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1. INTRODUCTION

The purpose of this paper is to summarize the current knowledge on the
evolution of the valleys at the northern slope of the Carpathians and their
Foreland in the Vistula drainage basin in the last Glacial-Interglacial cycle on
the background of current hypotheses. An analysis of changes in levels of river
channels and flood-plains in cross-sectional and longitudinal profiles points to
great complexity of erosional and accumulation processes in time which departs
from the existing schemes. The analysis also indicates modification of a climatic
influences by tectonic tendencies.

Excluding the Tatras and the Klippen Belt, the Polish Carpathians are
built of flysch sandstones and shales which supply large suspended load
and rather small bedload. The flysch Carpathians, reaching 900-1725 m
a.s.l, with relative height differences of 100-400 m, are dissected by rivers
whose gradients are 1-10%o and whose catchment areas are of 2-5000 km?,
At the north, the Forecarpathian Basins, incised in the Miocene clays and
lined with Quaternary deposits, border with the belt of limestone uplands,
mantled with loess covers. The Vistula which flows at the northern margin
of the mountain foredeep collects water of the Carpathian tributaries. These
tributaries built systems of alluvial fans, sometimes dichotomous ones, into
wide bottoms. At the margin of mountains the deposition is conditioned by
abrupt valley widening and escapes of water into alluvia while a change
in a gradient and perching of water by the Vistula are decisive factors at
the outlets to the Vistula.



A= o (Z661 eqreioy-HeSwney) exuolqer| g1
= (2561 Hopois) ejmeIO) L1
= A A o ('1gndun) oysezig| 91
(z661
“x CAX o ©8ZAN ‘ZOIMOIpUeSHDLY) DIMOYZIE| S
= C# yoeuan hNuﬁgogvcmmm%@W BOIUDZIZSO
! ! | bl
(8961
~ r o~ @) uopoig ‘8961 [o31e1S) AOIUB[SAN| €1
© =10 (zs61 yopoig) eMoadIZ| ZI
Ir~ X~ ~ | TAXo (¥961 e 19 ¥sma[0qos) 2omopem | 1
Il T A= 1 (961 uopoig ‘emoradoy) 1ozl 01
g o ao AdO (z661 d=1dery) IoWs| 80
AX e« x yauqod| 20
=A= - AX (2661 o1 AmoN uniarg| 90
= (5861 eysuimez ‘saupy) RIOD| G0
TAUN|TA=0 (2861 T2 19 1001D) momey| 0
(¥661 yauedazozg
1 A= | O ‘eSMONRIZPIIN) J9108191d| €0
I rA= AN=0 o« u [1qAuD | zo
(5861
A=0 rAX | MAXO = A= ‘T2 19 BYSMmOyeIZPaIN) [sAwoSoiq!| 10
S_mwn_ I-¥ 79 9-8 8-01 Al ¢1d dl 11| Ad wey S9OURI”YRY Aieooq| oN

NUad0[0Y | NURIMISIA YDAUZIIZI MOPRSO BHSIMOUR]S SUMOID)

SSUINDAS [RIAN[[E SUSDO[OH pue URINISIA PoTeSHSSAUL UM SDNI[ED0] Ule]y




ao

aqo

(randun datdery]) 2109 | 6
= X1 (6861 MPIOM “‘emodeUIRl) ejmolqeq| gg
(<861
~ 1 A=0 ‘Te 13 ZOIMOIPURXI]Y) Ahig-opser| 2§
= | TA==| TA¥ | O (2861 *lop) nojzoy| 9¢
(0661 HPlom
-~ TAXO ‘ZOIMBZSEM[-BHSMOSATY) azdlpar| sg
TAO (2861 1e 19 ezsyne() sprequikzg| pe
AX « o w emeqez| €g
AX o (uud ur pismooNos) eXMIN| 2
° AOC (1861 Msmo}0)0S) oalnzg| 1g
(1661
o ‘[e 19 Z2IMOIpUERX3[Y) euual§| Q¢
=0 (6961 [2¥1e1S) amodr1| 62
N - (90961 [1e15) OIAMOZSNID | 87
(6961 uopoig
~ |At=0 ‘1261 psmazseuny|) eiqod| g
L (8¥61 D{smazseuny) OqURIDSOIN | 9g
At=—0O (G261 [e 19 emoyeurepy) JamowioIg Aey| ¢z
(0961
~ o= yopoig ‘1ofewuuaig) Auizazig| vz
(1961
© t= UopoIg ‘eysma|0qos) eyfeld| €¢
- - A= = (6861 zomopiqo) WwisuomIazy eu 10d| g2
(2961 emoradoy
t= = r= t= |tA==! O ‘1961 Bismazsewlry) n@EIo eN| 12
A= | A= | A= | A= = (6861 ZoMOPIGD)  BYSUBIMONOY BUZISNd| 0F




A=X (2261 PIEIS) oamoNNy LS
10 ro (g061 Sraqpaud) OXSIMOQQZIL| 99
= ™ i © (0961 19%1eIS ‘2661 UYES) MOZSIZY | €S
(zL61
= = A A= (5 [oxeIg ‘emoradoy) zpamodez-oysog| #S
(6961 DISMaIN
o WX ‘eyo0shp-eysmoyse) MOY20ZY| €S
(1861 1@
19 ZDIMOIPURXI[Y Ul ‘b/6]
TA= AO X +AX ] rA=0| TAX o [9¥Ie)S ‘emoyewWRK) eowuzazig| zg
(uud
TA=X | TAX | A=0 ul ‘B{smazsourln) ‘[(aylels) eysMoxeIAZ B[OM | |G
= GAO A (quud ut oardery ‘(ayIeIs) Z121Zpay | 0%
(1861 '[e 1@ zomoIp
A rAX o -uexay ul ‘[9%ie)s) emolajoy-eoiqdq| sp
A A== AO (uud ut ‘EyIRIS) DPIoM Holod| Ly
(1661 e 1®
JA=0| MAOC AO ZOIMOIPURXS[Y Ul ‘[931e)S) Aulqein| oy
(5861
“A=0 yoully ‘ZoMOoIpuexaly) uAzsoje]| cp
TAN & PAAX|  AO A=0 | A~O (LL61 Te 10 BYSMONRIZDIIN) aizpo1spod| ph
(sv61
r= r0 13)ezg ‘Ismazsewliy) aufod M9t ¢F
ao ('1qndun [axre)g ‘dordery]) 11 dWwosazng| v
=AX AX AX (z661 MowiIry) ] adpofazng| 1y
AXO (FL61 193RIS Youuy) ufziogad| oF
dg ¥y _ _ -
v V-9 9-8 8-01 Al ¢ 1d di 11d A3 way SAVUDIIYY Aeso| oN

01




TA=

(6861

It D{SMOMINY ‘emoyewiey) Imofag| 18
JAO | AX (1861 D{SmoITY) Aueziowzof| (8
AX AX « “ “ RUPR[| 6L
AX (5861 pisuewunzs) MOUoONZY | 8L
i A= © (2661 Te 1 yesisf) Me[soler) )
(6861
It 1 i V=0 ‘[2 19 ZDIMOIPUBXI[Y) ouwipey| 9,
= (ze61 PisuAzony) emerem | 6L
= (€61 MsyAzoNy) zodieg| p)
= A= | A=X | AX | AXO (Z661 auuy) ouqmg| €.
X0 = (0961 >1eIS) ONINH} gL
= AO (L261 19%1e1s)  emodoyazid-isAwazid| [
ao (rqndun oardery) MONSQ-[sAWIazId| 0/
1 It Il Vi~ | VO (661 luozouey) osery ‘exmeqid| 69
(6861
I L~ | CU~0 ‘Te 19 ZOIMOoIpuexaly) ISMONZIIZIY YOI10d| 89
A — b ok A= A - =X (2961 emoyewrepy) eummoyngpod| /9
go (‘rqndun dstderyy) BUUDIWIZIY| 99
A 1A= | TA= | TA= | PA=— | 1 A=—X v e« 'uIOn BMEBUIR]L | GQ
A= | M A= o) P« o« 91eSOlOM | 9
(0861
T A=0O BMOZIIMBIISe-BYS[eY) MoIWwg| €9
A=0 (LL61 [PAI®IS) oamond| z9
- =0 =0 (9961 19MUSH) euApoy| 19
=0 (5961 1971%15) MOIZpINIZ| 09




10

= e e« emoinzozg| 101
AX AX | TA== | 1 A== o (uud ug ©21950) uoissaidap exqoin| 001
GA=O| G AO P ArepaiN| 86
A~ Il V= o) e« IMOPWS| /6
LAVl V= | VO (uud ur ‘ed1qd9) umelr]| 96
AX |AX=0| A= | A=XO |1AXO (1661 ‘Te 10 [oseIg) e[qoID Se| G6
TAX (L861 [33y1e1§ 'B21Q9D) BumMmIdgl v6
TAX | YAXO AXO (uud ut e 19 pYEY) pisuaydog moziaiqez| €6
(c661
JAXO | CAXO | AXO T AO dordery ‘1661 BoLEN) aoluelg| z6
AX A=0 | A=O (1661 PoNEY) 18az1g pue Zoma3zid| |6
A= AX A=0 (1661 pPoIEN) Amiqhy pue mozserd| 06
(1661 PRIEN
CrA~|TAXO * AX AX ‘GR61 'Te 13 emoyIlAsep) Mmozsad| 68
(LL61
I *A= | © UopoIg ‘emoxeuIe]y) eINY BMON| 88
rA=X| AXO (uud ur pporeY ‘eAROIUInZ) Aurenjua) ovid| /28
AX AX AX (1661 PPOIEN) BorAuhzAz)| 98
TAX | MXO (0261 emoyewely) opuoy-moyery| <8
(¥861
= A- AX o *A=0]| © BMOMIASE M ‘[SMOOYOS) MoUIMPNT| b8
JAOX AX AX (2861 MsmoxINy) Auepig| €8
(96861) PismoxqIny
+A0 ‘emoewRy mourdsAny | zg
AP v | o | o8 fs0t | AT | 21d | Al |17d| A3 |weg saouaIajey Anreso| oN




11

MOYeSS 1050 — W ‘uzdifojoyefewl Azjeue — & ‘suzdlueloqosfed Azieue — 4
‘9UzdI50[0UOIYD0IPUSP BlURMOJRp — ( “]L BlUemolep — v/ Oy, BlUBMOED — A ‘euwsolzal epany| 1 amour[Som AJN) — # ‘BYSIMOJO} — — ‘9MOX0IS
Apeso — ~ ‘'ssa| — | ‘yoAmoméideu moszols efoey — A ‘Azooziorels uaiupdim ele] — x ‘emollioNezod ede] — = ‘emolhioy eloe] — o :yeuz
(woazel Apalyaiu ouezey
-od eysimourss auozopod oysiiq) njodpazid yot eu 1 yoejediey Yd1yS[Od M NUIDO[OY | NUBIMISIA YDAUZISZI MOPRSO YSIMOUR]S YDAUMOLS BISIT | "0AY
souoq [ewwrew — w ‘suoneSnsaaut [edifojooerew — & ‘suof
-eSnsaaut [edruejoqosfed — 4 ‘Sunep [ediBojouoiydoipusp — ¢ ‘Sunep L ~— vV ‘Sulep uoqredoipel — A Y[eUyd SULISNOR| pue BJN] SNOAUEDI[LD —
‘soqread — = ‘sjisodop ado[s — ~ ‘ss90[ — I ‘SDI0k) UeJ [BIAN[R — A ‘S9108) [Quueydoded — X 'SS[0B) YURQISAO — = ‘SI[OB] [UURYD —— O :SUSIG
(19y1980) UMOYS aiam pasied0] A[3s0[d
SO)IS [B19AS) pue[aI0] 113Y) pue sueryjedie) Ysiod ay) Ul s9uanbas [RlAN][e SUIDO[OH pue UeINISIA Po1eSsaAul Yim Saliedo] urew jo 1S | '8ig

C= | A= X AX = = « 4 eymoldioues) £11
E= | &= E= C= A= o (9861 oxzsatug) Ao[ea eoZPIN| 911
CAll= @) (1661 ZoIMoIpuURX3[Y) MOYZSRIN | G11
EAvA o (6861 ZOIMOIPUBXI[Y) exrepzs| bil
(8861
CAH# | CAO | “A# | CA# A= ‘[e 19 Inpzed ‘9861 J[NZS) BUION BYMEPRY | €11
“A0 | A= A¥ | CA=# (1661 t{smoxny) eujoq eymepry| Z11
A== | A== Vo (8861 DismoxIny) emepny| {11
o A= (8961 emoyewepy) J8zey| 601
A= A— A—X e« o« eruie[Aqoy | 801
ao JAO « o« u MOUOR | 201
(261
AXO o} o AO oge18moQg-eys[aldAl) ouzoaseld| 901
AX « o« upnzozg| S0l
AX (2861 H{smoto¥os) MOUDIZIDSW| 01
i | A=0 (1661 Yesiar) sewmoredo| €01
o TA= e e w UAzsop\ | Z01




12

1.1. STRATIGRAPHIC CLASSIFICATION OF THE VISTULIAN AND HOLOCENE ACCEPTED FOR
SOUTHERN POLAND

Until the 1960s (Klimaszewski 1961, 1967, Srodon 1952, 1968, Starkel
1964, 1968) duration of the Last Glaciation was accepted as c. 60 000 years.
Traditional division was in common usage. Initially one warming (Aurignacian?)
was distinguished, then two others (Gottweig and Paudorf). Development of
the 'C method as well as dating of sea deposits and ice-cores allowed for
discerning three fundamental units in the last cold stage: Early Vistulian, Plenigla-
cial and Late Glacial (W aillard and Mook 1982, Guiot et al. 1989, Behre
1989) (Fig. 1). In the early Vistulian (from 115 to 74 ka BP) there is an evidence
of 2-3 interstadial warmings: Amersfoort-Brorup and Odderade. Out of these,
the Brorup was identified in the profile of Wadowice (Sobolewska ef al.
1964) while the no-named warmings were stated in Rzochéw at the Wistoka
river (Laskowska-Wysoczariska and Niklewski 1969) and in Chybie
in the O$wiecim Basin (Niedziatkowska et al. 1985). Of this period there
are also TL datings of the fossil soils and the lowermost, younger loess
(Maruszczak 1991).

The Pleniglacial comprises 3 distinct parts: the lower Pleniglacial (74-58 ka BP),
interstadial warmings (58-29 ka BP), and the upper Pleniglacial (29-13 ka BP)
in which an ice-sheet entered the area of Poland. While a forestless climate
existed and loess was being deposed during these two cool periods, forests
expanded in lower locations (to 500-700 m a.s.l.) in the Interpleniglacial and
the study sites provide the evidence of 2-4 significant warmings (Srodori
1968, Starkel 1980). Investigations of ice cores (Oeschger 1991) indicate
that numerous rapid climate oscillations (temperature oscillations of the order
of 4-5°) of the rhythm length even of 1-3 ka took place. The interpleniglacial
period is marked by fossil soils in the form of gley or sometimes humus horizons
(Maruszczak 1980, Jersak et al. 1992) as well as by the levels of overbank
and organic deposits separating two members of the solifluction-deluvial
deposits and channel deposits (Starkel 1964, 1968). This period as well as
the upper Pleniglacial were characterized by very large diversity of habitats
which is typical of the periods of water deficit and low temperatures (Starkel
1968). The late Vistulian (13-10 ka BP) was characterized by a return of a warm
period and an expansion of the boreal communities and later by a significant
cooling of the Younger Dryas (Ralska-Jasiewiczowa 1980, Starkel 1991).

The Holocene, comprising the recent 10 000 years (on the dendrochronological
scale its beginning is assigned to 11 000-11 300 years BP — Becker ef al. 1991),
was initially divided, according to Blytt-Sernander, into 2 phases of rather continental
climate (Preboreal-Boreal and Subboreal) and into 2 phases of rather maritime
climate (Atlantic and Subatlantic). The subsequent studies indicated that there
were more oscillations, the longer warmer and usually drier phases alternated
with the shorter moister and cooler ones, with advances of glaciers, increased
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runoff and water storage (Patzelt 1977, Starkel 1983, Magny 1993). Human
impact on the environment manifested from ca 6000 BP (Wasylikowa et al.
1985); it reinforces in the late Neolithic and Bronze, and becomes evident since
the Roman period (Ralska-Jasiewiczowa 1989).

The climatic-stratigraphic division presented in Fig. 1 has been applied in
the discussion on the evolution of the upper Vistula drainage basin.

1.2. CLIMATIC CONCEPTS OF VALLEY EVOLUTION

The Alpine foreland and the periglacial Central Europe give rise to theories
on erosion-accumulation cycles of valleys evolution, i.e. the theories on aggradation
in cool periods and erosion in interglacials (Penck and Briickner 1909, Soer-
gel 1921). Next, the interglacial and Holocene alluvia have been found there.
Thus, the subsequent works of Trevisan (1949), Jahn (1956) and others brought
modification of a former scheme of the evolutions of the valleys — accumulation
phases separate the early Glacial and late Glacial phases of erosion. Schumm’s
contribution (1965) to the scheme was a metamorphosis of a fluvial systern which,
in the temperate zone, transposed braided river pattern to a meandering one in
the late Glacial, i.e. the transposed rivers with predominant vertical accretion to
those with predominant lateral erosion. This concept has been evidenced by the
studies of the river valleys at the Carpathian foreland and in Polish Lowland
(Falkowski 1975, Szumariski 1983, Kozarski and Rotnicki 1977). In
addition, Starkel (1960, 1977, 1983) has distinguished a number of phases of
intensified river activity which are reflected in 2 inserts in the Vistulian period and
in 3-5 inserts during the late Glacial and Holocene.

As for the longitudinal profile the glacial-interglacial cycle is evidenced by
a reverse sequence of phases in lower river reaches which were subjected to
sea fluctuations (Woldstedt 1952). When observing erosion in mountains
and aggradation in areas of alluvial fans at the mountain foreland Starkel
(1960) assumed flattening of the longitudinal profile of the valleys of the Car-
pathian rivers in the Holocene.

In the mountain areas, erosional socles of the terraces associated with
glaciation (cool periods) were interpreted as the effect of upheaval, related
most to the interglacial periods (Klimaszewski 1948). Then, intermingling
of fluvial and solifluction deposits in the area of the terrace covers (Klimas-
zewski 1958) as well as of the sliding surfaces at the upper and lower faces
of the terraces in the San valley was the background of the hypothesis on
a terrace cycle in the areas being uplifted (Dziewariski and Starkel 1962):
dissection in the interglacial, accumulation in the glacial and lateral erosion
joined with deepening in transitional periods.

A role of man in the evolution of the valley bottoms was perceived as
acceleration of soil erosion and accretion of channel deposits of the last
cold period (Mensching 1957, Klimaszewski 1948) by alluvial loams
(madas in Polish).
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CARPATHIANS FORELAND

JERSAK et ai.1992

[2h B9z s [ [~ =

Fig. 3. Selected previous models of evolution of valley floors in the Carpathians and their Foreland
after various authors. At the bottom synthetic model of valley floor evolution in the loess plateaus
at the northern margin of the Subcarpathian Basins
Signs: 1| — channel facies, 2 — overbank facies, 3 — solifluction and slope wash deposits, 4 — loess,
5 — organic deposits, 6 — dunes, 7 — bedrock
Ryc. 3. Wybrane dawniejsze schematy ewolucji den dolinnych w Karpatach i na ich przedpolu wg

réznych autoréw. Na dole syntetyczny model ewolucji den dolin na wyzynach lessowych poét-
nocnego obrzezenia Kotlin Podkarpackich
Znaki: 1 — facja korytowa, 2 — facja pozakorytowa, 3 — osady soliflukcyine i deluwialne, 4 — less,
5 — osady organiczne, 6 — wydmy, 7 — starsze podioze
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2. THE STATE-OF-THE-ART

The valley bottoms were studied as early as a geological atlas of Galicia
was being prepared. Lomnicki (1895-1903) and Friedberg (1903) have
distinguished a young diluvial terrace (with loess or dunes at the upper face)
and two inserts of the Holocene alluvia building the bottom terraces at the
height of 4-8 m and 2-4 m, respectively. Their age has been documented by
forest flora, tree trunks and malacofauna. Presence of the Dryas florae in these
terraces caused Klimaszewski (1948) to relate the age of the bottom terrace
to the last Glacial. In the Holocene, only dissection by abandoned channels
and accretion by madas could have taken place. In the upper Dunajec catchment
the direct upper terrace has been associated with the marginal zone of the
Tatric glaciers (Halicki 1930, Klimaszewski 1948).

The loess overtopping and presence of permafrost structures were sup-
posed to be the evidence that the cover of the 10-20 m high terrace at the
mountain foreland originates from the older cool period. Yet already Jahn
(1957), Halicki (1955) as well as Birkenmajer and Srodorn (1960)
provided arguments for complexity of phenomena in the last Glacial: origin
of alluvia from the older part while overtopping with loess or solifluction in
the younger part. In 1960 Starkel has stated complexity of a structure of the
bottom terrace; within the terrace there are some inserts which, based on
a few pollen spectra, he has associated with the moister periods: Allerdd,
Atlantic and Subatlantic. Accretion of the interlocking alluvia and slope covers
during the whole Vistulian were supposed to document continuity of aggra-
dation in a mountain interior (Klimaszewski 1958, Starkel 1964). At
the foreland it has been stated meanwhile that the higher, middle terrace
with loess dates back to the older Vistulian (Srodor 1968, Laskowska—
Wysoczariska 1971, Mamakowa and Srodon 1977) and sandy levels
with dunes hide in themselves the Vistulian inserts of various ages (Mama-
kowa and Starkel 1974). Dissections and inserts in valley bottoms have
been related to the phases of more frequent floods (Starkel 1977, 1983)
while their number and age are better documented in the Vistula valley
near Cracow (Kalicki 1991, Krapiec 1992). In addition, not only did deep
troughs originate from the Eemian interglacial (Laskowska-Wysoczan-
ska 1971) yet they can be of the interpleniglacial period (Mycielska-
-Dowgiatto 1977) and the last intensive deepening of these troughs took
place at the turn of the Pleniglacial (Kalicki 1991, Klimek 1992).

In this century knowledge about various regions significantly increased,
so did the methods. The first to have been learnt were terrace structures
at the Carpathian foreland thanks to palaeobotanical and palaeozoological
methods used. In the inter-war periodl the sites with the Dryas flora on the

! The inter-war period is the period between 1918-1939.
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San river and those with the late Glacial and Holocene flora in the Wistoka
catchment have been discovered. In the post-war period (1950-1965) the
zone of loesses of the Carpathian foreland and of the alluvial fans at this
foreland became the area of detailed studies. Inserts of alluvia have been
distinguished, organic remnants were palynologically studied and dated by
the '"C method, and investigations of the fossil soils in loesses provided
indirect age determination of the lower channel alluvia. The sites of inter-
locking alluvia and solifluction in the Beskid Wyspowy Mts contributed to
information about the evolution of the valleys in the cold period while
a younger history of the valleys of the upper San and upper Dunajec drainage
basins has been comprehended by relating to peat-bogs.

The studies on the evolution of the valleys developed particularly intensively
since 1987, i.e. after the IGCP-158 programme “Paleohydrology of the temperate
zone” and the CPBP-03.13 programme were launched, when sedimentological,
malacological, archaeological methods, '*C-datings, dendrochronology as well
as studies on heavy metals and other anthropogenic indices became used in
a broad range (Starkel 1990, Kalicki 1991).

At the same time, systematic investigations of overtopping deposits (loess,
deluvial deposits etc.) with the help of paleopedological methods and TL-datings
(cf. Maruszczak 1991) were undertaken.

This summary is a successive one by L. Starkel as an author who dealt with
paleogeographic reconstruction and stratigraphy of the Carpathians and their
foreland in the younger Quaternary (Starkel 1964, 1968, 1977, 1980, 1988).
Currently in the Carpathians and at their foreland there are available more than
100 sites out of which ca 80% are radiocarbon dated and several are TL-dated
and possess detailed pollen diagrams. Over 400 black oaks have been studied in
the alluvia of the upper Vistula (Krapiec 1992, oral communication). The largest
number of sites is concentrated in the Cracow section of the Vistula valley and
numerous sites are found in the middie Wisloka valley.

3. GRAIN SIZE PROPERTIES OF THE ALLUVIA

Grain size composition of alluvia and properties characterizing grain shapes
have been recognized to a varying degree of details; the studies are limited almost
exclusively to the sections of the valleys of the Vistula, Wistoka, upper Dunajec,
and San rivers (Starkel 1965, Mycielska-Dowgialto 1978, Niedziatkow-
ska — in: Alexandrowicz ef al. 1981, Niedziatkowska et al. 1985, Rut-
kowski 1987, Sokolowski 1987, Niedziatkowska 1991, Kalicki 1991,
Starkel efal. 1991, Gebica in press, and Froehlich et al. 1972, Baumgart-
-Kotarba 1983).

Based on the above the characteristics of the alluvial facies of the Vistulian
and Holocene in the valleys of the Carpathians and of their foreland is possible.
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of sands and flood activity

Signs: 1 — solifluction deposits, 2 — slope wash deposits, 3 — river channel facies, 4 — overbank
facies, 5 — overgrowing of floodplain by peat
Ryc. 4. Aktywno$¢ réznych proceséw i udzial réznych facji osadéw na stokach i w dnach
dolin w Karpatach i na przedpolu w vistulianie i holocenie. Réwnolegle pokazano krzywe
zmian granulometrii osadéw pozakorytowych, wskaznika zaokraglenia ziarn piasku i aktywnosci
powodzi
Znaki: 1 — osady soliflukcyjne, 2 — osady deluwialne, 3 — facja korytowa, 4 — facja pozakorytowa,
5 — zarastanie réwniny zalewowej przez torfowiska
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Alluvia of the Carpathian rivers change their grain size composition in
longitudinal profiles of rivers when the river gradient decreases and geological
structure of the catchment changes. While the maximum diameters of the
present-day channel deposits of the rivers of the Beskidy Mts and of Podhale
reach 20-150 cm, and the overbank deposits reach from 0 to +4 phi, the rivers
of the Carpathian foreland mainly transport sands (-1 to +3 phi) and deposit
madas of the diameter of 4 to 8 phi. The rivers whose gradient is larger and
where in the catchment are more resistant rocks transport coarser material.
Therefore, in the upland reach and within the alluvial fans at the mountain
margin the alluvia of the Sota and Dunajec rivers are by 2-4 phi coarser than
deposits of the Wistoka and San rivers, for instance. The following fundamental
facies have been distinguished in the alluvia:

1. channel facies (ch), including log subfacies (ch-1) and channel bars (ch),

2. overbank facies (ob), including levee (ob-1), and flood basins (ob-fb),

3. alluvial fan facies (tf), and the most complicated,

4. facies of abandoned channels filling (cf) which include also organic
deposits (peats) and lacustrine deposits (silts, gyttia and lacustrine chalks).

The characteristics given below treats separately properties of the alluvia
of the cold period — when channel deposits of braided rivers prevailed, and
colluvia and deluvia were supplied from the slopes, and the alluvia of the rivers
of the warm period — deposits of meandering rivers in which there is a large
proportion of overbank facies, especially when regarding the period after defores-
tation (Fig. 4).

At the mountain foreland the channel facies alluvia of the cold and warm
periods do not substantially differ with respect to grain size composition and sorting.
However, deposits of the cold period are characterized by a worse roundness of
sand grains (Wo = 600-1 000) and poorer sorting (Mycielska-Dowgiatto 1977,
Niedzialkowska 1991) and a larger proportion of gravels. The Pleniglacial
channel alluvia in the mountain interior are much poorer sorted and they are less
rounded. Analysis of gravels according to Cailleux method, in the case of grain
size class 46 cm, of the valleys of the upper San basin (Starkel 1965) has
indicated a very large variability in the grain roundness in the valleys of tributaries
(30-60% in the class of the weakest rounded particles). These are weakly reworked
out rubbles delivered from the slopes and transported over small distances. These
gravels frequently interfinger with solifluction deposits (Klimaszewski 1958,
Starkel 1965, 1969). Sometimes only a different imbrication of gravels allows one
to distinguish between the deposits of longitudinal river transportation and lateral
supply from a slope (Lipowe site — cf. Starkel 1969).

The deposits of the overbank facies of the cold period are relatively
rare; these are usually laminated silts and sands, braided rivers deposits,
known of the valleys of the Wisloka and upper Vistula rivers (Niedziat-
kowska 1991), of mean diameters 4-7 phi, very poorly sorted (2-4) and
of weakly rounded grains (Wo = 600-850). The pleniglacial deposits of the
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fan in Kaniéw (Mz = 4.5-6 phi, ¢ = 2-3; cf. Gilot et al. 1982) are similar
to the deposits described above. The grain size composition of the deposits
of the interpleniglacial abandoned channel in BrzezZnica on the Wisloka river
(Niedziatkowska 1991) is also alike.

The river alluvia of the turn of the Glacial and Holocene are characterized
by a larger facial diversity within particular climatic phases and by a change
in a sedimentation rate and in grain size composition when deforestation was
in progress.

The channel facies alluvia in the mountain interior comprise grain classes
from coarse gravels to sands and are usually poorly sorted. At the mountain
foreland Mz of the channel deposits varies from -2 to +4 phi (Sokotowski
1987, Kalicki 1991 and others), and the coarser armours are poorly sorted
(o = 2-4) while the sand bars are well sorted (6 = 0.4-1). The roundness of
sands is better downstream: at the Carpathian margin Wo = 750-1000
(Niedziatkowska 1991) whereas in the northern part of the Basin it is
1000-1400 (Mycielska-Dowgialto 1978). There are no changes in the
channel facies of the various phases of the Holocene.

The deposits being characteristic both of the channels and the floodplains
are those of small fan in Podgrodzie on the Wisloka river. The Mz of the
discussed deposits falls into the class 1.5-6.5 phi and their sorting is 0.4-3.5
(Niedziatkowska 1991).

The overbank deposits (madas) in the mountain sections of the valleys
are sandy, e.g. in the case of point bars on the Bialka flood plain in Podhale
Mz = 0 to +2 phi (Baumgart-Kotarba 1983) while in the Ropa valley in
the Beskid Niski Mts proportion of sand in rmadas is 15-50% (Dauksza et al.
1982). Roundness of sand grains is worse than in the channel deposits. The
roundness of grains increases downstream the Vistula river in the Sandomierz
Basin, from Wo = 600-770 (Starkel ef al. 1991) to 800-1200 (Mycielska—
Dowgiallo 1978).

The madas of various ages have been recognized in details in the Vistula
valley, namely in the Os$wiecim Basin (Niedzialkowska et al. 1985,
Niedziatkowska 1991), and downstream of Cracow (Rutkowski 1987,
Kalicki 1991, Starkel ef al. 1991, Gebica 1994) as well as in the reach
of the Wistoka valley (Klimek 1974, Starkel et al. 1982, Niedziatkowska
1991). The late Glacial rmadas are usually silty-sands (Mz 3.5-7(8) phi) and their
sorting varies from 1.5 to 3. The madas of the early Holocene and of the older
part of the Atlantic are the finest (Mz 4.5-10 phi) and very poorly sorted (2-4).
The madas dated from the Subboreal and the older part of the Subatlantic are
slightly coarser (3-6.5 phi at the margin of the Carpathians, 6-7 phi in the
Vistula valley) and somewhat better sorted (1.5-3). Finally, the madas of the
historical period are characterized by larger thicknesses (aggradation), larger
content of sand in a closer vicinity of the channel which is related to numerous
floods (Mz from 5-8.5 phi) and by a very diversified sorting (1-3).
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The youngest madas in the Vistula valley of the industrial period are also
characterized by 10-100 times larger increase in the content of heavy metals
(e.g. Pb from 6 to 400 ppm —cf. Klimek and Zawiliriska 1985, Rutkowski
1987) and by the presence of lighter coal grains from Upper Silesia in the
madas (Rutkowski 1986).

The grain size composition of the abandoned channels fills is very dif-
ferentiated. The deposits register the occurrence of water bodies with lacustrine
chalks and gyttias (Wéjcik 1987; Gebica and Starkel 1987), overgrowing
with peats (Wasylikowa ef al. 1985, Kalicki 1991) as well as the phases
of gradual filling by flood waters reaching there less and less frequently. In
such a profile the lower parts are usually sandy (Mz 2-4 phi) and the top layers
are silty clay (Mz 6-9 phi, Starkel ef al. 1991).

4. STAGES OF VALLEY EVOLUTION

4.1. DEPTH OF THE VALLEYS IN THE EEMIAN INTERGLACIAL

As the datings of the lower face of alluvia are lacking it is difficult to
determine precisely the age of rock socles under the Vistulian terrace in
the Carpathian valleys as well as the age of the deep incisions filled with
alluvia at the mountain foreland (the Eemian, early Vistulian or possibly the
older Interglacial?). Therefore, it has commonly been accepted that incision
reached the solid rock not in the period of the river overloading but in the
interglacial period (cf. Klimaszewski 1948, Starkel 1965, Zuchiewicz
1987). Laskowska-Wysoczariska (1971) arbitrarily assumes that the
being deeper towards the north fossil troughs in the Sandomierz Basin were
incised in the Eemian when the river gradients were larger which is evidenced
by the loess deposits of the whole Vistulian in the San valley (Jarostaw,
Radymno — cf. Alexandrowicz ef al. 1989). In addition, in the marginal
part of the Carpathians, on the San river, below the loess member of the
early Vistulian there are the alluvia, dated by TL at 125+ 18 ka BP, resting
on the socle 4 m high above the river (Lanczont 1993). Whereas the
socles in the Vistulian terrace are sporadically found in the zone of foothills,
they are almost common although definitely differentiated in the Beskidy
Mts; the highest, 5-10 m high, are in the axial parts of the uplifted areas
(Froehlich et al. 1972, Zuchiewicz 1985, 1987). Frequently, as for
example in the upper San drainage basin, the tributary valleys hanging above
the main valley have higher socles (Starkel 1965). The only dated site in
Dabréwka near Jasto occurs on socle (Mamakowa and Wéjcik 1987).
In the subsiding Nowy Targ (Baumgart-Kotarba 1983) or O$wiecim
Basin (Niedziatkowska et al. 1985) the interglacial bottoms descend
below the present-day channels.



22
4.2. EARLY VISTULIAN (115-74 ka BP)

In the area of the Carpathians and their foreland there are some sites of
the early Vistulian florae which document a stage of valley evolution in this
40 000 year long period. However, these are incomplete profiles and, therefore,
their assigning to particular interstadials is ambivalent. The loess and solifluction
fossilized Skawa terrace plain with the forest peat with Picea omoricoides
(being characteristic of the Brorup) reaches 5-6 m above the present-day
channel (Srodori and Starkel 1961; Sobolewska et al. 1964). Within the
area of the Vistulian fan of the Vistula in the O$wiecim Basin the peat dated
at over 45 ka BP with pollen of Abies, Carpinus and Alnus (Niedziatkowska
et al. 1985) rests on older alluvia. In the Wistoka valley near Mielec, in the
Pleniglacial terrace at the depth of 10-18 m there are found forest florae
containing the bones of a mammoth dated at over 50 ka BP (Laskowska-
-Wysoczanska and Niklewski 1969). The under-loess alluvial plain of the
San river upstream of Przemysl reaches the height of 9-10 m (Lanczont 1993)
and in the tributaries the early Vistulian cover, dated by TL at 80-90 ka BP
with fauna, reaches 2-3 m above streams (Alexandrowicz and Lanczont
1994). Therefore, the early glacial accumulation in the mountain foreland ex-
ceeded the height of the present-day alluvial plains and the position of the
bottom in the valley cross-section was very differentiated everywhere. In the
uplifted sections the florae of the early Vistulian warmings can occur on very
high socles (e.g. 26 m in Katy on the Dunajec river — Mamakowa et al.
1975). In the tributary valleys, being dissected with a delay (hanging mainly
above the main valley) the Pleniglacial series with solifluction and deluvia
descend below the present-day channels (Starkel 1965, Henkiel 1966,
Alexandrowicz et al. 1991). Diversified position of organic horizons and
different heights of the plains, especially at the mountain foreland, indicate
channel oscillations in the early Vistulian, periods of prevailing accumulation
or erosion. Because of that the accumulation of loesses, representing the whole
Pleniglacial, was possible on the dissected fragments.

4.3. LOWER PLENIGLACIAL (74-58 ka BP)

A relatively short although a distinct cold phase, marked by dated loesses
and by the under Interpleniglacial solifluction member (Starkel 1964 and
Maruszczak 1980) appears in the valley bottoms as a distinct phase of river
accumulation. Of this age are the occurring in low positions forestless florae
in the valleys of Wistoka (Srodor 1965), Wistok (Jahn 1957) and Vistula
near Cracow (over 43 ka BP — after Sokotowski and Wasylikowa 1984).
The channel alluvia under the Vistula loess terrace have been dated in the
Oswiecim Basin (Niedzialtkowska and Szczepanek 1994) and in the
Hebdéw site on the Vistula river (TL date 6946 ka BP — Gebica 1994).
Location of these alluvia at the height of 0-5 m above the present-day channel,



23

for instance, on the Wistoka river (Mamakowa and Starkel 1974) indicates
that this is a separate fill with respect to the early Vistulian cover.

In the mountain interior gravels building the terraces covered with peats
and with a younger solifluction in Brzeziny in Podhale (Birkenmajer and
Srodon 1960) and in Jedlicze (Krysowska-Iwaszkiewicz and Wéjcik
1990) are of this age. The height of the plains of this period did not exceed
10-11 m above the present-day channels. At the same time the older fragments
of the terraces were being capped with slope covers (e.g. in Wadowice).

4.4. INTERPLENIGLACIAL (58-29 ka BP)

The period of a relative warming has been marked by intensification of
fluvial activity. Formerly, only one warm episode had been discussed (the
Aurignacian, Paudorf, cf. Srodon 1965, Starkel 1964), later on the 4 different
had to be distinguished. The content of 0 in the ice cores of Greenland have
evidenced numerous abrupt changes in temperature. A few tens of dated sites
are of this period.

Within the area of the Vistula fan in the Oswiecim Basin the older gravel
cover is dissected, organic deposits dated from 36 to 25 ka BP (Niedziat-
kowska et al. 1985, Niedzialtkowska and Szczepanek 1994) are
found in troughs which do not exclude that a significant part of the fan
alluvia represent the older period of the Interpleniglacial. In the Vistula valley
near Cracow the peats dated 38 300 + 3 600 BP indicate the dissection phase
while the sands in Kryspinéw with the date 32400+ 1 100 BP indicate ag-
gradation period (Mamakowa and Rutkowski 1989). Downstream, the
loess aggraded terrace covers madas with the Palaeolithic cultures (Koztow-
ski et al. 1970) and with the forest-tundra flora (Mamakowa and Srodori
1977). The radiocarbon date of ca 28 ka BP shows that the plain was in
a range of floods in the Denekamp period. The overlaying alluvial deposits
of the flood facies and the fans of tributaries, dated by TL at 51-37 ka BP
{(Gebica 1994), point to a significant activity of processes. Finally, erosion
is evidenced by the overbank facies deposit laying on the Miocene socle
under the loess in Opatowiec (31 200+ 1400, Jersak 1991). In the western
part, on the older gravels (probably of the Interpleniglacial?), the Dunajec
fan descending towards the Vistula river exposes peats covered with a thin
layer of alluvia (39 100 +3 000 BP). The peat indicates abandonment of this
part of the fan (Gebica 1994). In the eastern part the pine trunk from the
Denekamp buried in gravels would point to progressing accumulation (So-
kotowski 1981).

In BrzeZnica in the Wistoka valley the older cover reaching 5 m above
the river and in which the peat is dated at 36-48 BP, has been dissected
at least to the level of the present-day channel (Mamakowa and Starkel
1974). In the younger fill the date over 28 ka BP would indicate large
oscillations of the base in this period while in the upstream laying Podgrodzie
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Fig. 5. Several well investigated valley cross-sections {partly simplified). I. Wistoka river at the outlet
from the Carpathians (after Starkel ef al. 1982, changed in 1994). Il. Vistula river downstream of
Cracow (after Kalicki 1991). IIl. Vistula river at the Grobla forest — c. 20 km downstream of
cross-section 1l (after Starkel ef al. 1991, Gebica in print). IV. Early Vistulian burried floodplain
in Wadowice, Skawa valley (after Sobolewska et al. 1964). V. Alluvial fan of the uppermost
Vistula in the O$wiecim Basin (after Niedziatkowska et al. 1985, Niedziatkowska and
Szczepanek 1994. VI. Erosional steps in upper Wistok valley (after Zuchiewicz 1987)
Signs: 1 — bedrock, 2 — gravels, 3 — gravels and sands, 4 — sands, 5 — paleochannel fills, 6 —
overbank silts and clays, 7 — peat, 8 — loess, 9 — eolian sands, 10 — deluvial loams, 11 — soli-
fluction loams (with debris), 12 — talus debris, 13 — landslide
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Ryc. 5. Kilka dobrze rozpoznanych przekrojéw dolin (cze$ciowo uproszczonych). I. Wistoka u wylotu
z Karpat koto Debicy (wg Starkla i in. 1982, zmienione w 1994). Il. Wisloka ponizej Krakowa
(wgKalickiego 1991). Ill. Wista w rejonie Lasu Grobla — 20 km ponizej przekroju If (wg Starkla
iin. 1991, Gebica w druku). IV. Wczesno-vistuliariska kopalna réwnina zalewowa Skawy w Wa-
dowicach (wg Sobolewskiej iin. 1964). V. Stozek gérnej Wisly w Kotlinie O$wiecimskiej
(wg Niedziatkowskiej i Szczepanka 1994). VI Stopnie erozyjne gémego Wistoka
(wg Zuchiewicza 1987)
Znaki: | — podioze skalne, 2 — zwiry, 3 — zwiry z piaskami, 4 — piaski, 5 — wypelnienia paleokoryt,
6 — pozakorytowe pyly i ily, 7 — torf, 8 — less, 9 — piaski wydmowe, 10 — gliny deluwialne,
11 — gliny soliflukcyjne z rumoszem, 12 — usypiska, 13 — osuwisko
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the date from the series of alluvia with colluvia from the level 1.5 m above
the river is 33 350 = 750 BP (Starkel 1988). The depth of the Interpleniglacial
dissection in the Vistula valley downstream of the Wisloka mouth can be
inferred from the piece of wood (dated at 40 700 + 200 BP) originating from
the trough descending 10-15 m below the channel level Mycielska-Dow-
gialto 1977). This is probably related to hanging of the young Quaternary
Vistula valley above the deeper and older San valley (Pozaryski et al.
1994). In the Wisloka valley, in the Subcarpathian Trough the Interpleniglacial
peats have been found in the river channel (date 40 ka BP) — the channels
of this period occur below (Starkel 1988a).

In the San valley near Jarostaw the loess mantle covers the terrace with
the typical interstadial soil (Jersak et al. 1992).

In the Carpathians proper the sites with florae dating the interpleniglacial
warmings are numerous. In Dobra and in MySlenice (Klimaszewski 1958,
Srodon 1968, Starkel 1969) they lay on the alluvia under the younger solifluction,
at the level similar to the present-day channel which would indicate intensive
dissection in this period. Near Jaslo, in the 10 m high terrace with a socle, the
interpleniglacial peat rests in an erosional channel (35 500 =1 500 BP, Alexan-
drowicz et al. 1985). Analogously, the covered with solifluction peats in Brzeziny
and Jedlicze mentioned above, point to dissection of the older cover.

The interpleniglacial period, i.e. the period of climate oscillations, permafrost
recession and intensified fluvial activity revealed likely in a few episodes of
dissections and fills in the Carpathian valleys. Nowadays, however, these are
difficult to identify and only in BrzeZnica on the Wistoka river two series are
noticeable (Fig. 6).
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Fig. 6. Fluctuations of the vertical position of the river channels during the Vistulian and Holocene,
based on records collected by various authors (after Starkel 1994b)

Ryc. 6. Wahanie pionowe koryt rzecznych w vistulianie i holocenie, w oparciu o dane zebrane
przez réznych autoréw (wg Starkla 1994b)
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4,5. THE YOUNGER PLENIGLACIAL (29-13 ka BP)

The maximum cooling and advance of the ice sheet has traditionally been
accepted as a period of formation of the Vistulian terrace and the accompanying
basal accumulation plains (Klimaszewski 1948, 1967, Starkel 1968, 1969).
The increasing number of sites indicates, however, that the process is much
more complicated (Starkel 1994b).

In mountain areas, especially in those with long slopes susceptible to solifluc-
tion and deluviation processes, the upper Pleniglacial accumulation results in
formation of the plains raising 6-15 m above the channel levels. The alluvia dated
at the Denekamp are capped with the intermingled fluvial and slope deposits
known from: the Beskid Wyspowy Mts (Klimaszewski 1958, Starkel 1960b,
1969), the upper San and Strwiaz valleys (Henkiel 1966). This cap in a longitudinal
profile of the valley smoothes the surface of the rock socle whose height varies
from 2-8 m. In the areas being uplifted the cover can be even higher although
the terrace with 30 m high socle in the Wistok gorge (according to the opinion
of Zuchiewicz 1987) can hardly be included to it if in the closest vicinity the
youngest solifluction deposits descend to the 12-15 m high terrace. A fan in a small
basin in the Bieszczady Mts which is divided by an organic layer with the forest-
tundra vegetation, the latter dated at 16 950 + 325 BP (Ralska-Jasiewiczowa
1980) is of the Pleniglacial age.

At the Carpathian margin besides the older fragments covered with loess
younger elements are registered as well. At the outlet of the Biala river in
Kaniéw the organic deposits of the Denekamp are covered with the 6 m thick
sandy-silty deposits with the date 27 470+ 800 BP at the lower face (Gilot
et al. 1982). The fan of the Vistula river proper at the foreland of the Beskid
Slqski has been dissected if loess sedimentation (Niedziatkowska and
Szczepanek 1994) started above the level dated at 29 200 + 100 BP. In Cracow,
the Pradnik fan, uncovered with loess (Mamakowa and Srodon 1977), and
formerly considered as older than Vistulian (Klimaszewski 1952) due to
periglacial structures, is probably of this age. In the neighbouring Diubnia valley,
the 3 m thick cover of alluvia has been dissected which facilitated accumulation
of loess from 23 900 + 850 BP (Alexandrowicz 1991). The young pleniglacial
fans of the Raba and Dunajec rivers with dunes at the top submerge under
the Holocene alluvia of the Vistula river (Gebica 1994, Sokotowski 1987)
evidencing the dissection prior to the end of the Pleniglacial.

In the Wisloka valley, at the mountain foreland the 15 m high terrace in
Brzeznica is built of the overbank, rhythmically laminated sands and silts. The
Dryas flora in the middle of the terrace height has been dated at 28 500 + 430 BP
(Starkel — in: Alexandrowicz ef al. 1981). The lower plain with the traces
of braided channels (known from other valleys) is lacking the overbank cover but
organic inserts have been dated at 21 300 +1 200 BP. In Podgrodzie M. Geyh
dated the wood in the level 2.5 m above the channel as 26 980 £ 345 BP and
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peaty silts laying 1 m above as 224504340 BP (Mamakowa and Starkel
1977). At the similar level upstreamn of Pilzno Pazdur (1985) has dated organic
deposits at 24-25 ka BP. The simultaneous occurrence of outliers built of silts with
the Dryas flora in the 6-8 m high terrace (Klimaszewski 1948) provides evidence
of dissection of this cover at the decline of the Pleniglacial.

A common occurrence of dunes on the sandy terrace in the lower San
valley (Buraczyriski and Wojtanowicz 1966) also indicates the dissec-
tion before the late Vistulian. In the San valley Klimek (1992) actually
discovered the troughs, descending below the present-day channel, which
had been filled from 15 ka BP.

Irregular aggradation and later dissections suggest similar evolution as in
the belt of Uplands where a significant aggradation has also been registered.
The latter in the gap reach of the Vistula river is described by Pozaryski (1955).
In the Wieprz valley, consisting of narrowed and broaden sections, aggradation
reached, for instance, to c. 20 m above the river level in Latyczéw at c. 25 ka BP,
and then dissection took place (Harasimiuk 1991). Downstream, near Tar-
zymiechy, the 15 m high terrace is built of silts with the date 19 320 + 320 BP
at the lower face (Jersak et al. 1992). In the Silesian Upland, in the Sztola
valley (the tributary to the Przemsza river) the organic deposits on the dissected
surface have been dated at 26 700 + 600 BP (Jersak and Sendobry 1991).
Thus, depending on a nature of a valley section, lateral supply and presence
of permafrost there were conditions suitable for significant aggradation also
during the maximum cooling.

4.6. LATE VISTULIAN (13-10 ka BP)

The period of the late Vistulian was traditionally presumed the period of
erosion and dissection of the Pleniglacial cover. However, these processes started
eatlier as it is known nowadays. In the Nowy Targ Basin the terraces — 12~15 m
high fans were dissected before the Bolling, when peat started to form on the
erosional terrace (Klimaszewski 1967).

In the valleys of Jasiotka and San rivers filling of the deep abandoned
channels with lacustrine chalks or peat started from the Allerad (Wdijcik
1987; Ralska-Jasiewiczowa and Starkel 1975). An increased supply in
the Younger Dryas has been marked by the horizons of the flood deposits.
Likely of this period are the alluvial fans imposed on the solifluction plains at
the foot of the ridges in the Beskid Wyspowy Mts (Starkel 1960b).

In the 1950s in the Carpathians foreland, on the Wisloka valley the author
stated buried deposits with flora of the forest-tundra or of the open boreal
forest, which without dating were preliminarily related to the Late Glacial
(Starkel 1960a). The sediments of the Younger Dryas which were "¢ dated
found later 4-6 m above the channel level, deposited on the erosional plain
caused the author to reject the former concept and to assume a shallower,
late-glacial dissection (Starkel 1977).
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More recent studies of the Vistula valley near Cracow (Kalicki and

Starkel 1987; Kalicki 1991, Starkel et al. 1991) proved that the Allergd
troughs and older ones were deep, that was the period of river network
transformation; the oldest meanders have been cut off at the beginning of the
Allergd or at its decline (Szumariski 1983, Rutkowski 1987, Kalicki 1991,
Klimek 1992).
; In the period of the Younger Dryas there was a significant aggradation with
a return to a braiding tendency. In the Bolling and Allerad the peaty, low located
wide plains at the Raba mouth (Gebica 1994) and in smaller valleys (Nalepka
1991) were also alluviated in the Younger Dryas. Downstream of the Wistoka outlet
to the Vistula river there extends the parallel depression with the traces of multi-
branch channels. One of this branches has the Allergd fill — this is likely an older
plain of the Wisloka river (Mycielska-Dowgiatto 1977).

4.7. HOLOCENE (10-0 ka BP)

The Holocene evolution of the valleys in the area of the Carpathian Upland
and the Forecarpathian Basins is currently best although non-uniformly studied.

Findings of sediments with tree trunks and with forest florae (Friedberg
1903, Lomnicki 1895-1903) as well as of the sediments with the Dryas florae
(Klimaszewski 1948) gave raise to various interpretations of an origin and age
of the plains in the valley bottoms. In the 1950s the fill of a several series of the
meandering river deposits at the outlets of the Wistoka, Wistok and San rivers
(Starkel 1960a) from the Carpathians was documented by singular analyses of
pollen and macro-remnants to “moister” periods of the Allerad, Atlantic and
Subatlantic. A tendency to aggradation of madas was stated as well. Then, it has
been evidenced that the phases of dissection and fills are related to the moist
periods of more frequent floods, synchronous with advances of the Alpine glaciers
(Ralska-Jasiewiczowa and Starkel 1975, Starkel 1977, 1983, Starkel —
in: Alexandrowicz et al. 1981) per analogy to the Little Ice Age, straightening
of the channel and formation of the lower floodplain (Klimek and Starkel
1974, Szumanski 1977). In the period of total forestation these phases lead to
deepening of the channels while from the Roman period — to aggradation. The
further studies in the Vistula valley have confirmed the concept of climatic fills —
the number of distinguished phases increased — the equivalents of all the Holocene
moisturization known in Central Europe have been found (Kalicki 1991, Starkel
1991, 1994a). The phases are dated at: 8.5-7.5, 6.5-6.0, 5.2-4.8, 4.5-4.2, 3.2-2.8,
2.2-1.8 and 1.1-0.9 ka BP. Documentation of the phases has also been expanded
due to findings of avulsions of the whole channel systems downstream of Cracow
(Gebica andStarkel 1987, Gebica 1994) and due to identification of numerous
black oaks (Krapiec 1992).

Simultaneously, at the mountain foreland an accelerated accretion of madas
was stated in the period starting from ca 3 ka BP (Klimek 1987), then in the
late Roman period (Kalicki and Starkel 1987, Alexandrowicz 1988) and
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commonly in the Medieval (Radwariski 1972, Starkel —in: Alexandrowicz
et al. 1981, Niedziatkowska ef al. 1985). In some valley sections these madas
cover and mask the older fills and paleochannels. Yet, in the case of wider bottomns,
the madas usually do not cover them totally. In the marginal zones the paleochannel
relief or even the old soils are noticeable (Kalicki 1991).

The younger fills of the recent 200 years reach the thickness of 3-4 m as
well (Klimek 1987). They fill up the zones of braided channels dissected after
channelization (cf. Szumarski 1977).

In the area of the Carpathians proper the number of dated sites is smaller
although the valley bottoms are lined with channel alluvia with tree trunks
covered with madas. In the Ropa valley near Szymbark, on the socle, at the
lower face of the 5 m high terrace the organic layer dated at 2 675+ 60 BP
has been stated (Dauksza et al. 1982). Deforestation of various ages triggered
accretion with madas. For example, in Bukowiec in the Bieszczady Mts which
was colonized at the turn of the 15th century the beginning of madas ac-
cumulation was dated at 460 + 85 BP (Starkel 1988).

In the being uplifted Beskidy Mts a larger number of terrace steps,
unfortunately non-dated ones, accompany the channels deepening in rock.
In the Dunajec gorge through the Beskid Sadecki Mts there have been stated
5 steps lower than the 12-14 m high Pleniglacial terrace with the 5 m socle
(Froehlich et al. 1972). In the upper Wistok and Jasiotlka valleys the
number of terrace steps is 5-7 (Zuchiewicz 1987). In Podhale the sections
of the braided Bialka river which are dissected have steps as well (Baum -
gart-Kotarba 1983).

5. THE REGULARITY OF THE YOUNG QUATERNARY EVOLUTION OF THE
VALLEYS — THE ROLE OF CLIMATIC AND TECTONIC FACTORS

On the background of the tendency to deepening of valleys in mountains
and to slight aggradation or stabilization at a foreland the magnitude of dissections
and fills is best noticeable in the last Glacial-Interglacial cycle. Not all of these
dissections and fills did manifest as separate steps. From the cold period not only
the Pleniglacial series but also the early Vistulian and Younger Dryas ones form
separate levels (Starkel 1977, 1994b; Jersak ef al. 1992, Fig. 3, 6, 7).

On this background tendencies to aggradation or erosion, differentiated
in longitudinal profiles of the valleys do show up. The Interglacial period,
on which our knowledge is limited, favoured deepening as much in the
mountains where the early Vistulian deposits rest on the socles (Srodon
and Starkel 1961, Lanczont 1991) as in the mountain foreland where
the base of the early Vistulian members descend below the present-day
channels and lay on gravels filling the deep troughs in the Miocene clays
(Laskowska-Wysoczarnska 1971).
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The younger loesses on the early Vistulian alluvia are the evidence of dissection
at the foreland which has preceded accumulation in the older Pleniglacial. In the
mountain interior progressing aggradation is observed, especially in the side valleys.
The Interpleniglacial period is marked by general intensification of erosion and
smaller supply from the overgrown slopes. This period in the mountains is repre-
sented by the deposits of the overbank facies. In the Carpathian foreland there
are evidences of at least 2 separate fills (Starkel 1994b).

The younger Pleniglacial manifests in the mountains as progressing ag-
gradation, especially in the side valleys, accompanied by significant solifluction
(Starkel 1968) or by loess delluvia (banczont 1991). On the other hand,
dissection of the alluvial cover at the mountain foreland together with climate
aridization lead to capping with the youngest loess or to blowing out of sands
(cf. Starkel 1994b). In the period of 15-13 ka BP the river bottoms descended
a few meters below the present flood plain (Klimek 1992, Kalicki 1991).
In the mountains dissection was delayed but in the low elevated Jasto-Sanok
Depression it descended below the present-day channels (W éjcik 1987) while
in the Nowy Targ Basin an erosional bench was formed before the Bolling
(Klimaszewski 1961). If the late-glacial meandering rivers can be explained
by advancement of forests and decrease in supply, then the earlier erosion
can be attributed to limited denudation in a cold continental climate. Large
aggradation in the zone of Uplands 25-15 ka BP and an abrupt dissection reaching
down to 20 m at the decline of the Pleniglacial 15-13 ka BP (Jersak et al. 1992)
are not confirmed. This aggradation was likely a local phenomenon, characteristic
of sandy areas which could have been degraded under permafrost conditions
(Jersak and Sendobry 1991).

A cool episode of the Younger Dryas is manifested in larger frequency of
floods, in aggradation and in return to braided channels in some sections
(Kalicki 1991, Starkel et al. 1991).

The Holocene is commonly characterized by a sequence of several dis-
sections and fills (Starkel 1990). If several terrace steps and tendency to
deepening (Starkel 1977, Zuchiewicz 1987) are observed in the upper
reaches, then parallel fills building the segments of the alluvial plain (Starkel
et al. 1982, Kalicki 1991) are observed in the Forecarpathian Basins. The
tendency to aggradation which started from the Roman period intensifies from
the 10th—11th centuries (Klimek and Starkel 1974) and changes to deepening
with frequent floods from the 17th century onward and as a result of chan-
nelization from the mid 19th century.

The old scheme (Starkel 1960) of the prevailing accumulation in the
mountain interior in the glacial and carrying away to the mountain foreland
in the interglacial requires modification. The number and thicknesses of
subsequent fills imply the lack of simple relations. Yet aggradation undoub-
tedly took place in the upper reaches and an erosional impulse appeared
at latest. Simultaneously, in the deposition zone at the foreland the series
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of alluvia were deposited when the rivers were overloaded with the material
supplied from the deforested slopes (periglacial periods, periods of defore-
station and agricultural practices) as well as in the periods of more frequent
floods, dissection and reworking of the alluvia. Therefore, many fills of the
cold, warm as well as from the transitional periods are observed at the
mountain margin.

The picture presented above is modified by local conditions, e.g. frequently
the younger fans lay exceedingly on the older alluvia (Starkel — in:
Alexandrowicz ef al. 1981), as well as by tectonic factors. In the areas
being uplifted, there is a permanent tendency to deepening in the narrowings
of the valleys (and lack of terraces) interrupted by aggradation in the Pleniglacial
(Starkel 1990) or in the wider parts of the valleys by the series of low terraces
with the lower and lower rocky socles (Zuchiewicz 1987). In opposite, in
the subsiding areas the alluvia of the Vistulian plains are buried under the
younger deposits. That is characteristic of the Vistula fan (Niedziatkowska
et al. 1985) and of the Orawa — Nowy Targ Basins (Baumgart-Kotarba
1983) and of the northern part of the Sandomierz Basin (the mouths of the
Dunajec and San rivers — Starkel 1990).

Yet even in these sections the presence of terrace benches and sepa-
rateness of the fills show that climatic changes are fundamental factors
controlling the supply of the sediment load and frequency of floods. Climatic
changes undergo faster than slow tectonic movements, finally shaping the
separateness of the terrace steps.

The second modifying factor is the increase in river load transportation
due to deforestation by man, facilitating wildening of the channels, accretion
of the plains with madas and aggradation entering the mountain interior.

Department of Geomorphology and Hydrology
Institute of Geography and Spatial Organisation
Polish Academy of Sciences

31-018 Krakéw, ul. Sw. Jana 22, Poland
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STRESZCZENIE

L. Starkel

EWOLUCJA DOLIN KARPAT I KOTLIN PODKARPACKICH W VISTULIANIE
I HOLOCENIE

Celem artykutu jest podsumowanie ewolucji pogladéw i aktualnej wiedzy o mlodoczwar-
torzedowej historii dolin Polskich Karpat i przedpola.

Na tle ogdlnej tendencji do poglebiania w goérach i do stabej agradacji lub stabilizacji na
przedpolu, najbardziej widoczna jest wielo$¢ rozcieé i wlozeni w ostatnim cyklu glacjalno-intergla-
cjalnym, z ktérych nie wszystkie manifestuja si¢ jako oddzielne stopnie terasowe. Wiozenia te sa
charakterystyczne zaréwno dla pietra cieptego i rzeki meandrowej, jak i dla okresu zimnego,
w ktérym nie tylko pleniglacjalne serie, ale i wczesnovistuliariskie i mtododriasowe wykazuja
odrebnosé¢ (Ryc. 3, 5, 6, 7).

Na tym tle rysuja sie tendencje ku agradacji lub erozji, zr6znicowane w profilach podtuznych
dolin, Okres interglacjatu stwarzat warunki dla pogtebiania tak w gérach, gdzie wczesnovistuliariskie
osady leza na cokotach, jak i na przedpolu, gdzie spagi ogniw wczesnovistuliariskich schodza nizej
dzisiejszych koryt.

Miodsze lessy na wczesnovistuliariskich aluwiach $wiadcza o rozcieciu na przedpolu, po-
przedzajacym akumulacje w starszym pleniglacjale. W glebi gér obserwujemy kontynuacje agra-
dacji. Okres interpleniglacjatu zaznaczyl sie ozywieniem erozji. Na przedpolu Karpat mamy co
najmniej 2 oddzielne wiozenia.

Miodszy pleniglacjat to w gérach postepujaca agradacja przy udziale soliflukcji lub deluwiéw
lessowych. Natomiast na przedpolu gér wraz z aridyzacja Klimatu (od c. 25 ka BP) rozcinanie
pokrywy aluwialnej doprowadzito do przykrycia najmiodszym lessem lub przewiania piaskow. Tq
wczesniejsza erozje mozna thumaczy¢ ograniczong denudacja w klimacie zimnym kontynentalnym.
Nie znajduje potwierdzenia wielka agradacja opisana w strefie wyzyn w okresie 25-15 ka BP.
W okresie 15-13 ka BP dna koryt rzek zeszly nawet ponizej poziomu wspétczesnych. W gérach
rozcinanie rozpoczeto sie z opéznieniem. PdzZnoglacjalng zmiane na rzeki meandrowe uzasadnia
wkraczanie laséw i zamieranie dostawy.

Milodszy dryas zaznaczyt sie agradacja, a w niektdrych odcinkach powrotem do koryt rozto-
kowych.

Okres holocenu cechuje powszechna sekwencja kilku rozcie¢ i wlozen. O ile w gérmych
biegach obserwujemy kilka stopni terasowych i tendencje do poglebiania, to w Kotlinach Podkar-
packich réwnolegle wiozenia, budujace kolejne segmenty réwniny aluwialnej. Tendencja do
agradacji znana od okresu rzymskiego, nasila sie od X-XI stulecia.

llos¢ i migzszo$¢ kolejnych wilozern méwi o braku prostych zwiazkéw z wahaniami klimatu.
Niewatpliwie w gérnych biegach agradacja glacjalna byla faktem, a impuls erozyjny doszed! naj-
pézniej. Réwnoczes$nie w strefie depozycji na przedpolu serie aluwiéw skladane byly zaréwno
w czasie przeciazania rzek dostawa z odlesionych stokéw (okresy peryglacjalne, wylesienia i upra-
wy), jak i w okresach czestszych wezbrari, rozcinania i przerabiania aluwidw.

Obraz ten jest modyfikowany przez lokalne warunki (np. miodsze stozki doplywéw), przez
czynniki tektoniczne i wylesianie.



