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INTRODUCTION

There  are  different  opinions  as  to  the  stratigraphic  range  of  the   Early
Quaternary in  Poland.  Baraniecka  (1990)  p]aces  its  upper boundary  at  the
turn of the oldest (Menapian, Narew) Glacial stage and the Podlasie (Cromerian)
Interglacial; L i n d n e r  (1991 ) tends to locate the boundary between the Podlasie
lnterglacial  and  Nida  Glacial  Stages;  whereas  Mojski  (1993)  puts  it  between
the  Eopleistocene  and  Middle  Pleistocene  Epochs,  i.e.,  at the  beginning  of the
Narew  (Cromerian  s.l.)  stage.  It  shou]d  also  be  noted  that  some  authors  (cf.
L i n d n e r  1991 ) try to distinguish between the so`called pre-(proto) Pleistocene
and the Early Pleistocene, the latter of which is supposed to embrace both the
Narew Glacial  and  Podlasie  lnterglacial  stages.

The aim of this paper is to give a short oveiview of the present-day opinions
on  stratigraphic  position  of the  Polish  Outer  Carpathian  terrace  deposits.

PAIAEOGEOGRAPHIC  SETTING

During  the  ear]iest  Quaternary  (Praetiglian;  Różce  stage;  cf.  Barani ecka
1990,  Lin d ner  1991),  strath and erosion-accumulational teiTaces described from
the  Dniester,  Stri  and San river valleys interfluve  (130-150 m;  Gofshtein  1963),
the Beskid Sądecki Mts (150-160 m), the Łącko-Podegrodzie Foothills (140-150 m),
and  the  Nowy Sącz  Basin  (120-130  m;  cf.  Zuchiewicz   1984),  were  formed.

Erosional  flats   120-140  m  high,  previously  assigned   to  the  foothills  or
riverside  levels/planation  surfaces  (e.g.  Klimaszewski   1937),  should  also
be considered as representing this time-span. The same applies to the Witów
series  (S tarkel   1984),  being  equivalent  to  the  lower  Kozienice  Formation
in  the  South-Polish  Uplands  (Mojski   1982),  and  to  the  Połaniec  and  Osiek

gravels  that  occiir  in  the  northern part  of the  Sandomierz  Basin  (Laskow-
ska-Wysoczańska   1975).  Recent  palaeomagnetic  studies  (Nawrocki
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and  Wójcik   1990)  and  new  TL  datings  (e.g.   Lindner   1988),  however,
allow  us  to  assign  the  Witów  series  to  a  period  comprised  between  the
Jaramillo  event and  Brunhes/Matuyama  boundary.

The climate of this stage was boreal and cold, resembling a subarctic  one
(Stuchlik   1987),  suitable  for  boreal  steppe  plant communities.

The next stage in the evolution of the Polish Carpathians (Tiglian; Ponurzyca
stage) showed moderately warm and temperate climatic conditions (S t u c h 1 i k
1987) and was characterized by deep erosional dissection which, in the Dunajec
river  basin,  ranged  from  25  to  60  m  (Zuchiewicz   1984,1988).  Meanwhile,
in Southem Poland, the deposition of the upper part of the Kozienice Formation
began  (Mojski   1993).

During   the   Otwock  stage   (Eburonian?;   cf.   Lindner   1991),   strath   and
erosion-accumulational  terraces,  being  associated  with  the  so-called  riverside
level  (planation  surface?),  were  formed  (Starkel   1984).  I  tend  to  include  to
them the following terrace levels (Z u c h i e w i c z  1987):  120 m of the Soła river
at Tresna,100 m of the Skawa and Raba rivers,100-120 m of the Dunajec and
Poprad  rivers,  90  m  of the  Biała  Dunajcowa  river,  90-110  m  of the  San  river,
as well as 90-m-high terrace plains described from the San,  Dniester and Stryj
interfluve.  The  Carpathians  were  then  drained  to  the  NE,  via  the  Wieprz  and
Gorajec  water-gaps  (cf.   Woj tanowi cz   1977-78),  whereas  the  North-Polish
Lowland  witnessed  deposition  of the  lower  Krasnystaw  Formation  (Moj ski
1993).  A well-pronounced  climatic  cooling  at that time,  typical  for cold  steppe
and  borea]  forest-steppe  conditions  (Stuchlik   1987),  was  marked  by  the
appearance  of boreal elements within the forests  of the Slovak  (Vaskovsky
and  Vaskovskó   1981)  and  Polish  Carpathians.

Erosiona]   deepening   of  the   Carpathian  valleys   in   the   Celestynów   stage
(Waalian?)  was  increasing  from   15-30  m  in  the  Łącko-Podegrodzie  Foomills,
mrough 1540 m in me Beskid Wyspowy Mts, up to 20-50 m in the Beskid Sądecki
Mts  in medial sector of me Polish Carpathians  (Zuchiewicz  1984,1991).  In the
Sandomierz  Basin,  a normeastwffd  directed  outflow  (Woj tanowi c z  1977-87)
was  then active,  whereas  the paleo-San river flowed  on the  "riverside"  plains  to
the  Dniester va]Iey (Starkel   1972  and  Laskowska-Wysoczańska   1975).
In the North-Polish Lowland accumulation of me Krasnystaw Formation continued
(Moj ski   1993).  Climatic amelioration favoured  me recession  of coniferous  trees
and  made  possible  tiie  expmsion  of deciduous  and  mixed  forests.  Moderately
warm,  interglacial or interstadial-type  climate  did  prevail  (cf.  S tu c hl ik   1987).

The Narew stage (Menaipian?) was characterized by the termination of fluvio-
]acustrine deposition in the Podhale region (cf. Szafer  1953). All the main valleys
of the  Outer Carpathians,  at least  in their middle  reaches,  attained  their  present
position. Tris is documented tiie formation of 80-90 m terraces of the Soła, Skawa
and  Raba rivers,  80-100 m terrace  steps  of the  Dunajec and  Poprad rivers,  80 m
terrace  in  the  Wisłoka  and  70*0  m  terrace  plain  in  the  San  river  va]]eys
(cf.   Klimaszewski    1967,   Starkel    1972,   1984,   Zuchiewicz    1984,   1987).
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Fig.   ].   Terrace  stratigraphy  in  the  Polish  Outer  Carpathians  (based  on  different  authors;  redrawn
from  Zuchiewicz   1989)

Ryc.1.   Stratygrafia  teras  rzecznych w polskich  Karpatach Zewnętrznych  (wg  róźnych  autorów;  por.
Zuchiewicz   1989)

Accumulation of me so-ca]led "preglacial grave]s" began in the lower reach of me
Dunajec  valley  (Klimaszewski   1967).  That was  also  the  time  of formation  of
me 70-80 m-high terrace plain within the San-Dniester-Stnri river va]leys' watershed
(e.g. G ofs hte in   1963). An uplift of the South-Polish Uplands led to the cessation
of  the  NE-ward  directed  drainage  in  the  Sandomierz  Basin  (Wojtanowicz
1977-78).  Gravel  series  occurring  in  tiie  sub-Capathian  Furrow,  in  tum,  were
deposited  on  rock  socles  mat -at  present -occur  at  210-215  m  a.s.l.  (Las-
kowska-Wysoczańska  1975,  Starkel   1984). A sudden  appearance  of sub-
arctic  conditions  in  me Slovak Carpamians  constrained  me  development of cold
parkland  vegetation,  associated  with  mean  annual  temperatures  ranging  from  0
to  -2°  C  (Vaśkovsky  and  Vaśkovskó   1981).

DISCUSSION

The  terraces  in  question  are  shown  more  or  less  clearly on  geomorphic
and morphotectonic maps, the state of preservation being different from valley
to  valley,   depending  of  their  size  and  morphological  conditions.  The  best-
preserved  examples  (cf.  Figs  1  and  2)  have been described  from the  Dunajec
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Fig.  2.   An  example  of climatostratigraphic subdivision of fluvial  deposits in  the  Dunajec  river valley,
medial  sector  of the  Poljsh  Outer  Carpathians  (based  on  Zuchiewicz  and  Oszczypko   1992):
A  -  Beskid  Sądecki  Mts,  8  -  Łącko-Podegrodzie  Foothills,  C  -  Nowy  Sącz  Basin.   1  -  gravels
composed  of  flysch-  and  Tatra-derived  material,  2  -  solifluction/slopewash  deposits,  3  -  loess,
4  - overbank deposits,  5  - rock  socle.  Tentative  correlation with  [he  Polish  Lowland  Quatemary
stratigraphy:  Praeliglian -Różce,  Eburonian -Otwock,  Menapian - Narew,  Elsterian-l  - Nida,
Elsterian-2  - San,  Drenthe -Odra,  Warthe  -Warta,  Vistulian -Wisła  glacial  stages;  LG  -

Vistulian  Late  Glacial  terrace  step

Ryc.  2.   Przykład  podziału  klimatostratygraficznego utworów rzecznych  doliny Dunajca w  środkowej
części polskich Karpat Zewnętrznych (wg Z u c hi e wi c z  i 0 s z c zyp k o  I 992): A -Beskid Sądecki,
8 -Pogórze Łącko-Podegrodzkie,  C -Kotlina Sądecka.  1  -żwiry złożone z materiału fliszowego
i tatrzańskiego, 2 - utwory soliflukcyjno-deluwialne, 3 - less, 4 -utwory facji pozakorytowej, 5 -
cokół skalny.  Próba korelacji ze stratygrafią plejstocenu Polski pozakarpackiej: pretegelen -piętro
Różce,  eburon  -  piętro  otwockie,  menap  -  piętro  Nanłvi,  elstera-l  -  piętro  Nidy,  elstera-2  -
pięlro  Sanu,  Drenthe  -  piętro  Odry,  Warthe  -  piętro  Warty;  LG  -  stopień  z  późnego  glacjału

piętra Wisły

river  va]]ey  (cf.  Zuchiewicz   1989,  Zuchiewicz   and  Oszczypko   1992),
wherefrom detailed morphological studies have been reported for almost 100 yrs.
As far as the Early Quaternary landforms as concerned, the Kłodne, Maszkowice
and  Obidza  alloformations  (cf.  Zuchiewicz   1992)  should  be  reported,  that
are thought to be the equivalents of the Praetiglian (Różce), Eburonian (Otwock)
and  Menapian  (Narew)  stages.  Their  thickness  ranges  from  2-5  to  10-15  m.
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The  climatic  and  tectonic  factors  taking  part  in  th€  fc`rmation  of fluvial
terraces can be a matter of debate for many years. Nevertheless, the terraces
in  question  represent  both  strath  and  complex-response  terraces   (sensu
Bul]   1990)   that  could  not  be  interpreted   in  the  same  manner  as  those
formed  during  the  proper  glacial-interglacial  cycles.  It  would  be  difficult  to
find any piece of evidence pertaining to the interfingering of fluvial and slope
(i.e„  solifluction  and/or  slopewash)  deposits  within  the  terraces  under  con-
sideration;   the   evidence  mentioned  being  valid  for  the   Middle   and   Late
Quaternary,  only.  The  Early Quaternary terraces  are  situated  above  Elsterian
fluvial  covers  that can  easily be  correlated  along valley courses  due  to  their
intertonguing  with  fluvioglacjal,  Scandinavian  erratics-bearing  deposits  left
at  the  margin  of the  Carpathian  Foothills.

The  size  of uplift  during  Early  Quaternary  times  was  the  greatest  during
the  whole  of  the  Pleistocene  (Zuchiewicz   1991),  ranging  from  110-70  m
(Soła) through 50-60 m (Dunajec) to c. 40-30 m (San river valleys); the average
rates  being  rather  insignificant  (i.e.,  0.9-0.05,  0.05-0.04,  and  0.03-0.25  mm/yr;
respectively),  as  compared  to  those  of the Middle-Late  Pleistocene.

The  number  of  terrace  levels  recorded  in  individua]  va]leys  is  different,
that may testify to  diversjfied  tectonic  activity of neotectonic  structures  which
embrace   neotectonic   elevations   and   depressions,   described   in   detail   by
R ą c z k o w s k i  Ć?f cr/.  ( 1985) and Z u c h i e wi c z  (1992). Such a different number
of Pleistocene  fluvial  terraces,  that should have been formed  under the  same
glacial-interglacial  cyclicity,  may  provide  evidence  for  the  diversified  tectonic
influence  upon  the  formation  of the  fluvial  regime  of the  Carpathian  rivers.

CONCLUSIONS

Future  stratigraphic  studies  should  focus  on  magnetostratigraphic  and  -
if  possible  -  radiometric   (TL)   datings   of  the   fluvial  deposits   in  question.
Additional  morphometric  analyses  would  a]so  be  welcomed;  and  particularly
those that could discriminate between Pliocene "planation surfaces" and Early
Quatemary fluvial landforms.

ACKNOWLEDGEMENTS

This research has been supported by the Committee for Scientific Research
(Komitet  Badań  Naukowych)  Grant  no.  6  6134  92  03p/01.

Institute  of Geological  Sciences,
Jagiellonian U niuersity,
2A  O[eandry  Str.,  30-063  KraRów,  Poland



96

REFERENCES

Baran.iecka  M.  D.,  \990.  Rei)ision  proposals  of  the  Quatemary  s[ra[israphy  for  the   detailecl

geological  map of Po[and  I :50 000 in  [he [ight of main stra[igrar)hic sLiri)ey resu![s in the recent
20 yćJćłrs  rsŁłmmczryJ.  Kwartalnik  Geol.  34:   149-166.

8 u 11  W. 8. ,  1990. S/rć.c7m-fć>wczcĆ' gć'nć's/.s.. /.r7Tp//.cćz//.ons for so/./ d€Ł)Ć'/opmć'nf.  Geomorphology 3:  351-367.

Go[shteir\  1.  D.,  \9&3.  Las[  pages  of lhe  Carpa[hian  geo[ogical  history  (in  Russian).  CorT\rr\.  Sc\.
V  Congr.  Assoc.  Carpatho-Balcan.,  Sec.  3,  p.105-113,  Bucharest.

Kl\maszew sk.\  M.,19g] . Morphologie und Diluuium des Dunajec-Tales iJon den Pieninen bis zur
MŁ;r]dŁłng.  Prace  lnst.  Geogr.   UJ   18:   1-54.

K l i m a s z ews ki   M.,1967.  Po/sA/.ć'  KCJrpczfy  Zczchodn/.Ć'  ŁŁ)  oftr€s/.Ć'  czŁŁ)orforzędoŁŁJym,   [w: ]   CzŁŁ;ar-

forzęcł Po/sA/.,  red.  R.  Galon,  J.  Dylik.  PWN,  p.  431497,  Warszawa.
LaLskowska-\^lysoczańska  \^1.,  \975.  Zagadnienia  paleohydrografii  Ko[!iny  Sandomierskiej.

Sesja  Nauk.-Sprawozd.  Prac.  Geol.  Czwartorzędu  ZNG  PAN,  p.17-31,  Warszawa.
L\r\dr\er  L.,  \988.  S[ratigraphy  and  ex[en[s  of Pleis[ocene  continenta[  glaciations  in  Europe.  ^c+aL

Geol.  Pol.  38:  63-83.

Llndner  L„  \99\.  Prob[ems  of corre[cition  of  main  stra[igraphic  uni[s  of  the  Quatemary  of  mi(I-
ŁŁJ€.sfem  EŁ/rope  rsŁjmr7iczryJ.  Przegl.  Geol.  5-6:  249-253.

Mojski   J.   E.,1982.  OŁłf/ł.nćJ  o/ /ńć'  P/Ć'ł.sfocć'nćJ  s/rćzfJ.grćłpł]y  ł.n  Po/Ć]ncJ.   Biul.   Ins[.  Geol.   343:  9-29.

Moisk.i  J. E„  \993.  Europa  u)  plejs[ocenie.  ELL)olucja  środowisRa  prz;yrodnicze`go. \^lyd. PA;E, W'a:i-
szawa,  333  pp.

Nawrock.\   J., `^lć).}c.ik  A+  \990.  On  age  of  the  "WitóuJ  Series"  in  [he  lighL  or  palaeomagne[ic
sfŁid/.es.  Studia  Geomori)h.  Carpatho-Balcanica  24:  3-11.

Rączkowski   W.,  Wójcik   A.,  Zuchiewicz   W.,1985.  NĆ?o/ć]cfon[.c  sĆ'c//.ons  czcross  //łe  Po/ł.sł]

Ccirpo/ł]/.cłns.  Acta  Geophys.  Pol.  33:  307-319.

Starkel   L„   1972.  Kcirpczoł zĆ]Łł)nęłrznći,   [w:]  GĆJor77orfo/og[.cr Po/sA/.,  red.  M.  Klimaszewski.  PWN,1:

52-1 ] 5,  Warszawa.
S tarkel L., \984. Karpaw  i Ko[liny PodRarpacRie, |w..| Budowa geologicz:na PolsRi, t. \  Strawgrafia,

cz.  3b,  CzŁŁ)cirforzęd,  red.  J.  E.  Mojski.  Wyd.  Geol.,  p.146-152,  Warszawa.

Stuch\ik L., \987. Rei)ieuJ of palaeobotanica[ studies on Pliocene and Lou)er Pleistocene deposi[s
in cen[ra[ and southem Poland (Summary), Lw..| Problemy młodsz;ego rieogenu i eoplejstocenu
ŁŁ)  Po/scĆJ,  red.  A.  Jahn,  S.  Dyjor.  Ossolineum,  p.  53153,  Wrocław.

Sza[er  W.,  \953.  Stratigraphy  of  [he  Pleis[ocene  in  Poland  based  on  f[oristic  data  (Summary).
Ann.  Soc.  Geol.  Pol.  22:   1-99.

VavskovskS   1., VaLVskovska  E.,  \98\.  The  dei)elopmen[  of  [he  natural  landscape   in  SlouaRia
dŁłrł.ng /ł]Ć'  OŁłofcmcłry.  Biul.  Perygl.  28:  249-258.

\N o.}\aLr\owicz  J.,1977-78.  Qua[ernary  changes  of the  rii)er  system  of  [he  Sandom.ierz  LOLi)land

rsŁłmmcrryJ.  Annales  UMCS,  Sec.  8,  32-33:  237-258.
Z.uc.h.iew.\cz  W.,  \984. The  Late  Neogene-Quatemciry  iectonic  mobility  of the  Polish West  Car-

pa[hians.  A  case  s[udy  of [he  Dunajec  drainage  basin.  Anr\.  Soc.  Geol.  Pol.  54..  \33-\89.
Zuch.\ew.\cz  \^1.,  \98;].  Late  Neogene-Early  Qua[emary  ei)olution  and  s[ructural  control  of  the

Carpa[hian drainage F)a[[ern (Summary), Lw..|  Problemy  młodszego  neogenu  i  eoplejstocenu
ŁŁ;  Po/scĆ',  red.  A.  Jahn,  S.  Dyjor.  Ossolineum,  p.  211-225,  Wrocław.

Zuch.\ew.icz  `N.,  \9&9.  Morpho[ogical  deuelopment  or  [he  Beskid  Niski  Mts.   and  Qua[ernary

r)olaeoseography  of the  Po[ish  F[ysch  Carpa[hians. KWĘ+italriik C.eol.  33.. 54\-560.
Zuch.iew.icz \N.,199\. On  differen[  approaches  to  neotectonics:  A Polish  Carpa[hians  examp[e.

Episodes   14:     116-124.

Zuch.\ew.ic.z  `J\l.,  \992.  Stra[igraphic  position  of Quatemary  [erraces  in  the  Dunajec  rii)er  L)alley,
Polish  West  Carpa[hians  (Summary).  Przegl. Geol.  7..  436Ą45, \^laLisza\waL.

Zuchiewic.z  \^1., Osz.czypko  N.  (red.),  \992.  PrzewodniR  LXIII Zjazdu Po[skiego TOLuarzystu)a
Geolosicznego,  Koninkj  17-19  u)rześnia  1992. \^lyd.  lNG PAN, 2\5 pp., K:iaków.



97

STRESZCZENIE

W.    Zuchiewicz

DOLNOCZWARTORZĘDOWE  UIWORY RZECZNE W  POLSKICH  KARPATACH  ZEWNĘTRZNYCH

(ARTyKUŁ PRZEGmDOwy)

W  głównych  dolinach  Polskich  Kaipat  Zewnętrznych  zaznaLczają  się  trzy  stopnje  Łeras  skal-
no-osadowych,  o  cokołach  skalnych  usytuowanych  na wys.  90-160  m  i  miąższości  pokryw żwiro-
wych  2-5  do  10-15  m,  odpowiadających  wiekowo  piętrom  pretelegeńskiemu  (Różce),  eburoń-
skiemu (otwockiemu) oraz menapskiemu (narewskiemu). Wymjenione terasy reprezentują stopnie
teras  ska]nych  względnie  skalno-osadowych,  uformowanych  przed  etai)em  [worzenia  teras  zwią-
zanych z  cyklami  glacjalno-interglacjalnymi Środkowego  i późnego plejstocenu  (zapoczątkowanym
terasami  „południowopolskimi",  a  związanymi  z  zatamowaniem  wyloŁów dolin  karpackich  przez
lądolód skandynawski).  Zróźnicowana wysokość  cokołów skalnych  rozważanych  [eras,  odmienna
d]a  różnych  dolin  Polskich  Kaipat  Zewnętrznych,  wiąże  się  z  odmiennym  tempem  podnoszenia
elewacji  neotektonicznych  rozcinanych  przez  doliny  będące  przedmiotem  analizy.  Rozmiary  roz-
cięcia erozyjnego zmieniały się od 70-110 m  (Soła) poprzez 50io m  (Dunajec)  do 3040 m (San);

podczaLs  gdy  tempo  rozcinania wynosiło,  odpowiednio,  0,05-0,9;  0,04U,05  i  O,25U,3  mm/rok.
Ilość  poziomów terasowych  zarejestrowanych w poszczególnych  dollnach  Karpat Zewnętrz-

nych  jest  różna,  w zależności  od  tempa  ruchów wypiętrzających  elewacje  neotektoniczne  KarpaŁ
Północnych.


