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INTRODUCTION

The Łanięta site is lo cated in the north east ern part of the
Kłodawa Up land, about 2.5 km to the south of the max i mum
limit of the Vistulian Gla ci ation ice sheet (Fig. 1). The fos sil
lake de pos its there were iden ti fied dur ing map ping for the De -
tailed Geo logic Map of Po land at the 1:50 000 scale, Gostynin
sheet (Ro man, 1999). Fur ther palynological anal y sis  was car -
ried out at the Qua ter nary Re search and Geo mor phol ogy De -
part ment, Uni ver sity of Łódź. This pa per de tails the palynology 
of the fos sil lake de pos its and their geo log i cal set ting, ex pand -
ing on the work of Ro man and Balwierz (2000).

The near est palaebotanically doc u mented sites with de pos -
its of Eemian and Early Vistulian age are sit u ated at Kaliska
(Fig. 1) and at Ruszkówek, both these sites oc cur ring within the 
limit of the Vistulian ice sheet (Domosła wska-Baraniecka,
1965; Janczyk-Kopikowa, 1965, 1997; Kozydra and
Skompski, 1995).

METHOD

The lake de pos its at Łanięta were found in a 12.0 m deep
WH-5 bore hole. Clastic flu vial de pos its, 1.5 m thick, are un der -
lain by gyttja, clays and or ganic silts, man tled by a thin layer of
com pressed peat and peaty mud. The bot tom of the lake de pos -
its was not reached. The out line of the bur ied ba sin was re con -
structed by of shal low bore holes which reached the lake de pos -
its un der a thin (up to 2.0 m) cover of glaciofluvial and  flu vial
de pos its (Figs. 2 and 3). Palynological ex am i na tion was car ried 
out on de pos its from the depth in ter val 1.8–11.9 m. 47 sam ples
were col lected at in ter vals of 5 to 90 cm, and 43 were ana lysed.
The ma te rial did not con tain car bon ates. The sam ples were
boiled in 10% KOH and then, in or der to re move min eral par ti -
cles, they were left in hy dro chlo ric acid for 48 hours. Sam ples
were then sub jected to the Erdtman’s acetolysis. The ma te rial
was stored and counted in pure glycerine.

Percentage calculation was based on the basic pollen sum
(AP and NAP) but with the ex cep tion of aquatic and swamp
plants, spores of Sphagnum, Pteridophyta and indeterminable



grains. The contribution of excluded taxa was calculated from a 
total increased by the number of specific groups. The results
were presented in a pollen diagram constructed with a use of
the computer program Polpal for Windows (Walanus and
Nalepka, 1998). The pollen diagram presented in this paper is a
simplified ver sion, curves of some taxa being omitted, while
oth ers are pre sented together as a single curve. The in de ter min -
able sum contains corroded pollen grains (being the highest in
this group), unknown pollen grains besides good preservation
and varia (e.g. broken or crumpled). On the diagram black
silhouettes indicate percentage values, while white ones denote 
permil.

GEOLOGICAL AND GEOMORPHOLOGICAL
SETTING

The N–S elon gated de pres sion run ning along the pres ent
Skrwa River val ley is a rem nant of the Łanięta ba sin (Fig. 2).
The bot tom of the de pres sion is sev eral metres be neath the sur -
round ing de nuded morainic pla teau at 128–134 m a.s.l. The
pla teau is com posed of till and glaciofluvial sands of the
Wartanian Gla ci ation. In the west ern part of the de pres sion
there is a bench of glaciofluvial sed i ments which con tin ues
eastwards as an ex ten sive outwash plain. The outwash plain

was formed dur ing the ad vance and steady-state po si tion of the
Vistulian ice sheet. About 2.5 km north of Łanięta there is the
max i mum limit of the Vistulian ice sheet. In the land scape it is
ex pressed by slight re lief di ver sity of the youn ger interfluve
sur face. This limit was in di cated mostly on the ba sis of a till
(Ro man, 1999; Ro man and Lisicki, 2000) and its age is con -
strained by the well known site at Kaliska
(Domosławska-Baraniecka, 1965; Janczyk- Kopikowa, 1965;
Baraniecka, 1989). At Łanięta the lake de pos its are not over lain 
by till or by re sid ual till but by flu vial and deluvial de pos its
only. How ever, in a lat eral di rec tion, be tween lake and deluvial
de pos its, there are glaciofluvial sands of the last gla ci ation
(Fig. 3).

The depression, where fossil lake sediments have been
recognised, is a remnant of a tunnel valley formed at the end of
the Wartanian Glaciation. Its origin is indicated by the fossil
morphology, geological setting and also by its fill ing at least
since the beginning of the Eemian Inter gla cial, excluding
long-lasting postglacial fluvial erosion.

The geo log i cal set ting of the lake de pos its at Łanięta and
their re la tion to the geo log i cal struc ture of the Caino zo ic floor
are shown in Fig ures 3 and 4. The ba sin is lo cated above a tec -
tonic con tact be tween Zechstein and Me so zoic rocks. Tec tonic
ac tiv ity here, salt mo bil ity and karstic phe nom ena de vel oped in 
salt dome-re lated anhydrite prob a bly in flu enced the Caino zo ic
de pos its, caus ing a tec tonic de pres sion to de velop above the
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Fig. 1. Location of the Łanięta site

1 — bound ary of the Płock Ba sin, 2 — max i mum ex tent of the Vistulian ice sheet, 3 — sites with fos sil Eemian and Early Vistulian flora, 4 — geo log i cal
sketch (see Fig. 2)



salt dome near Łanięta. Dur ing the Pleis to cene it was fur ther
de pressed as in di cated by in creased sed i ment thick ness and
lithological changes (Fig. 4). The Qua ter nary de pos its in the
de pres sion are nearly 100 m thick but 40–55 m thick out side
the ba sin. Within the Pleis to cene de pos its there are 3 to 6 strati -
graphic units (Ro man, 1999). They rep re sent the Nidanian,
Sanian, Odranian, Wartanian and Vistulian glaciations. The
Podlasian and Mazovian interglacials are rep re sented by flu vial 
sed i ments. Flu vial sed i ments of the Mazovian Inter gla cial are
com monly over lain by gla cial silts and clays (Baraniecka,
1979, 1993) form ing an im por tant lithostratigraphic ho ri zon on 
the Kłodawa Up land. The Eemian Inter gla cial is rep re sented by  
lake de pos its only.

POLLEN ANALYSIS

In the diagram 12 local pollen assemblage zones (LPAZ)
were distinguished.

Betula-Pinus LPAZ, sam ples 44–47. The AP curve is very 
high, reaching 98.1%. It mainly con tains Betula undiff. pol len
(63.6%) and Pinus undiff. (48.4%). There are small amounts of 
pol len of Ulmus, Corylus, Alnus and Quercus, in creas ing up -
wards. The participation of her ba ceous plants is small; the pol -
len includes Poaceae undiff., Ar te mi sia and Chenopodiaceae,
Calluna, Anthemis t., Cichoriaceae, Ranunculus acris t.,
Filipendula, Thalictrum and Umbelliferae undiff. Of aquatic
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Fig. 2. Geological sketch of the Łanięta area 

Wartanian Glaciation: 1 — till, 2 — glaciofluvial sand with gravel; Vistulian Glaciation: 3 — till, 4 — glaciofluvial sand and gravel;
Pleistocene/Holocene: 5 — eluvial sand on a till, 6 — deluvial sand and silty sand; Holocene: 7 — fluvial sand and gravel, 8 — humus sand of valley
floors and closed depressions, 9 — peat and peaty mud; 10 — selected boreholes; 11 — shallow boreholes: (a) with pro file analysed, (b) other; 12 — sand
pit; 13 — geological cross-section; 14 — probable extent of Eemian and Early Vistulian lake deposits; 15 — maximum extent of the Vistulian ice sheet
(Roman, 1999); 16 — altitude in m a.s.l.



and reedswamp plants there is pol len of Typha
angustifolia/Sparganium, T. latifolia, Lysimachia thyrsiflora,
Myriophyllum alternifolium, M. spicatum and al gae of
Botryococcus and Pediastrum. Bryophyta are rep re sented by
Sphag num and Pteridophyta by Polypodiaceae undiff. spores.
A de crease in Quercus de notes the up per limit of the zone.

Quercus-Corylus LPAZ, sam ple 42. The AP curve re -
mains at a high level. The Quercus value reaches 46.1%, the
max i mum in the whole di a gram. Par tic i pa tion of Corylus
(28%) is also fairly high. Be sides these taxa there is also pol len
of Ulmus and the max i mum, al though still mod er ate amount of
Fraxinus. In this zone the con tin u ous curve of Tilia be gins.
Pol len grains of Hedera he lix are pres ent. The pol len of her ba -
ceous plants is re stricted al most en tirely to Poaceae undiff. and
Cyperaceae. Aquatic plants are rep re sented by pol len of
Myriophyllum verticillatum, Nymphaea alba, while
Ceratophyllum- hairs and al gae of Pediastrum oc cur.
Reedswamp plants are rep re sented by Typha
angustifolia/Sparganium and T. latifolia and Pteridophyta by
spores of Pteridium and Polypodiaceae undiff. The upper limit
of the zone is marked by a rise of Corylus.

Corylus-Tilia-Alnus LPAZ, samples 38–41. The value of
Quercus decreases while Corylus increases and reaches its
absolute maximum in this zone (59.2%). The curve of Tilia
shows its maximum al though of several percentage only.
Values of Ulmus, Fraxinus and Acer remain at the same level.
The curve of Alnus increases imperceptibly. A continuous
percentage curve of Carpinus pollen occurs. There are single
pollen grains of Hedera, Viburnum and Viscum.

The par tic i pa tion of NAP is very low, com pris ing sin gle
pol len grains of Poaceae undiff. and Cyperaceae. Aquatic

plants are lack ing while reedswamp plants are rep re sented by
pol len of Typha angustifolia/Spar ganium and T. latifolia.
Spores of Polypodiaceae, Sphag num and Pteridium rep re sent
cryptogamic plants. The up per bound a ry of the zone is marked
by an in creas ing amount of Carpinus pol len.

Carpinus-Corylus-Alnus LPAZ, sam ples 33–37. Carpinus
pol len reaches its max i mum (60%), while the par tic i pa tion of
Corylus pol len de creases. Tilia and Quercus show a de clin ing
trend. Sin gle pol len grains of Abies ap pear, and a slightly in -
creased par tic i pa tion of Picea, the spo radic oc cur rence of which
was ob served al ready in ear lier zones. The curve of Alnus in -
creases slightly, reach ing 10.8%. Pol len grains of Hedera he lix
are still pres ent. Ilex pol len ap pears the par tic i pa tion of her ba -
ceous plants is still very low and lim ited to sin gle pol len grains of 
Ar te mi sia, Poaceae, Cyperaceae, Chenopodiaceae, Cruciferae,
Mentha t., Rosaceae undiff. and Rubiaceae. There is pol len of
Nuphar, Ceratophyllum-hairs and Botryococcus and
Pediastrum al gae. Sin gle spores of Polypodiaceae undiff. and
Pteridium ap pear. The up per bound ary of this zone is at the in -
crease in value of Picea and Abies pol len.

Picea-Alnus-Abies LPAZ, sam ple 32. The level of AP still
ex ceeds 99%. There is a sig nif i cant de crease in of thermo -
philous trees and shrubs (Carpinus, Corylus, Quercus, Tilia,
Ulmus). Alnus (21%), Picea (24.5%) and Abies (6.6%) reach
max ima. Pinus undiff. and Betula undiff. in crease. Par tic i pa -
tion of her ba ceous pol len re mains low,  though con tin u ous
curves of Cyperaceae and Poaceae undiff. be gin to gether with
Pediastrum. Pol len of aquatic and reedswamp plants is ab sent.
The cryptogamic plants are rep re sented ex clu sively by a sin gle
spores of Sphag num and Polypodiaceae undiff. The up per
bound ary is marked by an in crease in Pinus undiff.
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Fig. 3. Geological cross-section C–D

Ex pla na tions as in Fig. 4



A
 new

 E
em

ian Inter gla cial to E
arly V

istulian site at Ł
anięta, cen tral P

o land
2

1
1

B–A noitces-ssorc la c igo loeG .4 .giF                                                                                                                                             

ci ssa ruJ el ddiM  ;et ar emol gnoc dna enotsyalc ,enot sdnas — 1 : ci ssa ruJ re ppU  ;enot semil ylram dna citirtedonagro ,enot semil — 2 : yrai treT/suoe ca terC re ppU eht fo pac( etirdyhna dna mu spyg ,yalc — 3 :
 ;ai ccerb — 4 ,)emod tlas nietshceZ yrai treT  : enecogilO  ;laoc nworb dna yalc-ylaoc ,tlis ,dnas — 5 : ene coiM  ;laoc nworb dna yalc-ylaoc ,yalc ,tlis ,dnas — 6 : ene coilP  ;yalc deta ge irav — 7 : yra nre tauQ  : :ene co tsielP

lai cal gretnI naisaldoP  ;levarg dna dnas lai vulf — 8 : snoitaicalG hs iloP htuoS dnas laivulfoicalg — 11 :noit ai calG nainaS ;sre dluob htiw levarg la udi ser — 01 :lai cal gretnI nainalopołaM ;llit — 9 :noit ai calG nainadiN :
 ;llit — 21 ,levarg dna lai cal gretnI naivozaM  ;su tir ted tnalp htiw dnas ytlis ylla col ,levarg dna dnas lai vulf — 41 ,sre dluob htiw levarg la udi ser — 31 : :snoitaicalG hs iloP el ddiM — 51 :noit ai calG nainardO 

dna dnas laivulfoicalg — 12 :noit ai calG nainatraW ;llit re gnuoy — 02 ,levarg htiw dnas laivulfoicalg — 91 ,levarg la udi ser — 81 ,llit redlo — 71 ,levarg dna dnas laivulfoicalg — 61 ,yalc dna tlis enirtsucaloicalg
 ;levarg htiw dnas laivulfoicalg — 42 ,llit — 32 ,yalc dna tlis enirtsucaloicalg — 22 ,levarg :lai cal gretnI naimeE  ;tlis ekal dna ajttyg — 52 (  noit ai calG hs iloP htroN dum ytaep ,ajttyg ,tlis dna yalc ekal — 62 :)nailutsiV

 ;levarg htiw dnas laivulfoicalg — 92 ,llit — 82 ,levarg dna sdnas laivulfoicalg — 72 ,taep dna ene co loH/ene co tsielP  ;dnas ytlis dna dnas laivuled — 13 ,dnas laivule — 03 : :ene co loH 33 ,levarg dna dnas lai vulf — 23 
snoi sser ped desolc dna sroolf ye llav fo dnas cimuh —



Pinus LPAZ, samples 26–31. In this zone two subzones
were distinguished: Picea-Alnus and Isoëtes. The AP curve is
still very high, although it decreases in the upper part of the
zone. Pollen of Pinus undiff. is dom i nant, reaching 81%, with
Betula undiff.  be ing consistently about 10%. 

In the Picea-Alnus Subzone curves of these trees still oc cur
but they de cline and in the Isoëtes Subzone none of them ex -
ceeds 0.5%. The Isoëtes Subzone was dis tin guished by the high 
par tic i pa tion of spores of this ge nus. In ad di tion pol len of her -
ba ceous plants noted in ear lier zones (Cyperaceae, Poaceae
undiff., Rumex acetosella, Umbelliferae undiff., Thalictrum,
Vaccinium) in creases in this zone. There is an ab so lute max i -
mum of Juniperus (1.3%). Spores of Polypodiaceae and
Pteridium as well as Botryococcus and Pediastrum are pres ent
in both subzones. Pol len of aquatic and reedswamp plants
(Myriophyllum alternifolium, M. verticillatum, Phragmites,
Typha angustifolia/Sparganium) oc cur but in the Isoëtes
Subzone only. The up per limit of the zone is de noted by a de -
crease in AP.

Betula-Artemisia LPAZ, sam ples 24, 25. AP de creases
rap idly, reach ing 54.2%, con sist ing mainly of Betula undiff.
and Pinus undiff. There also ap pear pol len grains of Betula cf.
nana and Salix; pol len of Juniperus and Pinus cembra per sist.

In this zone pol len of her ba ceous plants are nu mer ous, and
show their max i mum di ver sity. Pol len of some taxa ap pear for
the first time (Polygonum bistorta, Rumex acetosa, Plantago
ma jor, Gentiana pneumonanthe t., Cichoriaceae, Vaccinium,
Asteraceae undiff., Cerastium t., Bupleurum), while oth ers
(Poaceae undiff., Cyperaceae, Ar te mi sia, Calluna,
Chenopodiaceae, Ranunculus acris t., Thalictrum) in crease.

There is a va ri ety of taxa of wa ter and reedswamp plants
(Myriophyllum spicatum, M. verticillatum, Phragmites,
Ranunculus trichophyllus t., Typha angustifolia/Sparganium),
and cryptogamic plants (Lycopodium annotinum,
Polypodiaceae undiff., Sphag num, Isoëtes), though in low
amounts. Sphag num spores reach a max i mum in this zone
(7.7%). The par tic i pa tion of Pediastrum and Botryococcus in -
creases. The up per limit of the zone is de noted by an in crease in 
Betula undiff. si mul ta neous with an in crease in AP.

Betula LPAZ, sam ples 19–23. AP in creases up to 92.2%. It 
con tains mainly pol len of Betula undiff. (max. 84%) and con -
sid er ably less pol len of Pinus undiff. Low amounts of Betula
cf. nana and Alnus pol len re main; Ephedra fragilis pol len
grains and Juniperus and Salix pol len were also noted. Her ba -
ceous taxa are di verse al though their con tri bu tion is small. Ar -
te mi sia, Poaceae undiff., Cyperaceae, Anthemis t. curves con -
tinue, with pol len of Ledum, Carduus t., Centaurea scabiosa t.,
Chamaenerion, Chenopodiaceae, Cruciferae, Filipendula,
Polygonum bistorta, Potentilla t., Ranunculus acris t., Rumex
acetosella, Thalictrum, Umbelliferae undiff., Botryococcus
and Pediastrum. Pol len of wa ter plants is lack ing while
reedswamp plants are rep re sented by sin gle pol len grains of
Ranunculus trichophyllus t. and Typha angustifolia/Spar -
ganium. Cryptogamic plants are rep re sented by spores of
Sphag num and sin gle spores of Polypodiaceae undiff.,
Pteridium and Botrychium. The up per bound ary oc curs be low
the rise of Pinus undiff.

Pinus LPAZ, samples 13–18. This zone is characterised by 
high values of AP, a max i mum of Pinus undiff. (89%). The

curve of Betula undiff. decreases to 7.1%. The variety of
herbaceous plants taxa de creases slightly though Artemisia,
Poaceae undiff., Cyperaceae in crease. Aquatic and reedswamp
plants are represented by single pollen grains of Utricularia
and Phragmites. The Pediastrum and Botryococcus curves per -
sist. Cryptogamic plants are represented by single spores of
Pteridium, Lycopodium annotinum, L. clavatum, Equisetum
and Botrychium. The continuous, al though low curve of
Sphagnum begins in this zone. The upper boundary of the zone
is indicated by a drop in AP.

Ar te mi sia-Poaceae-Juniperus LPAZ, sam ples 3–12. This
zone is char ac ter ised by her ba ceous pol len reach ing their max i -
mum value of 74%. AP com prises al most en tirely pol len of
Pinus undiff. and Betula undiff. Betula cf. nana reaches a max -
i mum at 1.3%. There is a con tin u ous curve of Juniperus and
Salix.  The di ver sity of her ba ceous plants is high, with Ar te mi -
sia, Poaceae undiff. and Cyperaceae dom i nant. Curves of these
taxa reach max i mum val ues of 36.0, 22.2 and 14.7%, re spec -
tively. Con tin u ous or semi-continuous curves are rep re sented
in this zone by Rumex acetosella, Caryophyllaceae undiff.,
Cerastium t., Chenopodiaceae, Anthemis t., Potentilla t.,
Ranunculus acris t., Rubiaceae, Thalictrum and Plantago
maritima s.s. This last taxon oc curs only in this pol len zone.
More over, there is pol len of Armeria, Helianthemum undiff.,
Plantago ma jor, Pleurospermum, Polygonum viviparum, P.
bistorta, P. aviculare, Sanguisorba officinalis. The Pediastrum 
curve reaches a very high value. The most abun dant is
Pediastrum boryanum subsp. boryanum and P. kawraiskyi but
P. boryanum subsp. longicorne, P. boryanum subsp.
pseudoglabrum. P. boryanum subsp. rugulosum, P. alternans
and P. du plex subsp. rugulosum oc cur as well. Par tic i pa tion of
pol len of aquatic and reedswamp plants is not high but the
great est va ri ety of their taxa oc curs. Pol len of Phragmites,
Ranunculus trichophyllus t., Typha angustifolia/Sparganium,
T. latifolia, Potamogeton, Myriophyllum spicatum, M.
verticillatum, Polygonum amphibium is pres ent. The diversity
of cryptogamic plants is fairly high (Polypodiaceae,
Lycopodium annotinum, L. alpinum, L. clavatum, Osmunda
regalis, Equisetum and Botrychium), though the par tic i pa tion
of their spores is low. Sphag num ap pears in slightly higher
amounts. The up per limit of the zone is marked by a rapid in -
crease in the AP curve, mostly of Betula undiff.

Betula LPAZ, sam ple 2. The AP curve in creases up to
84.3%, and pol len of Betula dominates (66.5%). The
participation of her ba ceous pollen is low. Ar te mi sia, Poaceae
undiff. and Cyperaceae de crease con sid er ably while pol len of
many other taxa char ac ter is tic of open and cold com mu ni ties
oc cur ring in the pre vi ous pol len zone dis ap pears. Aquatic and
reedswamp plants are rep re sented by sin gle pol len grains of
Typha angustifolia/Sparganium, T. latifolia, Nuphar,
astroscle reides of Nuphar and Ceratophyllum-hairs.
Cryptogamic plants are rep re sented by sin gle spores of Isoëtes,
Polypodiaceae undiff. and Lycopodium annotinum only. The
up per bound ary of the zone is a rapid de crease in the pol len
con tent of Betula undiff. and a rapid in crease in Pinus undiff.

Pinus LPAZ, sam ple 1. The AP curve in creases up to 92.2% 
but pol len of Pinus undiff. dom i nates (72.9%). The curve of
Betula pol len de creases to 18.7%. As in the pre vi ous pol len
zone, the par tic i pa tion of pol len of NAP is low, al most en tirely
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com pris ing Poaceae undiff., Cyperaceae and Ar te mi sia. Pol len
of aquatic and reedswamp plants is ab sent while cryptogamic
plants are rep re sented by sin gle spores of Sphag num.

CHRONOSTRATIGRAPHIC POSITION 
OF THE ŁANIĘTA POLLEN ZONES 

The six lower pol len zones are char ac ter is tic of the Eemian
Inter gla cial. All other pol len zones rep re sent the Vistulian (Ta -
ble 1). Two cold (EV1 and EV3) and two warmer os cil la tions
Brörup and Odderade (Mamakowa, 1986, 1988, 1989; Behre
and Lade, 1986; Behre, 1989) may be dis tin guished. Thus, the
pro file at Łanięta rep re sents an un in ter rupted suc ces sion of
from the Eemian Inter gla cial into and in clud ing al most all of
the Early Vistulian. The re cord ends dur ing the Odderade
Interstadial. The lo cal pol len zones at Łanięta can be cor re lated
with re gional pol len as sem blage zones dis tin guished by
Mamakowa (1986, 1988, 1989) for the Eemian Inter gla cial and 
the Early Vistulian, and dis tin guished for the Konin region by
Tobolski (1991).

VEGETATIONAL SUCCESSION 
AND BASIN DEVELOPMENT

The wide spac ing of sam ples in the lower part of pro file
pre cludes pre cise anal y sis of the vegetational his tory, hence
only a gen er al ized out line is pos si ble. The suc ces sion at
Łanięta com menced with a pre dom i nance with for est com mu -
ni ties. It was a birch-pine for est (Betula-Pinus LPAZ) with in -
sig nif i cant par tic i pa tion of oak, elm and ha zel. Banks of the
shal low lake were over grown by two spe cies of Typha while
the wa ter was oc cu pied by Myriophyllum alternifolium, M.
spicatum and Nuphar, and Botryococcus and Pediastrum al -
gae. Com mu nities of aquatic and reedswamp plants in cluded
Lysimachia thyrsiflora, a wide spread spe cies that can par tic i -
pate in land, reedswamp and aquatic com mu ni ties (Podbiel -
kowski and Tomaszewicz, 1979). In the ba sin, or ganic silt was
de pos ited.

The next phase (Quercus-Corylus LPAZ)  was dom i nated
by oak forest with increasing participation of hazel. The forest
consisted also of elm, ash and lime. The wa ter level re mained
shal low, with occupation by Nymphaea alba, Ceratophyllum,
Myriophyllum verticillatum and Pediastrum. Banks of the
basin were overgrown by Typha latifolia, T. angustifolia and
Sparganium. A narrow belt of peatbog was occupied by
Cyperaceae. Further banks of the basin were overgrown by
Alnus and Humulus. In the basin organic silt was deposited.

Dur ing the next phase (Corylus-Tilia-Alnus LPAZ), the
interglacial op ti mum, com mu ni ties of ha zel pre vailed, ac com -
pa nied by lime. In these com mu ni ties elm, oak, ash and ma ple
still oc curred, ac com pa nied  by Taxus, Hedera and Vi bur num.
Oc cur rence of al der was still re stricted mainly to ba sin banks,
which were over grown by Typha angustifolia and T. latifolia. 
Water level prob a bly rose, as ev i denced by a lack of aquatic

plants and Pediastrum, while in the ba sin first gyttja and later
silty-sandy gyttja was de pos ited. 

Communities where hazel prevailed were replaced by
forest with Carpinus (Carpinus-Corylus-Alnus LPAZ).
Hornbeam was a dominant tree, together with lime. Quercus
and Ulmus diminished. In the for est Ilex, Taxus and Hedera oc -
curred also. The belt of al der around the peat bog became wider. 
Aquatic vegetation appeared (Nuphar, Ceratophyllum and
Lysimachia thyrsiflora) with Pediastrum while reedswamp
vegetation disappeared. It is dif fi cult be cer tain that ap pear ance
of aquatic plants cor re lated with the shallowing of the lake,
because these aquatic plants do not occupy deep lakes. In the
basin deposition of silty-sandy gyttja continued.

Post-optimum climate deterioration became pro nounced as
a spruce-fir forest (Picea-Alnus-Abies LPAZ) ap peared in
places earlier occupied by Carpinus com mu ni ties, with slightly 
more her ba ceous plants. The aquatic and reedswamp plants are
absent which may suggest that water lev els in the lake rose
again. In the basin there were Pediastrum al gae and silty-sandy
gyttja was deposited.

Pine for est (Pinus LPAZ) pre vailed sub se quently with a
small ad mix ture of birch. Her ba ceous com mu ni ties be come
sig nif i cant and com mu ni ties of heliophytes ap pear. At first
(Picea-Alnus Subzone) Botryococcus and Pediastrum al gae
oc cur, while aquatic and reedswamp plants are still ab sent.
Later in the ba sin Isoëtes (Isoëtes Subzone), Myriophyllum
alternifolium ap pear rap idly and among reedswamp plants
Phragmites and Typha ap pear. The ap pear ance of Isoëtes sug -
gests a wa ter level rise, as this ge nus does not ap pear in wa ter
10 m deep (Podbielkowski and Tomaszewicz, 1979). On the
other hand the change of silty-sandy gyttja into peaty gyttja
may in di cate shallowing of the lake. It is prob a ble that over -
grow ing of the ba sin co in cided with changes in wa ter level.
The pine for est phase ter mi nated the Eemian Inter gla cial.

The first cool ing, which oc curred af ter the Eemian Inter gla -
cial and cor re lated with the first stadial of the Vistulian — EV1
(Mamakowa, 1988), caused re ces sion of dense for est from the
area (Betula-Artemisia LPAZ) al though in di vid ual birche trees
may have per sisted. Shrub-tundra patches oc curred and Betula
cf. nana ap peared on the peat bog. Here some spe cies of wil low
must have grown too. Open and sandy hab i tats were over grown
by ju ni per. Her ba ceous com mu ni ties were of great sig nif i cance.
Oc cur rence of com mu ni ties of grasses and sage-brush be came
more wide spread, in di cat ing the de vel op ment of steppe veg e ta -
tion. There ap peared taxa such as Rumex acetosella, R. acetosa,
Chenopodiaceae, Cruciferae, Anthemis t., Ranunculus acris t.,
Polygonum bistorta, Plantago ma jor and many oth ers as so ci -
ated with open hab i tats. Isoëtes com mu ni ties de clined but
reedswamp and aquatic plants, Botryococcus and Pediastrum al -
gae per sisted. It is dif fi cult to say whether the dis ap pear ance of
Isoëtes out of the ba sin was a re sult of cool ing or shallowing of
the lake or both. In the ba sin silt ac cu mu lated.

An ame lio ra tion of climate correlated with the Brörup
Interstadial dense forest to en croach into the area. Birch forest
(Betula LPAZ ) was suc ceeded by pine for est (Pinus LPAZ).
Herbaceous plants communities declined, al though open hab i -
tats com mu ni ties con tin ued through out, and in creased tem po -
rarily between the phases of birch and pine forest. Reedswamp
vegetation oc curred, and, at the beginning of the interstadial,
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there was aquatic veg e ta tion also. Peaty gyttja was deposited
again, through overgrowing of the lake.

Dur ing the sec ond stadial of the Early Vistulian — EV3
(Mamakowa, 1986) for est re treated from the area. Her ba ceous
steppe plants dom i nated, es pe cially sage-brush. Shrub-tundra
patches with Betula cf. nana, Salix, Juniperus and in some
places also Hippophaë co-existed. Grass com mu ni ties were
com mon too. There were prob a bly also plants of mostly open,
fresh, moist to wet hab i tats (Plantago ma jor, P. maritima,
Rumex acetosa, Polygonum bistorta, P. viviparum P.
aviculare, Sanguisorba officinalis, Pleurospermum,
Chamaenerion, Spergularia) and open and dry to dry/fresh
hab i tats (Helianthemum, Rumex acetosella, Scleranthus
annuus, Herniaria, Armeria). Taxa which oc curred ear lier
(Chenopodiaceae, Cerastium t., Anthemis t., Potentilla t.,
Rubiaceae, Ranunculus acris t., Thalictrum, Umbelliferae
undiff.) were most nu mer ous at that time. Dur ing the
interstadial reedswamp and aquatic veg e ta tion oc curred in the
lake. Taxa pres ent ear lier were jointed by Polygonum
amphibium only. Pediastrum  ab sent ear lier from the ba sin be -

came abun dant. The most fre quent spe cies were Pediastrum
boryanum, of wide eco log i cal lim its and P. kawraiskyi. The last 
spe cies oc curs in cold, oligotropic and mesotrophic wa ter. In
the ba sin or ganic silty clay was de pos ited first, then silt and
peaty mud. Changes in the de posit were not re flected by
changes of the aquatic and reedswamp veg e ta tion.

The next warm oscillation, synchronous with the Odderade
Interstadial (Behre and Lade; 1986; Behre, 1989) allowed
forest to en croach this terrain. At first it was a birch forest
(Betula LPAZ) and later pine forest (Pinus LPAZ). Occurrence 
of herbaceous vegetation was reduced considerably though
light-demanding communities existed, mainly with Artemisia.
During the pine phase, aquatic and reedswamp vegetation and
rare Botryococcus and Pediastrum al gae oc curred in the basin.
The size of the basin might have been con sid er ably reduced. Its
overgrowth began and as a re sult a thin layer of peat formed.
Dur ing the birch phase the peat bog may have flooded due to
water level rise, and peat began to be re placed by peaty mud.
Aquatic and reedswamp plants were, though, not pres ent then.
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T a b l e  1

Correlation of local pollen assemblage zones from Łanięta with regional pollen assemblage zones distinguished
by Mamakowa (1986, 1988, 1989) and by Tobolski (1991) for the Konin re gion, with chronostratigraphy 

(Behre and Lade, 1986; Behre, 1989)

Pollen
sample

Local pollen
assemblage zones 

at Łanięta

Regional pol len 
as sem blage zones

(Mamakowa, 1986,
1988, 1989)

Konin region
(Tobolski, 1991)

Chronostratigraphy 
(Behre and Lade, 1986; 

Behre, 1989)

1 Pinus EV4
Pinus-Betula

Pinus Odderade
Interstadial

n
ail

ut
si

V 
yl

r
a

E

n
ail

ut
si

V

2 Betula Pinus-Betula

3–12 Artemisia-Poaceae-
Juniperus

EV3
Gramineae-Artemisia-

Betula nana
NAP I Rederstall

Stadial

13–18 Pinus

EV2
Betula-Pinus

Pinus

Brörup
Interstadial

Betula-NAP

19–23 Betula
Betula-Larix

NAP-Betula

24, 25 Betula-Artemisia
EV1

Gramineae-Artemisia-
Betula nana

Artemisia-NAP Herning
Stadial

26–31 Pinus Pinus Pinus
Late laicalgretnI nai
me

E

32 Picea-Alnus-Abies Picea-Abies-Alnus Picea-Abies

33–37 Carpinus-Corylus-
Alnus

Carpinus-Corylus-
Alnus Carpinus

Middle38–41 Corylus-Tilia-Alnus Corylus-Quercus-Tilia Corylus

42 Quercus-Corylus Quercus-Fraxinus Quercus

44–47 Betula-Pinus Pinus-Betula-Ulmus Pinus-Betula Early



DISCUSSION

Ac counts of Eemian de pos its are common in the lit er a ture,
but there are few sites that would also show Vistulian deposits
in con tin u ous succession. The list of such sites, prepared by
Mamakowa (1989), was sub se quently enlarged (Kupryja -
nowicz, 1991; Janczyk-Kopikowa, 1997; Balwierz, 1998,
1999; Granosze wski, 1999; Stankowski et al., 1999). The
Łanięta site is close to the Kaliska and Ruszkówek sites
(Janczyk-Kopikowa, 1965, 1997). Further west of Łanięta
there are sites at Władysławów (Tobolski, 1991) and Mikorzyn 
(Stankowski et al., 1999). Both these last sites are by Konin
open-cast mine.

The site at Kaliska (Janczyk-Kopikowa, 1965) contains
only a part of the Early Vistulian (EV1 and part of EV2) while
the site at Ruszkówek in the Kujawy Lake Region deals with
two stadials of the Vistulian (EV1 and EV3) and the separating
interstadial interpreted by the author (Janczyk-Kopikowa,
1997) as Amersfoort/Brörup. Sites such as Rudunki
(Jastrzębska-Mamełka, 1985), with a complete Early Vistulian
succession, and Horoszki (Granoszewski, 1997) and Kuców
(Balwierz, 1998, 1999) with the whole Early Vistulian and
much of the Middle Vistulian, are rare.

Development of vegetation communities during the
Eemian Interglacial at Łanięta resembled very much the
contemporaneous de vel op ment of the communities at Kaliska
(Janczyk- Kopikowa, 1965), Ruszkówek (Janczyk-Kopikowa,
1997), Mikorzyn (Stankowski et al., 1999) and Władysławów
(Tobolski, 1986). Some dissimilarities appeared during the first 
stadial of the Early Vistulian. For est then dis ap peared from all
these sites. At Mikorzyn (Stankowski et al., 1999), though,
pine may not en tirely have aban doned that area. At Łanięta
birch played a greater role. The Brörup Interstadial at Łanięta
was clearly two-phase in char ac ter, first with birch forest and
then with pine for est, these phases being sep a rated by a small
cold oscillation. At Mikorzyn this zone is de vel oped sim i larly.

At Ruszkówek, Janczyk-Kopikowa (1997) dis tin guished the
Amersfoort/Brörup zone characterised by a pre dom i nance of
pine for est. Birch-pine and then pine char ac ter ised the Brörup
at Władysławów (Tobolski, 1991.) The second stadial of the
Vistulian (EV3) was de cid edly unforested. A distinctive
feature of this interval both at Łanięta and Ruszkówek
(Janczyk-Kopikowa, 1997) and at Mikorzyn (Stankowski et
al., 1999) was the im por tance of cold steppe com mu ni ties as
ex pressed by very high values of Artemisia  reach ing up to
40%. The Odderade Interstadial at Łanięta and Mikorzyn
clearly show a two-phase for est char ac ter, first birch forest and
then pine forest whereas at Władysławów it is characterised by
pine (Tobolski, 1991).

CONCLUSIONS

The ac cu mu la tion of organic deposits at Łanięta started at
the beginning of the Eemian Interglacial and con tin ued through 
almost the whole Early Vistulian. The profile terminates during 
the pine phase of the Odderade Interstadial.

Deposition took place in wa ter al most all the time.
Oscillations of water level in the lake were fairly fre quent, as
re flected by changes in the de pos its. The lake basin
disappeared or became very small, mostly during the birch
phase of the Odderade Interstadial, when a thin layer of peat ac -
cu mu lated in  the upper part of the profile. Changes in deposits
were not synchronous with changes of aquatic and reedswamp
plant communities; the last of these were scarce in the  Łanięta
basin. How ever, there is a good correlation of li thol ogy with
pol len as sem blages, as seen by in creased clastic input dur ing
cold periods. This is ex em pli fied by the tran si tion from or ganic
to clastic sed i men ta tion at the transition of the Eemian Inter gla -
cial into the Early Vistulian.
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