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An outline of Pleistocene chronostratigraphy
in Poland

ABSTRACT: The Quaternary in Poland consists of the Protopleistocene (1,870 000—
950000 y. BP), the Pleistocene (950000 —10000 y. BP), and the Holocene (last
10 000 y. BP). Within the Protopleistocene 'the Otwock Cooling and the Celestynéw
Warming - are distinguished. The Pleistocene includes 9 main glaciations (Narew,
Nida, San, Mogielanka, Wilga, Liwiec, 'Odra, Warta, Wisla) separated by 8 inter-
lacials (Przasnysz, Kozi-Grzbiet, Pilczyca, Ferdynanddéw, Barkowice-Mokre, Zbéjno,
rabéwka, Eemiam). A climatic characteristics and ages of all these episodes are
presented on the basis of paleomagnetic, thermoluminescence, FCI/P, and #C ida-
tings, which also enabled a chronostratigraphic correlation of the distinguished
episodes with the equivalent units in the neighboring countries and in deep-sea:
‘ sediments.

INTRODUCTION

Recent investigations of the Quaternary deposits in Poland have re-
sulted in the recognition of elimato- and chronostratigraphic succession,
extents of Scandinavian glaciations and of separating interglacials (see
Text-fig. 1).

The investigated sections have recently required, but paleontologic
data, the absolute datings received by various methods (4C, 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. Shackleton & Opdyke 1973, Kellogg 1980, Wysoczan-
ski-Minkowicz 1980, Zubakov & Borzenkova 1983).
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CLIMATO- AND CHRONOSTRATIGRAPHY OF THE QUATERNARY

A principal role in definition of the Quaternary and its subdivision in
Poland is played by paleomagnetic data (R6zycki 1978, 1980; Lindner 1978,
1980, 1982), similarly as in the other European countries (cf. Bowen 1978,
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Fig. 1. Extents of the Scandinavian icesheets in Poland

1 — Narew Glaciation, 2 — Nida Glaciation, 3 — San Glaciation, 4 — Mogielanka
Glaciation, 5 — W11ga Glaciation, 6 — Liwiec Glaciation, 7 — Odra Glaclatxon,
8 — Warta Glaciation, 9 — Wisla Glaciation:

10 — sea bays during the Barkowice-Mokre (Mazovian = Holstein) Interglacial,
11 — sea bay during the Eemian Interglacial
Location of sites mentioned in the text:
LATE TERTIARY: Ko — Kozienice, Wi — Witéw; OTWOCK COOLING and CELESTYNOW
WARMING: Po — Ponurzyca, ZC — Zabia Cave; PRZASNYSZ INTERGLACIAL: P — Prza-
snysz, Wy — Wyszkéw; KOZI-GRZBIET INTERGLACIAL: KG =— Kozl Grzbiet, J — Jasion-
ka, Sza — Szaflary; PILCZYCA INTERGLACIAL: B — Belchatébw; FERDYNANDOW INTER-
GLACIAL: Fe — Ferdynand6éw, Pod — Podgérze, B — Belchatéw, M — Mochowo; BARKO~
‘WICE-MOKRE INTERGLACIAL: BM — Barkowice Mokre, D — Draby G — GoSciecin, K —
Krepiec, We — Wegorzewo, Bo — Boczéw, M — Mochowo; ZBOIJNO INTERGLACIAL: Z =
Zbéjno, K — Krepiec, N1 — Nieledew; GRABOWKA INTERGLACIAL: Gra — Grabéwka,
F — Frombork, W — Wachock, B — Belchatéw; EEMIAN INTERGLACIAL: T — Tychnowy,
Gn -~ Gniew, Ka — Kadyny, 8z — Szwajcaria, Ru — Rusinowo, I — Imbramowice, Sze —
Szelgg, Sw — Swarzedz, Ni — Nidzica, Bt — Blonie, Z — Zwierzyniec, 0 — Odonéw, N1 —
Nieledew, Ra — Radymno,, NC — Nietoperzowa Cave; Pre-maximum part of the WISEA
GLACIATION: SK — Stare Kurowo, KM -— Konin Maliniec, 8 — Sartowice, NC — Nietope=
rzowa Cave, Z — Zwierzyniec, 0 — Odnéw, W — Wachock, N1 — Nieledew, RC — Raj
Cave, Ra — Radymno; Post-maximum part of the WISEA GLACIATION and the HOLO-
CENE: PS — Przedni Staw Lake, Brz — Brzozowica, Wo — Woryty, N — Niechorze
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Bonifay 1980, Nikiforova & al. 1980, Wiegank 1982, Zubakov & Borzen-
kowa 1983). With reference to the scheme presented by Rézycki (1980),
the Quaternary of Poland starts with the Protopleistocene, comprising
‘the time interval from 1,870 000 to 950 000 y. BP that is the whole middle
part of the Matuyama Epoch, since the beginning of the Olduvai Event to
the beginning of the Jaramillo Event (Mankinen & Dalrymple 1979). The
Protopleistocene is followed by the Pleistocene, lasting from 950 000 to
10 000 y. BP. The latter is subdivided into three parts: the Early Pleisto-
cene (950 000 to 730 000 y. BP), i.e. the youngest part of the Matuyama
Epoch, since the beginning of the Jaramillo Event until 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 10 000 y. BP) which corresponds to the younger
part of the Brunhes Epoch. The youngest part of this epoch, comprising
the last 10 000 y. is defined as the Holocene.

PROTOPLEISTOCENE

In the territory of Poland the Protopleistocene supplies no evidences
of any Scandinavian glaciations. The section at Ponurzyca near Warsaw
(Text-fig. 1) yields a bipartite depositional sequence. Its older part repre-
sents the first Quaternary cooling, defined as the Otwock Cooling; the
younger part proves a considerably warmer climate and is called the Ce-
lestynéw Warming (Baraniecka 1975, Stuchlik 1975). Mojski (1982) de-
fined these two parts of the Protopleistocene as the Krasnystaw Forma-
tion. In eastern and Central Poland it is composed of clastic deposits
which usually fill deep river valleys 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 compared_with “the Tegelen, this
period showed a distinct climatic deterioration. The previous mesophilous
deciduous forests were replaced by pine-spruce forests with numerous
birch-trees. This interval corresponds to the Eburonian of West Europe.
The floristic site at Kaznéw, Lublin Upland, and sediments of the Zabia
Cave, Polish Jura, with abundant vertebrate remains (Text-figs 1 and 8),
are also of the same age. The Otwock Cooling can be correlated with the
180 horizons 36—30 of deep-sea sediments.

REFERENCES: Baraniecka (1875), Stuchlik (1875), Janczyk-Kopikowa (1981), Mojski (1982), Bo-
sik & al, (1982), : :
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CELESTYNOW WARMING

This “warming is represented by sands and silts, underlain in the
Ponurzyca section (Text-fig. 1) by the deposits of the Otwock Cooling and
overlain by gravels and sands with Scandinavian material, correlated
with the Narew Glaciation. From a floristic point of view, the Celesty-
néw Warming is an equivalent of the Waalian Interglacial of the Nether-
lands. At that time Central Poland was densely forested, whilst in sout-
hern Poland the Pelaniec gravels without any Scandinavian material

0 100km
—— g

1
.Lakelcn_d {

rs.(....
s o

e e
Vietkopolska—n \okel-
;ZQJLN_lG_n_d:—:—:{_—;’ ‘-—j__—_

Fig. 2. Territory of Poland during the Pliocene

PLIOCENE: liys—ilimits of variegated .clays -deposition, 2 — main alluvial fans;
QUATERNARY: 8 — southernmogst extent of the Scandinavian erratics
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were deposited. Similar gravels fill deep river valleys in the Holy Cross
Mts. The warming lasted since about 1,350 000 to 950 000 y. BP and can
be correlated with the 80 horizons 29—25 of deep-sea sediments.
REFERENCES: Baraniecka (1975), Stuchlik (1975), Lindner (1980), Rézycki (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 Wyszkéow (Text-
fig. 4) and Przasnysz they are represented by two or three tills, separa-
ted by silts and sands. The Narew Glaciation lasted since about 950 000 to
900 000 y. BP and can be correlated with the %0 horizon 24 of deep-sea

sediments. ,
REFERENCES: Michalska (1961), Straszewska (1968), Roézycki (1972, 1980), Wojtanowicz (1983).

PRZASNYSZ INTERGLACIAL

This interglacial is represented by an almost 30 m thick fluvial ser-
ies near Wyszkéw (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-accumulative cyc-
les. '
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Fag 3. Geological section of the Tertiary and Quafternamy deposits near Kozienice

(adapted from: Mojski 1982)

Tr — older Tertiary, P- Ko — Kozienice Formation of Pliocene age, Kr — Krasnv-
- staw of Protoplelstocene age
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" In the Przasnysz section (Text-fig. 1) this warming is documented by
‘a 50 m thick silty-sandy 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-hornbeam and al-
der-spuce horizons and TL datings (686 000—615-000 y. BP) seem to refer
this interval to a younger interglacial.

Fluvial sediments from the Brus section, Lublin Upland (TL datmg.
785 500—761 500 y. BP), are also assigned to the Przasnysz Interglacial.
This interglacial is com'elated with the 'O horizons 23—21 of deep-sea
sediments.

REFERENCES: Selle (1960), Straszewska (1968), R6zycki (1972), Baluk (1983), Mamakowa (1983),
‘Wojtanowicz (1983). ’

MIDDLE PLEISTOCENE

NIDA GLACIATION

During this glaciation, previously considered as the older South-Po-
lish Glaciation, the Scandinavian icesheet reached the northern slopes of
- the Sudetes and of the Centiral Polish Uplands. The glacial lobes entered
the Odra valley upstream Gosciecin and the northern part of the Sando-
mierz Depression. During a retreat the iceshet deposited a locally bipar-
tite till, particulary distinct in the central and northern Holy Cross re-
gion, in the deeply incised valleys of the Lublin Upland, and throughout
the western Sudetic Foreland.

Paleomagnetic determinations (Brunhes/Matuyama boundary) and
FCVP datings of bone remains at Kozi Grzbiet prove the maximum of
the Nida Glaciation to have occurred about 730 000—640 000 y. BP. In the
same time the earliest Polish loess was deposited (Text-fig. 8 ) in valleys
of the Holy Cross region. In the Lublin Upland the ice-dam sediments of
the middle part of this glaciation are known from Wélka Petrylowska
(TL dating: 732 000—660 000 y. BP).

The Nida Glaciation is correlated with the 180 horizon 20 of deep-sea
sediments (dated for 729 000—706 000 y. BP). :

REFERENCES: Czarnocki (1931), Mojski (1969), Eyczewska (1971), Roézycki (1972, 19f18, 1980),
Glazek & al. (1976a, 1977) Lindner (1977a, 1980, 1982), Wojtanowicz (1983).

KOZI-GRZBIET INTERGLACIAL

This interglacial was identified due to studies over a karst site at
Kozi Grzbiet in the Holy Cross Mts (Text-figs 1 and 8). Its speleothems
contain, but faunsistic remains, feldspars and heavy minerals coming
from glacifluvial sediments of the Nida Glaciation. A rich faunistic
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~ Geological section of the Quaternary sediments near Wyszkéw (adapted from: Straszewska 1968)
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M — Miocene; P — Pliocene; NAREW GLACIATION: 1 tills, sands and silis; PRZASNYSZ INTERGLACIAL: 2 fluvial sands and gravels;
NIDA and SAN GLACIATION: 3 ice-dam clays and silts, glacifluvial sands, 4 tills; PILCZYCA INTERGLACIAL: 5 fluvial sands, gravels
and silts; MOGIELANKA GLACIATION: 6 till; FERDYNANDOW 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: 10 till;
ZBOJNO INTERGLACIAL: 1! fluvial gravels and sands; ODRA GLACIATION: 12 till; GRABOWKA INTERGLACIAL: 13 sands and
gravels; WARTA 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 WISEA GLACIATION: 18 fluvial sands and gravels, 19 aeolian sands; HOLOCENE:
20 fluvial sands and gravels .
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assemblage of the speleothems, yielding numerous snail shells, amphi-
bian, reptilian and mammalian remains, proves their Late Cromerian age.
A similar conclusion arises from the FCI/P dating of bones (700 000 —
550 000 y. BP), pointing out to the so-called 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 of the Netherlands (cf. Montfrans 1971).

A floristic characteristics of the Kozi-Grzbiet Interglacial is recorded
by organogenic sediments of the Jasiomka section near Rzeszéw (Text-
~fig. 1). These sediments enclose pollens 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, progressive
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 180 horizon- 19 da-
ted for 706 000—688 000 y. BP.

REFERENCES: Dabrowski (1967), Laskowska-Wysoczyfiska (1967), Birkenmajer & ‘Stuchlik
(1975), Glazek & al. (1976a, 1977), Lindner (1977a, 1982), R6zycki (1978, 1980), Szyndlar (1981, 1984).

SAN GLACIATION

During this glaciation, previously considered as the younger 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 icesheet deposited a till underlain by the till of the
Nida Glaciation or separated from the latter by fluvial or glacifluvial
sediments. In the £6d%z and the Central Polish Uplands a bipartition of
this till is noted. Its lower part occupies a smaller area and seems to re-
present the pre-maximum stadial. Such bipartition is exemplified by the
section exposed over the Tertiary brown-coal mine at Belchatéw (Text-
-fig. 5) where the fill 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 malacofauna. In deep-sea sediments the bipartite San Gla-
ciation is correlated with the 180 horizons 18—16, dated for 688 000 to
592 000 y. BP. ~

REFERENCES: Polifiski (1927), Czarnocki (1931), Klimaszewski (1967), Mojski (1968), Baraniec-
ka & Sarnacka (1971), Eyczewska (1871), Lindner (1977a, 1980, 1982), Rézycki (1978, 1980), Halu-
szczak (1982), Butrym & al, (1982), 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 and paleosols under the tills allow to consider. this
interval as an interglacial warming. Such a conclusion arises also from
correlations of the Quaternary climatic changes in Poland and in the
neighboring countries (Text-fig. 8) as well as from TL dating for
588 000 y. BP of the supra-till sands in the Belchatéw section (Text-.
-fig. 5). This interval is correlated in deep-sea sediments with the 0
horizon 15, defined as a distinet climatic warming from 592 000 to
542 000 y. BP. In the Lublin Upland this interglacial is called the Lu-
szawa Warming,

REFERENCES: Mojski (1969), Lindner (1982), Buirym & al. (1982).

MOGIELANKA GLACIATION

During this glaciation, previously defined as the younger (post-maxi-
mum) stadial of the San Glaciation, the Scandinavian icesheet reached
‘the northern slopes of the Central Polish Uplands and occupied the Bel-
chatéw region, and Lower Wieprz drainage basin (Text-fig. 1). It de-
posited the youngest till of the South-Polish glaciations, noted umnder the
tills of the Middle-Polish glaciations near Belchatéw, Podgérze, Ferdy-
nandéw and Syrniki on the Wieprz River. In the Lublin Upland (Wélka
Petrylowska) the silts under this till were TL dated for 544 400—
532 000 y. BP. In the western Holy Cross margins and in the Ferdynan-
doéw region a loess was deposited at that time (Text-fig. 8). In deep-sea
sediments this glaciation is correlated with the 180 horizon 14. dated for
542 000—500 000 y. BP. :

REFERENCES: Mojski (1969, 1982), Baraniecka & Sarnacka (1971), Jurkiewiczowa & al. (1973),
Janczyk-Kopikowa & qgl. (1981), Haluszczak (1982), Lindner (1982). -

FERDYNANDOW INTERGLACIAL

- This interglacial has been previously considered as an equivalent of
the earliest, i.e. the optimum part of the Mavovian Interglacial. The or-
ganogenic sediments of this age occur i.a. at Ferdynand6éw, Podgérze, and
‘Buczyna near Belchatéw (Text-fig. 1) and represent a bi-optimal floristic
succession, quite different from that of the Barkowice-Mokre Intergla-
cial (see below). Near Belchatéw (Text-fig. 5), the Ferdynandéw Inter-
glacial sediments overlie a till of the San Glaciation and the sands of the
Pilezycg Interglacial (TL dating: 558 000 y. BP). They are covered there.
by ice-dam deposits.(TL dating: 456 000 y. BP) of the Wilga Glaciation.
In northern Poland -(Mochowo) this period is represented by a sandy-
clayey series (TL. dating: 483 700.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 Belchatéw
{(adapted from: Habuszczak 1'982) with the thermoluminescence dating (after: Butrym & al. 1982, and personal communication)
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TERTIARY: ! sands and silts; SAN GLACIATION: 2 till of the older stadial, 3 interstadial sands and silts, 4 till of the younger stadial

with overlying sands of the Pilczyca Interglacial; FERDYNANDOW INTERGLACIAL: 5 fluvial sands and silts with the Buczyna organo-

genic sequence; WILGA GLACIATION: % ice-dam sands and silts; GRABOWKA INTERGLACIAL:; 7 fluvial gravels, sands and silts;
WARTA GLACIATION: § glacifluvial sands, 9 ice-dam clays and silts, 10 glacifluvial sands, 11 lower tili, 12 upper till
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terglacial is recorded by the 180 horizon 13 dated for 500 000—472 000 y.
BP.

REFERENCES: Janczyk-Kopikowa (1975, 1980, & al. 1981), Rézycki (1972, 1980), Lindner (1381),
Lindner & Grzybowski (1982), Mojski (1982), Butrym & al. (19&2), Lamparski (1983).

WILGA. GLACIATION

During this glaciation the Scandinavian 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: about 456 000 y. BP) of which are noted e.g. in the Bel-
chatéow section (Text-fig. 5). In the upper part of the Kozi Grzbiet sec-
tion a winnowing of older glacifluvial sands occurred during this period
(440 000—400 000 y. BP). In deep-sea sediments this interval is recorded
by'the 180 horizon 12, dated for 472 000—400 000 y. BP.

REFERENCES Janczyk-Koplkowa & al. (1981), Rézycki (1972, 1980), Llndner (1981), Lindner &
Grzybowski (1982), Mojski (]982), Butrym & al. (1982).

BARKOWICE-MOKRE INTERGLACIAL

This interglacial, called also the Mazovian Interglacial, has been des-
cribed from many sites of organogenic sediments i.a. from Barkowice
Mokre, Ciechanki Krzesimowskie, Krepiec, GoSciecin, Wegorzewo, Bo-
czow (Text-fig. 1).

IIn the ;BarkoWdce Mokre section the succession starts with pollems of birch-pine forests,
followed by spruce-pine to the climatic optimum with fir-hornbeam forests. A similar
succession was noted in the Krepiec section (Text-fig. 64).

In cave deposits the interglacial optimum is represented by a bonebed
with Ursus spelaeus Rosenmiiller & Heinroth in the Draby section, Po-
lish Jura (Text-figs 1 and 8), and FCI/P dated for 440 000—320 000 y.
BP. In northern Poland (Mochowo) the river deposits were TL dated for
379 000—389 000 y. BP whereas in the Brus section, Lublin Upland, for
384 200 y. BP.

In dee'p-esea sediments this interglacial is correlated with the 10
horizon 11, dated for 400 000—367 000 Y- BP. According to Miiller (1974)
it lasted 15000—16 000 vears.

REFERENCES: Sobolewska (1952), Szafer (1953), Ro6zycki (1972), Rihle (1973), Glazek & al.

(1976b), Janczyk-Kopikowa (1981), Lindner (1981), Lamparski (1983), Wojtanowicz (1983), Mar-
ciniak (1983).
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LIWIEC 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 Wyszkow area (Text-fig. 4). This till, pre-
viously considered 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 Mazovian Interglacial (as defined by
Rézycki 1972).

A B

Fig. 6. Geological sections of the Quaternary deposits at Krepiec (A) and Ciechanki
*  Krzesimowskie (B); adapted from: Harasimiuk & Henkiel (1981)

PROTOPLEISTOCENE: 1 regolith and weathering clays, 2 silts; SAN GLACIA-
TION: 3 till, 4 varved clays; PILCZYCA INTERGLACIAL: 5 sandy silts, 6 fluvial
sands; MOGIELANKA GLACIATION: 7 glacifluvial gravels; BARKOWICE-MO-
KRE INTERGLACIAL: 8 silts and sandy silts, 9 fluvial sands, 10 silts and clays,
11 diatomites, 12 peat and gyttja; ZBOJNO INTERGLACIAL: I3 fluvial sands
and gravels, 14 humus sands with peat intercalations; ODRA GLACIATION:
15 tills and glacial sands with gravels; EEMIAN INTERGLACIAL: 16 fluvial sands;
WISELA GLACIATION: Iyy sandy-silty elluvial covers with aeolian components,
18 loess; HOLOCENE: 19 muds and peats

P — section with pollen (.Tanczyk-Kopikowa 1981) and diatomological (Marciniak 1983)
analyses
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The ice-dam silts deposited in the icesheet forefield (Zbéjno section;
Text-fig, 1) are TL dated for 380 000 y. whereas the alluvia in the Wg-
chock section (Text-fig. 1) for 352 000 y. BP. An accumulation of the ol-
dest loess of the Nieledew section (Text—ﬁg 8) occurred also at that time
(TL dating: 367 800+44 00 to 351 600+ 42 000 y. BP).

In deep-sea sediments this glaciation is correlated w1th the 80 hori-

zon 10 dated for 367 000—345 000 y. BP.
REFERENCES: Ro62yckl (1072), Lindner & Prészyhski (1979), Lindner & Brykczyriska (1980),
Maruszeczak (1980), Lindner & Grzybowski (1982), Butrym & Maruszezak (1883).

ZBOJNO INTERGLACIAL

During this interglacial the erosion progressed locally through all the
deposits of the Liwiec Glaciation down to the underlying sediments of
the Barkowice-Mokre Interglacial (Text-fig. 64).. The organogenic de-
posits are known in the Zbéjno section where they are underlain by ice-
-dam silts (TL dating: 388 000 y. BP) and covered by a till of the Odra
Glaciation. A palynological analysis of the Zbéjno section proves that du-
ring the climatic optimum of this interglacial deciduous forests with
Tilia (to 48%), Corylus, Quercus and Picea predominated. The organo-
genic sediments from the Konin-Marantéw section seem to be also of
the. same age.

The TL datings of older loess in the Nieledew section indicate that
the oldest paleosol (developed on the loess dated for 367 800 + 44 000 y.
BP) should be correlated with the Zb6éjno Interglacial. In deep-sea sedi-
ments this interglacial is represented by the 180 horizon 9 dated for
347 000—297 000 y. BP. ' ’

REFERENCES: Boréwko-Diuzakowa (1967), Lindner & Brykczyfiska (1080), Harasimiuk &
Henlkiel (1881), Butrym & Maruszczak (1983).

ODRA GLACIATION

During this glaciation, defined also as the maximum Middle-Polish
Glaciation, the Scandinavian icesheet reached the morthern and western
forelands of the Central Polish Uplands (Text-fig. 1). It spread upslope
to 290—330 m asl. and formed numerous end moraines and outwash
plains. Further to the west it occupied a cons1derab1e part of the Silesian
Upland, passed through the Moravidin' Gate and stopped at 500—600 m
a.s.l. in the Sudetes, In the margmal zone during the maximum extent
of the icesheet the glacial deposits were: .accumulated as the two series.
The lower one occupies a smaller area and represents the Krzna Sta- -
dial whereas the overlving one con-esponds to the Radomka—Kamienna
stadial
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-In the same time successive loess was deposited in southern Poland
(Text-fig. 8). It is best preserved in the Odonéw and Nieledew sections
where " its chronostratigraphic position is supported by the identified
Chegan Event, dated for 260 000-—298 000 y. BP. In deep-sea sediments
this glaciation is represented by the 180 horizon 8, dated for 297 000—
251 000 y. BP.

REFERENCES: Jahn & Szczepankiewicz (1967), Riihle (ID'N). Rézycki (1972, 19@), Jersak (1973,
1975), Snleszko & Tuchoika (1875), Tuchoika (1877), Maruszczak (1980), Lindner & Grzybowski
(1082), Lewandowski (1982), Mojski (1982), Butrym & Maruszczak (1883), Wojtanowicz (1883).

GRABOWKA INTERGLACIAL

This ‘interglacial, previously defined as the Pilica Interstadial or the
Lublin Interglacial, separates the older part of the Middle-Polish glacia-
tions (Odra Glaciation) from its younger part (Warta Glaciation). Inthe
Belchatéw section (Text-figs 1 and 5) it is represented by lacustrine and
fluvial series (TL dating: 264 000 y. BP), the same ag in the Wachack sec-
tion (TL dating: 245 000 X 45000 y. BP). Sands of the Frombork sec-
tion (TL dating: 260 000—240 000 y. BP) were supposedly depombed du-
ring the same time. In the Grab6éwka section (Text-fig. 7), the lake sedi-
ments between two tills record a relatively warm climate (several percent
of Corylus, Tilia, Abies, Ulmus and over 20%. of Quercus in the pollen
spectrum),

Grabowka

O B2 B3 B¢ B35 s

Fig. 7. Geological section of the Quaternary deposits in the Vistula Valley near
Grab6wka (adapted From: Makowska 1977)

I till, 2 gravels, 3 sands, 4 clays, 5 silts, 6 clays, silts ana gyitjas with. organic
matter, 7 marine elays and silts

8 — deposits of the San Glaciation, 0 — deposits' of the Odra Glaciation, G —

deposits of the Grabdéwka Interglacial, Wa — 'deposits- of the Warta Glaciation,

E — deposits of the Eemian Interglacial, W — deposits of the Wisla Glaciation,
H — Holocene deposits
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-'In the Central Polish Uplands, the Odonéw: and Nieledew loess sec-
tions contain a paleosol of the Nieledew type. At Nieledew this soil is
younger than 230 000—240 000 y. BP but older than 221300 X 27 000 y.
BP.

In deep-sea sediments this interglacial is recorded by the 180 horizon
7, dated for 251 000—195 000 y. BP. :
REFERENCES: Baraniecka & Sarnacka (1971), Rézycki (1972, 1880), Jersak (1973, 1975), Ma-

kowska (1977), Maruszczak (1880), Lindner & Grzybowski (1982), Haluszezak (1982), Lindner &
Proszyhaki (1979), Fedorowicz (1983), Butrym & Maruszczak (1883).

WARTA GLACIATION
\

During this glaciation Central Poland was occupied by the Scandi-
navian' icesheet to the south of the Warsaw parallel (Text-fig. 1). In its
marginal zone the icesheet deposited two tills of the older (pre-maximum)
and younger (maximum) stadials, respectively (Text-fig. 8). '

In the Beilchatéw section (Text-fig. 5), the sands (TL dating:
147 000 y. BP) separate these tills which overlie the clastic deposits re-
sulting from the icesheet advance during the Warta Glaciation (TL da-
ting: 157 000 and 156 000 y. BP). In the Wachock section, to the south of
the maximum extent of this icesheet, there occur cover deposits (TL da-
ting: 142550 + 3650 y. BP) and in the Nieledew section the loesses
(TL: dating: 179 000 y. BP). The final part of this glaciation corresponds
to the first man’s appearance to the territory of Poland. The artifacts of
the Levallois-Moustierian culture in the Zwierzyniec section (Text-fig. 1)
were noted within the sands on which a soil 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 180 hori-
zon 6 dated for 195000—128 000 y. BP, a maximum cooling of which
occurred in the North Atlantic 150 000—130 000 y. BP.

REFERENCES: Réiycki (1972), Chmielewski & al, (1977), Lindner & Prészyhski (1979), Lindner
& Grzybowa!_;d (1982), Madeyska (1982), Butrym & al. (1982), Butrym & Maruszczak (1983).

UPPER PLEISTOCENE

EEMIAN INTERGLACIAL

'This interglacial is the only one during the Pleistocene when the sea
entered the territory of Poland (Text-fig. 1). The sediments of this sea
are known only in the 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 Eemlan optlmum and delimits an extent of the Tychnowy
Sea.

The Eemian Interglacial is characterized by rich vegetatmn the rehcs
of which are preserved under deposits. of the Wista Glaciation and outside
the icesheet extent (sites at Rusinéw, Szelag, Swarzedz, Imbramowice,
Blonie, Nidzica, Szwajcaria; see Text-fig. 1).

In the Central Polish Uplands the older loesses were- capped by lea-
ched soils. At Wachock, Odonéw, 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 Nietoperzowa Cave.

The TL datings of the pre- and post-Eemian deposﬂ:s prove that this
interglacial started about 125000 and ended about 108 000 y. BP. The
TL dating of loesses overlying the interglacial soil at Nieledew suggests
the interglacial continuation omly until 110 000 y. BP. In deep-sea cores
this warming is correlated with the 180 horizon e dated for 128 000—
118 000 y. BP.

REFERENCE: Halicki (1950), Boréwko-Diuzakowa & Hallcki (1857), Jersak (1073), Karaszew-
gkl (1974), Chmielewski & al. (1977), Konecka-Betley & Btraszewska (1877), Makowska (1979),"
Lindner (1980), Maruszezak (1980), Madeyska (1982), Buttym & Maruszczak (1983).

WISEA GLACIATION

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

Fig 8, Stratigraphic subdivision of the Quaternary in Poland; {o show the main
glacml (vertically hachured are the tills) and interglacial episodes, and an attempt.
s of their regional correlation

GI, GII, GIII and GIV — glaclations, JI/II, JIVII and JIIVIV — inter!ladals after Rozyckl
(1961)

Belchatéw, radiocarbon datings: B1 — 14 360 BP, B2 — 21 970 BP, B3 — 25 200 BP;

and thermolum:nescence datings (after Butrym & al. 1982, an.d personal com-

maunication): B4 — 139 000 BP, BSB—; 156 52%0 BP, B6 — 264 000 BP B7 — 456 000 BP,
000 BP

Thermoluminescence datings of the Wachock section (after Lindner & Prbészynski
1979; W1 — 1583011830 BP, W2 — 240871+ 2587BP, W8 — 42000+ 1500 BP,
W4 — 142550+ 3 650 BP, W5 — 245000 £ 45000 BP, WG — 352000 BP) and the
Nieledew section (after Butrym & Maruszczak 1983: Nl 24 800 1 3 000 BP, N3 —
32300+ 4000 BP, N6 — 55400 %7000 BP, N7 — 60800+ 7500 BP, N§ — 97700"‘
+12000 BP, N11 — 159300+ 19000 BP Ni13 — 179700 1 22 000 BP, N17 —
255 800 * 31 000 BP, N20 — 287600 36000 BP, N25 — 351600+ 42000 BP, N27 — -
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 deposits of the Eemian.-Interglacial, and are dated
110 000—100 000 y. BP. In the same time an accumulation of the oldest
loess of the Wisla Glaciation occurred, with the Blake Event symptoms
preserved at Nieledew (TL datings: 101 300£12 000 y. BP and 97 700+
1+ 12 000 y. BP).

A younger. warmmg is evidenced in loesses: 'by a chernozem of the
Nietulisko-I horizon and by organogenic sediments at Stare Kurowo
(Text-fig. 1), correlated with the Brorup Interstadial. In the Nietoperzo-
wa Cave and neighboring caves the artifacts of the Levallois-Moustierian
and Micoquo-Prondnikian cultures of this age were found.

The second icesheet advance of the Wista Glaciation occupied much
larger area. In the Lower Vistula valley it iz 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 climatic cooling, recorded in deep-
-sea sediments by the 180 horizon 4 dated for 75 000—64 000 y. BP. This
cooling is represented in the Zwierzyniec section by silts (TL datings:
71 700—67 600 'y. BP) and by the loess at Nieledew (TL dating: 60 800 +
+ 7500 y. BP).

A successive, younger warming during the same glaciation is repre-
sented at Sartowice by silts (TL datings: 51 000 * 8000 y. BP and
43000 = 7000 y. BP) and by two beds of organogenic sediments in the
Konin—Maliniec section (Text-fig. 1). The lower bed of these sediments
(Maliniec I; radiocarbon dating 42 900 y. BP and 42 500 y. BP) contains
floristic remains of a park tundra and corresponds probably to the Moers-~
hoofid Interstadial. The upper bed (Maliniec II; radiocarbon dating
22230 + 480 y. BP and 22 050 * 450 y. BP) yielding remains of a brushy
tundra, corresponds to the warming which preceded the maximum ex-
tent of the icesheet during the Wista Glaciation. In southern Poland this
warming is identified with the Interpleniglacial of the Netherlands, and
it is represented by mid-loessic tundra paleosols (TL datings: 50 000—
24 000 y. BP) as well as by a humus horizon in 'the Nietoperzowa Cave
(radiocarbon dating 38 160 + 250 y. BP). Within and above the latter
there occur artifacts of the Jerzmanovician culture, In deep-sea sediments
this warming is correlated with the 180 horizon 3, dated for 64 000—
32 000 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—Poznan Phase, delimits the maximum icesheet extent (about
20000 y. BP). A retreat of this icesheet during the Mazury Interphase
favored an organogenic deposition in the Mazury Lakeland (TL dating
17800 *x 250 y. BP) and the formation of a paleosol in the Wachock sec-
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tion (TL dating: older than 15 830 + 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 Wista Glaciation in: Poland is correlated
in deep-sea sediments w1th the 180 horizon 2, dated for 32 000—
13000 y. BP.

A deglaciation of the area du&ring the Pomeranian Phase and the
younger icesheet standstills are defined as the Late Glacial. In Poland
this period is recorded by numerous sites with organogenic : sediments
(Witéw, Mikolajki, Brzozowica, Przedni Staw Lake, Woryty, Niechorze;
see Text-fig. 1). A palynological analysis proved that most Late Glacial —
Holocene lacusirine and bog sediments had been depom‘ted already before
the Allerdd.

REFERENCES: Halicki (1960), Wasylikowa (1964), Ralska-Jaslewiczowa (1966), Srodofl (1967),

Jersak (1973), Marciniak (1973, 1979), Kopczyhska-Lamparska (1976), Chmielewski & al. (1977),
Tuchotka (197), Brykczyfska (1978), Prészyiski (1978), Marks (1879), Tobolski (1979), Pazdur
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& Walanus (1979), Stankowska & Stankowskl (1979), Drozdowskl . (1080), Makowsks '(1980), Ko-
zarski (1960, 1881), Kozarski & al. (1981), Galon (1883), Wysoczafiski-Minkowicz (1982), Madey~
ska (1982), CieSla & Marciniak (1982), Marciniak & Clefla (1963), Lindner- & al. (1984), Kru-
pinski (1984)

HOLOCENE

The Holocene ig considered by some authors as the ‘warming of the
interglacial rank. This time favored the deposition of lacustrine-bog,
fluvial, aeolian and slope sediments. Studies over these sediments laid
the foundations for a subdivision of the Holocene into several phases
with a climatic optimum of the Atlantic Period at 8 400—5 100 y. BP.

REFERENCES: Ralska-Jaslewiczowa (1066), Starkel (1968, 1977), Rosa (1868), Falkowskl (1875),
Lindner (1877b), Kozarski & Rotnicki (1978), Rudowski (1879), Pawlikowskl & al. (1982), Szcze-
panek (1983), Jersak & Snieszko (1983), Krupifiski (1984).

CONCLUSIONS

The Ice Age in Poland starts in the Early Pleistocene with the Narew
Glaciation (GI according to Roézycki, 1861) and the following Przasnysz
Interglacial (J/III). The three Middle Pleistocene glaciations (Nida, Sam,
Mogielanka) together with the separating interglacials (Kozi-Grzbiet, Pil-
czyca) represent the climatic warmings and coolings of the South-Polish
glaciations (GII). The successive Great Interglacial (JII/III) with its four
climatic warmings distinguished by Rézycki (1964), in the presented chro-
nostratigraphical approach comprises three interglacials (Ferdynandéw,
Barkowice-Mokre, Zb6jno), two glaciations (Wilga, Liwiec) and a war-
ming of the lower rank (Podlesie) which took place already in; the ana-
glacial part of the Odra Glaciation. The Middle-Polish glaciations (GIII)
include the older (Odra) and the younger (Warta) glaciations, separated
by the Grabéwka Interglacial. The Upper Pleistocene is represented by
the Eemain Interglacial (JIII/IV) and the following Wista Glaciation
(GIV).

Institute of Geology
of the Warsaw University,
Al. Zwirki i Wigury 93,
02-089 Warszawa, :Poland
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ZARYS CHRONOSTRATYGRAFII PLEJSTOCENU POLSKI

(Streszczenie)

Przedstawiono czas trwania i podzial czwertorzedu Polski ma protoplejstocery
€1 870 000—950 000 lat BP), plejstocen (950 000—10000 lat BP), oraz holocen (ostat-
nie 10000 lat), W obrebie protoplejstocenu wydzielono ochlodzenie Otwocka i ocie-
plenie Celestynowa. W plejstocenie dzielgcym sgi¢ na frzy czefei (dolny, Srodkowy,
g6rny) wywrdiniono wiekszq nliiz dotychczas ilo$é epizodéw glacjalmych i intergla-
cialnych (pairz fig. 1—8). Dolny piejstocen (950 000—1730 000 lat BP) reprezento-
wany jest przez majstarsze zlodowacenie (Narwi) i masiepujacy po niim inbterglacjal
(Przasnysza), W obregbie ¥rodkowego plejstocenu (730 000—128 000 lat BP), jego
starsza cze$é obejmuje trzy zlodowacenia poiudniowopolskie (MNidy, Sanu, Mogie-
lanki) oddzielone od siebie dwoma interglacjalami (Koziego Grzbietu, Pilezycy),
eze$é Srodkowa ovbejmuje 'rzy epizody imiterglacjalne Ferdymandowa, Barkowic
Mokrych, Zb6jna) wraz z dzielgeymi je zlodowaceniami (Wilgi, Liwca), a czgsé
miodsza sklada sie z dwéch zlodowacen srodkowopolskich (Odry, Warty) oddzie-
lonych przedostatnim epizodem interglacjalnym (Grabéwki). Gérny plejstocen
(128 000—10 000 lat BP) reprezentowany jest przez ostatni interglacjat (eemski)
i najmlodsze zlodowacenie (Wisly). Dzieki danym paleontologicznym, paleomagne-
tyeznym i datowaniem bezwzglednym podjeto préobe korelacji wymienionych epi-
zodéw z jednostkami podziatu czwartorzedu w krajach sagsiednich (patrnz fig. 8 i 9).
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