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ABSTRACT: The Quaternary iJn Poland cansi&ts of the PrOlf;qpled&tocene (1,870 000-
150000 y. BP), . the Plemltooene (950000 -10 000 y. BP), and the Holocene Oast 
10000 y. ~. Within Ithe lPr,otoPleisrtocerre 'the OtwOlClk: OooMg and the Cele51tynQW 
War:ming are diStingUiShed. The Pleis1x>cene in'Cludes 9. madn gIacialtioIlS (Narew, 
Ndda, San, M~elanlk.a, Wiilga, LilWi:ec, Odra, warta, Wdsla) sepwrated by 8, Iiin'ter
glacials' (Przasnysz, Kozi-Grzbiet, Pilczyca, Ferdynand6w, Barkowice-Mokre, Zb6jno, 
GraJb(>wka, EenriaJn). A climatk: chamctEristiics and ages orf al!l these episodes are 
presented an the basds Cif pat}eoma~etic, tbermolUInines<:eI1lOO, :FDII.P.an:d 1'C da
tialig,<;, which .alBo enaIbled a chronostmtigrapihdc oorre1atiw orf the ddsti.ng~hed 
epils'odes with ' the equivalent UIllits iJn the neighb01"inig countries cmd in deep-sea· 
, sediments. 

INTRODUCTION 

Recent ~nvestigations of the Quaternary deposits in Poland have re:' 
sullted in the recognition oif cllinato- andchronostratigraphic succession, 
extents of Scandinavian glaciations and of separating interglacials (see 

Text-fig. 1). 

The investigated sections have recently required, bUIt paleontologic 
data, . the absolute datings received by various methods (HC, TL, FCl/P, 
and partly paleomagnetism) . . These data enable a chronostratigraphic 
correlation with the Quaternary units in Europe (Text-figs 8 and 9), and 
.With deep-sea sediments that record a full sequence of Quaternary cli
matic changes(cf; Shackletorl & Opdyke 1973, Kellogg 1980, Wysoczan
ski-Minkowicz 1980, Zubakov & Borzenkova 1983). 
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CLIMATO- AND CHRONOSTRATIGRAPHY OF THE QUATERNARY 

A prmcipal role in definition of the Quaternarry and its subdiviSion in 
Poland is played by paleomagnetic data (R6zycki 1978, 19,s0; Lindner 1978, 
1980, 1982), similarly as in the other European countries (cf. Bowen 1978, 
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Fag. 1. Extents of the Scandinavian icesheets in Poland 
1 - Narew Glaciation, 2 - Nida Glaciation, 3 - San Glaciation, C - Mogielanka 
Glaciation, 5 ' - Wilga Glaciation, 6 - Liwiec Glaciation, 7 - Odra Glaciation, 

8 - Warta Glaciation, 9 - Wisla Glaciation 
10 - Sea bays durmg the Barkowice-Mokre (Ma,zovm = HCilsitein) Interglacial, 

11 - sea bay during the Eemian :Inltiergl8icliJall 
Loca1ll1cm of Slites menJtiJOI!lied in the text: 

LATE TERTIARY: Eo - Kozlenice, Wl - W1t6w; OTWOCK COOLING and CELESTYNOW 
WARMING: Po - Ponurzyca, ZC - 2abia Cave; PRlZASNYSZ INTERGLACIAL: P - Prza
snysz, Wy - Wysz.k:6w; KOZI-GRZBIET INTERGLACIAL: EG - Kozi Grzblet, J - Jasion
ka, Sza - SZ8flary; PILCZYCA INTERGLACIAL: B - Belchat6w; FERDYNANDOW INTER
GLACIAL: Fe - Ferdynand6w, Pod - Podg6rze, B - Belchat6w, M - Mochowo; BARKo
wICE-MOKRE INTERGLACIAL: BM - Barkowdce Mokre, D - Draby G - GoSc1~, E -
Kr@tec, We - w~gotzewo, Bo - Bocz6w, M - Mochowo; ZBOmO INTERGLACIAL: Z -
Zb6J,no, E - KrllPiec, NI - Nleledew; GRABOWKA INTERGLACIAL: Gra - Gtab6wka, 
P - Frombork, W - Wllchock, B - Belchat6w; EEMIAN INTERGLACIAL: T - Tychnowy. 
Gn - Gniew, Ea - Kadyny. Sz - Szwajcaria, Rn - Ruslnowo, I - Imbramowice, Sze -
Szel/lg, Sw - Swarz~z, NI - Nidzica, BI - Blome, Z - Zwietzyniec, 0 - Odon6w. NI -
Nleledew, Ra - Radymno.. NC - Nietoperzowa Cave; Pte-maxlmum part of the WIBZ.A 
GLACIATION: SE - Stare Kurowo, EM - Konin MaUniec, S - s,artowice, NC - Nietope
tzowa Cave, Z - Zwlerzyniec, 0 - 'Odn6w, W - Wllchock, NI - Nieledew. RC - Raj 
Cave, Ra - Radymno; Post-maximum part of the WISI.A GLACIATION and the HOLO-

CENE: PS - Ptzedni Staw Lake, Brz - Brzozowlca. Wo - WOtyty. N - Niechorze 
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Bonifay 1980, Nikiforova & al. 1980, Wiegank 1982,Zubakov & Borzen
kowa 1983). With reference to the scheme presented by Rozycki (1980), 
the Quaternary of Poland starts with the Pootopleistocene', comprising 
the time interval £rom 1,870000 to 950000 y. BP thait is the whole middle 
part of the Matuyama Epoch, since the beginning of the Olduvai Event to 
the beginning of the Jaramlillo Event (Man1cinen & Daky:mple 1979). The 
Protopleistocene is fonowed by 'the Pleistocene, lasting from 950 000 to 
10000 y. BP. The latter is subdivided into three parts: the Early Pleisto
cene (950 000 to 730000 y. BP), i.e. the youngest parlt of the Matuyama 
Epoch, since the beginning of the J aramillo Event uDitil the Matuya
ma/Brunhes boundary; the Middle Pleistocene (730 000 to 128 000 y. BP) 
which comprises the principal part of the Brunhes Epoch; and the Late 
Pleistocene ,{128 000 to 10000 y. BP) which corresponds to the younger 
part of the Brunhes Epoch. The youngeSt part of this epoch, comprising 
the last 10000 y. is defined as the Holocene. 

PROTOPLEISTOCENE 

In the territory of Poland the Protopleistocene suPlPlies no evidences 
of any Scandinavian glaclations. The section ,at Ponurzyca near WarsalW 
(Text-fig. 1) ,yields a bipar1lite depositional sequence. Its older lPart repil"e
sents the ,first Quaternary cooling, defined as the Otwock Cooling; the 
younger part proves a considerably warmer climate and is called the Ce
lestynaw Warming (Baraniecka 1975, Stuchlik 1975). Mojski (1982) de
fined these ,two palrts of the Protopleistocene as the I{[-asn~w Forma
tion. ,ln eastern ,and Central Poland it is composed of clastic deposits 
which usually fill deep river valleyis incised in the Early Tertiary, and 
the Pliocene sediments of the Kozienice Formation (Text-figs 2-3). 

OTWOCK COOLING 

In the Ponurzyca section this cooling is recorded by lacustrine ser
ies that overlies the Tegelen silts. As oolll!J?al"ed~with --the Tegelen, this 
period showed a distinct climatic deterioration. The previous mesophilous 
deciduous forests were replaced by pine-spruce :torests wdIth nwnerous 
birch-trees. This interval coITespo~ to the EbUil"Onian of West Euro,pe. 
The floristic site at Kazn6w, Lublin Upland, and sediments of the Zabia 
Cave, Polish Jura, w:ith abundant vertebrate remains (Text-figs 1 and 8), 
aTe also of the same age. The Otwook. Cooling can be correlated w!ith the 
1B() horizons 36-30 oif deEl\P""SE!a sediments. 

REFERENC!EIS: Bararuecka (1975), StuChlik (1975), Jaillczyk-Kopikowa (1981). Mojskl (1982), Bo
Uk " al. (1982). 
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-CELES'P-YNCW ·W ARMING 

ThiS -warming is represented by sands and silts, underlain in the 
POIl/Urzyca .section (Text-fig. 1) by the deposits of the Otwock Cooling and 
overlain by gravels and sands with Scand.!i.navian material, correlated 
with the Nare,w Glaciation. From afloristic point of view, the Celesty~ 
n6w Warming is an equivalent of the Waalian Interglacia,l of the Nether
lands. At that time Central Poland was densely forested, whilst in sout
hern Poland the Pelaniec gravels without any Sca.ndinavian material 
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Fig. 2. Territory of Poland during the Pliocene 

PLIOCENE: .1:'!.i---;;:D~ts of variegated .clays . deposdlttDlllo 2 - . main. 'alluvial f~~ 
QUATERNARY: 3 - soQIuthemmqst eXJtent oOIf the ScainJdliinaviain errati£s 
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were deposited. Similar gravels fill deep river valleys ,in the Holy Cross 
Mts. The warming lasted since about 1,350000 to 950 OOOy. BP and can 
be correlated with the 18() horizons 29-25 of deep-sea 'Sediments. 
REFERENCES: Baran.i.ecka (1975), Stuchlik (1975), Lindner (1980), R6Zyck1 (.1980). 

EARLY PLEISTOCENE 

NAREW GLACIATION 

During this glaciation the Scandinavian icesheet occupied north-eas. 
tern and partly western Poland (Text-fig. 1) and could even reach the 
Lublin Upland. The deposits of this glaciation are best evidenced in the 
northern and north-eastern Mazovian Lowland. Near Wyszk6w (Text
fig. 4) and Przasnysz they are represented by trwo or three tills, separa
ted by silts and sands. The Narew Glaciation ~asted Since about 950 000 to 
900 000 y. BP and can be correlated with the 180 horizon 24 of deep~sea 
sediments. 
REFERENCES: Michalska (1961), Straszewska (1968), R6zycki (1972, 1980), Wojtanowicz (1983). 

PRZASNYSZ INTERGLACIAL 

This interglacial is repres'ented ,by an almost 30 m thick fluvial ser
ies near Wysu.6w (Tex-fig. 4), filling a river valley incised in tills of the 
Narew Glaciation and in the underlying Miocene deposits. This series 
is composed of sandy-gravel deposits of several erosive":a,ccumulative cyc
les. 
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F.ig. 3. Geological seatd.<m of 'tihe Te!r'1;.iao:y and Qua<ter~ dlepoelits near Kozdenice 
(adapted jram: MOjSlki 1982) 

Tr - older Tertiary, P-Ko - Kozienice Formation . of Pliocene age, Kr - ·Krasnv-
. staw of Frot(jpleistocene age . 
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. In the Przasnysz section (Text-fig. 1) ,this warming is documented by' 
a 50 m thick silty..lsandy sequence with pollens of dense deciduous fo
rests which developed during a climatic optimum between two heights of 
Abies. According to some authors, the presence of fir-hornbeamand aJ.
der-spuce horizons and TL datings (686000--4)15000 y. BP) seem to refer 
this interval to a you:nger interglacial. 

Fluvial sedftnents from the Brus section, Lublin Upland (TL dating: 
785500-761500 y. BP), are a'Iso ~ned. to the Przasnysz Interglacial. 
This interglacial is correlated with the 18Q horizons 23-21 of deep.,.sea 
sediments. " 
REFERENCES: SeUe (1960), Straszewska (1968), R6tyckl (1972). Baluk (1983), Mamakowa (1983), 
Wojtanowicz (1983). 

MlDDLE PLEISTOCENE 

NIDA GLACIATION 

DUring this glaciation, previously considered as the older South-Po
lish Glaciation, the Scandinavian iceSheet reached the northern slopes of 
1ihe Sudetes and of the Central Polish Uplands. The glacial lobe,s entered 
the' Odra valley upstream Gosci~cin and the northern part of the Sando
mierz Depression. ' During a retreat the iceshet d~ted a locally bipar
tite till, particulary distinct ID the central and noirthe'rn Holy Cross re
gion, in the deeply incised valleys of the Lublln U!p1an~ and ,throughout 
the westez:nSudetic FOIreland. 

Paleomagnetic detenninations {Brunhes/Matuyama boundary) and 
FClIp datialg,s of bone remains at Kozi Grzbiet prove the maximum of 
the Nida Glaciation to have occurred about 730000--640000 y. BP. In the 
same time the earliest Polish lOess was deposited. (Text-fig. 8) in valleys 
Qf the Holy Cross region. In the Lublin Upland the ice--dam sediments of 
the middle part . of this glaciation are known from W6lka Petrylowska 
(rI'L dating,: 7132 OOO----J660 000 y~ iBP). 

The . Nida Glaciation is correlated With the 18Q horizon 20 of deep-sea 
sediments (dated for 729 000-706 000 y. BP). . 
REFERENC!EIS: Czarnockl (1931), Mojskl (1969), l.yczewska (19'71), R6tycki (1972, 1911'8, 1980), 
Glazek &: al. (1978a, 19'/'1) LilIdner (l9'/'1a, 1980, 1982), WOjtanowlt:z (1983). 

KOZI-GRZBIET INTERGLACIAL 

This interglacial was identified due to studies over a karst site at 
Kozi Grzbiet in the Holy Croas Mts ,(Text-figs 1 and 8), If.g · speleothems 
contain, but faunsistic remains, feldspars and heavy minerals coming 
from glilcifluvial sediments of the Nida Glaciation. A rich faunistic 
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Geological section of the Quaternary sediments near Wyszk6w (adapted from: Straszewska 1968) 
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M - Miocene; P - Pliocene; NAREW GLACIATION: 1 tills, sands and silts; PRZASNYSZ INTERGLACIAL: ~ fluvial sands and gravels; 
NIDA and SAN GLACIATION: 3 ice-dam clays and silts, gIacifluvial sands, 4 tills; PILCZYCA INTERGLACIAL: '5 fluvial sands, gravels 
and silts; MOGIELANKA GLACIATION: 6 till; FERDYNANOOW INTERGLACIAL: 7 fluvial sands and gravels; WILGA GLACIATION: 
8 ice-dam clays and silts; BARKOWICE-MOKRE INTERGLACIAL: 9 fluvial sands, gravels and silts; LIWIEC GLACIATION: 1/) till; 
ZBOJNO INTERGLACIAL: 11 fluvial gravels and sands; ODRA GLACIATION: 12 till; GRABOWKA INTERGLACIAL: 13 sands and 
gravels; W ARTA GLACIATION: 14 till of the older stadial, 15 interstadial sands and gravels, 16 till of the younger stadial, 17 glacifluvial. 
sands and gravels; EEMIAN INTERGLACIAL and WISLA GLACIATION: 18 fluvial sands and gravels, ~9 aeolian sands; HOLOCENE: 

20 fluvial sands and gravels 
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assemblage of the speloothems, yielding numerous snail shells, amphi
bian, reptilian and mammalian remains, proves their Late Cromerian age. 
A similar conclusion arises from the FClIP dating of bones (700 000 -
550000 y. BP), pointing out to the ~alled Cromer II of the Netherlands. 
Paleomagnetic investigations of the speleothem ,show positive magnetic 
polarization (Brunhes), and therefore an age younger than the optimum 
of the Cromer Interglacial ~ the Netherlands (cf. Montfrans 1971). 

A floristic characteri'stics of the Kozi-Grzbiet Interglacial is recorded 
by organogenic sediments of the JasioInka section near Rzeszow (TeXlt
-fig. 1). These sediments enclose polle~ of a succession from pine 
through mixed forests (with small areas covered by deciduous forests) to 
a very short-lasting subarctic environment and the following, JProgressive 
expansion of the Pinus-dominated forests. Outside the extent of the Scan
dinavian icesheet, in the northern Tatra Foreland, this interglacial is re
presented by organogenic sediments at Szaflary near Nowy Targ (Text
-fig. '1).' In deep-sea sediments it is correlated with the 18() horizon 19, da
ted for 706 000-688 000 y. BP. 
REFERENCES: D/ibrowski (1967), Laskowska-Wysoczyfl.sk:a (1967), Birkeninajer & Stuchllk 
(1975), Glazek & at. (1976a, 1977), Lin.dner (1977a, 1982), R6zycki (1978, 1980), Szyndlu (1981, 1984). 

SAN GLACIATION 

During this glaciation, previously considered as the yownger South
.:..Polish Glaciation, the Scandinavian icesheet reached the Sudetes and 
the Carpathians (Text-fig. 1) spreading upslope to about 450 m a.s.l. In 
southern Poland the iceaheett deposited a till underlain by the till of the 
Nida Glaciation or separated from the latter by fluvial or glacifluvial 
sediments. In the ;LOOz and the Central Polish Uplands a bipartition of 
this till is noted. Its lower part occupies a smaller allea and seems to re
Present the pre-maximum stadial. Such bipartition is exemplified by the 
section exposed over the Tertiary brown-coalmine at Belcha:t6w (Text
-fig. 5) where the till is overlain by sands (TL dating: 558 000 y. BP). 
In the Holy Gross region the tills of the San Glaciation are underlain by 
loesses with malaoofauna. In deep-sea sediments the biJpartite San Gla
ciation is correlated with the iB() horizons 18-16, dated for 688000 to 
592 000 y. BP. 
REFERlElNCES: Poliflski (1927), Czamocki (1931), KUmaszewski (196'1), Mojsk1 (1969), Baraniec
ka & Sarnacka (1971), l.yczewska (1971), Lindner (l977a, 1980, 1982), R6zycki (1978, 1980), Halu
szczak (1982), Butrym & at. (19B2), Wojtanowicz (.1983). 

PILCZYCA INTERGLACIAL 

This interglacial separates the San Glaciation from the Mogielanka 
Glaciation and has been previously considered as an interstadial in .the 
younger part of the San Glaciation. The borehole data, geomorphologic 

3 
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analysis of the area a:nd paleosols under the tills allow. to ,consider, this 
interval as an interglacial ,wanning. Such a conclusion arises also. from 
correlations of the Quaternaxy climatic changes in Poland and in the 
neighboring countries (Text-fig. 8) as well as from TL dating for 
5.88 000 y. BP of the supra-till sands in the Belchat6w section (Text
-fig. 5). This interval is correlated in deep...sea Sediments with the 180 
horizon 15, defined as a distinct climatic warming from 592 000 to 
542000 y. BP. In the Lublin Upland this interg:J.acial is called the Lu
sza'Wa Warming. 

REFERENCES: Mojski (1969), Lindner (1982), Butrym & at. (1982). 

MOGIELANKA GLACIA'NON 

DUring this glaciation, previously defined as the younger (post-maxi
mum) stadial of the San Glaciartion, the Scandinavian icesheet reached 
. the northern slopes of the Central Polish UlPlands and occupied the Bel
chat6w region, and Lower Wieprz qrainage basin (Text-fig. 1). It de~ 
posited the youngest; till of the South-Polish gIaciatious, noted under the 
tills of the Middle-Polish glaciations near Belchat6w, Podg6rze, Ferdy
nand6w and Syrniki on the Wieprz River. In the Lublin Upland (W6lka 
Petrylowska) the silts under this till were TL darted fur 544400-
532 000 y. BP. In the western Holy Cross maI'lgins and in the Ferdynan
d6w region a loesa was depo.sited at that time (Te:x1t-fig. 8). In deep-sea 
sediments this glaciation is correlated with the 18() horizon 14. dated for 
542 000-500 000 y. BP. 

REFERENCES: Mojski (1969, 1982), Baraniecka & S'arnacka (1971), JUlrldewiczowa & at. (1973), 
Janczyk-Kopikowa & at. (1981), Haluszczak (1982), Lindner (1982) .. 

FERDYNANDOW INTERGLACIAL 

This interglacial has been previOUSly considered 'as an equivalent (jf 
the earliest, i.e. the optimum part of the Mavovian Interglacial. The or
gaiIlogenic sediments of this age oocur i.a. at Feroynand6w, Pod.g6rze, and 
.Buczyna near BelchatOw (Text-fig. 1) and represent a bi-optimal floristic 
succession, quite different from that of the Barkowice-Mokre Intergla,.. 
cial (see below). Near Belchat6w (Text-fig. 5), the Ferdynandaw Inter
glacial sediments overlie a till of the San Glaciation and the sands of the 
Pilczyca Interglacial (TL dating: 558000 y. BP). They are covered there 
by ice-darildeposits .(TL dating: 456000 y. BP) of the Wilga Glaciation. 
In northern Poland (Mochowo) this period is represented by a sandy
clayey series (TL .dating: .483700. y. BP). In deep-sea. sediments this in-
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Geological · section of the deposits in the western part of the brown-coal open-mine at Belchat6w 

(ada.pted from: Ha!bu~k 1982) wirbh the ihermo:lumineseence dating (after: lBwtrym & a!I..1982, and persana(loommu:nic8tioln) 
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TERTIARY: 1 sands and silts; SAN GLACIATION: e till of the older. stadial, 3 interstadial sands and suts, 4. till of the younger stadial 
with overlying sands of the Pilczyca Interglacial; FERDYNAND()W INTERGLACIAL: 5 fluvial sands and silts with the Buczyna organo.
genic sequence; WILGA GLACIATION: J6 ice-dam sandS and silts; GRABOWKA INTERGLACIAL: 7 fluvial gravels, sands and silts; 

W ARTA GLACIATION: ~ glacifluvial sands, 9 ice-dam clays and silts, 10 glacifluvial sands, 11 lower till, 12 . upper till 
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terglacial is recorded by the 18() horizon 13 dated for 500000-472000 y. 
BP. 

REFERENCES: Janczyk-Kopikowa (1975, 1980, & at. 1981), R6zycki (1972, 1980), Lmdner (19dl), 
Lindner & Grzybowski (11982), Mojllki (:L982), Butrym & at. (198.2), La-mpars.kl (1983). 

WILGA GLACIATION 

During this glaciation the Scandilnavi8!ll icesheet occupied north
-eastern Poland and reached the Lower Wieprz and Lower Pilica draina
ge basic (Text-fig. 1). It deposited a till, a mineralo-petrographic composi
tion of which differs much from those of tills of earlier glaciations. In 
the forefield of the icesheet, particularly within the northerly running 
river valleys, ice-dam lakes were formed at that time, the clays . and 
silts (TL dating: a'bout 456 000 y. BP) of which are noted e.g. in the Bel
chat6w section (Te:x;:t-fig. 5). In the upper part of the Kozi Grzbiet sec
tion a winnowing of older glacifluvial sands occurred. during this period 
(440000-400000 y .. BP). In de€IP-sea sediments this interval is recorded. 
by the 180 horizon 12; dated for 472 OQ0.---400 000 y. BP. 

REFERlEmCES: Janczyk-Kopikowa & at. (1981), R6zy~ki (1972, 1980), Ltndner (198J.), Lindner & 
Grzy60wskt (1982), Mojski (1982), ButTym Br at. (1982). · . 

BARKOWICE-MOKRE INTERGLACIAL 

This interglacial, called also the Mazo·vianIntel'gl'acial, has been des
cribed from many SLtes of organogenic sedimentS i.a. from Barkowke 
Mokre, Ciechanki KrzesimowS'kie, Kr~piec, Gosci~cin, W~gorzewo, Ba
criiw (Ten-!fig~ '1). ' 

II:n the Barkow~ce Mokre section the succession starts Wlith pollans· of bLrch-pine forests, 
follOWed by spruce-pine to the climatic optimum with fir-hornbeam forests. A simUar 
succession was noted in the Kr\Wiec section (Text-fig. 6A). 

In cave deposits the interglacial optimum is represented. by a bonebed 
with Ursus speZaeus Rosenmilller & Heinroth in the Draby section, Po
lish JUra (Text-figs 1 and 8), and FCIIP dated for 440000-320000 y. 
BP. In northern Poland (MoChowo) the river deposits were TL daibed for 
379 000-389 000 y. BP whereas in the Brus section, Lublin Upland, for 
384 200 y. BP. 

In deep-sea sediments this interglacial is correlated wdth the 180 
horizon 11, dated for 400 000~367 000 y. BP. According to Muller (1974) 
it lasted 15000-16000 years. 

REFERENCES: Sobolewska (1952), 'Szafer (1953), R6zycki (1972), R11hle (1973), Glazek Br al. 
(19'76b), Janczyk-Kopikowa (1981), Lindner (1981), Lamparski (1983), Wojtanowicz (1983), :Mar
c1niak (1983). 
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Ll)WIEC GLACIATION 

The Scandinavian icesheet of this glaciation occupied north-eastern 
Poland and deposited a till to the north-east of Warsaw (Text
-fig. 1), among others in the Wy&kfiw area (Text-fig. 4). This till, pre
viouslyconsidered for an evidence of the pre-maximum icesheet advan
ce (GIII-2) during the Odra Glaciation, overlies the sands and gravels of 
the second alluvial cycle of the M~vian Interglacial (as defined by 
R6Zycki 1972). 

m a:s.l. 
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Fig. 6. Geological sections of the Quaternary deposits at Kr~piec (A) and Ciechanki 
Krzesimowskie (B); adapted from: Harasimiuk & Henkiel (1981) 

PROTOPLEISTOCENE: 1 regolith and weathering clays, ~ silts; SAN GLACIA
TION: 3 till, 4 varved clays; PILCZYCA INTERGLACIAL: 5 sandy silts, 6 fluvial 
sands; MOGIELANKA GLACIATION: 71 glacifluvial gravels; BARKOWICE-MO
KRE INTERGLACIAL: 8 silts and sandy si!lts, 9 fluvial saruis, 1(J silts and clays, 
11 diatamites, 12 peat and gyttja; ZBOJNO INTERGLACIAL: 1:3 fluvial sands 
and gravels, 1~ humus sands with peat intercalations; ODRA GLACIATION: . 
15 tills and glacial sands with gravels; EEMIAN INTERGLACIAL: ~6 fluvial sands; 
WISLA GLACIATION: 111 sandy-silty elluvial covers with aeolian components, 

18 laess; HOLOCENE: 19 muds and peats 
P - section with pollen (Janczyk-Kopikowa 1981) and diiltomological (Marciniall:. 1983) 

analyses 
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The ice-dam silts deposited in the icesheet .forefje1d (Zb6jno section; 
Text-fig. 1) are TL dated for 380 000 y. where~ the alluvia in the W Il
dhock section (Text-fig. 1) for 352000 y. BP .. An accumulation of the ol
dest loess of the Nieledew section (Text-fig. 8) OQCUlTed also at that time 
(TL dating: 367800±44 00 to 351 600± 42000 y. BP). 

In deep-eea sediments this glaciation is correlaited with the i8() hori
ZOn 10 dated for 367 000-345 000 y. BP. 
R~: R6iyckl (19'12), LlndDer Br Pr6szyilski (18'l9), LiDdDer Br BrykczyUU (1980), 
Maruazczalt (1980), LlDdnel' Br .GrZYbowski (18a), Butrym Br lIIarusz.czak (11183). 

ZBOJNO INTERGLACIAL 

During this interglacial the erosion progressed locally through all the 
deposits of the LiWiec Glaciation down to the ~erlying sediments of 
the Barkowice-Mokre Interglacial (Text-fig. . 6A).. The organogenic de
posits are known in the Zb6jnO section where~. are underlain by ice
-dam silts (TL d.a.tiIng: 388 000 y. BP) and covered by a till of the Odra 
Glaciation. A palynological analysis of the Zb6jno section prOv~s that du
ring the climatic optimum Of this interglacial deciduous forests with 
Tilia (to 488/0), Corylm, QueTC1L8 and Picea .predominated.·. The organo
genic sediments from the Konin-:Marant6w section seem. to be also of 
the . same age. 

The TL datings of o1der loes in the Nieledew sectlion indicate that 
the oldest paleosol (developed on the lOess dated for: 367800 ± 44000 y. 
BP) mould be correlated with the Zb6jno Interglacial In deep-eea sedi
menia this interglacial is represented by the 1'0 horizon 9 dated for 
347000-297000 y. BP. · .. 
REFERENCES: Bo.r6wko-DluJ:at:owa (198'1), Llndner Br BryltczyDska (1880), Elarallimiuk Br 
Henldel (1911), Butrym Br Maruszczall: (1982). 

ODRA GLACIATION 

During this glaciation, defined also as the maximum Middle-Polish 
Glaciation, the Scandinavim icesheet reached the northern and western 
forelands of the Central Polish Uplands (Text-fig. 1). It spread upslope 
to 290-330 m a.sJ. and · :fQrmed numerous end moraines and outwash 
plains. Further to the west it occupied a considerable part of the Silesian 
Upland,passed· through the M6ravi~uf. G~k' a:n.d stopped at 500--600 m 
a.s.l. in the Sudetes. In the margilnalzone duriDg t'he maximum extent 
of the ieesheet the gJ8daI depQ~ts ·:Weie··::accumUla"ted as the two series. 
The lo~rone occupi~ a. smaller Jl}."ea aAd represents the Krzna Sta- . 
dial whereas the overlYing one correSponds to the Radomka-iKamienna 
stadiaL 
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Iil the same time succearlve lOess was deposited in southern Poland 
(TeXt-fig. 8). It is "best preserved in the Odonow and Nieledew sections 
where " its chronostratigrapbiC position la supported by the identified" 
Chegan EVent, dated for 260000--298000 y. BP. In deep-sea sediments 
this glaciation is represented by the i8() hotizon 8, dated for 297" 000-
251 000 y. BP. "" 

BlU'ER&NC.ES: JaIm '" 8zczepaDk1ew1cz (llNl'l), "RUhle(lB'll), B6iycld (1lI'I2, 1880), Jer_1I: (11l'l3, 
lll'l'li), SDleszko '" Tucholll:i1 (111'1'l1), Tucholll:a (1I1'l'l), lIofaruazczall: (1910), LlndDer .. GrzyboWlld. 
(1882), LewIID4ow8ld (19111), Mojllkl (198a), BUtrym .. KarulizCZBll: (18A), WOjtaDOWicz (11183). 

GRABOWKA INTERGLACIAL 

. " 

ThislnterglaciSJ,previously defined as . the Pilica Interstadial or the 
Luibliln Intergblcial; separates the older part of the Middle-Polish glacia
tiooS· (Odra Glaciation) from its· younger pa.rt (Warta Glaciation). In the 
Be!chat6w secnon(Text-figs land 5) it is re.presented by l~~til?-e and 
fluvial serieS (TL dating: 264 000 y. BP), " the same as in the" W~chock sec
tion (TL dating: 245 000 * "45 000 y. BP). Sands ~t _the Fro.mh9rk Sec
tion (TL dating: · 260 000-240 000 y. BP) were su~y deposited du
ring the same time: In the Gra!b6wka section (Text-fig. 7), the lake sedi
m€ntS between two tills record a reiatively warm climate (several percent 
of COTylus, Tilia, Abies, Ulm.us, and over 2(11/0. of Quercus ilithe pollen 
spectrum). " 

E 

Grabmvka 

-40 

Fig. 7. Geological sect10n of the Quaternary depOSits in the Vistula Valley near 
. Grab6wka (adapted '/Tom: Makowska 1977) 

t till, 2 gravels, 3 sands, 4 clays, 5 silts, 6. ,clays, ~te ana gy~tjas with. organio 
matter, 7 marii:le clayS · ahd SiltS 

8 - depoSits of the San Glaciation, 0 - depoSits' ()f the Odra Glaclauon, G -
deposits of the Grab6wka Interglacial, W .. - ·.dep~ts" Of the W8!J.'taGlaciation. 
E - deposits of the Eem.ian Interglacial, W - deposits of the WisJa GlaciatiQIlo 

B - Bolocene deposits 
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. . In the Central Polish Uplands; the Odonlm, and Nieledew loess sec
tiO'ns contain a paleosol of the Nieledew type. At Nieledew this soU is 
younger than 230000-240000 y. BP but older than 221-300 ± 27000 y. 
BP. 

In deep-sea sediments this interglacial is recorded by the 180 horizon 
7, <hlied for 25.1 oo.o.-u95 000 y. BP. 
RIlFERENCES: BaraD1ecka &. Sarnacka (UI71), B6%ycld (19'121, 111111), .Ter8Bk (1I1'1S, lll'lli), Ma
koWitka (l9'l'l), Maru.szcza.k (19111), L1ndner &. GrzybowlI!ild (19112), Haruszczak (11182), L1ndner &. 
Pr6szy11a1d (19'l9), Fedorowicz (198'S), :Butrym &: M&rUaczak (11183). 

WARTA GLACIATION 
... 

During this glaciation Central Poland was occupied by the Sca.ndi
navianl icesheet to the south of the Warsaw parallel (Text-fig. 1). In its 
marginal zone the icesheet deposited two tills of the older (pre':"maxinium) 
an~ younger (maximum) stadials, respectively (Text-fig. 8). . 

In the BellChatOw section (Texfi-fig. 5), the sands (TL dating: 
147000 y. BP) separate these tills which overlie the clastic deposits re
sulting from the icesheet advance during the Warts Glaciation (TL da
ting: 157000 and 156000 y. BP). In the W~chock sectiOlll, to the south of 
the maxim~ extent of this icesheet, there occur cover deposits (TL da
ting: 142 550 ± 3650 y. BP) and in the Nieledew section the loesses 
(TL dating: (179 000 y. BP). The final part of this glaciation oolTesponds 
to the first man's appearance to the territory of Poland. The artifacts of 
the Levallois-Moustierian culture iIn. the Zwierzyniec section (Text-fig. 1) 
wexe noted .witfhin the sands on w:hich a EKlil of the Eemian Interglacial 
developed. Such artifacts in the Nietoperzowa Cave (Text-fig. 1) were 
also found in sediments that were the substrate for Eemian weathering 
processes. 

In deep-sea sediments this glaciation is correlated with the ISO hori
zon 6 dated for 195 000-128 000 y. BP, a: maximum ooolhlg of whioo 
occurred in the North Atlantic 150000-130000 y. BP. 
REFERENOl!lS: R6tyc1U (19'l2), Chmielewsld &. al. (1l1'l"i'), Undner &. PI"6szyl'l.sk.I. (19'19), Undner 
&. Gnybowsld (1982), MadeySka (11182), Butrym &. al. (1882), BUtrym &. Maru.szczak (1882). 

UPPER PLEISTOCENE 

EEMIAN INTERGLACIAL 

This interglacial is the only one during the Pleistiocene when the sea 
entered the territory of Poland (Text-fig. 1). The sediments of this sea 
are known only in t~ Lower Vistula area. They are composed of two 
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clayey-silty series (Text-fig. 7), among which the upper one is correla
ted with the Eemian optimum. and delimits an extent of the Tychnowy 
Sea. ... 

The Eemian Interglacial is characterized by rich vegetation, the relics 
of which are preserved under deposits, of the Wisla Glaciation and outside 
the icesheet extent {sites at RllBin6w, Szelilg, Swa~, Imbramawice, 
Blame, Nidzica, Szwajcaria; see Text-fig. 1). 

In the Central PoliSh Uplands the older loesses were· capped ~y lea
ched soils. At Wqchock," Odon6w, Nieledew and Radymno such soils con
stitute the lower part of the Nietulisko-I horizon. In the Zwierzyniec sec
tion. this soil is accompanied by artifacts of the Levallois-Moustierian cul
ture, similarly as in the Nietope1'7J()wa Cave. 

The TL datings of the pre- and post-Eemian deposits prove that this 
interglacial started about 125000 and ended about 108000 y. BP. The 
TL dating of loesses overlying the interglacial soil at Nieledew suggests 
the interglacial continuation OIDly until 110000 y. BP. In deep-sea cores 
this warming is correlated with the 18() horimon Se dated for 128000-
118 000 y. BP. 

REFERENCE: Halicki' (19110), Bor6wko-DlUtakowa ... Hal1ck:l· (lll1W), .Jeraak (1973),' Karaszew
lid (111'14), Chmielewski .. al. (19'1'l), Konecka-Betb,y .. Straazewska (19'1'l), Kalr::OwUa (Im) .. ' 
Lindner (11180), Maruszczak (11180), Madeyska (11182), lJutrym .. lIof.art1llZezak (Ita). 

WISl.A GLACiIATION 

During this glaciation the Scandinavian icesheet occupied Pomerania, 
northern and central parts of the Wiel!kopolska Lowland am the Mazury 
Lakeland (Text-figs 1-2). There are one to three main tills, all of whicll 
become locally bipartite. These tills in the Lower Vistula valley '(Text-

Fig 8. Stratigraphic subdivisiQIl of the QuaternarY in Poland; to . show the main 
glacial (vertically hachured are the tills) and IInterglacial episodes, and an attempt · 

O!f their regional co.rrelation 
GI, GII, Gm and GIV - gJ.aClatlone, :ruII, .TWIn and n.II/IV - intet"gJ.acia1s after R6.t:JCld 

(1981) 

Belchat6w, radiocarbon , datings: Bl - 14360 BP, BS- 21 9'10 BP, B3 - 25200 BP; 
and thermoluminescence datings (afteT Butrym & at 1982, and persQIlal com
munication): B4 - 139000 BP, B5 - 156 000 BP, B6 - 264 000 BP, B7 - 456000 BP, 

B8 - 558 000 BP 
Thermoluminescence datings of the Wllchock section (after Lindner & Proszynski 
1979; WI - 15830 ± 1830 BP, W! - 24087 ± 2 58'l BP, WI - 42 000 ± 1500 BP, 
W4 - 142 550 ± 3 650 BP, Wo - 245000 ± 45 000 BP, we - 352000 BP) and the 
Nieledew section (after Butrym & Maruszcza.k 1983: NI - 34 800 ± 3 000 BP, NI-
32~0 ±4000 BP, Ne - 56400 ±7 000 BP, N7 - 60800 ± 7500 BP, N8 - 9'1700 ± 
± 12000 BP, Nil - 159300 ± 19000 BP, NI3 - 179 700 ± 22 000 BP, NU -
255800 ± 31000 BP, N20 - 287600 ±ae 000 BP, NI5 - 351600 ± 42 000 BP, N2f - . 

368 800 ± 44 000 BP) . 
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-fig. 7) are the best developed · due to oscillations of the iceshet. Two 
lowest tills are to be connected with the first advance of the Scandinavian 
icesheet onto the depoBits of the Eemian .: Interglacial, and. are dated 
110000-100000 y. BP. In the same time an' accumulation of the oldest 
loess of the Wisla Glaciation occu:rred, with the Blake Event symptoms 
preserved at Nieledew (TL· datings: 101300± 12000 y. BP and 97700± 
± 12 000 y. BP). 

A younger. warming is evidenced in loesses: 'l>y a chernozem of the 
Nietulisko-I horizon and by organogenic sediments at Stare Kurowo 
(Text-fig. 1), correlated with the Brerup InterBtadial. In the Nietoperzo
wa Cave and ,neighboring caves the artifacts of the Levallois-Moustieria'n 
and Micoquo-ProndniiQan cultures of this age weJ:'e found. 

The second icesheet advance of the Wisla Glaciatio.Dj occupied much 
larger area. In the Lower VistuIa valley it is documented by a !till. The 
TL datings of deposits overlying this till in the Sartowice section (Text
-fig. 1) define its age for over 51 000 y. and authorize its correlation with 
the icesheet advance at the worldwide clima.tic cooling, recorded in deep
-sea sediments by the 111() horizon 4 dated for 75 000-64 000 y. BP. This 
cooling is represented in the Zwierzyndec section by silts (TL datings: 
71 700-67 600 y. BP) and by the loeas at Nieledew (TL' dating: 60 800 ± 
± 7 500 y. BP). 

A successive, younger warmilng dUriilg the 8am~ glaciation ;is repre
sented at Sartowice by silts (TL datings: 51 000 ± 6 000 y; BP a~ 
43 000 ± 7 000 y. BP) and by two beds of org~nic sedimentts in the 
Konin-Maliniec section (Text-fig. 1). The lowe:r 'bed: of these sediments 
(Maliniec Ij radiocarbon dating 42900 y. BP and 42500 y. BP) contains 
floristic remains of a park tundra and corresponds probably to the Moers
hoofd Interstadial. The u.pper bed (Maliniec 11; radiocarbon dating 
22 230 ± 480 y. BP and 22 050 ± 450 y. BP) yielding remains of a brushy 
tundra, oorrespondsto the warming which preceded the maximum ex
tent of the icesheet during Ithe Wisla Glaciation. In southern Poland this 
warming is identified with the Interpleniglacial of the Netherlands, and 
it is represented by mid-J.oessic tundra paleosols (TL ,datings: 50000-
2.4 000 y. BP) .as well as by a humus horizon in the Njetoperzowa Cave· 
(radioca.rbon dating 38160 ± 250 y. BP). Within and a'bove the latter 
there occur artifacts of the Jerzmanovician culture. In'deep-sea sediments 
this wannmg is correlated with the i8() horizon 3, dated for 64000-
32000 y. BP. 

The third icesheet advance of the Wisla Glaciation · (Text-fig. 
1) is evidenced by two youngest tills. The loWer one, correlated with the 
Leszno-..Poznafl Phase, delimi'ts the maximum icesheet extent (about 
20 000 y. BP). A retreat of this icesheet during the Mazury Interphase 
favored an organogenic deposition in the Mazury Lakeland (TL dating 
17800 ± 250 y. BP) and the formation df a paleosol in the W~chock sec-
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tion (TL dating: o~lder than 15830 ± 1830 y. Bp). The laSt of these dates 
defines the age of the youngest Wisla Glaciation loess in Poland and it 
is close to the icesheet-extent time during the Pomeranian Phase. The 
maximum development of the Wis~a Glaciatio,n in Poland is correlated 
in deep-sea sediments with the 180 horimn 2, dated for 32000-
13000 y. BP. 

A deglaci.ation of the area dUiI'ing the Pomerariian Phase and the 
younger icesheet st!UldStills ar,e defined as the Late Glacial. In Poland 
this period is recorded by numerous sites with organogenic ' sediments 
(WitOw, Mikolajki, Brzozowica, Przedni S'taw Lake, Woryty, Niechorze; 
see Text-fig. 1). A palynological analysis proved that most Late Glacial
Holocene lacustrine 8IDd bog sediments had been deposited already before 
the AllerOd. 
REI!'ER!ENCJ!lS: Ballckl (1960), Wasylikowa (1984), Ralska-J'aslew1Cl1Owa (1988), Srodon (1987), 
J'ersak (19'l3), Marclnlak (l9'l3, lS'19), KopczyiJaka-LalIl9arBka (111'18), .chmle1eW'lild '" al. (19'lV), 
rucholka (l9'l1l), Srykc:syillka (111'l8), Pr6BzyilBk1 (111'18), Macks (ll1'l9), TobolBki (ll1'l9), Paz<1ur 

BRITISH ISLES FRG CSSR GDR POLAND USSR 
after after after afler afler' 

Funnvl & West 11'ifl71 Bnxmacker 11978/. Macoun 119611 Wiegank'l19821 Nikiforova 

Westn'i1l71 & ol.n9'18t &01./19801 

Urban 11983/ 

DEVENSIANJ WEICHSELlAN IJbI WElCHSELlAN' WEII>HSEL' WIStA' VAlDAl ' 
IpswicI'ion , EemIon' E&micn' Eem' Eemlon' Mlkulino' 

WOLSTONIAN' . WARTHE IJoI WARTHE SAAlE ui WARTA3 MOSCOW' 
HoxnionJ K!!rticher posI-500lianWp. . ~J GraiJcMrko OdinlsoYOJ 

ANGLlAN ORENTHE /HI OLMlSOY SAALE 1.11 OORAJ IlNIEPERJ 

/ 
. Carton SOnds Arienderfer NepIachoyice DOmnitz Zbdjno 

CROMER TILLS IGbI PLHANEC FUHNE LIWIEcl 3 

Crcrnerion Leutesdorflll' Joktar Hotstein' Barkowice M,' Likhvln 

Beestonion IGa KRAVARE ELSTER 11 WILGAJ 3 

Pastonian Frimmersdorfer Otice Irbiglst9dt' Ferdynondclw 1 

Baventian IFI OPAVA ELSTER I MOGIELANKAJ OKA 

Antion IEI Slavkav Mahlis- Pilczyca Kolkolav 

Thurnion Villfi- ICJ)I Late pre-gl. P. SAN Platov 

l..IrrctlOmian Koberice -~lex Kozi Grzbiet M'lkhailov 
prv-lundhamian -t<on.,iex /BbI Earty pre4. P. Helme 2 NIOA2 

Artem Prza5n)'SZ McIrozcrf 
./Bal lklstrut NAREW tOjai 

Bomtc1 
Celestyn/Mr Zhl!\lQkhov 

Zersatz-

IAI -grobschotter· 
O!wock Boshernlts 

-Komplex Oomashkln 

F.fg. 9. CorrEllatdon of flle Quaternary units 1n Europe, biased OD the 1 - bio
stratigraphic, Z - paleomagnetic data, and 3""':" absolute datings 
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.. WalanUli (19'19), stanll:oWBka .. Stankowski (19'19), Drozdowakl (1980), MakoW'skli· (1980), Ko
zarall:1 (1980, 1981), Kozarski • at. (1881), Galon (1982), wysoczafWd-Mlnkowlcz (1982), lIIIadey
ua (198:1), Clelila ... Marclnl:ak (19113), Marclniak ... Cielila (1983), LJD4ner · '" al. (1984), Kru
pinlld (lINK). 

HOLOOENE 

The Holocene is considered by BOme autho.rs aB the 'warming of the 
interglacial rank. This time favored the deposition of lacustrine-bog, 
fluvial, aeolian and slOpe sediments. Studies over th~ sediments laid 
the foundations for a SU!bdivfBion of the' Holocene · intO several phases 
with a climatic optimum of the Atlantic Period at 8400-5· 100 y. BP. 

REFERENCES: Ralaka-Jaalewlczowa (1988), Starll:el (1988, 18'1'1), Rosa (1988) •. ·Falkowsk~ (1975), 
Lindner (1mb), Kozarski It RDtnickl (18'18), Rullowskl (19'19), PawUkowsld .• at. · (1982), Szcze
panel!: (188:1) • .Jersak &: Snieszko (1988), Krupitlski (19M). 

CONCLUSIONS 

The Ice Age in Poland $rts in the Early Pleistocene with the Narew 
Glaciation (Gl accOrding to R6Z.yuld, 1961) and the following Przasnysz 
InteJ.'lglaci'al (J /111). The three Midd.1e -PleistOCe'ne glaciations (Nida, S8Ill, 
Mogielanka) together with the separating interglacials (Kozi-Grzbiet, Pil
czyca) represent the climatic warmings and ooolings of the' South-Polish 
glac:iations (GI1). The 8llCCe&Dve Great Interglacial (J11l11I) with its four 
climatic warmings distinguished by R6rLycki {1964), in the presented chro
nostratigra'Phical approach comprises three interglacials (Ferdynand6w, 
Barkowice-Mokre, Zb6jno), two glaciations (Wilga, UWiec) and a war
ming of the low~r !l'ank (podlesie) whi~h took place already in the ana
glacial part of the Odra Glaciation. The Middle-Polish glaciations (GIll) 
include the older (Odra) and. the yOunger (Warts) glaciations, separated 
by· the GrabOwka Interglacial. The Upper PleistOcene is represented by 
the Eemain JJntergliaciaiJ. (JIlI/IV) and the followling iWd8la Glaciation 
(GIV). 

Institute of Geology 
of the Warsaw UniverBit1l, 

Al. Zwirki i Wigury 93, 
02-089 Warszawa,E.'0land 
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PLEISTOCENE CHRONOSTRATIGRAPHY 

1.. LINDNER 

ZARYS CBBONOSTRATYGBAFU PLEJSTOCENU POLSKI 

(Streszczenie) 

PrzedstawiCQ) cz.B$ trwania i podzdal czwa.rtorz~u Polski DB protoplejstoceD 
(1 870 000-950 000 lat BP), plejstocen (950 000-10 000 lat BP), oraz holocen (ostat.
n.ie 10 000 lat). W .obr~e protoplejBliok:e!Du wytdzdelooo oclHodzenie otwooka i ocie
plenie Celestynowa. W plejstoceni.e dzielllcym si~ :!la trzy cz~~ci (dolny, ~rodkowy, 
g6my) wyroZnilcmo Wi~ZIl iDIiZ dOtyrchczas ilotc ®:i.zodaw gJaCja!lln.y1ch i inltergla
cjellnych (patrz fig. 1--8). :Dol:ny ple~ (950 000 __ 730 000 la.t BP) reprezanto
wany jest przez m.js.tars~ zlodowacen:ie (NB!r1Wi~ i tmU!'I4>uj~ po tlIim mterglacjal 
(Przas~~. W obrQbie ~go Plejlt..ocelm (730 000-·0128 000 1aft BP), jego 
stanza ~c obejmuje trzy zkldo.wac~ poludniaw~ (N:i:dy, &nu, Mogie
lanId) oddzielone od siebie dwoma interglacjalami (Koziego Grzbietu, Pilczycy), 
cz~c ~l'odkowa Qbejmuje 'hrzy epi2JOdy ialitergla(Cjallne (Fer.'dyDandawa, Barkowic 
Mokrych, Zb6jna) wraz z dzielllcymi je zlodOlwaceniami (Wilgi, Liwcat>, a CZ~~C 
mlodsza sklada si~ z dw6ch zlodowaceil Sl"odkawopolskich (Odry, Warty) oddzi.e.. 
lonych przedostatnim epizodem interglacjalnym (Grab6wki). G6rny plejstoceq 
(128000-10000 lat BP) reprezentowany jest przez ostatru interglacjacl (eemski) 
i najmlodsze zladowacenie (Wisly). Dzi~ki danym paleontologicznym, paleomagne
tycznym i datowaniem bezwzgJ.~dnym podj~to pr6b~ korelacji wymienionych epi
%od6w z jednostkami podzialu czwartor~du w krajach sllsiednich (pat~ fig. 8 i 9). 
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