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ABSTRACT: In southern Central Poland there occur sediments and landforms
indicative of a subdivision of the South-Polish (= Cracovian, Mindel) Glaciation
into two separate glaciations: Nidanian (= earlier part of the Oka Glaciation,
Helme-Kaltzeit) and Sanian (= later part of the Oka- Glaciation, Elster-Kaltzeit
8. 8.), divided by the Malopolanian (= Voigsted-Warmzeit) Interglacial. The latter
has been dated by FCI/P and paleomagnetic methods and documented by faunistic
" remains of the Kozi Grzbiet site, Holy Cross Mts. Within the Sanian Glaciation
the two stadials are recognizéd: older (maximum) and younger (post-maximum)
ones, separated by an interstadial period. During the bipartite older stadial of
this glaciation the Scandinavian icesheet reached the Carpathians- whereas during
the younger stadial it occupied only the northern part of the studied area.

- INTRODUCTION

The southern Central Poland supplies the most complete data for
a subdivision of the South-Polish (= Cracovian, Mindel) Glaciation int¢
two glaciations: Nidanian (Mindel I). and Sanian (Mindel II), separated
by the Malopolanian Interglacial (cf. Text~figs 1 and 4). This conclusion
results from the analysis of the interglacial fauna presented in the karst
fillings at-Kozi Grzbiet in the Holy Cross Mts (Glazek & al. 1976, 1977).
It is noteworthy that a considerable part of the area lies outside the
line of extents of the younger glaciations (cf. Lindner & Grzybowski
1982) and thus the glacial sediments of the South-Polish glaciations
(Nidanian and Sandian) can be analyzed not only in the boreholes but
also in numerous exposures. In this paper the South-Polish ' glaciations



164 L. LINDNER

of the Central Poland are discussed, the preceding interglacial, named
by Rozycki (1978, 1980) the Podlasian Interglacial including.

PODLASIAN INTERGLACIAL (= CROMERIAN)

This interglacial is represented in the marginal parts of the area by alluvia
(20—30 m thick) in buried. valleys that are incised in slope sediments of the
Narewian (Giinz) Glaciation, in still earlier gravels of the Polaniec Series and
in pre-Quaternary sediments (Lindner 1978, 1979, 1980, 1982).
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‘Fig. 1. Location of the investigated area )

1 locality- of organogenic deposits of the Podlasian Interglacial at Cetel near

Opoczno; 2 maximum icesheet exient during the Nidanian Glaciation; 3 faunistic

locality of the Malopolaman Interglacial at Kozi Grzbiet in the Holy Cross Mits;

4 locality of organogemc sediments of the Malopolanian Interglacial at Jasionka

near RzeszOw; 5 maxirnum icesheet extent during the Sanian .Glaciation; 6 main
ranges of the Holy Cross Mts; 7 limits of the mveshgated area
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At ‘Ceten near. Opoczno (cf. Text-figs 1 & 4) there are -at least four alluvial
sedimentary cycles with. a gyttja- insert (Makowska 1976, 1977). This complex is
overlain by a pavement, formed in result of washing of glacial sediments deposited
during the South-Polish glaciations. A pollen analysis of the gyttja represents
a final part of the Cromerian Interglacial with three vegetation phases: the
earliest one is of a birch-pine" ’ type, the middle is birch-pine with spruce, and
the latest one i§ of a pine-birch type (Boréwko-Diluzakowa 1977).

- In central and southern parts of the area these alluvia are synchronous with
the so-called “gravel series devoid ‘of ‘the Scandinavian material”, found within
many valleys (Czarnocki 1931, 1950; Lyczewska 1971; Lindner 1977, 1980, 1982) and
usually overlying -the sediments of the Narewian Glaciation and formed due to.
their. wasHing.

Atter-a chronostratigraphic subdivision of the Quaternary, proposed
by Zubakov (1978), the Podlasian Interglacial should comprise an in-
terval from 790 000 to 680 000 years B.P. whereas according to. Rozycki
(1978) it lasted from 870 000 to 690 000 years B.P. In German Democratic
Republic (cf. Cepek 1967) this interglacial should be related to ' the
Artern-Warmzeit. In deep-sea sediments it is the equivalent of the
215t 180 horizon :dated for 782 000—729 000 years. B.P. (Shackleton &
Opdyke 1973). Wysoczanski-Minkowicz. (1980) named this period the -
Ceten? Interglacial and  dated it for 871 000—810 000 years B.P.

NIDANIAN -GLACIATION

In the southern Central Poland the earliest sediments of the Nidanian
Glaciation include (Lindner 1980) slope deposits, ice-dam deposits as
well as loess series, overlain by a #ill horizon; locally they contain
floristic and malacological remains (Czarnocki 1927, 11931, ‘1950, 1975;
Polinski 1927; Lyczewska 1971, 1972; Filonowicz 1972; Walczowski 1972).

- An occurrence of these sediments within the valleys, their lithologic
features as well as their extent and the sedimentary cover, mainly by
the oldest till (to the north of the Holy Cross Mts) and the sandy-gravel
series with Scandinavian material (to the south of the Holy Cross Mts),
prove their deposition in valley-dammed reservoirs. The latter were
formed due to damming in the lower valley fragments by the entering
icesheet tongues of the Nidanian Glaciation, described previously as
the so-called Strawczyn Stadial within- the carlier part of the South-
-Polish Glaciation (Lindner 1977). A considerable participation of loess
and. a -loess-type malacofauna (Polinski 1927) indicates that the first
icesheet advance was preceded by the loess accumulation (Text-fig. 4).
The material of the latter was then incorporated, in result of washing,
into the sediments that occur under the till° horizon. An interfingering
of the earliest sandy-silty series with colluvial flows and with glacial
or fluvioglacial sediments document'a deposition close to the icesheet
(Lindner 1977). '
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A’ close occurrence of the icesheet is ‘also suggested by a-presence
of varved clay inserts and  fine pieces of ‘Scandinavian rocks, noted
within’ the «eau’hest sltope-lanoustnme series, as' well as on the basis o|f
its OCCUTTENCE wp rbo 240—260 m a.s.l. (Cza:mockn 1927, 1931, 1950, 1975;
Lyczewska 1971; Filonowicz 1972;. Walezmmskn 1972; Lindner 1977).
Such a high water damming in the valley and deposition of thick ice-
~-dam series could be done by the icesheet that entered th»e area not
only from the north but. also’from the west and east.

An extent of the till that covers the earliest slope-lacustrine series
and petrographic composition of the ‘gravel-boulder till fraotaon mark
the icesheet advance of the Nidanian Glaciation as far as the northern
slope of the Holy Cross-Mts (Text-fig. 1). A hypsometrical position of
the earliest :till in this area suggests that if the later significamt neo-
tectonic movements are excluded. then®the icesheet foof occurred’ during
the Nidanian Glaciation up to 240—270 m asd. Throughout the pdsses
of the main ranges of the Holy Cross Mts (cf. Text-fig. 1) the glacial

tongues moied severdl kilometres further to the south. These tongues
are recognizible mow by thin till horizons underlain by the earliest
jeé-dam and fluvioglacial sediments in the western part of the- ‘Holy
Cross Mts (Lindner 1977), and also by the so-called “local till’* in central
and eastern parts of the Holy Cross Mts (Czarnocki 1927, 1950; Ly-
czewska 1971, 1972).

To the east of the area, in the Lublin Upland, the Nidanian Glacia-
tion is probably represented by sediments of the lower glacial phase of
the Sermiki Stadial, South-Polish Glaciation (cf. -Mojski 1969) “whereas
to the west (in the kédz Upland) by the lowermost glacigenic horizon
within ‘ the  Belchatéw -Graben, referred to the Lower Stadial of the
South—Pohsh Glaciation (cf. Baraniecka & Sarnacka 1971).

“In the European zone of the-Soviet Union this part of the Nidahian
Glaciation is mepresented by the earliest till of the Oka ‘Glaciation (cf.
Zubakov & Kochegura 1973) dated by a thermoluminescenee method: for
600.000£60 000 years B.P., and by the loesses dated for 607 000165 000
years B.P. whereas in German Democratic Republic by the .interval
Helme-Kaltzeit = Grundmordnen EI (cf. Cepek 1967). According to-Zu-~
bakov (1978) this glaciation" comprises a time" interval from 720 000 to
680 000 years B.P. Wysoczanski-Minkowicz (1980) dlefmses it as the pre-
-Nida Glaciation and dates for 810000—748 500" years B.P. Within the
deep-sea sediments the: 20th 18O horizon, dated for 729 000—706 000
years BP (cf. Shackleton & Opdyke 1973), seems to be of the sadne

age.
MALOPOLANIAN INTERGLACIAL

Sandy-gravel sediments, gravels and morainic pavements at the top
of the above described deposits represent in southern Central Poland
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an interglacial fluvial accymulstion. In most cases the interglacial fluvial
sediments contain Scaridinavian rocks. '

In the Holy Cross Mts, these sediments fill the valleys (10—20 m deep), formed
in result of erosion initiated at the end of the previous glaciation. Outside the
valleys, particulaley at a loessy substrate, the weathering-soil processes have
developed during this interglacial and are marked now by paleosoils (Cza_r_nocki
1975, Lindner 1977).

The faunistic site at. Kozi Grzbiet in the south-western: Holy Cross Mits (cf. Text-figs
1—4) supplied with new data for this teme interval (Kowalski 1975, 1976;. Glazek, Lindner &
Wysoczafiski-Minkowicz 1976; Glazek, ‘Kowalski,  Lindner, Miynarski, Stworzewicz, Tuchotka
& Wysoczafiski-Minkowicz 1877; Szyndlar 1981).. Thé cave deposifs contain there (Textifig., 2A)
but faunistic remains, also the material (feldspars, heavy minerals) coming undoubtedly from
washed fluvioglacial sediments of the Nidapia_h Glaciation. A rich faunistic assemblage con-
tains numerous snails, amphibians, reptiles and msmmals. Among the snails the most im-
portant are: Helicigona banat'lca,._sao'sia - diodonta, Isognomostoma - personatum, Zenobiella
vieina, Cochloding laminate, C. orthostoma, Laciniarie cana, Ruthentca filograma, Clausilia
cruciata, Iphigena latestriata, I. tumide--and Acanthinule acuelata, representative for a re-
latively warm and wet forest. Among thé amphibians -a_n'd"réptiles (cf. Szyndlar 1981) the
most common are Natrix natiir and Triturus cf.” cristatus, the both species typical of
deciduous and wet forests. At the same time .there are some thermophilous genera (Plio-
batrachus and Elaphe) as well as very rare steppe ones (Pelobates). The presence of boreal
mammals (Lemmus lemmus and Dicrostonyxr stmplicior) proves a quite cool,. steppe climate,
Wwhereas Castor jiber, Clethrionomys cf. glareolus, Sus cf. scrofa, Alces Sp. and Pliomys lenki
suggest a forest and wet environraent. )

The age of the Kozi Grzbiet locality can .be -defined on'_ the ground of the
overlying fluvioglacial sands of the Sanian Glaciatio_n (Woédkowski 1971, Lindner &
Kowalski 1974, Lindner 1977, Radlowska & Myvcielska-Dowgiallo 1972) as well as
the presence. of Pliomys lenki, Mimomys savini, Dicrostonyzx . simplicior, Ursus
deningeri, Helicigona banatica, Pliobatrachus langhae. and probably, Bombina cf.
bombina for the Late Cromerian (Glazek, Kowalski, Lindner, Mlynarski, Stwo-
rzewicz, Tucholka. & Wysdé;zaﬁski-Minkowicz_1'977).'_ A similar conclusion is drawn
from' absolute datings of .bones by FCI1/P .rnethod as 550 — 700 000 years B. P.
(Glazek, Lindner & Wyspcz__aﬁski-Minkowic; 1976), pointing out the so-called Cromer
II of ‘the Dutch workers as well as from paleomagnetic studies (Text-fig. 2B) of
P. Tucholka (cf. Glazek, Kowalski, Lindner, Mtynarski, Stworzewicz, Tucholka &
Wysoczanski-Minkowiez 1977) that show a bositive magnetic polarization of cave
sediments and so, .exclude their accumulation during the optimum phase of the
Cromerian Interglacial (cf. van Montfran’s 1971). All the data prove the integlacial
to be warmer than the present times. : ,

Fluvial sediments of the Mélopolanian -Interglacial, noted in southern Central
Poland (Lindner 1982), correspond probably .in the Lublin. Upland to a thick
series of alluvia, deposited during the interphase of the so-called Serniki Stadial
(cf. Mojs_lgi_l%{)).: and to the intermorainic deposits that separate the tills of lower .
and upp'ér" stadials .of the South-Polish Glaciation in the Belchatéw Graben
(cf. Baraniecka & Sarnacka 1971). The ‘upper . part of the interglacial is - also
represented by -organogenic $ediments -at Jasionka near Rzesz6w (Dabrowski .1967,
Laskowska-Wysoczanska 1967). ’ ’

In German Democratic Republic this - interglacial corresponds -(cf. Cepek 1967,
Erd 1978) to the Voigstedt-Warmzeit, and in the Soviet Union — with the
warming that separates a deposition of lower and upper tills of the Oka
Glaciation (Zubakov & Kochegura 1973). After Zubakov (1978) this interglacial
lasted. from 680 000 to 610 000 years B. P, and according to Wysoczanski-Min--
kowicz (1980) from 748500 to 687000 years .B.. P. In deep-sea sediments this
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interglacial can be referred to the warming marked by the 19th 0 horizon, dated

for 706000—688000 years B. P. as the earliest distinct warming within the
Brunhes paleomagnetic epoch (cf. Shackleton & Opdyke 1973, Bonifay 1980).
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Fig. 2A. Sequence of cave sediments with fauna of the Malopolanian Interglacial
at Kozi Grzbiet near Checiny in the Holy Cross Mts (after Glazek & .al. 1977)
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SANIAN GLACIATION . _

OLDER (MAXIMUM) STADIAL

In southern Central Poland two till horizons were deposited by the
icesheet of the maximum stadial of the Sanian Glaciation (Text-fig. 4).
These tills are accompanied in many places by loessy, ice-dam, slope
and fluvioglacial sediments (Czarnocki 1927, 1931, 1950, 1975; Lyczew-
ska 1971; Filonowicz 1972: Hakenberg & Lindner 1971; Lindner 1971a;
- Lindner & Kowalski 1974; Lindner 1977). Usually, especially outside the
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Flg 2B. Results of paleomagnetic analyses of the proflle obtained at Kozi Grszet
(as mdlcated in Text-fig. 24)
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valleys, the top surface of the lower till is washed; this indicates
a distinet break between deposition time of the lower and the upper
till horizon. These tills seem to correspond (Hakenberg & Lindner 1971;
Lindner 1971b; Lindner & Kowalski 1974; Lindner 1977, 1978) with
the successive phases separated by the Kielce Interphase. This bipartity
is considered wrongly by Wysoczanski-Minkowicz (1980) the equivalent
of “Nida and San Glaciations”, lasting since 687 000 to 626 000 years
B. P. Within the deep—sea sediments this trlpartlte interval is represented
by the-18th, 17th and 16th 80 horizons, dated for 688 000 to 592 000
years B. P.: (¢f. Shackleton & Opdyke 1973).

Ldgssy iee-'dammslope -QF. ﬂuv1oglamal sediments overlain by the
lower till-of-the older-stadial- prove a loessy and an ice-dam accumiulation,
locally intérfingering with slope and fluvioglacial deposits before the
icesheet advance during the older phase of this stadial. :
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Fig. 3. Scheme of evolution of glacial and fluvioglacial deposits in the western
part of the Holy Cross -Mts during the South-Polish glaciations (after Glazek
& al. 1977)

A — Nidanian Glaciation, B — Malopolanian' Interglaeial, C — older phase of the
maximum stadial of the Sanian Glaciation, D — younger phase of the maximum
stadial of the Sanian Glaciation
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'An extent of the lower till (2—15 m ‘thick) proves that the icesheet
of the older phase has not covered entirely the Holy Cross Mts. During
its fnaxirnum expansion,; not orly the nunatak-like hills. over 300-—350
i ‘a.s1. high were ite-free’ (Text- -fig. 3), but also several: lower areas
that were the intraglacial oases (Lindner 1977). Knowing a petrographic
composition of the gravel-boulder fraction of the lower till and especiaily,
the présence of the Tertiary and Paleozoic rocks outside their occurrence
belt but  within the - till, supports the "previous opinions ‘(Siemiradzki
1888: Czatnocki 1931; Eyczewska 1971; Rézycki 1967, 1972) on a possible
enc1rc11ng the Holy "Cross Mis: by the icesheet of the South-Polish
glaciations, from the east and south-east.

Durmg the Kielce Interphase a deglacxatlon‘caused almost’ the whole ‘dréa
to be ice-free. Only in some valleys bul not entirely, the dead ices had remained,
then overlain by the icesheet of the younger phase, what resulted in a single
acumulative horizon of the discussed older stadial (Lindner 1977, 1978).

-The petrographlc composmon and occurrence of till of the younger
phase of the older stadial - (Text-fig. 3), enabled to reconstruct. the .
.max1mum icesheet extent in the western part. of the Holy Cross. Mts
ner. 197’7 1978) supported the provmus suggest:ons (Slem1radzk1 1888
Czarnock1 1927, 1931; Eyczewska 1971; Rozycki 1967, 1972) on the
entrance of a glac1al lobe into this area; the icesheet transported the
Tertiary rocks from the south-eastern margin of the Holy Cross Mts_
and from their Paleozoic core. ]

~ An analysis of the icesheet movements and deglaciation. of the Holy
Cross. Mts (cf. Klatka 1965; Lindner 1971b; Lindner & Braun 1974;
Lindner 1977; Radlowska & Mycielska-Dowgialto 1972, 1974) as well. as
~ the data on petrographic composition of glacial gravels (Dr. Z. Lampar-
ski, personal information), the occurrence of the Scandinavian material
up to 450—500 m a.s.l. (Miklaszewski 1911, Czarnocki 1931, Walczowski
1972, Lyczewska 1971) point out that during the maximum extent of
the icesheet, it finally overpassed the main ranges of the Holy Cross
Mts, 'in spite ‘'of its previous attacks from the east and west. This\
‘conclusion does not exclude, however, the possible occurrence of nuna-
taks (cf. Klatka 1965), being the icesheet oases (Text-fig. 3) with a kame
accumulation (Lindner 1971b, 1977; Lindner & Kowalskl 1974; Radiow-
ska & Myecielska-Dowgialio 1972, 1974)

“In the north-western part of the investigated area, the older (max1—
mumj stadial of the Sanian Glaciation is also represented by two till
horizons, the lower one of which corresponds, together with the
underlying sands and silts, to the older phase whereas the upper till
to the younger (maximum) phase of this stadial (Lindner 1979).

In the northern part of the area the younger erosive-denudation
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processes. (Mazovian Interglacial) resulted in a considerable denudation
of the sediments of the South-Polish glaciations (Ruszczynska 1961;
Lindner 1971; Grzybowski 1972; Makowska 1976, 1977, Lewandowski
1977). In a wast area, these glaciations are marked by a residual
pavement and in some sections only a single or two till horizons could
be noted. _ -

In the eastern part of the area a residual occurrence of glacigenic
sediments, deposited during the South-Polish glaciations, makes it dif-
ficult to note a bipartity of the maximum stadial. In most cases there
exists only a single, intensively destroyed till (Samsonowicz 1934; Po-
zaryska 1948; Radlowska 1963; Kosmowska-Suffczyfiska 1966, 1972; Bie-
lecka 1969; Kowalczyk & Pucilowska 1977). ‘ ’

A similar situation existed in the southern part of the area where
there is usually a single till horizon of the maximum stadial of the
Sanian Glaciaton (cf. Radtowska 1966; Liyczewska 1968, 1969, 1971; Wal-
czowski 1972; Szajn 1978; Kwapisz 1978). Only in the zone with higher
elevations there is a distinet bipartity of these tills, accentuated by
inserts of sands and silty-clayey series (Hakehberg & Lindner 1971,
Lindner 1977, Lindner & Ziembinska-Tworzydlo 1974).

The works on the younger phase of this stadial in the Central Poland,
have been mainly concentrated in the Holy Cross Mts (Radlowska &
Mycielska-Dowgiatlo 1972, 1974; Lindner 1977; Lindner & Braun 1974;
Lindner & Kowalski 1974) and documented an areal type of the degla-
ciation in this area as well as its run during at least two phases.

The sediments of the maximum stadial of the Sanian Glaciation in.
southern Central Poland correspond probably to deposits of the upper
phase of the so-called Serniki Stadial in the Lublin Upland (cf. Mojski
1969) and the lower till horizons noted within the Belchatéow Graben,
connected also with the maximum stadial of this glac1at10n (cf. Ba-
ramecka & Sarnacka 1971)

INTERSTADIAL

In the north-western and northern parts of the area there are
fluvial sandy-gravel sediments and silts in many borehole sections,
underlain by the till of the maximum stadial and representative for
the post-maximum interstadial (Text-fig. 4). A stratigraphic position
of these sediments is best documented by the boreholes in the WysSmie-
rzyce region (Jurkiewiczowa & al. 1973; Lindner 1979, 1982). The sedi-
ments of the Luszawa Interstadial from the Lublin Upland (cf. Mojski
1969) are synchronous with the deposits of the interstadial of the Sanian
Glaciation. Within the deep-sea sediments this warming is recorded by
the 15th 180 horizon, dated for 592 000—542 000 years B. P. (cf. Shackleton
& Opdyke 1973).
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YOUNGER (POST-MAXIMUM) STADIAL

An overlying of these sediments by a successive till horizon of the
Sanian Glaciation and the presence of synchronous loess deposits to the.
south (Lindner 1979, 1982) allows eo dlstmgmsh the younger stadial
of the Sanian Glaciation (Text-fig. 4)

To the north of the Lower Pilica valley, this stadlal is represented
by a till horizon of the Cracovian Glaciation (Ruszezynska-Szenajch
1966). In the Lublin Upland it corresponds to the Kock Stadial (Mojski
1969) whereas in the £6dz Upland it is represented by the youngest till
of the South-Polish glaciations (cf. Baraniecka & Sarnacka 1971). Within
the deep-sea sediments this stadial corresponds probably to the 14th 18O
horizon, dated for 542 000—500 000 years B. P. (cf. Shackleton & Opdyke
1973).

In connection with the stratigraphic subdivision of the Quaternary in
western Europe (Cepek 1967, van Montfrans 1971), the bipartite Sanian
Glaciation corresponds to the so—called Glaciation B (= Elster-Kaltzeit
s.s.,, Grundmorinen EII). In the European part of the Soviet Union
thls period is represented by the tills b and ¢ of the Oka Glaciation,
dated by the thermoluminescerice method for 560 000+ 60 000 and
483 000+ 54 000 years B. P. (Zubakov & Kochegura 1973).
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ZLODOWACENIA POLUDNIOWOPOLSKIE
W POLUDNIOWEJ CZESCI POLSKI SRODKOWEJ

(Streszczenie)

Przedmiotem pracy sa zachowane w poludniowej - czesei Polski Srodkowej
(patrz fig. 1) osady i formy upowazniajace do podzialu zlodowacenia potudniowo-
polskiego (= krakowskiego, Mindel) na dwa odrebne zlodowacenia: Nidy (= starsza
czg¢s¢ zlodowacenia Oki, Helme-Kaltzeit, Mindel I) i Sanu (= mlodsza czesé
zlodowacenia Oki, Elster-Kaltzeit s.s., Mindel II), ktére oddzielone sg (patrz fig.
2—4) interglacjalem malopolskim (= Voigstedt-Warmzeit). Interglacjal ten dato-
wany jest metoda FCUP i paleomagnetyczna oraz dokumentowany szczatkami
faunistyeznymi w stanowisku krasowym Kozi Grzbiet kolo Checin. W obrebie
zlodowacenia Sanu wyrdiniono dwa stadialy: - maksymalny i pomaksymalny,
oddzialone okresem interstadialnym. Podczas dwudzielnego stadialu maksymalnego
tego zlodowacenia 1adoléd skandynawski pokryl caly opisywany obszar i siegal
az po Karpaty, natomiast w czasie stadialu pomaksymalnego obja?! swym zasiegiera
jedynie pélnocna cze$é obszaru.
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