quiet phase of the tectonic evolution
of the Bohemian Massif al the OligocenefMiocene boundary. Supposed hydrological
activity of the Viavice furrow dated by Malkovsky (1975, 197%) into the middle
Miocene (Helvetian to lower Tortonian) fits into the model. The botiom of the Vitavice
furrow represents the erosion base level for broader area as proved by levelled bottom
altitudes in a long distance, Vadose elements and concentration of Karst leatures on the
2nd mine level, piezometric limit (sensy Palmer 1972, 1987 in opened caves, cavities in
some boreholes indicate the connection with the fossil Viava valley. However the whole
system is affected by neotectonic movements, The drainage of the karst aquifer ook
place by the transfer of karst water into the surficial weathered zone and by masked or
hidden springs to the valley network, The final dissection inte the present
hydrogeological blocks and drainage basins (catchment basins) resulted from tectonic
movements and reorganization of the morphological plan, drainage network, ete. during
late Miocene, Pliocene and early Pleisiocene.
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COVERED KARST OF THE MEAMOROVY QUARRY (NORTH MORAVIA)
EVOLUTION MODEL

The studied region is situated in the southern slope of the Krilicky Sneznik Mr.
along the upper course of the Morava River. There. surface and subsurface karst features
occur in monoclinal strips of crystalline limestones of the Stronie Group (fig. 9).

Fag. @ - T plan of the Morva River Basin
{oouriesy of 1, Rehdk)

1. towders of rver basins
2. mival hasins
3, erystalline lmestones
A, impOnant caves:
©. Tvaroemé diry
L Pacliova jeskyne
fx, pemIcE
T. smapling sites
B, meteorological station

{Proterozoic-lower Paleazoic). They are surrounded by different types of gneisses. The
limesione thickness attains up 1o 300 m. They are covered by deluvia and by variegated
weathering products with limonite at the base (in karst depression). The river bed of the
Morava River is deeply entrenched here with the total depth of 500 m. Quicrops of
crystalline limestones are expresses in the valley morphelogy only rarely, The case study
is based on analyses of Bosdk (1982, 1994), and Bosdk and Hysek (1994 a b).

Karss forms. Surface karst forms are developed subordinarily. Two to three levels of
caves (cave level in non genetic sense here) are developed. The upper one is siuated
several metres below the surface. Caverns of channel type are dissected by vertical karst
forms flled with sediments. The middle level consists of caves pantly accessible for the
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man, The lowser level was proved by drilling in the depth of about 100 m. The forms of
the cowered karst are extensively developed. Limestones beneths sediments are deeply
dissected by depressions into the form of conical elevations sometimes with sharp forms
resembling clint-and-grike morphology. Some of them are oncovered protruding above
the surface and they are parly destructed by the congeliftaction. The heigth of elevations
diminishes upslope.

Fhe proffem, The Mramorovy Quarry site and surroundings has intteresting
geologival and geomorphological position, Therefore, the genesis of conical shaped karst
Fowrns el sediments indepressions undergo the controversial discussion (Krusky 1973,
Madera 1953 and Bosdk 19823 The Rarstificinion in wer and wearm climate (Tof the
iropical ivpe during Tertiary was assumed (e.g. Madera 1983, Demek and Madera
1982} Bosdk (1982) expected that conicol forms of karst represent great karren
telint-and-grike) originated by strong corrogion by thaw waiers during the Cuaternary.,
Variepated weathering products in depressions are redeposited sediments,

Sedimenrs. Mineralogical and petrological analysis allow (o distinguish three
genetically different kinds of sedimentary fillings {except of solifluction mixtites
covering the reliefy: (1) Hehofogically variable filfings among karst cones are
characterized by yuartz and muscovite, in places by feldspars, vermiculite, sepiolite.
chlorite, and mixed-structures vermiculite-chlorite. Kaolinite is totally absent. The heavy
minerals are composed dominantly of instabile minerals with prevailing pyrite, epidoie
and locally apatite. Dark coloured schlieren at the contact with limestones are enriched
in Mn and Fe. The grain-size distribution is unsorted with relatively normal distribution;
{2} variegated weathering produces in the central depression are composed of quartz,
locally feldspars, muscovite, biotite, kaolinite and accesoric illite-miontmaorillonite and
montmorillenite. Dominant coment of kaolinite was not proved, Heavy minerals consist
of instabile minerals {pyrite, epidote, ete.) and locally increased content of chemostable
minerals (garnet). The content of fa sit weathered clasts of gneisses is remarkable, The
grain-size distribution is unsorted, curves are platveuric and the assymetry is relatively
normal, and (3) fiffings of smelf peckers are composed of dominant quartz and feldspars,
locally muscovite and rarely chlorite, lesser amounts of vermiculite, and sepiolite. Heavy
mincrals are typical by relatively high percentage of mechanostable minerals and distinct
content of chemostable minerals. The grain-size distribution 15 unsored, curves are
highly leptocunic,

Variegated weathering products are the oldest generation of the fill. Previous auwthors
described them as the relics of tropical weathering, Nevertheless, the kaolinite content is
relatively low, Also the characier of heavy mineral assemblages 15 not mature with
prevailing instabile forms, [t seems, that such deposits cannot be characterized as mature
kaolinic deposits as they contain also high percentage of fresh feldspars. muscovite and
even hiotite. The character of deposits and their mineralogical composition indicate that
these light-colourcd wembering products were not transported or that the weathering ook
places only after the wansport of primary mechanical weathering products, i.c. they arc
ire xitir weathered.

The second generation of the fill is reprezented by lithologically variahle sediments
among karst cones, They panially cover the first sediment generation. Importam is the
higher content of sepiolite formed by the authigenic crystallization from wiater solutions
(S1och 19747 and contents of muscovite and vermiculie-chlorite. Sediment structures
indicate the origin from slope deposits sunken into developing karst Forms,

The last generation af the il are sundy deposits in small pockets of fluvial origin
(higher terrace of the Morava River).

The geamorphology, The ransversal section through the Morava valley indicae the
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presence of broad palcovalley at | 100to | 200 m as 1 and the presence of several slope
steps within the slope (at 970, 870 and 850 m a.s.1), Correlme sediments in adjacent
regions are occurring ot 840 o 260 m as.l They are relatively rare and they are of the
Neogene age. They were constituents of pre-Badenian river network (Malkovsky 1975,
1979y differing in the organization from posi-Badenian river network which originated
after uplift of the castern margins of the Bohemian Massif caused by the voung Styrian
phase of the Alpine Orogeny. The river network on the Polish part of the Sneznik M. had
also the complex history. Walczak (in Bosdk and Hysek 19%4b) expected, that the valley
of the Mysa River is early Tertiary and the valley of the Biala Ladecka River is at least of
Miocene age.

To assume the cvolution of the river network and of geomorphic forms in the area
studied, there could be taken into the account the general evolution of castern marging of
the Bohemian Massif after the upper Cretaceous regression, The existence of deep
pre-Miocene valley forms was proved. In the eastern slopes of the Massif they atiain the
depth of about 1 000 m (Zeman 19807 and were filled by PaleoceneMigocene-Miocene
sediments. Valleys started 1o form even during lower Cretaceous and were partly flooded
by Albial ingression. During the Oligocene, the base level was therefore situated at the
level -1 000 m in the Carpathian Foredeep, This intensive lowering of the base level and
decp entrenchment caused rapid backward erosion and the evalution of diversified river
valley network, Its pans are now Hlled with marine sediments of the lower Badenian
(Moravian) in the Moravian, Tisnov and Hranice Karsis and also in non karst regions
decply 1o the nonhwest. In other places. valleys are filled by the cominental equivalents
(ef. Prosova 1974) The entrenchment of deep valley was simultaneous with the uplift of
marginal mountain range of the Massif which enhanced the extent of deep and hackward
LTORION.

The second imporam stage of the evolution was the Messiman siage of deep
fowering of the base level, The lowering of the Black sea level reached -1 600 m (cf. Hsii
and Giovanelli 19791 a8 compared wilh the recent situation. This sea level drop was
reflected in increased rate of crosion and in rapid progradation of backward erosion i
the foreland, This stage of river-affected morphogeny was proved by Glasek ( 198%a) in
Polish High Tatra Mis.

£3isenssion, Comparing the geomorphological form of the area studied with above
mentioned data, it seems tha the pre-Badenian stage of morphogeny is imprinted in
altitudes above 950 m as.] Inseried “terrace” steps in valley slopes can be attributed 1o
rests of pediments in accordance 10 Walcrak (in Bosdk and Hysek 19940). The rest of the
valley, except the sharp entrenchment in the hottan (40 o) s supposedly of pre-Pliocene
age. The entrenchment has been dated by several suthors 1o post-Miocene erosion
reflecting the mountain uplift (e.g. Madera 1983), Relative position of summins of karst
cones i the Mramorovy Quarry is now 40 to 120 m above the river bed. Nevertheless,
the whole sitwmion is complicated by neotecionic movements along trnsversal faults
which caused e.g. the cut of cave paleadrainage rowes (cf, Madera 1983),

The data memioned above indicate that limestone sirips were uncovered due to deep
and backward erosion. With any doubis, the lowest entrenchment in the valley can be
correlated with the period of youngest evolution, e, 1o the period afier the dissection of
pre-Badenian paleoriver network (uplifth. This phase is dated 10 Pliocene-Quatemary, as
mevements (uplift) was connected with the voung Styrian phase of the Alpine Orogeny
tupper Badenian o Sarmatian, Roth 19800

Paleoclimates in that time were characterized by e termination of tropical climatic
types after the lower Sarmatian age (Gregor 19800, Climate changed. precipitations and
temperatures droped (Sinicyn 19801, The Pliocene was already charcterized by climatic



a4 P BOSAK

oscillmion of the glacial type (Frakes 1979).

The remaining problem represents the datation of the narrow, 40 m deep
entrenchment of the river valley which is connected with the restoration of river network
and with young piracy processes, [t could be supposed, that the whole valley {except the
entrenchmenth was created even during the Messinian (the end of Miocene) and that the
entrenchment is younger (Plio)-Pleistocene. Nevertheless, the evolution stages are not
correctly dared and represent only the working hypothesis.

Meddel. The model of origin of covered karst in the Mramorovy Cuarry is based on
above mentioned daa and hypothesis, L.e. on the assumption that the valley was finished
at the end of Miocene (Messinian), Two basic evolution stages can be distinguished. The
alder phase caused the deep karstification of limestones along longitudinal fault
structures, They are distictly older than transversal faults without traces on neotectonic
movement., This karstification can be correlated with pre-Messinian stage.
Light-coloured weathering products with red clays at the base. limonitic lavers and caves
with limonites at -100 m originated in this stage. The low kaolinite content and heavy
mineral assemblages indicate lower intensity of weathering processes or thar weathering
took place only for a short period. This fact be connected with the upper Miocene
climate. Weathering products sunk into the forming depression and here were in sty
weathered. The vounger phase can be connected with younger, Quaternary, geomorphic
processes, i.e. with the Morava River entrechments due 1o the uplift of the mount,
Conical-shaped karst forms originated during strong corrosion by aggressive waters from
thawing of iceficlds or firn during the interglacial periods. Resulting form can be
compared with the clint-and-grike morphology. It originated beneath the sedimemary
cover composed by fresh (not mature) weathetring products of the till-type, Based on the
presence of sepialite, they were deposited in water eovironment and gradually sunk into
depressions. Karst forms therefore represent the covered karst (sensne Bosdk, Ford and
Glazek 1989) or screened karst (of Tsykin 1989), Zones enriched in Mn and Fe encircling
karst cones and impregnating certain horizons in sediments precipitated from percolating
solutions probably of river origin (¢f. Ford and Williams [989). The connection with the
entrenched lowest pant of the valley is clearly reflected in decreasing altitude of karren
cones upslope. All the forms and sediments were later covered by two solifluction
horizons. This indicates thar the evolution and filling of the karren topography finished
before last glacial a1 least.
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