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Late glacial at the turn of the San Glaciation and
the Ferdynand6w Interglacial in the open mine "Belchatow"

The late glacial at the turn of the San Glaciation and the Ferdynand6éw Interglacial, studied in the sections
tawki Il and Lawki I in the open mine "Belchatéw", indicates wavy-like climatic changes. Four waves with
milder climate and three waves of returning coolings were distinguished on the basis of changing lithology,
traces of chemical and weathering processes, initial and well developed soils, plant remains and pollen
analysis. Presence of remains of water plants corresponds with initial deposition phase of lake sediments.
There are also loesses deposited in water. Several types of tundra vegetation were distinguished. Upper part
of till of the San Glaciation was dated at about 596 ka and sediments of the described late glacial period —
at 563 ka.

INTRODUCTION

Sediments of the Ferdynand6w Interglacial are of considerable interest for Quater-
nary geologists and palaeobotanists. Geological setting of this interglacial influences
also the more general subdivisions of the Quaternary in the Polish Lowland. Any less
significant and interesting are the phenomena during the interglacial itself, and at the
turn of the glaciation and the interglacial. The paper presents evolution of postglacial
landscape and entering of vegetation on a mineral substrate.

The mine "Belchatéw" is the westernmost locality in Poland where sediments of
the Ferdynand6w Interglacial are noted. They were studied in the site "Buczyna pod
brukiem" (A. Haluszczak, M. D. Baraniecka, 1982; M. D. Baraniecka, A. Haluszczak,
1982) and ascribed to this interglacial on the basis of pollen analysis (Z. Janczyk-Kopi-
kowa, 1982), through correlation to thesection-at Ferdynandéw (Z. Janczyk-Kopiko-
wa, 1975; Z. Janczyk-Kopikowa et al., 1981). A pollen diagram from the site "Buczyna
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Fig. 1. Geological setting in southwestern part of the Belchatéw open mine in 1988-1990 after L. Sowiriski
(1990), slightly simplified (A), and location of the studied area against the pit outline (B)

1 — exploitation escarps with successive number; 2 — tills; 3 — sands of various origin; 4 — silts and clays;
5 — lake sediments; 6 — peats and sandy peats; 7 -— lower boundary of the Quaternary (Tr — Tertiary); 8
— Jurassic: outcrops within younger deposits; 9 — examined fragments of escarps, research sites; 10 —
altitudes in m a.s.l. and boreholes

Sytuacja geologiczna w poludniowo-zachodniej czefci odkrywki kopalni Belchatéw (stan z lat 1988-1990)
wg L. Sowiriskiego (1990), nieco uproszczona (A) oraz lokalizacja rejonu badafi na tle zarysu tej odkrywki
B ‘

1 — skarpy eksploatacyjrie z kolejnym numerem; 2 — gliny zwatowe; 3 — piaski réznej genezy; 4 — mulki i
ily; 5 — osady jeziorne; 6 — torfy i torfy piaszczyste; 7 -— dolna granica czwartorzedu (Tr — trzeciorzed);
8 — jura, wychodnie w obrgbie osadéw miodszych; 9 — badane fragmenty skarp, stanowiska badawcze; 10
— wysoko$ci w m n.p.m. i otwory wiertnicze ' '

pod brukiem" has been published lately (Z. Janczyk-Kopikowa, 1991). Sediments of
the FerdynandSw Interglacial age were also studied at sites WG 59, 60 and L 7 in
southern edge of the mine near Lawki (D. Krzyszkowski, 1987; D. Krzyszkowski, T.
Kuszell, 1987).

Western margin of the lake basin (D. Krzyszkowski, 1987) was analyzed in sections
Lawki I and Lawki I (Fig. 1). These mentioned previously peats and peaty shales were
noted at bottom of lake sediments and accompanied by fossil mollusc shells in the
vicinity (near Kleszczéw). Connection of the section with geological setting near
Lawki (Fig. 1) was done by L. Sowifiski (1990). The studies were connected with
examination of palaecosoils (K. Konecka-Betley, 19874, b) and pollen (Z. Janczyk-
-Kopikowa, 1990). Abundant and well preserved pollen grains with only rare rede-
posited sporomorphs seem to reflect vegetation composition of the studied interval.
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Fig. 2. Sections of research sites L.awki I and Eawki II, and their schematic location on the 3rd exploitation
escarp (below 160 mas.l).

1 — till; 2 — sands; 3 — silty sands; 4 — sands with gravel; 5 — lake sediments; 6 — poorly developed
palacosoil; 7 — streaks of organic matter-initial vegetation (soil?); 8 — sampling sites to pedologic studies:
a— full analyses, b— determinations of carbon content; 9—sampling sites to pollen analysis; 10 —sampling
sites and results of determination of the age (in ka); 11 — peaty shales; 12 — peats

Profile stanowisk badawczych Lawki I i Lawki II oraz schematyczne poloZenie ich na trzeciej skarpie
eksploatacyjnej (poniZej 160 m n.p.m.).

1 — glina zwalowa; 2 — piaski; 3 — piaski zamulone; 4 — piaski ze zwirem; 5 — osady jeziorne; 6 — stabo
rozwini¢ta gleba kopalna; 7 — smugi substancji humusowej (gleba inicjalna?); 8 — miejsca pobrania prébek
do badar gleboznawczych: a— analizy pelne, b— oznaczenia zawartoSci wegla; 9— miejsca pobrania prébek
do analizy pylkowej; 10 — miejsca pobrania prébek i wyniki oznaczania wieku (w tysigcach lat); 11 — tupki
torfiaste; 12 — torfy

RESEARCH SITES LAWK Il AND LAWKI |

Two small sections in bottom of lake sediments were distinguished. The section
Tawki Il (Fig. 2) comprises top part of till under the lake sediments whereas the section
Lawki I (Fig. 2) — the sediments that separate till from the lake series. Examination
of these sites indicated the processes, unknown in other sites of the Ferdynandéw
Interglacial where sections start with development of a forest-tundra sequence.

tawki II.Atiill (Fig 2)is generally grey, only fragmentarily red in the top
where poor weathering is indicated. Certain mobility of some components e.g. of iron,
was however noted (Table 1), expressed by "free” FezO3 in top samples (nos 1-3). In
the top (samples nos 1-2) there is distinctly more phosphorus (P205). The value of



Table 1
Some phisico-chemical properties of sands (layer 4) and till, contents of carbon in peats, peaty shale and sands
pH AO3+ Fe203
Fe0; | 4203 | FeOs % | Looseof
" % % Fe203 . . P20s
Profiles Sample C %o % in alu- calcina- mg/100 g
Sediments no. H20 KCl % free mo:;;lsxca— uc;)g soil
extractable in 20% HCI binding
Lawki I
peats top 9 - - 12.60 - - — - - - —
peats bottom 8 - - 16.72 - - - - - - -
peaty shale 7 - - 10.62 - - - - - - -
sands (layer 4) 6 2.50 2.00 0.52 343 1.94 1.49 1.13 0.36 3.99 30.23
Lawki I1
1 6.85 5.60 0.10 5.60 3.25 2.35 0.70 1.65 2.34 114.50
2 7.83 727 0.10 6.17 3.95 222 0.63 1.59 2.78 141.38
till 3 7.63 712 0.11 591 2.88 2.03 0.57 1.46 241 100.07
4 7.80 731 0.11 4.31 2.97 1.34 0.42 0.92 1.47 89.31
S 7.64 711 0.33 5.43 3.81 1.62 0.33 1.29 4.82 99.84
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Table 2

Extractable in 20% HCI elements of sands (layer 4) and till

Sa- Ca Mg K Na Cu Zn Mn Ni Pb Cr

Profiles
Sediments mple
no. % mg/kg soil
Lawki I

sands (layer 4) 6 0.08 | 010 | 0.15 | 0.01 44 | 14.0 | 70.0 | trace | trace | 12.0
Lawki II

0,18 | 033 | 047 | 0.02 | 11.0 | 290 | 152.0 | 20.0 | 18.0 | 12.0
245 |1 085 | 056 | 0.08 | 124 | 328 {2760 | 260 | 180 | 14.0
348 | 1.09 | 053 | G.11 | 124 | 27.6 | 288.0 | 22.0 | 200 | 280
1.29 | 043 | 033 { 006 | 74 19.0 | 148.0 | 12.0 | trace | 20.0
321 ] 074 | 048 | 009 | 94 | 258 |198.0 | 220 | 160 | 320

tifl
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pH is slightly lower in the sample no. 1. Microelements (Table 2) indicate insignificant
changes in till top. The upper sample (no. 1) contains less Zn, Mn and Ni than the
fower sample. Grain size composition (Table 3) is typical for tills. The middle sample
{(no. 3) resembles only a sandy till what is connected with inserts noted in the exposure
(Fig. 2), just near the sampling site. Therefore insignificant changes in till top indicate
postglacial initial soil processes on ice-free land surface where poor vegetation could

develop.
Lawki I. Thefollowingsediments were examined at till palacoslope (Fig. 2).

Layer no. Simplified description
8 Lake silts (bottom part of a larger series).
7 Compressed peat.
6 Peaty shale (bottom part of peat).
5 Vari-grained sands (in sunk niches) — runoff to a lake.
4 Lake silty sands with organic matter.
3 Fine- and medium-grained sands of laminar water flow.
2 Fine-grained sands with insert of silty sand, containing insignificant traces of organic
matter.
1 Tilt.

The section indicates gradual environmental changes on till surface, wavy-like
entering of vegetation, increasing soil water content and finally, development of a lake.
Pollen analysis enabled to distinguish successive vegetation types.

Layer 1 forms substrate in the section Lawki I, composed of grey till, top part of
which was described already for the section Lawki IL

Layer 2 overlies a till and was formed during the first flooding with surface waters,
when quite gentle deposition of very fine-grained silty sands occurred. Occasionally
development of poor initial vegetation was noted, traces of which are represented by
organic matter of indeterminate composition. The presence of organic matter indi-
cates a first slight decline of glacial climatic conditions.
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Layer 3 indicates increased inflow of sands and still gentle deposition. Mineral
material is slightly coarser (medium- and fine-grained sands), but organic matter is
completely absent. Precipitation and runoff have probably increased, whereas climate
got cooler.

Layer 4 presents deposition of fine-grained sands and slower influx of material.
Sands are muddy and occasionally with much humus what indicates scarce vegetation
and poor soil processes. Muddy sands contain 0,52% of carbon (Table 1, sample no.
6). Such content of carbon corresponds to an initial soil processes. It reflects simulta-
neously distinct mobilization of iron (free Fe 1.13%, Table 1, sample no. 6) what
indicates weathering processes. Pollen analysis (Fig. 3, palynological sample no. 8)
proves presence of arctic carex tundra.

Vegetation of this and of the following layers was defined with pollen zones
distinguished by palaeobotamsts The described zone could be therefore defined as
SALIX (28.4%, max ) CYPERACEAE (13.2%, max) one. Salix predominates
Betula (18.4%) in the layer 4, and the latter indicates presence of dwarf birch pollen.
In relation to the previous layers, this one proves the second wave of decline glacial
climatic conditions.

Layer 5 presents slowing down of weathering and development of soils, finally
interrupted with intensive superficial drainage. Mantling with coarse mineral material
(sand with gravel), devoid of organic matter occurred what indicates colder climate
again. The layer 5 encloses sinking features developed due to varied density in a
silty-organic cover of the layer 4. Such structures were favoured by returning cold
glacial environment. At contact with the overlying peaty shale, the sand contains fine
ferruginous inserts.

Layer 6 is composed of peaty shale that starts deposition during the interval with
continuous development of plants. Increased moisture favoured spreading of dense
vegetation cover. Black earths has developed and due to changing water relations, was
gradually transformed into a shallow peaty soil on mineral substrate. Carbon content
in peaty shale is equal 10.62% (Table 1, sample no. 7). Compression of the layer 6
occurred not only due to later loading by overlying layers (overlying peat layers are
also compressed), but also due 1o chemical processes at contact of organic and mineral
material. This process is expressed by black-rusty colour of the bottom part of peaty
shale and afore-mentioned ferruginous precipitation in top of sand. Pollen composi-
tion (Fig. 3, palynological sample no. 7) in shale indicates tundra vegetation. This
pollen zone is to be defined as SALIX (14.4%) — HELIANTHEMUM (4%, max)
one and forms second type of arctic tundra vegetation. In this case there are numerous
horsetails (Equisetum, 13,5%, max), although not in such contents as the Cyperaceae
previously. Contents of Salix is twice lower as - and Berula is over twice large as in the
layer 4. The layer 6 represents successively already the third, stronger wave of decline
glacial climatic conditions.

IAt characteristic percentage values the words rmax and min indicate maximum or minimum contents of
a given Laxon in all samples that were pollen analyzed in the section.
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Fig. 3. Diagram of vegetation composition in the section Lawki I, based on analyses of Z. Janczyk-Kopikowa (1990)

1 — lake sediments; 2 — peats; 3 — shales; 4 — sands with gravel; 5 — sands; 6 — silty sands; 7 — soil, plant remains; 8 — till; 9 — number of layers described
in the text; 10 — numbers of palynological samples :

Diagram sktadu ro$linnoci w profilu Lawki I (na podstawie analiz Z. Janczyk-Kopikowej, 1990)

1 — osady jeziorne; 2 — torfy; 3 — tupki; 4 — piaski ze zwirem; 5 — piaski; 6 — piaski zamulone; 7 — gleba, Slady ro§linnosci; 8 — glina zwatowa; 9 — numery
wartsw opisane w tekscie; 10 — numery prébek palinologicznych
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Table 3

Grain size composition of sands (layer 4) and till
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Layer 7 (peats) indicates rise of
groundwater level and growing of
peatbog conditions. In a middle part
of the organic layer carbon content
reaches its maximum value of 16.72%
(Table 1, sample no. 8). In top this
content decreases 10 12.6% (Table 1,
sample no. 9) what can indicates on
later mineralization of peat. Com-
pressed peats still possess plants (Fig.
3, palynological samples nos 6 and 5)
of arctic provenance, even if they con-
tain the cold-resistant fern Selaginella
selaginoides (0.4%). But the sediment,
also a pollen analysis indicates rise of
water level. Plankton (Botryococcus
1.6%}) and single water plants (Myrio-
phyllum verticillatum 0,8%) appear.
Terrestrial plants also change. The
pollen zone can be named the BETU-
LA (50.8%, or even 69.2%, max) one.
There are not so many non-itrees
(NAP) as in the layers 4 and 6 i.e dur-
ing preceding waves of milder thermic
conditions. The palynological sample
no. 6 (lower in peats) correlates to
lower layers with abundant pollen of
Salix (17.2%). Willow content does
not reach significant values in any
higher layer.

Layer 8 (lake silts) indicates
general change of hydrographical con-
ditions. A depression bottom mantled
with peats was gradually filled with
water. Weathering processes were in-
terrupted (?decreased carbon content
in peat top, Table 1). Growing of
plants in a peatbog has been finished.
In remaining water reservoir decalci-
fied lake silts were deposited. Hori-
zontal stratification of sediments
proved presence of gentle sedimen-
tary environment. Rusty streaks in
lower part of grey silts indicated vari-
ation of water level during flooding
with water. Silts are beige slightly
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Fig. 4. Late glacial processes in the sections Lawki I and Fawki I1

A — geological section; lithological symbols, numbers of layers and sampling as in Fig. 2; B — chemical
processes and soils: W — initial weathering processes, Fe — rusty horizons (Fe precipitation), M — peat
mineralization, Sk.r. — traces of vegetation (initial soil?), Gl.st.rozw. — poorly developed arcticsoil, GL.cz.-t.
— blacke earths soil transformed into peaty soil, T — peatbog, ? L. — probable loesses, stratified, deposited
inwater; C— development of vegetation: pollen zones; D — climatic variation at transition from glaciation
to interglacial; j — lake formation

Przebieg proces6éw schytku glacjatu w profilach Eawki I i Lawki II

A — profil geologiczny; oznaczenia litologiczne, numery warstw i oprébowanie jak na fig. 2; B — procesy
chemiczne i gleby: W — zaczatkowe procesy wietrzenia, Fe — poziomy rdzawe (wytracanie zelaza), M —
mineralizacja torfu, SLr. — $lady roSlinnosci (gleba inicjalna?), Glst.rozw. — slabo rozwinieta gleba
arktyczna, Gl.cz.-1. — gleba czarnoziemna przeksztalcona w glebg torfows, T — torfowisko, ? L —
przypuszczalne lessy warstwowane, osadzone w wodzie; C — rozw6j rolinnosci: poziomy pytkowe; D —
wahania klimatu na przejSciu od glacjatu do interglacjatu; j — powstanie jeziora
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S

higher what with predominant silty fraction resembles a water-deposited loess. Four
samples were collected from silts for palynological examination (Fig. 3, nos 4, 3,2, 1).
All they represent the lowest, bottom part of reservoir sediments. Analysis of these
samples indicates further changes of climauc and water conditions.

The zone represented by the palaeobotanical sample no. 4 should be treated
separately as pollen-zone. The pollen spectrum was found to be "least cold" among
the studied eight samples. Sporomorph assemblage indicates presence of trees and
considerable decrease in content of non-tree pollen (8.8%, min). In this case elements
with higher light demands (Ephedra and Helianthermum) disappear. Among trees birch
predominates while pine is very rare. This zone cannot be therefore considered as a
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pine-birch one which begins spreading of forests in most complete interglacial sites.
On the other hand only insignificant amount of Picea pollen (2%} is noted. There are
however single polien of Quercus, Ulmus and Fraxinus but they are noted in this very
sample only. This zone is distinguished as the BETULA—MYRIOPHYLLUM (18%,
max) one. Such distinct presence of Myriophyllum verticiflatum, with trace content in
some lower and higher samples indicates insignificant warming (interphase) amidst
overlying and underlying glacial floras. This interphase is the fourth wave of decline
glacial climatic conditions. Such "warming" resulted presumably in quicker thawing
and surface mass movements, what in turn enabled release of pollen from Tertiary
rocks that had been entirely frozen previously. Such alien pollen does not appear until
the "warming" phase.

The upper partofthe layer 8 (Fig. 3, palynological samples nos 3,2, 1) proves return
of tundra but of another one than before development of the lake. Maximum is reached
by Artemisia (18.8%, max). Other elements of NAP are simultaneously also quite
varied and abundant e.g. Cyperaceae and Gramineae (5.6%, max). There are consid-
erable and mutually changing values of pine and birch. This zone was defined as the
ARTEMISIA—BETULA one and represents steppe-like tundra. Similar vegetation
with abundant Artemisia is noted in bottom samples of the section Wola Grzymalina
59 (D. Krzyszkowski, T. Kuszell, 1987), in sections "Buczyna pod brukiem" and
Sosnowica (Z. Janczyk-Kopikowa, 1991), where it is located at the zone F1, at the
forest-tundra phase, at the pollen period, when forests spred wider. Results of studies
in the section Lawki I supplement palacontological and geological stratigraphic
inventory of an "intraglacial" period before the beginning of the interglacial in a
palynological sense, in this case Ferdynandéw Interglacial.

STRATIGRAPHICSETTING AND AGE OF EXAMINED SEDIMENTS

The described section presents final part of a glacial period, the so-called catagla-
cial. Variation of thermic conditions was noted i.e. four successive phases with
gradually milder glacial conditions and three returns of cold climate. They are reflected
in geological section, by more and more intensive symptoms of accumulated organic
substance, by development of soils, and in vegetation composition determined on the
basis of pollen analysis (Fig. 3). In connection with terms used in younger stratigraphi-
cal units, this period constitutes the so-called late glacial. In the studied case it forms
a late part of the San Glaciation as proved by geological setting in the mine "Belcha-
tow". Sections of the Ferdynandéw Interglacial in the mine overlie the lower (bi- or
even tripartite) glacial complex (A. Haluszczak, 1982), located above the Ist and Ind
cycles of glacial deposition (K. Brodzikowski, 1982) or above the two formations of
Folwark and Kuc6w, each of them containing a till (D. Krzyszkowski, 1987).

Sediments from the sections Lawki Il and Lawki I were TL (termoluminiscention
method) dated in the Lublin laboratory (J. Butrym, 1989). Upper part of till (TL
sample no. 102) from the section Lawki II was dated at 59689 ka (Lub 1700). Late
glacial silty sands (layer 4) of the TL sample no. 101 from the section Lawki I were
dated at 56384 ka (Lub 1699). What approximately corresponds to the less precise
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previous determinations of age of bottom sediments of the Ferdynand6w Interglacial
in the mine (M. D. Baraniecka, 1987) and age of a bottom series of this interglacial in
the stratotype locality at Ferdynandéw dated (J. Rzechowski, 1986), at 54365 ka
(Lub 130). Datings of sediments from the sections Lawki [Tand I correspond also with
aboundary of the San (eventually San 1) Glaciation and the Ferdynandéw Interglacial
in more general stratigraphical schemes (M. D. Baraniecka, 1990; L. Lindner, 1991).

CONCLUSIONS

The age of the till (top part) of the San Glaciation was determined at 59689 ka.
Decline of this glaciation was dated at 56384 ka.

1. The late glacial is represented by very thin sediments. Environmental conditions
change in wavy-like manner, traces of which are visible, although they are relatively
poorly developed and occur in thin layers.

2. Presence of poor, initial vegetation (soil?) in the layer 2, poorly developed tundra
soil (layer 4), and soil (layer 6) were noted. The latter was at first of black earths type,
then transformed into a shallow peaty soil on mineral substrate and growing later as
peatbog (layer 7), which got mineralized in the top.

3. Different tundra types and variants were noted: shrubs-herbaceous one with
Cyperaceae variant in tundra soil (layer 4), variant with predominating horsetail
(Equiserum) in shale (layer 6) and steppe-like tundra (Artemisia) in upper part of lake
silts.

4. Palaeohydrological changes were recorded in sediments and by pollen analysis.
In bottom of lake sediments and above the mineralized peat, there is "a warming"
(bottom of layer 8, palynological sample no. 4) determined on the basis of overground
vegetation and abundant water elements of Myriophyllum verticillarum.

5. Arguments and results of individual research methods perfectly supplement one
another and confirm macroscopic features of geological sections. Climatic changes are
also presented in graphic-tabular form (Fig. 4).

6. It is possible at present to correlate results of examination of the sections Lawki
1and Lawki II with the next research sites located further to the west, near Kleszczéw.
Remains of mollusc fauna were found in section Kleszczéw 1 at the other site with
lake sediments, presumably the sediments of Ferdynandéw Interglacial (site Klesz-
czow 4) were found there (Fig. 1).

7. The described late glacial period between the San Glaciation and the Ferdynan-
déw Interglacial indicates many similarities to the so-called late glacial at the turn of
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the Last Glaciation and the Holocene. The age difference between them is equal about
half a million years.

Translated by Leszek Marks
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Maria Danuta BARANIECKA, Krystyna KONECKA-BETLEY, Leszek SOWINSKI

SCHYLEK GLACJALU MIEDZY ZLODOWACENIEM SANU A INTERGLACJALEM
FERDYNANDOWSKIM W KOPALNI BELCHATOW

Streszczenie

W kopalni Belchatéw znaleziono osady schylku glacjatu ( kataglacjal, péZny glacjal) w pozycji geologi-
cznej migdzy zlodowaceniem sanu a interglacjatem ferdynandowskim. Badania przeprowadzono w profilach
Fawki ITi Eawki I (fig. 1, 2). Falowe zmiany klimatyczne (termiczne) objawiajg si¢ jako 4 fale wzglednego
ocieplenia, $cislej fagodzenia warunkéw arktycznych oraz przedzielajace je 3 fale nawrotu chiodu (fig. 4).
Podstawg ich wyrézniania byly zmiany nastepstwa osadéw (fig. 2, tab. 3), Slady proceséw wietrzeniowych i
glebowych oraz wystgpowanie zaczatkowej ro§linnosci i jej rozwdj (tab. 2, 3, fig. 4). Stwierdzono zwigzek
obecnosci szczatkéw (fig. 3) roflin wodnych (Myriophyllum verticillatum) i poczatku akumulacji osadéw
jeziornych. Mozliwa jest cbecno$¢ lesséw akumulowanych w wodzie (fig. 4). Wyrézniono kilka typow
roslinnosci (fig. 3) schytku glacjatu: tundrg krzewinkowo-zielng z dominujacymi turzycami, tundre Krzewin-
kowo-zielna z obfito$cig skrzypéw oraz arktyczng tundre stepowa z forma Arremisia. Wiek badanych osadéw
(fig. 4) okreslono metoda termoluminiscencji. Stropowe czgsci gliny zwatowej ksztaltowaly sig okoto 596 tys.
lat temu. Osady zaliczone do schytku glacjalu majg okoto 563 tys. lat. Mozliwe jest obecnie nawigzanie profili
Lawki ITi Lawki I do innych stanowisk badawczych (fig. 1) potozonych kolo Kleszczowa, gdzie znaleziono
migczaki (profil Kleszczéw 1) i nastgpne miejsce wystgpowania osadéw jeziornych, zapewne ferdynando-
wskich (Kleszczéw 4). Opisany schylek glacjatu wykazuje liczne analogie do tzw. péZnego glacjatu poprze-
dzajacego holocen. Jest natomiast starszy o okoto pét miliona lat.



