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Abstract: Karst evolution depends particularly on the time available for process evolu-
tion and on the geographical and geological conditions of the exposure of the rock.
The longer the time, the higher the hydraulic gradient and the larger the amount of
solvent water entering the karst system, the more evolved is the karst. Unconformities
influence the stratigraphy of the karst through the time-span that is available for sub-
aerial processes. The end of karstification can also be viewed from various perspectives.
The definite end occurs at the moment when the host rock, together with its karst phe-
nomena, has completely been eroded/denuded. Karst forms of individual evolution
stages (cycles) can also be destroyed by erosion, denudation and abrasion without the
necessity of the destruction of the whole succession of karst rocks. Temporary and/
or final interruption of the karstification process can be caused by the “fossilisation”
of the existing karst phenomena due to loss of hydrological activity. The shorter the
time available for karstification, the greater is the likelihood that karst phenomena are
preserved in the stratigraphic record. The longer the duration of subaerial exposure,
the more complex geomorphological agents are. Karst and cave fills are relatively spe-
cial kinds of geologic materials. The karst environment favours both the preservation
of paleontological remains and their destruction. On one hand, karst is well known
for its richness of paleontological sites, on the other hand most cave fills are complete
sterile, which is true especially for the interior cave facies. Another problematic feature
of karst records is the reactivation of processes, which can degrade a record by mixing
karst fills of different ages. Owing to the fact that unmetamorphosed or only slightly
metamorphosed karst rocks containing karst and caves have occurred since Archean,
we can apply a wide range of geochronologic methods. Most established dating
methods can be utilised for direct and/or indirect dating of karst and paleokarst. The
karst/paleokarst fills are very varied in composition, including a wide range of clastic
and chemogenic sediments, products of surface and subsurface volcanism (lava, vol-
caniclastic materials, tephra), and deep-seated processes (hydrothermal activity, etc).
Stages of evolution can also be based on dating correlated sediments that do not fill
karst voids directly. The application of individual dating methods depends on their
time ranges: the older the subject of study, the more limited is the choice of method.
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Show cave managers have to try to improve
education of visitors (public) not only by
stressing conservation and protection issues
on karst in general (e.g., karst landscape, caves,
speleothems), but also to attract people in sci-
entific themes. One of the most attractive, for
cave visitors, seems to be archaeological and

paleontological finds in caves. Nevertheless,
those issues are only a small part of very broad
discipline of dating of processes in karst and
caves. Lot of caves have been evolving for very
long time, even from the geological point of
view, i.e. millions of years; on the other hand
others represent relicts of old evolutionary

34



phases (relict karst semsu Bosik, Ford and
Glazek 1989). Such cave can be nearly com-
pletely cut from active hydrogeological system
and therefore represent real paleokarst (sensu
Bosédk, Ford and Gtazek 1989). The selected
examples are presented in Tab. 1. This kind of

as well.

Table 1. Examples of ancient caves, their origin and opening of connection to surface

information could be interesting for public,

The ancient caves recently accessible repre-
sent unique feature in karst due to the steady
process of chemical denudation - lowering of
the karst surface by dissolution, which acts,

Location Estimated age _,
- Origin References
Cave Region of cave open to surface
. , 4 Bosék et al.
Konépruské Olivocene ascending waters, 1989
Caves Czech Karst (CZ) goce Lower Miocene meteoric, phreatic k1
show cave - Lower Miocene and vadose Bosak 1996,
1998, 2000
, . 1) Oligocene .
Kilna Cave | Moravian Karst . ( . Bosék et al.
show cave (2) Oligocene 2) pqst—Mlddle watet-table 1989
Miocene
Panos 1964
Amatérska ‘ (1) Middle Miocene Bosak et al.
Moravian Karst ‘ . watet-table
Cave (2) Lower Miocene (2) Pliocene multi-stor 1989
System (3) Quaternary Y Bosak et al.
1999
Javoticské Central-northern water-table Bosék et al.
Moravia, Oligocene (1) Middle Miocene . 1989
Caves Ly . . multi-story, s
show cave Javoficko Karst | - Lower Miocene (2) Pliocene ascending waters Pucilka et al.
(Cz) & 2001
Krilova Central Moravia, Upper hypogene Bosak 1983
Cave Ti$nov Karst Carboniferous | Post-Badenian (?) (mineralized), Bosak et al.
(CZ) - Lower Permian phreatic and vadose | 1989
Javorka Permian to Oligocene or Lower Ny
Cave Czech Karst (CZ) >Middle Jurassic Miocene hypogene, meteoric | Zik 2006
Unorova Early to Middle M Early o M iddle . Zék et al.
Czech Karst (CZ) o Triassic meteoric
Chasm Triassic . 2007
(2) Cenozoic
o Northern Lower Cretaceous (1) Lower . Bosak et al.
Spicka Cave ‘ (Hauterivian to Cretaceous mixing water
Moravia (CZ) : 1989
Aptian) (2) Quaternary?
Blizng Cave Southern Upper Eocene to | (1) Lower Miocene meteoric, Bosdk 1991,
Moravia (CZ) | Lower Miocene (2) Recent deep phreatic 1997
ascending waters,
?jiimka Belianske Tatry Miocene topmost Miocene rglfzglp };lrea:ce,ne Bella et al.
(SK) to basal Pliocene |, P Y POSENE 9010
show cave low thermal sulphuric
acid-enriched waters
Domica-
Barada Cave | Slovak-Aggtelek re-Pliocene (1) pre-Pliocene water-table single | Bosak et dl.
System Karst (SK-H) P (2) Pleistocene level unpubl.
show caves
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according to climatic conditions and litho-
logy of host rocks, in range of several meters
up to 760 m per 1 million years (Ma), in aver-
age some 20 to 50 m per 1 Ma (for detail see
e.g., Ford and Williams 1989, 2007). More
diagenetically mature and metamorphosed
carbonate rocks are more resistant to chemical
denudation in average. Lowering of surface by
the chemical denudation leads to the origin
of so called unroofed caves (sensu Mihevc
1996, for details see Mihevc 2001). Caves are
expected to persist for 10 Ma in a single erosive
cycle as expected by Sasowsky (2007) in respect
of the formation depth and chemical denuda-
tion rate. Nevertheless, the complex sequence
of transgressions, connected with sediment
deposition, and regressions, connected with
sediment weathering, erosion and denudation,
can halt the action of chemical denudation
for a long time. Owing to such complicated
geological history of both folded and platform
regions, even Palaeozoic caves can be acces-
sible recently (e.g., Bosik 1983; Osborne 2010).
General frames of dating of karst processes
and related problems were summarized by
Bosak (2002, 2007, 2008); this compilation is
based on those three papers principally.
Determining the beginning and the end of
the life of a karst and cave system is a sub-
stantial problem. In contrast to most of living
systems, the development of a karst system
can be ,frozen“ and then rejuvenated several
times, 1. e. it can has polycyclic and polygen-
etic nature (cf. Bosak et al., Eds. 1989) so that
karst deposits represent a special kind of
geological record (Bosak 2002). The principal
problems may include precise definition of
the beginning of karstification (e. g, legacy
karst - Wright 1991; Wright and Smart 1994
or inception in speleogenesis - Lowe 1999) and
the manner of preservation of the products of
karstification. Karst evolution is particularly
dependent upon the time available for process
evolution and on the geographical and geo-
logical conditions of the exposure of the rock.
The longer the time, the higher the hydraulic
gradient and the larger the amount of solvent
water entering the karst system, the more
evolved is the karst (Bosik 2008).
Karstification of the host rocks may start
during their formation phases - diagenesis

- converting the soft sediment into consoli-
dated material shortly after deposition itself.
Such karstification is a consequence of the
emergence of part of a depocenter (sedimen-
tary basin) and the introduction of mete-
oric water into the diagenetic system. The
formation of a fresh-water lens and a halocline
zone related to the surface relief and sea-level
changes is the result. The early stages of the
origin of dissolutional (karst) porosity by
meteoric diagenesis in carbonate rocks have
been described in numerous sedimentological
and paleokarst studies (a.o., Longman 1980;
James and Choquette 1984; Tucker and Wright
1990; James and Choquette, Eds. 1988; Wright,
Esteban and Smart, Eds. 1991; Wright and
Smart 1994; Moore 1989, 2001; Mylroie and
Carew 2000). Some authors suppose karst to
be merely the facies of meteoric diagenesis
(Esteban and Klappa 1983).

The end of karstification can be viewed also
from various perspectives. The final end of
karstification occurs at the moment when
the host rock, together with its karst phe-
nomena, is completely eroded/denuded, i.e.
at the end of the karst cycle sensu Grund
(1914; see also Cviji¢ 1918). In such a case,
nothing is left to be studied. Karst forms of
individual stages of evolution (cycles) can
be destroyed also by other non-karst erosion
processes or by the complete filling of epikarst
and burial of karst surfaces by impermeable
sediments, without the necessity of destroying
the entire succession of karst rocks (the cycle
of erosion of Davis 1899; see also Sawicki 1908,
1909). Temporary and/or final interruptions
of karstification can be caused by fossilisation
due to the loss of the hydrological function of
the karst (Bosak 1989, p. 583) and it becomes
paleokarst (Bosdk 1981, 1989; Bosik, Ford
and Gtazek 1989; Ford and Williams 1989),
independent of whether the karstification is
halted definitely or only temporarily. Such
fossilisation can be caused by metamorphism,
mineralisation, marine transgressions, burial
by continental deposits or volcanic products,
tectonic movements, climatic change etc. (for
a review, see Bosdk 1989). The introduction of
new energy (hydraulic head) to the system may
cause reactivation of karstification reflected in
the polycyclic and polygenetic nature of karst
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formation. The most common reasons for reac-
tivation are regression, deglaciation and uplift
(for a review, see Osborne 2002). Multiple
reactivations are result in polycyclicity of karst
formation, which is a characteristic feature
(e.g., Pano$ 1964; Ford and Williams 1989,
2007; Osborne 2002). The polygenetic nature
of many karsts features that evolved during
several different steps should be stressed, too
(Ford andliams 1989); these may take the form
of, for instance, an overprint of cold karst
processes on earlier deep-seated/hydrothermal
products, which themselves followed meteoric
early diagenesis (e.g., Bosik 1997) or the suc-
cession of other processes (a.o., Osborne 2000,
2002; Osborne et al. 2006).

Karst sediments are a special kind of geo-
logic materials. The development of karst and/
or part of the karst system can be ,frozen®
and rejuvenated for a multiplicity of times
(Bosak 1989, 2002, 2003), and the dynam-
ic nature of karst can lead to re-deposition
and reworking of classical stratigraphic order.
Those processes can make the karst record
unreadable and problematic for interpretation
(see Osborne 1984). Temporary (e.g., filling by
cave sediments) and/or final interruption of
karstification (fossilization s.s.) is due to the
loss of the hydrological function of the karst
(Bosak 1989, p. 583). The introduction of new
energy (hydraulic head) to the system may
cause reactivation of karstification reflected in
the polycyclic and polygenetic nature of karst
formation.

The karst environment favours both the
preservation of palaeontological remains and
their destruction. On one hand, karst is well
known for its wealth of palaeontological sites
(e. g., Hordcek and Kordos 1989), but most
cave fills are completely sterile on the other
hand. The role of preservation is very impor-
tant because karstlands function as traps or
preservers of the geologic and environmental
past, especially of terrestrial (continental) his-
tory where correlative sediments are mostly
missing, but they carry also marine records
(Horéacek and Bosak 1989).

The methodology applied to obtain dating
results depends on the nature of the geologic
material filling the karst. The fills of exokarst
landforms (especially some epikarst forms)
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offer more possibilities for the preservation of
fossil fauna and flora than do cave interiors.
The cave environment can be divided from
the sedimentological point of view into an
entrance facies and an interior facies (Kukla
and Lozek 1958). The entrance facies includes
fine-grained sediments transported from the
vicinity of the cave by wind and water and
coarser clasts transported into the cave by
slope processes. The entrance facies represents
the most valuable section of the cave from a
stratigraphic point of view. The cave entrance
contains pollen as well as datable archaeo-
logical and palaeontological remains that are
protected from surface erosion, weathering
and biochemical alteration (Ford and Williams
1989, 2007). The interior facies develops in those
parts of the cave that are more remote from
the surface. Sedimentary sequences here can
be extensive, consisting of fluvial gravels and
sands overlain by flood or injecta deposits of
laminar silts and clays often intercalated by
speleothems. They can also contain dejecta,
colluvial material and outer clastic sediments
(including marine ones) often redeposited
and/or injected for longer distances within the
cave (¢f Ford and Williams 1989, 2007). They
form in vadose conditions. Due to the dynam-
ic environment of cave interiors and periodic-
ity of events, sedimentary sequences often
represent a series of depositional and erosional
events (sedimentary cycles). They are separated
by unconformities (breaks in deposition), in
which substantial time-spans can be hidden
(Bosdk et al. 2000b; Pruner and Bosak 2001,
Bosak 2002, 2003; Bosak, Pruner and Kadlec
2003). The erosional phases can be much
longer that depositional events. Troglobitic
fauna and flora are usually much too small
in number and volume to be significant (Ford
and Williams 1989, 2007). Therefore, fossil
remains within a cave, that come from the
surface (carried in by sinking rivers) or from
trogloxenes (e. g., cave-using bats, some birds
and mammals), are more important. Airborne
grains (pollen, volcanic ash) can only be impor-
tant when favourable air-circulation patterns
are developed within a cave. Nevertheless, cave
sediments, especially far from the ponor or
other entrance, tend to be highly depleted in
fossil fauna (Bosék, Pruner and Zupan Hajna



1998) and/or the preservation of the fossils is
too poor for precise determinations (Bosdk et
al. 2000a). Relics of phreatic silts and clays are
relatively rare and they typically contain no
fossils.

The stratigraphic order in sedimentary
sequences is usually governed by the law of
superposition, according to which the overly-
ing bed is younger than the underlying one
under normal tectonic settings. The law is
valid for the majority of sedimentary sequenc-
es. However, river terraces and karst environ-
ment may present exceptions. The succession
of processes connected with entrenchment of
river systems cause higher levels of sediments
to be older than lower ones. Karst, owing to
its dynamic nature, polycyclic and polygenetic
character carries some other thresholds - the
karst records can be damaged by the simple
process of erosion and re-deposition. The
reactivation of karst processes often mixes
karst fill of different ages (collapses, vertical
re-depositions in both directions, etc., e.g,
Horacek and Bosak 1989). Contamination of
younger deposits by re-deposited fossil-bear-
ing sediments has been known elsewhere in
caves (Bosdk, Pruner and Kadlec 2003). Well-
known are also sandwich structures, described
by Osborne (1984): younger beds are inserted
into voids in older ones. Those processes
degrade the record in karst archives (Horacek
and Bosiak 1989).

The final accumulation phase has been
dated in caves in most cases, i.e. when the cave
is in a quasi-stationary state because the input
of energy (water) has been interrupted, detach-
ing the cave from the local hydrological regime
for different reasons and for highly differing
time-spans; the cave becomes fossilised, at least
temporarily. The temporary fossilisation of the
cave (ie. fill by cave sediments) and rejuvena-
tion (excavation of sediments) mostly reflect
changes in the resurgence area, especially verti-
cal change (in both directions) of base level at
the karst springs. The rejuvenation of the karst
process can excavate the previous cave fill/
fills completely, which is the most common
case resulting from the polycyclic nature and
dynamics of cave environments (e.g., Panos
1964; Kadlec et al. 2001). Under favourable
settings, fills belonging to more infill phases
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(cycles) separated by distinct hiatuses (uncon-
formities) can occur in one sedimentary pro-
file. Such amalgamation is typical especially in
ponor (sinkhole) parts of the cave (e.g., Kadlec
et al. 2001).

The proper and exact dating of karst proc-
esses, including filling of cave/karst voids, is
most often the only means of reconstructing
the evolution of individual karst features,
extensive karst regions, speleogenetical or
fossilization processes. The application of a
number of dating methods in past decades
enabled also the more exact dating of process-
es in the karst (Ford and Williams 1989, 2007,
Bosdk 2002). Owing to the fact that unmeta-
morphosed or only slightly metamorphosed
karst rocks have existed since the Archean, we
are facing the wide range of application of geo-
chronologic methods. Most of the methods
outlined below can be utilised for direct and/
or indirect dating of karst and paleokarst proc-
esses. Karst/paleokarst fills are highly variable
in origin and composition, including a wide
range of clastic and chemogenic sediments,
products of surface and subsurface volcanism
(lava, volcaniclastic materials, tephra), and
deep-seated processes (hydrothermal activity,
etc). During burial, paleokarst forms can be
cut or penetrated by products of younger deep-
seated processes (volcanic or hydrothermal
- ore - veins). Evolutionary karst stages can be
based also on dating of correlative sediments,
which do not fill karst voids directly, i.e. gla-
cial deposits, river terraces, eolian and lacus-
trine sediments, marine deposits and fossils.
Certain dating methods cannot be used for
karst events at all, especially those requiring
magmatic and/or metamorphic lithologies as
suitable materials.

Colman and Pierce (2000) reviewed the
range of geochronologic methods for the
Quaternary period. Their conclusions can
be adapted also for older chronologic units.
The methods are grouped into six categories:
(1) sidereal (calendar or annual) methods, which
determine calendar dates or count annual
events; (2) isotopic methods, which measure
changes in isotopic composition due to radio-
active decay and/or growth; (3) radiogenic
methods, which measure cumulative effects of
radioactive decay, such as crystal damage and



electron energy traps; (4) chemical and biological
methods, which measure the results of time-
dependent chemical or biological processes;
(5) geomorphic methods, which measure the
cumulative results of complex, interrelated,
physical, chemical, and biologic processes on
the landscape; and (6) correlation methods,
which establish age equivalence using time-
independent properties. Results of dating can
be classified into four groups as follows:
numerical-age, calibrated-age, relative-age, and
correlated-age (Colman and Pierce 2000, p. 3).

They also proposed to abandon the term abso-
lute date in favour of numerical date.

The application of individual dating methods
depends on their time-spans. In general, we can
state that the older is the subject of our study,
the more limited are the methods of dating avail-
able. The nature of geologic materials to be dated
represents another threshold. Not all geologic
materials are suitable for numerical dating. On
the other hand, most of materials are suitable
to attempt correlated-age (see detailed review
in Bosak 2002, 2007, 2008). (AV0Z30130516)
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