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INTRODUCTION

The  Quaternary  of  karst  areas  is  characterized  by   a  wide  variety
of  fossil-rich  sediments  enabling  both  main  groups  of  zoofossils  -  MoZ-
1%Scci  and  Verteb7.cLta  to  be  mutually  correlated,  and  by  the  occurrence
of  peculiar  sedimentary  environments  such  as  caves,  chasms,  sinkholes.,
karstified  crevasses  and  rock-shelters.   Thus,   in   karst   areas   well-diff{3-.
rentiated  depositional  sequences  with  fossils  can  be  i-ound  even  in  posi-
tions,  where  erosion  generally predominates,  e.g.  on steep  siopes  and tops
including  high  mountain  areas.  In  karst  envjronments  prehistoric  sites
are  also  concentrated  so  that  animal  remains  come  often  from  archaeo-
1ogical  contexts   (Loźek   1960a).

On  the  other  hand,  it  must  be  considered  `Lhat  the  great  majority  of
karst  areas  is  situated  in  mountain  regions,  whei.e  Quaternary  deposits
are  mostly  preserved  only  in  fragments   of  compai.atively  small  areal
extent.   For   this  reason,   they  have  i.eceived  relatively   little   attention
and Quaternary geologists have mostly neglected  important  informations
on the faunal development, local environment and regional climate based
on evidence from karst areas.

This  is  true  also  of  the  West  Carpathians,  where  a  number  of  karst
areas  occurs  within  a  broad  altitudinal  scale  from  the  foothills  to  the
alpine  zone.  Although  also  here  attention  has  been  concentrated  on  the-
Quaternary  of  lowlands,  i.e.  of  non-karst  ai-eas,  at  present  so  many  di-
verse  records  from  our  karstlands  are  available  that  it  may  be  usef ul  `co
evaluate  them  and  to  draw  several  conclusions   (Loźek    1978b).

POSSIBILITIES  OF  INVESTIGATION  OF  KARSTLAND
QUATERNARY  IN  THE  WEST  CARPATHIANS

As pointed out  before,  the  kai`st  is  particularly  characterised  by sedi-
mentary fills  of  various  cavities  providing  palaeontological  and  archaeo-
1ogical  findings.  Besides  them  further  kinds  of  biostratigraphically  im-
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portant  sediments  occur  in  karst  areas.  These  are  first  of  all  slope  and
floodplain  sediments  as  well  as  tufas  which  in  response  to  high  Cac03
content  also  use   to  be  rich  in   fossils   and  become   important   in   sites,
where  they  can  be  correlated  with  climatically  controlled   Quaternar.v
deposits  such  as  terraces  or  loesses.  Such  a  possibility  is  given  mostly
in  the  Carpathian  foothill  zone,  e.g.  in  the  mountain  ranges  of  Pńlava,
Malć  Karpaty,  Povaźsky  lnovec,  Tribeć,  Slovensky  kras  etc.  as  well  as
in  karst  areas  bordering  the  valleys  of  large  rivers,  particularly  of  the
Vóh,  Hron  and  Hornód.  Some  formerly  glaciated  districts  also  are  favo-
urable,  e.g.  the  Demónovń  karst  at  the  northern  side  of  the  Nizke  Tatry
Mts.,  but they have remained mostly unexplored  as  far.

Great  altitudinal  differences  in  the  West  Carpathian  karst  areas  ena-
ble  the  facies  development  of  Quaternary  deposits  in  various  altitudinal
zones  to  be  traced -  Irom  the  chernozem  zone  in  the  Palava  Mts.  and
the  lower  Vźh  valley  through  the  humid  forest  zone  in  intramontane
basins  and  lower  mountain  regions  to  the  alpine  zone  of  the  high  lime-
stone  Carpathians.

Well-stratified  sequences  of  diverse  types  of  slope  deposits  have  been
investigated  in  detail  only  in  karst  areas.  For  instance,   the  following

Phot. 1. In  the  foothill  zone  the  karst  phenomena  ai`e  associated  with  loess  sequence,i.
A  section  near  Hlohovec  (Povaźsky  lnovec  Mts.)  showing  karstified  dolomitic  lime-
stones   being   covered   by   a   complicated   loess   sequence   with   several   fossil   soils

(Photo  V.  Loźek)

Fot.  1.  W  strefie  podgórskiej  zjawiska  krasowe  są  powia.zane  z  sekwencjami  lesso-
wymi.  Przekrój  koło  Hlohovec  (góry  Povaźsky  lnovec)  pokazuje  krasowiejące  dolo-
mityczne  wapienie   pod  złożoną   pokrywą   lessów   przegrodzonych   kilkoma   glebami

kopalnymi
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sites  may  be  mentioned:  Middle  Pleistocene  slope  sequence  of  the  Mnich
Hill   near   Liskovń    (Vaśkovsky,    Loźek    1972),   Early   Pleistocene
scree  conglomerates  in  the  Murśń  and  Slovak  karsts    (Loźek    1960b;
Loźek,   Zaruba   1965;   Lożek,   Horńćek    1987)   or   Late   Vistu-
lian  proluvial  cones  in  the  glaciated  area  of  Nizke  Tatry  Mts.   (L o ź e k
1986).

As  far  as  caves  and  rock-sheltei`s  are  concerned,  i3articular  attention
has  been  concentrated  upon  several  characteristic  types  of  sedimentary
fills,  ±irst  of  all  of  those  in  mountain  rock-shelters,  where  loose  sinter,
the  so-called  foam  sinter,   is  intensely  precipitated    (Loźek    1965).   In
addition,   spring   tufas  have   been  investigated,   since   their   depositional
sequences  reflect  the  changes  of  water  regime  as  well  as  the  proportion
of  different  sedimentary  processes   in   biosti.atigraphically  Well..subdivi-
ded  profiles.   Moreover,   certain   types   of   tu±as   give   the   possibility   of
a  direct  comparison  between  molluscan  assemblages  and  plant  remains
(Kovanda   1971).

In  most of  the  karst sites  a  correlation  between  molluscan  and  verte-
brate  f aunas  can   be  made  which  has  stimulated  the   advancement  of
Qu_aternary  biostratigraphy.  Accordingly,   as  mentioned  above,   in  some
tufa deposits  a  comparison  between  Mozlt4sca,  OstrcLcodcL  and  vegetatiom]
changes  is possible,  as  demonstrated  by  the  fossi]  records  from  the  thick
sequence  in  the  valley  Slovanskń  dolina  near  Valća  in  the  Turiec  region
(Vaśkovsky,    Loźek    1976;    Śilar,    Loźek    1988).   Comparative
studies of sedimentary fills of cave entrances and rock-shelt;ers  in various
altitudinal  and  morphological  positions  consicierably  contributed   to  the
knowledge  of  Late  Pleistocene  and  Holocene  palaeoenvironments  provi-
ding   results   applicable   within   broad   mid-European   context   (Loź ek
1975,1980b;   Horńćek,   Loźek   1988ab;   Jśnossy   1986;   Kordos
1978).

The  above  data  show  that  the  karstlands  provide  very  J:avourable
conditions  to  reconstruct  the  development  of  whole  Quaternary  ecosy-
stems  because  of  the  possibility  to  correlate  both  main  components,  i.e.
the  abiotic  environments  (sediments,  soils,  erosional  processes)  and  the
biocoenoses   (mutual   correlation   of   different   animal   groups   and   their
relation to  the vegetation).

REVIEW  OF  BIOSTRATIGRAPHICALLY  INVESTIGATED  SITES

EARLY  AND  MIDDLE  PLEISTOCENE

ln  several  karst  areas  of  Slovakia,  particularly  in  the  Slovak  Karst
(Pleśivec,  Gombasek,  Vćelśre,  Jablońov,  Honce  etc.), bu_t  also in the  lower
Vóh  valley  (Ivanovce,  Skalka  near  Novć  Mesto)  and  at  the  foot  of  the,
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Tribeć   Mts.   (Mólok  near   Kolińany,   Żirany)  relict  sedimentary  fills   of
karst cavities are preserved which include a rich Pleistocene fauna, main-
ly  the  mammals.  Its  analysis  has  largely  contributed  to  the  knowledge
of  the  succession  of  particular  faunal  assemblages  during  the  Late  Plio-
cene  and  Early  Pleistocene   (Fejf ar    1961ab,1976;    Horaćek    1981;
Lożek,   Horaćek   1984;    Horńćek,   Loźek    1988b)  as  well  as  to
the  recognition  of  molluscan   index  species   characteristic   of   this   time
span   (Lożek   1969;   Horóćek,   Loźek   1988b).

In  this  connection  it  is  worth  noting  that  in  the  Spiś  Basin,  particu-
1arly  in  the  Late  Pliocene  and  Early  Pleistocene  travertines  of  Drevenik
and  Paźica  near   Spiśskć  Podhradie,   karst   pipes   are   developed   which
provided  rich  faunas  from  several  phases  of   the  Pleistocene    (Loźek
1964b).

Of  particular  interest  are  screes  cemented  by  Cac03 with  variable
admixture of terra rossa material.  For  the first time they  were  described
from the foot of the  karst plateau  Muranska planina  as  the  Murńń brec-
cia   (Loźek   1960b),  but  they  are  more  common  in  the  Slovak  Karst,
where  they  are  best  exposed  near  Slavec  and  Hrhov.  Further  occurren-
ces  ai.e  known  from  the  Hornód  valley  and  from  the  foot  of  the  Rokoś
Range   in  the   Nitrica  valley.   The  incorporated  malacofauna   indicated
that  the  minimum  age  of  these  scree  breccias  is  an  early  phase  of  the
Middle  Pleistocene  (Loźek,   Zaruba   1965)  which  was  recently  con-
firmed  by  records  of small  mammak   (L o ź e k,   H o r a ć e k   1987).  Due
to  this  age  the  breccias  are  locally  karstified  in  such  a  way  that  they
include  rather  large  caves  (Piecky  near  Murań).  Screes  formed  in  later
phases  are  generally  not  cemented  and  their  loamy  matrix  is  different..

Deposits  of  demonstrable  Mid-Pleistocene  age  occur  in  karst  cavities
rather  seldom  (cp.    Lais    1941),  but  they  are  well   developed  on   the
surface as screes with a loamy matrix forming  complex sequences  whose
particular  members  are  characterized  both  by  the  consistence  of  their
matrix  and  by  the  form  and  size  of  stone  fragments.  The  best  example
of such  a sequence  are  the  slope  deposits  overlying  the  18  m  terrace  of
the  Vóh  river  exposed  in  the  slope  of  the  Mnich  Hill  near  Liskova  in
the  Liptov  Basin.  The  river  gravels  are  covered  by  loamy  humus-defi-
cient  sediments  corresponding  to  a  late  glacial  phase.  This  basal  mem--
ber  is  overlain  by  a  thick  scree  sequence  including  in  its  lower  part
a  complete  interglacial  and  higher  the  following  early  glatial.  This  se-
quence   is   discordantly   covered   by   scree   deposits   from   a   later   cycle
showing  a  different  development. Thus,  the  above interglacial is younger
than  the  comparatively  low-lying  river  terrace,  but  older  than  at  least
one  full  Pleistocene  cycle,  and  consequently  it  is  post  Early  Pleistocene
age   (Vaśkovsky,   Loźek   1972).

An important site is the  Turold Hill near  Mikulov in the Pólava Mts.,
where  the  sedimentary  fills  of  various  karst  cavities  are  represented  by
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Phot.  2.  One  of  the  numerous  karst  pipes  in  the  Turold  Hill  near  Mikulov  (Pńla-
va  Mts.)  filled  up  by  a  scree  sequence,  with  a  Mid-Pleistocene  interglacial  horizon

at  the  basis  of  the  coarse  scree  (Photo  V.  Loźek)

Fot.  2.  Jedna  z  wielu  krasowych  rynien  na  wzgórzach  Turold  koło  Mikulovą  (gór~v
Pólava)   wypełniona   rumoszem,   z   interglacjalnym,   środkowoplejstoceńskim   hory-

zontem  grubego  rumoszu  w  spągu

thick  sequences  of screes  with  a loamy  matrix  including  rich  interglacial
faunas  of  Middle  Pleistocene   character    (Bosak    et   a}.1984;    Loźek
1957).

Another site  to  be  mentioned is  the Koćkovskń  skala  in  Zaskalie  near
Pńchov  in  the  middle  Vńh  valley.  At  the  side  of  a  karstified  Jurassic
rock a Mid-Pleistocene terrace relic is preserved.  It is  overlain by a com-
plicated  sequence  of  screes,  soil sediments  and  loesses  including  a  palae-
ontologically  documented  interglacial  at  the  basis   (S m o 1 i k o v a,   L o-
źek   1962;   Mazńr,   Kalaś   1963).  In  this  context  it  is  worth  noting
that  through  the  Dudlava  Skala  Cave  at  the  foot  the  Nźzke  Tatry  Mts`
penetrates  a  stream  of  proluvial  gravels  underlying   a  scree  sequence
which  includes  at  the  basis  an  interglacial  with  Drobacia  banatica-fauna
(Loźek    1962).

LATE  PLEISTOCENE  AND  HOLOCENE

The   great   majority   of   Quaternary   depositional   sequences   exposed
in  the  karst  areas  of  the  West  Carpathians  is,  however,  of  Late  Pleisto.-
cene  and  Holocene  age,  like  in  other  mid-European  karstlands    (Lais

2 - SGCB  XXIV



18

1941).  Particularly  the   time  period  post-dating   t,he   culmination   of   the
Vistulian  pleniglacial  is   represented  in   numerous   sites   situated   in   a]l
altitudinal  zones as  well  as relief  contexts   (L o ź e k   1980b).

First of  all sedimentary fills of large horizontal caves  may be mentio-
ned,   since   they   are   in   many   cases   important   localities   of   prehistoric
man.  Modern  comprehensive  investigations  were  made  in  the  caves  Dze-
rava   and   Tmavó   skala   in   Malć   Karpaty   Mts.   (``Prośek   1951),   Velkć'i
Jasovskó   (Loźek   et   cŁl.1957),   Maśtalnń    (Loźek,    Horóćek    1988),
Kvapl'ovó   and   Hśmorskó   caves    (Horśćek,    Loźek     1988a)   in   the
Slovak Karst,  further  in  the  Ćertova  Pec  near  Radośinó,  apart  from  pre-
liminary  archaeological  investigations  in  many  other  cave  sites  (8 ś r t a
1965,   1975  etc.).

Among  caves  inhabited  by  palaeolithic  man  the  cave  Prepośtska  jas-
kyńa in  Bojnice  is  of particular  interest,  due  to  the  fact  that  it  is  situa-
ted within  a  travertine  body  at  the  mouth  of  a  spring  which  deposited
the travertine,  but later formed  in its own  travertine  deposit  and under-
ground  cave  system   (Bórta   1972).

Several karst areas are characterized by numerous rock-shelters which
fi.equently  developed  in  series  bordering  the  foot  of  vertical  1imestom
and  locally  also  dolomite  chffs  (L o ż e k  1965;  M i t t e r  1988).  Most  fa~
vourable  conditions  for  the  forming  of such rock-shelters occur  in  moun-
tain  areas  consisting  of  Middle   Triassic  limestones   which   are   exposed
in  steep  slopes  as  `'ertical  rock  steps  („radovice"  in  Slovak).  Under  the
humid  climate  of  the  montane  and  suba]pine  zones  a  peculiar  form  of
loose  sinter,   the   so-called   foam-sinter,   is   precipitated   as   incrustatioris
on  mosses  and lichens  covering  the  moist  walls  and  ceilings  of  the  rock-
-shelters.  These  incrustations  fall  off  during  dry  or  frost  periods   and
accumulate  on  the rock-shelter  floor.  At  present  the  main  sedimentation
of  foam-sinter  is  confined  to  altitudes  between  800  and  1400  m,  occuf.-
ring  at  lower  elevations   only  exceptionally.   However,   the   foam-sinter
was  deposited  here  since  the  Late  Boreal  to  the  Epiatlantic,  so  that  it
forms  a  considerable,  locally  a  major  part  of  Holocene  depositional  se-
quences  (Loźek  1964a,1965).  In  the  xerothermic  foothill  areas  its  de-
position  is  restricted  to  a  comparatively  short.  phase  spanning  the  Late
Boreal  and  Early  Atlantic,  declining  with  the  immigration  of  N. eolithic
man  (L o ź e k  1984,  1985).

Since  Late  Pleistocene  and  particularly  Elolocene   deposits  were  in.-
vestigated   at  numerous   sites   at   various  elevations,   it   was  possible   to
formulate  certain  regularities  of  their  development,  Iirst  of  all  to  date
the  beginning  of  this  sedimentatior`.  cycle  into  the  Late  Vistulian  pleni-
glacial  (L o ź e k  1980b).  In  low-1ying  warm  hilly  countries  as  well  as  in
the   lower   submontane   zone   the   Holocene  sequences   consist   of   loamy
screes  and  the  foam-sinter  either  forms  only  one  rath.er  thin  horizon  ctr
is  absent.   This  horizon,   well-known   from   a   number   of   mid-European
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Phot.  3.  At  the  foot  of  limestone  cliffs  in  the  high  limestone  Carpathians  numerous
rock-shelters   with  fossil-rich  foam  sinter  fills   are   developed.   Rock   walls   („rado-
vice")  in  the  top  part  of  the  Ohniśte  Mt.  in  the  Nizke  Tatry  Mts.  near  Liptovsky

Mikulńś  (altitude  1500  m)  (Photo  V.  Loźek)

Fot.  3.  U  podnóża  urwisk  wapiennych  w  wysokich  wapiennych  Karpatach  wystę-
puje  wiele  schronisk  wypełnionych  faunonośnymi  naciekami.  Ściany  skalne  („rado-
vice")  w  górnej  części  gór  Ohniśte  w  Niskich  Tatrach  koło  Liptowskiego  Mikulasza

(wysokość  1500  m  npm)

caves  (L a i s  1941),  can be  assigned  to  the  Early  Atlantic  (L o ź e k  198.5).
With  increasing  altitude  the  loam-sinter  sedimentation  continues  up  to
later  phases  and  the  sinter  forms  a  whole  sequence  beginning  at  the
Boreal,'Atlantic  boundary,  but  declining  during  the  Epiatlantic  or  even
later  -  according  to  the  altitudinal  and  morphological  position  of  the
site  in  question   (Loźek   1984).   The   underlying  beds   consist  of  scree
with yellowish brown matrix poor  in humus,  whereas  the  sinter  sequen-
ce  is  overlain  by  loose  humus-rich  loams  with  coarser   scree   (Fig.   1)`

Tripartite  rirofiles  o±  this  developmental pattern  are  common  at  mid-
dle  elevations  of  the  Mid-  and  North-Slovak  Carpathians.  As  a  typical
example  the  sedimentary  fill  in  the  entrance  of  t,he  Maźarnź  Cave  may
be  mentioned  (Loźek  1980a).  In  the  higher  and  cooler  areas  the  pre-
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Fig.  1.  Late  Pleistocene-Holocene  depositional  sequences  with  foam  sinter  horizons
at   different  altitudes.   1   -  foam   sjnter,,  2   -  rock   debris   with  foam   sinter   ad-
mixture,  3  -  foam  sinter  with   variable   admixture   of  humic   rendzina  material,
4  -  rendzina  material  with  variable   humus   content,  5   -  small-sized  to   coarse
scree,  6  - humus  infiltrations;  370  -  altitude  (in  m);  VP  -  Vistulian  pleniglacial,
LV -Late  Vistulian  (±Late  Glacial),  PB  ~ Preboreal,  8  -Boreal,  A  -Atlan-
tic,  EA  -  Epiatlantic,  SB -  Subboreal,  SA  -  Subatlantic,  SR  -  Subrecent;  sites:
S  -  Soutćska  (Pńlava  Mts.),  M  -  Maźarna  Cave  (Velkń  Fatra  Mts.),  0  -  Ohni-

Śte,  Sokol  (Nizke  Tatry  Mts.)
Ryc.   1.   Późnoplejstoceńskie   i   holoceńskie   sekwencje   osadów   z   poziomami   nacie-
ków  na  różnych  wysokościach.   1  -  nacieki,  2  -  rumosz  z  domieszką  nacieków
bezwęglanowych,  3  -  nacieki  z  różną  domieszką  humusowych  rędzin,  4  -  rędzina
o  zmiennej  zawartości  humusu,  5  -  rumosz  drobny  do  grubego,  6  -  nacieki  hu-
musowe;  370 - wysokość bezwzględna  (w  m),  VP  - vistulian - pleniglacjał,  LV -
późny  vistulian  (=późny  glacjał),  PB  -preboreał,   8  -boreał,   E  -at]antyk,
EA  - epiatlantyk,  SB  -  subboreał,  SA  -  subatlaiityk,  SR  -  subwspółczesny;  sta-
nowiska:  S  -  Soutćska  (góry  Pąlava),  M  -  jaskinia  Maźarnń  (Wielka  Fatra),  0  -

Ohniśte,  Sokol  (Niskie  Tatry)
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cipitation  of  foam-sinter  continues  up  to  the  present  as  shown  e.g.  in
the  rock-shelter  Ruźovy  previs  in  the  Vrśtna  Valley  near  Blatnica  (L o-
źek  1964a).  It  is  of  interest  that  at  the  upper  timber  line  and  in  the
dwarf-pine  zone  the  foam  sinter  deposition  starts  gradually  later  and
declines  within  the  alpine  zone   (Loźek   1978a,1981,1984).

Of  prime  importance   from  the  viewpoint  of  Holocene   climatic   de-
velopment  is  the foam sinter  horizon  occurring  in  the  caves  ol  the  xero-
thermic  hilly  countries,   since  it  documehts   the   most  humid  Holocene
phase  in  the  early  Atlantic.  It  is  worth  noting  that  it  formed in  certain
cases  even  at  the  foot  of  high  overhanging  cliffs  as  in  the  Soutćska  in
Pólava  Mts.  If  we  consider  that  the  site  in  question  is  situated  in  the
centre  of  the  dry  chernozem  area  of  South  Moravia  (Vienna  Basin),  it
is  obvious  that  this  moist  oscillation  was  extraordinarily  intensive  (V a-
Ś ó t k o,  L o ź e k  1971;  L o ź e k  1972,1985).'As  for  slope  sedimentation  dynamics  in  mountain  areas,  the  biostra-

tigraphic  analysis  of  the  proluvial  cone  at  the  mouth  o±  the  valley  Piv-
kovó  dolinka  at  the  northern  foot  of  the  formerly  glaciated  Dumbier
Massif  may be  mentioned.  The  evidence  provided  by  fossil  molluscs  de-
monstrates  that  during  the  Late  Glacial  and  eai`liest  Holocene  an  intense
denudation  at high  elevations  took place  leading  to  a rapid  accumulation
of  thick  screes  in  footslope  areas  and  of  proluvial  cones  at  the  mouth
of  steep  dry  valleys  (Loźek   1986).  Also  the  climatically  unstable
riod  of  the   Subboreal  sensu   Jager   (1969)   i.esulted  in   a  `ńighty
struction   of   solid  rock   outcrops   and   consequently   to   accumulation
very  coarse  screes,  as  documented  at  the  foot  of  the  Kozel  Mt.  in  Lń-
ćanska  Fatra  (Loźek   1986)   and  in   the   Maśtalnź   Cave   in   the   Slovak
Karst   (Loźek,   Horaćek   1988).

As  pointed  out  earlier,  the  karstlands  are  characterized  by  numei'ous
deposits  of  spring  limestones,  mostlv  in  the  facies   of  Holocene   tufas.
First of all, we must mention several sites in the  Slovak Karst which are
known  for  many  years  and  were  several  times  described  in  the  litera-
ture:  Gombasek,   Jablońov,  Hrhov,   Hśi,   Jasov   (Nćmejc   1937;   PetT-
bok    1937;   Loźek    1958;   Kovanda     1971;   Vaśkovsky,Loźek
1976;   Horaćek,   Loźek    1988a,   etc`.).   Tufas,   however,   also   occur   in
a  number  of  other  areas  and  mostlv  provide  rich  palaeontological  fin-
dings,  particularly molluscs  and locally plant  impi`ints.

In  many  cases  they  include  buried  soil  horizons,  particularly a well-
-developed  rendzina  containing  in   a  number   of  sites  Late   Bronze  ce-
ramics  and  corresponding  to  the  dry  oscillation  which  characterizes  the
Subboreal  sensu  J a g e r  (1969),   (Hrhov,  Jablońov,  Hś.i,  Gombasek,  sur-
roundings  of  Plavecky  Mikulóś  etc.).  The  occurrence  of  buried  soils  cor-
responding  to  phases  of  restricted  spring  discharge  (when  the  tufa  sur-
face  dried  up),  and  thus  to  dry  periods,  enables  the  Postglacial  climatic
development  to  be  traced  in   correlation   with  biostratigraphic   and   ar-
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Phot.  4.  In a  number  of  West  Carpathian karst  valleys  tufa  deposits  are  developed.
A  tufa  sequence  with  scree  intercahtions  {Middle  and  Late  Holocene)  exposed  in

the  upper  part  of  the  Manin  Gorge  near  Povaźska  Bystrica  (Photo  V.  Loźek)

Fot. 4.  W  Trielu  krasowych  dolinach  Karpat  Zachodnich  są  rozwinięte  utwory  mar-
twicowe.  Sekwencja  martwic  z  wkładkami  rumoszu  (środkowy  i  późny  holocen)  od-

słonięta  w  górnej  części  wąwozu  Manin  koło  Povaźskiej  Bystricy

chaeological  records  (Loźek  1958,1964b;   Jager,  Loźek  1968,1978;
Ś t e f f e k  1986).  For  this reason,  the tufa sequences in the  Slovak  karst-
1ands  played  an  important  role  in  establishing  the  newly  proposed  Ho-
1ocene  phase  called  Epiatlantic  (Jager   1969;   Loźek   1982).

Within  tufa  deposits  also   difierent  sedimentation  processes  can   be
examined,  particularly  at  sites,  where  tufa  horizons  alternate  with  cla-
stic  slope  or  alluvial  deposits.  In  the  Slovak  Paradise  at  several  places
tufa  intercalations  in  proluvial  cones  occur  allowing  to  date  the  prolu-
vial   accumulation   which   formed   very   intensely   even   during   certain
phases  of  the  Holocene  as  is  demonstrated  by  the  section  at  the  mouth
of  the  gorge  Niźny  Bajan  in  the  Lesnica  Valley  (Lo ź ek  1976).

Behind travertine  dams  across the  valley  floors shallow  lakes  or  cal-
careous  swamps  became  established  in  which  the   Holocene  deposition
reaches  its  maximum  thickness.  Such  deposit  is  exposed  in  the  valley
Slov5nskń  dolina  near  Valća  to  a  depth  of  12  m.  It  consists  not  only  of
tufas but  also  of  calcareous  muds  with  fen  peat  intercalations.  For  this
reason  it  includes  besides  molluscs  and  ostracods  also  numerous  plant
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remains,  particularly wood  fragments  and fruits.  In view  of  the  fact  that
this  site gives  the  possibility  of  a  direct  comparison  between  palaeozoolo-
gical  and  palaeobotanical  biostratigraphy  in   cori.elation   with   radiome-
tric  and  magnetometric  data  from  a  number  of  horizons,  it  is  predesti-
nated  to  become  one  of  the  standard  Holocene  profiles  not  only  in  the
Czechoslovak  but  also  in  a  broad  Mid-European  context  (V a Ś k o v s k }'/.,
L o ź e k  1976;  Ś i 1 a r,  L o ź e k  1988).

MAIN  RESULTS  OF  QUATERNARY  RESEARCII  IN  THE  KARST
OF  THE WEST  CARPATI-IIANS

Even  though  only  a  restricted  number   of  Quaternary   sites   in   the
West  Carpathian  karstlands  has  been  investigated  in  detail,  some  con-
clusions  can  be  drawn  which  may  contribute  to  the  knowledge  of  the
Quaternary in Middle  Europe.

The  records   of  Verteb7.Gte   faunas   from   Early  Pleistocene   sites   are
sufficiently  numerous  to  characterize  the  sequence  of  chronologic  phases
ranging  in  date  from  Late  Pliocene  to  Late  Biharian  (H o r a ć e k  1981).
Besides  this  they  enabled  characteristic  mammalian  and  molluscan   as-
semblages  to  be  mutually  correlated  and  chronostratigraphically  impoT.`-
tant  species  of  MolztłsccL  to  be  recognised.  This  concerns  particularly  the
faunas  with  Gastrocoptci  serotć7Łci  Lźk  corresponding  to  the  Plio/Pleisto-
cene  boundary,   whereas   those   with   Hezócógo7?cL   c.ape'Kł   (Pbk)   and   Zot?.ć-
toódes  septłlttłs  Lźk  are  associated  with  the  Late  Biharian  faunal  com-
plex,  i.e.  with  the  later  phase  of  the  Early  Pleistocene   (Loźek   1969;
H o r ó ć e k,  L o ź e k  1988b).

Dated  scree  sequences  enable  the  development  of  clastic  climatically
controlled  deposits  to  be   traced   with   increasing   altitude,   i.e.   even   in
mountain  areas  where  loesses  and  loess-1ike  deposits  are  absent.   They
show  that  loesses   are   generally  replaced  by   fine-sized   angular   debris
which  in  certain  places,  e.g.  in  the  vineyards  of  Pavlov  or  near  Oravskń
Kriva,  as  well  as  in  several  caves,  are  developed  without  loamy  matTix
and  thus  correspond  to  the  „grćzes  litćes"  of  French  literature.  By  con-
trast,  the  warm  periods  are  represented  by  coai.ser  screes  with  matrix
consisting  of  various  soil  sediments  or  cemented  by  sinter.  For  a  com-
parison  of  this  facies  with  loess  sequences  the  section  on  the  Mnich  Hill
near  Liskovś  may  be  of  particular  importance  (V a Ś k o v s k y,  L o ź e k
1972).

Detailed  research  on  karstland  Quternary  largely  conti`ibuted  to  the
knowledge  of  the  Late  Glacial  and  Holocene.  A  comparison  of  sedimen-
tary  fills  of  cave  entrances  and  rock-shelters  wiŁh  tufas  enabled  diffe-
rent  sedimentation  and  soil-forming  processes  to  be  studied  in  mutual
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correlation  and,  consequently,  new  important  data  on  the  regularities  of
Postglacial  climatic  development  in  dilf erent  climatic   zones   to  be   ob--
tained.  Among  major  results,  primarily,  the  evidence  of  a  very  moist
phase  in  the  Atlantic  may  be  mentioned,  which  has  been  best  recorded
in  the  depositional  sequence  exposed  at  the  foot  of  the  Soutćska  Cliff  in
the  Pólava  Mts.   (Loźek   1985).   In  addition,   the   following   two   obser-
vations  have  to  be  noticed;  firstly,  the  evidence  of  the  chronologic  range
of  the  humid  Holocene  phase  in  mountain  areas,  and  secondly,  dating
of  the  most  intensive  accumulation  ol  proluvial  cones  in  the  Late  Gla-
cial  and  Eai.ly  Holocene   (Loźek   1986).   Moreover,  it  is  possible  to  di-
stinquish  the  development  of  both  sedimenta,tion  and  f auna  in  the  forest
zone  representing  the  mid-European  climax  from  that  in  the  subalpine
and  alpine   zones,   where   glacial   conditions   are  partly  persisting,   irre-
spective  of  very  high  humidity  (L o ź e k  1978a).  The  above  results  from
Palava  give  valuable   information   on   the   conditions  in   the   chernozem
area  which  represents  also  a  separate  facies  zone  being  characterized  by
the  absence  of  the  Forest  Optimum  in  the   Middle   Holocene   (Loźek
1980c,   1982).

In  this  connection  it  was  possible  to  study  some  particular  problems
as  e.g.  the  oscillations  of  the  upper  timber  line  during  the  Postglacial,
especially  its  elevation  in  the  climatic  optimum  assumed  above   all  by
Several  Polish  research  workers  (K o t a r b a  1972  etc.).  Analyses  oj  Ho-
locene molluscan assemblages from rock-shelters in the top  area of Velk,V
Rozsutec,  at  the  foot  of  the  Murań  Cliff  in  the  Belianske  Tatry  and  in
the  rocks  of  Kopenćie  in  the  Velkń  Fatra  Mts.  give  evidence  that  a  clo-
sed forest reached towards the end of the  Middle Holocene  at  least 200 m
higher than today.  This means that both the  Velkź  and Maló Fatra were
at  this  time  for  the  most  part  wooded,  with  exception  of  large  rocky
areas  (L o ź e k  1978a,  1981).

Finally,  we  must  mention  th`e  pi.ofile  of  the  rock-shelter  at  Svinskń
ńlina  in  the  Dunajec  Gorge  in  the  Pieniny  Mts.,  where  a  phase  of  tem-
porary  low  level  of  Dunajec  ±1oods  was  recorded,  evident]y  correspon-
ding  to  the  Subboreal  sensu  Jager   (1969),   Loźek   (1977).   This  con-
firms  analogous  observations  from  Lepenski  Vir  in  the  Danube  Valley
(Brunnacker    1971).

CONCLUSIONS

The  purpose  of  this  paper  was  to  review  some  of  the  progress  that
has  been  made  in  recent  years  in  our  knowledge  of  the  Quaternary  in
karstland  environments.  It  has  become  evident  that  the  karst  areas  ()f
the  West  Carpathians   give  favoura.ble   possibilities   to   study   and   solve
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various  problems  of  the  Quaternary  past  providing  results  of  relevanc€3
to  the region  of whole  Middle  Europe.

It  should  be  stressed  that  our  field  work  has  been  conducted  rathe]`
occasionally,  so  that  the  results  presented  might  be  considered  only  as
a  basis  for  future  systematic  research  which  could  largely  contribute  to
the  knowledge   ol  the  Quaternary,   and  particularly  of  the   interaction
between  organisms  including  man  and  the  abiotic  environments.  This  js
of  pi.ime  importance  to  scientists  dealing  wit,h  ęnvironmental  problems
of  today.

Geological  lnsttiute  ĆSAV
150 00  PTah,a  5 - Smichow
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STRESZCZENIE

V.  Loźek

Czwartorzęd  obszarów'  krasowych  w Karpatach  Zaohodnich

Utwory  czwartorzędowe  obszarów  krasowych  obfitują  w  kopa]ne  szczątki  zwit?-
rzęce.  Występują  one  w  różnych  typach  osadów,  a  w  szczególności  w  osadach  w}'-.-
pełniających   jaskinie,   schi.oniska   i   poszerzone   krasowo   szczeliny.   Formy   te   spot-
kać  można  na  stokach   górskich  i  wierzchołkach   pozbawionych   utworów   powierz-
chniowych.   W   większości   stanowisk   główne   grupy   kopalnych   zwierząt   (mięczaki
i   kręgowce)   mogą   być   wzajemnie   skorelowane.   W   Karpatach   Zachodnich   liczne
obszary  krasowe  występują   od   piętra   pogórskiego   po   pjętro   alpejskie,   co   umożli-
wia  analizę   piętrowego  rozmieszczenia   różnych   sekwencji   czwartorzędowych.   Cha-
rakterystyczne   osady,   zawierające   znaczące   zespoły   mięczaków   i   kręgowców,   od-
zwierciedlają  wahania  klimatyczne.  W  południowej   strefie   pc)górskiej,   a   w   szcze-
gć)lności  w  Krasie   Słowackim  szczątki  zwierzęce   występują   we   wczesnop]ejstoceń-
skich  osadach  jaskiniowych  i  scementowanych  rumoszach.  W  dolinie  dolnego  Wagu
istnieją  możliwości  ich  korelacji  z  seriami  lessowymi±  Środkowy  plejstocen  jest  re-
prezentowany   przez   sekwencje   powierzchniowego,   faunonośnego  rumoszu   okrywii-
jącego  środkowe  terasy  w  dolinie  środkowego  i  górnego  Wagu.  Osadów  tego  wiekL}
nie   stwierdzono  w   jaskiniach.   Sekwencje   późnoplejstoceńskie   i   holoceńskie   spoty-
kamy  we   wszystkich   piętrach.   Szczególne   znaczenie   mają   poziomy   nacieków   do.
kumentujących   holoceńskie   maksimum   zwilgotnienia   klimatu,   tudzież   podstokowe
martwice  z  wkładkami  rumoszu  i  gleby  kopalne  świadczące   o  zmianach   dynamiki
sedymentacji  stokowej.   Okazuje   się,   że   zachodniokarpackie   obszary   krasowe   umo.
żliwiają   prowadzenie   studiów   nad   różnymi   zagadnieniami   czwartorzędu.    Wyniki
tychże  badań  są  reprezentatywne  dla  całej  Środkowej  Europy.

PE3mME

8.  JloxeK

tlETBEPTMtIHHK  IIEPMOJ|  KAPCTOBLIX  TEPPMTOPMH  3AIIAHHblx
KAPIIAT

tleTBepTMqHble    o6pa3oBaHMa    KapcTOBblx    TeppMTopMH    M3o5MjlyloT    MCKonaeMH-

m4   ocTaTKaMM   xMBOTHblx.   oH14   BblcTyHamT   8   oTłl02KeHMflx   Pa3Hblx   TMrloB,   8   qac-
HocTM  -  3alloJiHflloniMX  Ilell|epbl,   yKpbiTMfl,   pacII"PeHHBle   KapcTOBble   IĘełlM,   ynĘe-
]Ibfl.   3TM   q)opMbl   BCTpetlaloTCH   M   Ha   ropHE>Ix   cKjloHax   M   łlMmeHHblx   noBepxHocT-
HElx   o6pa3oBaHMH   BepmMHax.   Ha   6ojlbmllHCTBe   cTaHOBMn|   ocHOBHEle   rpymbl   Mc-
KollaeMblx    xMBOTHblx    (Mołl.TIIocKM   M   no3BOHotł]1ble)    Mol'yT    KoppeJIMpoBaTI,cH    Hpyr
C   Z|PyroM.   8    3ana;|Hblx   KapHaTax   MHoroqMcjleHHble   KapcTOBble   Teppl4TopMH   Bbl-
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CTyllaloT  oT  npeHropHoro  Hpyca   ;|o   a]Ibl"jłcKoro,   6jlal'oz|apfl   tleMy   Bo3MoXHo   HPo-
BezieHMe   aHałlM3a   pa3MeiiieHMfl    Pa3jlMtIHblx   qeTBepTMTIHblx    CeKBeHHMił   llo    Hpycarłi.
xapaKTepHble   OTłloxeHHjl,   CO;|epxall|Me   3HaqMTejlbHble   KOMIIJleKcbl   Mo]I][mcKOB   ii
no3BOHo`IHblx,   oTpaxaloT   KłlMMaTMqecKMe   Kojle6aHMH   8   loxHOH   npeHropHOK   3oHe;
8   tiacTHocTM,   8   cłloBaHKOM   KapcTe   ZKMBOTHble   OCTaTKM   BCTpetlamTcfl   8   PaHIlenJieK-
cToiieHOEblx  Ilell|epHI,IX  OTłl02KeHMflx,  CI|eMeHTMPOBaHHblx  POCCLlrlflx.  8  Z|ojlMIle  HM2K-
Hero   Bara  MMemTCH  Bo3MoxHoc"   Mx   KoppejlHI|MM   c   jleccoBblMM   cepMHMM.   Cpez|HM%
mleHCTol|eHOBblK   IlepMoZ|   Ilpez|cTaBjlell    ceKBeHI]MHMM   noBepxHoCTHofł    ®ayHOHoCHOK

PccblllM,   noKPI]IBaloH|efi   l|eHTpałlbnble    Teppacbl    8    Ho."He    cpe;|Hero    rl   BepxHero
TetieHMS    Bara.    OTJioxemiH    9Toro    Bo3pacTa   He    6i]ił"   o6HapyxeHi,i    8    neiiiepax.
rlo3AHenJleHCTol|eHOBble   M   ro]Iol|eHOBble   ceKBeHUMM   BCTpetlamTCH   Bo   Bcex   spycax.
oco6oe   3HatleHMe   MMemT   ypoBHM   IlaTeKOB,    flBłlsłoll|Hx   co6opu[   HOKa3aTejlbcTBo    ro-
Jiol|eHOBoro  MaKCMMyMa  yBłlaxHeHMfl  KłlMMaTa,  a  TaKxe  no;|CKłloHOBi]ie  Tyq)bl  c  llpo-
CJlojżKaMM    poccblllM    M    MCKonaeMble    notlBbl,    cBMz|eTeull,cTBymH|Me    o5    M3MeHeHMHx
8  ;|rlHaMMKe  CKJloHOBOH  ceHMMellTaHMM.   oKa3blBaeTCH,   qTo  3aHaHHOKapnaTCKMe   Kap-
cTOBble   TeppMTopMM   HaK)T   Bo3MoxHocTI,   Bec"   MCcjleHOEaHMfl   Ho   Pa3HblM   npo6Jle-
MaM  .IeTBep"tlHoro  nepMoz|a  M  qTo  pe3yJlbTaTbl  9"x  MCCJleHOBal"K  Ilpez|c'TaBMTełlb-
Hbi  z[JiH  Bceffi  iieiiTpajibHOK  EBponbi.


