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We de scribe the pen ul ti mate gla cial – last inter gla cial tran si tion from the one of the nu mer ous palaeolake suc ces sions in
cen tral Po land, which have yielded many doc u mented Eemian and Early Weichselian flo ral re cords. In the new pro file,
Parchliny 2016, the lac us trine de pos its were ana lysed lithologically, bo tani cally, zoo log i cally, and geochemically, pro vid ing
new data that il lus trate the en vi ron men tal tran si tion from the Late Saalian (MIS 6a) to the Eemian inter gla cial (MIS 5e). Five
phases of palaeolake de vel op ment have been dis tin guished. The first phase was re lated to the rapid melt ing of a dead ice
block bur ied in the tills to form a lake. The sec ond phase doc u mented a Late Saalian ini tial suc ces sion, with the dom i nance of 
open steppe com mu ni ties (Stadial 1), fol lowed by a third phase with grad ual in creas ing den sity of veg e ta tion, the spread of
bo real for ests (Zeifen interstadial) and fur ther in crease in open com mu ni ties and the re treat of pine (Kattegat stadial). The
fourth phase re flected the be gin ning of Eemian inter gla cial by the ex pan sion of pi o neer ing birch-pine and purely birch for ests 
and an in creas ing pro por tion of de cid u ous trees, in clud ing oak (Vth phase). Di a tom, cladoceran and geo chem i cal stud ies in -
di cate at least two stages of lake de vel op ment. The first stage (Late Saalian) was of an open lake (2–4 m deep), in rel a tively
cold con di tions and nu tri ent-poor wa ter with the low est amounts of or ganic car bon and ni tro gen. The sec ond stage (Eemian
inter gla cial), shows warmer, shal lower con di tions in which the lake’s pri mary pro duc tion in creased, the wa ter was well ox y -
gen ated, and there were more trophic lev els.
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INTRODUCTION

The Eemian inter gla cial rep re sents the ma rine iso tope
stage (MIS) 5e (Shackelton et al., 2002; Biñka and Marks,
2018). This last warm stage of the Pleis to cene has been well
doc u mented, most of all in nu mer ous ter res trial pro files in Eu -
rope (e.g., Guiot et al., 1989; Reille et al., 2000; Granoszewski,
2003; Helmens, 2013; Biñka and Marks, 2018). It was pre -
ceded by a cold stage of the Saalian Gla ci ation cor re spond ing
to MIS 6 (Ma rine Iso tope Stage). In Pol ish stra tig ra phy, the
youn ger part of the Saalian is re ferred to the Warta stadial of the 

Odranian Gla ci ation (Marks et al., 2016a, b, 2018), cor re lated
with MIS 6a within the Pen ul ti mate Gla cial Max i mum. The
name Late Saalian is also used for the de cline of the Warta
stadial as used in the pres ent pa per (cf. Railsback et al., 2015;
Ta ble 1).

In cen tral Po land, palaeoflora of the Eemian inter gla cial
have been found in nu mer ous palaeolake pro files as so ci ated
with the “Eemian Lakeland” (e.g., Klatkowa, 1990a, b; Ro man
et al., 2021). These for mer lakes, that ex isted and de clined in
the Early Weichselian, are known from at least 58 sites in this
re gion (Bruj and Ro man, 2007; Kupryjanowicz et al., 2016; Ro -
man et al., 2021). How ever, pol len re cords of the Late Saalian
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T a  b l e  1

Scheme of sub di vi sion of the Up per Pleis to cene with the cor re la tion to Ma rine Iso tope Stages (MIS)
for west ern Eu rope (cf. Helmens, 2013) and Po land (Marks et al., 2016a, mod i fied)

An in serted ta ble of * – Eemian inter gla cial biostratigraphy (Mamakowa, 1989) and doc u mented ad ja cent sites: 
** – Parchliny 2012, Parchliny 2014 (Wachecka-Kotkowska et al., 2018) and *** – Parchliny 2016 (this study)

https://gq.pgi.gov.pl/article/view/25701
https://gq.pgi.gov.pl/article/view/25701
https://gq.pgi.gov.pl/article/view/25701
https://gq.pgi.gov.pl/article/view/24856


to Eemian inter gla cial tran si tion are rare (see Guiot et al., 1989;
Mamakowa, 1989; Granoszewski, 2003) and, in most cases,
short, prob a bly due to sed i men tary dis tur bance or ero sion.
Biñka and Nitychoruk (2001) noted that in most Pol ish pro files
the Late Saalian re cord is rep re sented only by sin gle sam ples.
As a re sult, and be cause of pol len re work ing and redeposition,
the re cord may give a false im age of the palaeoflora of this in ter -
val. Most Eemian pro files doc u mented from cen tral Po land
gen er ally ex tend from the Late Saalian (Jastrzêbska-Mame³ka,
1985; Krupiñski and Morawski, 1993; Urbañski and Win ter,
2005; Majecka, 2014; Malkiewicz, 2018a, b) and show the
grad ual evo lu tion of plant com mu ni ties from open veg e ta tion in
the Late Saalian through out the grad ual ap pear ance of trees to
a closed for est at the be gin ning of the Eemian (Biñka and
Nitychoruk, 2001). How ever, knowl edge of the palaeoenviron -
mental lake con di tions and vegetational trans for ma tion at the
end of the Odranian Gla ci ation is in com plete. Many sites have
been doc u mented paly no logi cal ly in other re gions of Po land.
Well-known ar eas in clude the Podlasie re gion (Biñka and
Nitychoruk, 2001; Kupryjanowicz, 2008), Lower Silesia (e.g.,
Mamakowa, 1989; Kuszel, 1998), Mazovia (Win ter et al., 2008;
¯arski et al., 2018) and the Konin re gion (Tobolski, 1991). In
west ern Eu rope the end of Saalian Gla ci ation show ing cli mate
os cil la tions of stadial-interstadial rank have been doc u mented
in pro files from e.g. Zeifen in south ern Ger many (Jung et al.,
1972; Beug, 1973; Grüger, 1979), Aus tria i.e. Mondsee (Klaus,
1975, 1987), Den mark (Seidenkrantz, 1993), as well as in
France at La Grande Pile (Woillard, 1975, 1978, 1979) and Les
Echets (de Beaulieu and Reille, 1984). In Po land, at tempts
have been made to search for ap pro pri ate pro files, re flect ing
rel a tively long and with sta ble de po si tion, for pos si ble cor re la -
tion with west ern Eu rope.

A new site in cen tral Po land is Wola Starogrodzka, where a
re cord of cli mate os cil la tions at the end of the Late Saalian has
been rec og nized, cor re spond ing with the Zeifen interstadial and 
the Kattegat stadial re corded in west ern Eu rope (see Fig. 1B;
Kupryjanowicz et al., 2021). Sim i larly, some prox ies from the
Parchliny 2016 pro file de scribed show cor re la tion with these
interstadial/stadial os cil la tions.

One of the ar eas rich in palaeolakes is the Szczerców Ba sin 
in the Be³chatów Lig nite Opencast Mine. 17 pro files have been
doc u mented there rep re sent ing sev eral melt-out ket tle or
trough lakes (Fig. 1C). Most of the doc u mented pro files rep re -
sent lac us trine de pos its span ning more or less com plete suc -
ces sion of the Eemian, the Early Weichselian (MIS 5d–5a) and
Mid dle Weichselian (MIS 4, MIS 3), but with out an ob vi ous re -
cord of palaeoflora of the Late Saalian (Sarnacka, 1970;
Baraniecka and Sarnacka, 1971; Janczyk-Kopikowa, 1987;
Bal wierz, 2003; GoŸdzik and Skórzak, 2011; Wachecka-Kot -
kowska et al., 2018). These stud ies showed the for ma tion of
sev eral palaeolakes along a zone of tec tonic struc tures, such
as the Kleszczów Graben, in the sub-Ce no zoic base ment,
(Fig. 1C). Dur ing the Late Saalian, there were fa vour able con di -
tions for the pro longed de po si tion and pres er va tion of lake sed i -
ments within the Kleszczów Graben area, within melt-out ket tle
holes (Baraniecka and Sarnacka, 1971) or subglacial chan nels
(Wieczorek and Stoiñski, 2019).

Re search in the west ern part of Kleszczów Graben was
pos si ble be cause of the ex is tence of the ex ten sive Szczerców
ex po sure, in which lig nite is mined us ing the open-pit sys tem
(Fig. 1C). Min ing has ex posed var i ous types of Qua ter nary de -
pos its (Krzyszkowski et al., 2015; Wieczorek et al., 2015) and in 
Au gust 2016, the con tact be tween lac us trine de pos its and un -
der ly ing tills and glaciofluvial sands was ex posed. The pro file

span ning this tran si tion has been named Parchliny 2016
(Figs. 1 and 2). On the ba sis that this pro file could com plete the
re cord of Late Saalian palaeoenvironmental change in this
area, 21 sam ples were taken for re search at in ter vals of
2–10 cm. A to tal of 1.17 m of the bot tom part of the lac us trine
de pos its was sam pled. They were ana lysed to re con struct the
pat tern of palaeoenvironmental change dur ing the Late
Saalian/Eemian inter gla cial tran si tion pe riod and to re con struct
the evo lu tion of the Early Eemian lake.

GEOLOGICAL SETTING AND THE STUDY AREA

The Parchliny 2016 pro file (51°14’38.2"N; 19°09’46.5"E) is
from the lower part of a for mer lake that formed within a
subglacial chan nel, in part a melt-out ket tle hole (Fig. 2). Dur ing
MIS 6a (end of the Odranian Gla ci ation, i. e. Warta Stadial –
see Ta ble 1), the re search area was cov ered by the Scan di na -
vian ice sheet which left a rel a tively var ied land re lief in this
area. Over dis tances of sev eral kilo metres, there are fron tal
mo raines, kames, eskers, subglacial chan nels, ter mi nal de -
pres sions and melt-out ket tles. It is a very dis tinct ice-mar ginal
zone with sev eral strings of ter mi nal mo raines (Baraniecka and
Sarnacka, 1971; Wieczorek and Stoiñski, 2019).

Fol low ing ex ca va tion on lev els I and II on the east ern wall of
the Szczerców ex po sure, the lac us trine de pos its were re vealed 
(Fig. 1C). This suc ces sion has been pre vi ously doc u mented as
a rel ict of the “Eemian Lakeland”, in the Podlas 18/21.5
(GoŸdzik and Skórzak, 2011), Parchliny 2012  and Parchliny
2014 pro files (Wachecka-Kotkowska et al., 2018; Wieczorek
and Stoiñski, 2019). The last two sites are con sid ered to be a
re cord of the same palaeolake as the Parchliny 2016 pro file dis -
cussed in this pa per (Fig. 1C and Table 1). 

The top of the Parchliny 2016 pro file was de ter mined at a
depth of 23.33 m, while its base was at 24.5 m be low the ground 
sur face. The el e va tion of the ground sur face in this area, be fore 
ex ca va tion com menced, was ~178–181.5 m a.s.l. At the base
of the pro file, there was the Odranian gla cial till layer (£awki and 
Rogowiec For ma tions, see Allen and Krzyszkowski, 2008;
Wachecka-Kotkowska et al., 2021), cur rently as so ci ated with
the Warta Stadial (MIS 6a). Above the pro file stud ied, the thick -
ness of the lake de pos its (Aleksandrów Fm., Eemian) was
~4–6 m; how ever, these were lo cated on a very steep part of
the wall and are be yond the scope of this work. An even higher
po si tion was oc cu pied by sandy and silty de pos its of the Piaski
For ma tion (Weichselian; MIS 5d-2; Fig. 2 and Ta ble 1).

MATERIALS AND METHODS

FIELDWORK

The field work mainly in cluded lithopetrographic anal y ses
and macrofossil sam pling of the de pos its. These were ex posed
by min ing at level II on the east ern wall (Figs. 1C and 2). From
the Parchliny 2016 pro file, 21 sam ples of lac us trine sed i ments
were col lected from a depth of 23.33–24.50 m (~158.1 m a.s.l.,
Fig. 3), and four sam ples of tills were col lected from the bed rock 
(~150 m a.s.l., Fig. 3). The re search was car ried out in terms of
li thol ogy, palaeobotany (pol len and di a tom anal y ses, plant
macroremain anal y sis), palaeozoology (cladocerans, gas tro -
pods, ostracods), and geo chem is try (chem i cal el e ments and
iso to pic com po si tion). The palaeo bio logi cal ma te rial helped to
set the bound aries within the gla cial/inter gla cial tran si tion.
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SEDIMENTOLOGICAL AND PETROGRAPHICAL ANALYSIS

The Parchliny 2016 pro file and its bed rock have been de -
scribed in lithological/petrographic terms. These are O/K, K/W
A/B, and D/LPI (O – to tal of sed i men tary rocks; K – to tal of crys -
tal line rocks; W – to tal of car bon ate rocks; A – to tal of non-re sis -
tant rocks; B – to tal of re sis tant rocks; see Wachecka-Kotkow -
ska et al., 2021). The in di ces used are in ac cor dance with, the
stan dard spec i fied by the Pol ish Geo log i cal In sti tute – Na tional
Re search In sti tute in War saw (Marks and Ber, 1999).

PALAEOBIOLOGICAL METHODS

Anal y ses of di a toms, pol len, plant macrofossils, and woody
rem nants as well as palaeozoological anal y ses (cladocerans,
malacofauna) were the most im por tant meth ods in the study.

DIATOM ANALYSIS

Di a tom anal y sis was con ducted ac cord ing to stan dard
meth ods (Battarbee, 1986). At least 300 di a tom valves per
sam ple were counted us ing a Nikon Eclipse 200 light mi cro -
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Fig. 1A – ex tents of the Pleis to cene glaciations in Po land (af ter Marks, 2011; Wachecka-Kotkowska et al., 2015); B –
doc u mented sec tions of the Eemian inter gla cial in cen tral Po land (grey dots), with spec i fied lo ca tions cited in the text 
(black dots) based on (Bruj and Ro man, 2007); C – lo ca tions of the Eemian sites in the Szczerców Ba sin (based on
Sarnacka, 1970; Baraniecka and Sarnacka, 1971; GoŸdzik and Skórzak, 2011; Wieczorek and Stoiñski, 2019), P –
Parchliny
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Fig. 2. Lo ca tion of the Parchliny 2016 pro file on the east ern wall of the Szczerców ex po sure

Fig. 3. Gen eral view of the Parchliny 2016 pro file, marked by a red rect an gle and its lithological log, in clud ing the sam pling
se quence



scope (x1,000 mag ni fi ca tion). For the iden ti fi ca tion, Krammer
and Lange-Bertalot (2008a, b, 2010, 2011), Hoffmann et al.
(2011), Lange-Bertalot et al. (2011), Lange-Bertalot and
Genkal (1999), Lange-Bertalot and Metzeltin (1996) and
AlgaeBase (www.algaebase.org) were used. The di a tom eco -
log i cal groups were de ter mined us ing OMNIDIA soft ware (Ver -
sion 4.2; Lecointe et al., 1993). The re sult ing groups were dis -
tin guished ac cord ing to Denys (1991) and van Dam et al.
(1994). We con sid ered the fol low ing in di ca tor pa ram e ters: hab -
i tat cat e gory (Denys, 1991), dom i nant taxa (abun dance >2%),
and pref er ence for pH and trophic state (van Dam et al., 1994).
The per cent age di a tom di a gram was pre pared us ing Tilia soft -
ware (Grimm, 2012).

Re cent tax o nomic ad vances have split many di a tom taxa of 
the for mer ge nus Fragilaria into sev eral new gen era, in clud ing
Fragilaria, Pseudostaurosira, Staurosira, and Staurosirella spp. 
(Wil liams and Round, 1987). These new names herein col lec -
tively re ferred to as Fragilaria sensu lato. Cyclotella sensu lato
taxa have in cluded the gen era Cyclotella and Pantocsekiella.

POLLEN ANALYSIS

For the pol len anal y sis, 21 sam ples from the depth in ter val
of 23.33–24.50 m were pre pared by a stan dard pro ce dure, and
acetolysis was ap plied (Berglund and Ralska-Jasiewiczowa,
1986). From 20 sam ples (ex cept the sam ple from a depth of
24.50 m, no sporomorphs noted), at least 500 AP pol len grains
and all NAP grains, and sporomorphs of wa ter and reedswamp
plants, ferns and al gae were counted. Pol len taxa were de ter -
mined us ing keys and at lases (Moore et al., 1991; Reille, 1992). 
The pol len per cent age val ues are based on the to tal sum
(AP+NAP), which in cludes trees, shrubs (AP), and her ba ceous
ter res trial plants (NAP). Wa ter, reedswamp and spore plants
were ex cluded from the to tal sum. POLPAL palynological soft -
ware was used to con struct a per cent age pol len di a gram
(Nalepka and Walanus, 2003). The per cent ages of al gal taxa,
and con cealed, de graded, cor roded and in de ter mi nate spec i -
mens, were cal cu lated in re la tion to the to tal pol len sum.
ConSLink nu mer i cal anal y sis (clus ter anal y sis show ing sim i lar i -
ties be tween the spec tra of the sam ples ana lysed) was used to
jus tify the lo cal pol len as sem blage zones L PAZ dis tin guished
(Nalepka and Walanus, 2003).

Palaeoclimate re con struc tions were car ried out on the ba sis 
of plant cli mate in di ca tors iden ti fied in the pol len spec tra. Plant
in di ca tors pro vide palaeoclimate data such as mean tem per a -
tures of the warm est (MTWM) and the cold est (MTCM) month
on the ba sis of pres ent plant tol er ance (Iversen, 1954; Kolstrup, 
1980; Mamakowa, 1989; Ran and van Huissteden, 1990;
Zagwijn, 1996; Isarin and Bochncke, 1999)

ANALYSIS OF MACROSCOPIC PLANT REMAINS

For the anal y sis of plant macroremains, in clud ing seeds
and fruits, in di vid ual sam ples (21 pieces) were treated with 3%
NaOH and then rinsed un der run ning wa ter on a sieve with a
mesh di am e ter of 0.3 mm. The seeds and fruits were ex tracted
from the pre pared ma te rial. For the peat sam ple (depth 24.48
m), slides with plant tis sues and ad di tional macrofossils were
ad di tion ally made. To iden tify the seeds and fruits we re ferred
to Katz et al. (1965), Velichkevich and Zastawniak (2006),
Cappers et al. (2012), and for the veg e ta tive re mains we used
the study by Katz et al. (1977).

Five large frag ments of woody macrofossil were used for
an a tom i cal anal y ses. From the wood rem nants, hand-made
trans verse, ra dial, and tan gen tial sec tions were pre pared, ana -
lysed, and doc u mented ac cord ing to stan dard pro to cols
(Myœkow et al., 2016; Wachecka-Kotkowska et al., 2018). The

char ac ter is tic fea tures of wood were ana lysed and com pared
with avail able keys (Greguss, 1955; Schweingruber, 1990;
InsideWood, 2004) to iden tify the plant gen era to which the
wood re mains be longed.

CLADOCERA

The cladoceran sam ples were pre pared in 20 sam ples of 1
cm3 ac cord ing to stan dard pro ce dure (Frey, 1986; Korhola and
Rautio, 2001) us ing a lower tem per a ture of sam ple mac er a tion:
max. 60°C. An Olym pus BX53 mi cro scope (´10; ́ 20; ́ 40 mag -
ni fi ca tion) was used to iden tify the re mains. Iden ti fi ca tion and
eco log i cal in ter pre ta tion of the cladoceran re mains were based
on Goulden (1964), Hofmann (1986, 2000), Korhola (1990),
Duigan (1992), Flössner (2000), and Szeroczyñska and
Sarmaja-Korjonen (2007). The re sults are shown in fig ures in -
clud ing the ab so lute di a gram, the to tal num ber of cladoceran in -
di vid u als, the num ber of spe cies and their biodiversity be ing de -
ter mined by the Shan non-Wiener in dex (Krebs, 1989). The nu -
mer i cal anal y sis was per formed us ing POLPAL soft ware
(Nalepka and Walanus, 2003).

MOLLUSCS, AQUATIC FAUNA, OSTRACODS STUDY

The study of molluscs, aquatic fauna and ostracods was
car ried out at the Pol ish Geo log i cal In sti tute – Na tional Re -
search In sti tute, Ma rine Ge ol ogy Branch in Gdañsk ac cord ing
to stan dard prep a ra tion. The sed i ment was treated with hy dro -
gen per ox ide (H2O2) to re move or ganic mat ter, and washed
with wa ter on a sieve with a mesh di am e ter of 0.1 mm. Each
sam ple was ex am ined un der the bin oc u lar to iden tify the spe -
cies.

GEOCHEMICAL ANALYSES

The geo chem i cal min eral con tent and sta ble iso tope anal y -
ses of sed i ments from the Parchliny 2016 pro file in cluded or -
ganic car bon and ni tro gen con cen tra tions, and car bon and ni -
tro gen iso topes. Sta ble iso tope anal y ses were per formed at the
Sta ble Iso tope Lab o ra tory, In sti tute of Geo log i cal Sci ences
PAS, in War saw, Po land.

Min eral con tent anal y ses were per formed on 21 sed i ment
sam ples us ing X-ray flu o res cence (XRF; Weltje and Tjalingii,
2008). Mea sure ments were made on an XRF Ti ger S8 de vice
(Bruker Cor po ra tion 40 Man ning Road Billerica, MA 01821) at
the Bruker PD In stru ments lab o ra tory in Toszek. The se lected
sam ples were dried at 105°C for 24 hours. Then the sam ples
(weight 5 g) were burned in a muf fle fur nace at 1000°C for 1
hour to cal cu late the loss on ig ni tion (LOI) (Heiri et al., 2001).
From the burned sam ple 5 g of ma te rial was taken and mixed
with flux (lith ium bo rate). The mix ture was melted in a plat i num
cru ci ble in the muf fle fur nace at 1000°C. Nine main el e ments
were de ter mined (K, Na, Mg, Fe, Mn, Ca, Si, Al, Ti) and three
geo chem i cal in di ca tors (Fe/Mn, Na/K, Ca/Mg) were cal cu lated.
Our an a lyt i cal re sults were con trolled com pared with stan dards, 
i.e. loess in di ca tions cer ti fied ref er ence ma te ri als ISE 934 and
ISE 974 Dutch com pany Wepal.

RESULTS

SEDIMENTOLOGICAL CONDITIONS

The palaeolake base ment is rep re sented by gla cial tills with
a ventifact peb ble layer at its top (Fig. 4C). The tills are dis -
turbed and con tain sand interlayers (Fig. 2). The till in the base -

6 Aleksandra Majecka et al. / Geo log i cal Quar terly, 2022, 66: 31



ment of the pro file is a typ i cal basal till with a rel a tively large
amount of gravel (sam ple No. 464, see Fig. 3). Lithological
stud ies of the gravel in di cate the prev a lence of frag ments of
north ern rocks (58.5%) over lo cal ones (41.5%). The tills con -
tain many lig nite clasts. The lithological/petrographic in di ces
are as fol lows: O/K = 0.81; K/W = 1.69; A/B = 0.70; D/LPI = 0.11
(Wachecka-Kotkowska et al., 2021). At the top of the till, there is 
a thin gravel/boul der pave ment and in di vid ual ventifact peb -
bles, a tree bough, and tree branch re mains were found
(Fig. 4C, D).

The con tact be tween the till and over ly ing de pos its is sharp.
The till is over lain by biogenic de pos its con tain ing a tree bough
frag ment (Fig. 4D). At the depth of 24.48 m, there is a com pact
peat layer with or ganic de bris at the top (Figs. 3 and 4B). The
larg est part of the pro file stud ied is rep re sented by lay ered or -
ganic clayey gyttja and or ganic silt, dark grey in col our, found at
the depth in ter val of 24.44–23.33 m (Fig. 3). Just above the top
of the Parchliny 2016 pro file, a change in the li thol ogy of the lac -
us trine de pos its is ob served, as sandy silt and silty sand de pos -
its ~5–20 m thick ap pear.

PALAEOBOTANICAL DATA

DIATOM

In to tal, 114 di a tom taxa (spe cies and va ri et ies) were iden ti -
fied in the ma te rial stud ied. The di a tom frustule state of pres er -
va tion was par tic u larly good. Based on the spe cies com po si tion 
and dif fer ences in the eco log i cal groups of di a toms, the core
was di vided into two di a tom as sem blage zones (P-1 and P-2

DAZ; see Fig. 5). Within zone P-1, three subzones were dis tin -
guished (P-1a, P-1b, P-1c). In di ca tor pa ram e ters, such as hab i -
tat cat e gory, di a tom pH pref er ence and trophic con di tions, were 
con sid ered.

The bot tom part of the pro file (P-1a; 24.48–24.50 m) is
dom i nated by lit to ral (periphyton and ben thic) di a toms. The pro -
por tion of plank tonic di a toms in subzone P-1a is ~40%.
Cyclotella cyclopuncta, Pantocsekiella comensis and P.
schumannii dom i nate among plank tonic spe cies, whereas the
dom i nant ben thic spe cies are Am phora inariensis, A.
pediculus, Staurosira construens and Pseudostaurosira
brevistriata. These plank tonic and ben thic spe cies were widely
dis trib uted in the lit to ral zone, mainly in fresh wa ter bas ins, and
many were epiphytic spe cies. As re gards pH, alkaliphilic and
circumneutral spe cies were dom i nant. More over, oligotrophic,
oligo-mesotrophic, mesotrophic and eutrophic spe cies were
also pres ent.

At the be gin ning of subzone P-1b, at a depth of 24.43 m, we 
ob served a change in the palaeolake’s en vi ron men tal con di -
tions. The per cent age of ben thic taxa in creased to 100%, and
to wards the top of the core, it de creased to 80% at the top of
subzone P-1b, and fur ther to a min i mum value of 25% at the top 
of subzone P-1c, and de creased to 5.3% in P-2 DAZ. The dom i -
nant di a tom spe cies were the ben thic Am phora pediculus,
Pseudostaurosira brevistriata, Stauroneis construens and S.
lapponica. Anal y sis of the pro por tion of di a tom pH groups
showed an in crease in and dom i nance of the alkalophilous spe -
cies. As re gards trophic state, the dom i nant mesoeutrophic
spe cies were ac com pa nied by eutrophic and hypereutrophic
spe cies.
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Fig. 4. Parchliny 2016 pro file

A – gen eral view of the pro file; B – re search pro file; C – a peb ble with traces of abra sion with three ridges,
found at the top of the till; D – tree limbs em bed ded in the peat layer at the bot tom of the de pres sion
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Subzone P-1c is char ac ter ised by an in crease in the pro por -
tion of plank tonic spe cies, rang ing from 20 to 43.4%, and even
80% at the zone top. In terms of pH, the pro por tion of
alkaliphilous di a toms de creased, while the pro por tion of
circumneutral di a toms in creased. The trophic anal y sis showed
an in crease in oligotrophic spe cies.

In the sec ond di a tom zone P-2 DAZ (depth 23.78 m), plank -
tonic taxa in creased, rang ing from 66.7 to 95.0%. The pH anal y -
sis showed a clear dom i nance of circumneutral spe cies. There
was an in creased per cent age of oligotrophic di a tom trophic
pref er ences, rang ing from 54.9 to 88.8%. The most com mon
gen era was Pantocsekiella.

POLLEN

De tailed re sults from the Parchliny 2016 pro file are in cluded 
in Ta ble 2 and in a pol len di a gram (Fig. 6). Pol len anal y sis of 20
sam ples from depths of 24.48–23.33 m en abled the sub di vi sion 
of the suc ces sion into six lo cal pol len as sem blage zones
(L PAZ). L PAZs were de ter mined ac cord ing to the rules of
Birks and Birks (1980), and Janczyk-Kopikowa (1987). 

45 pol len taxa were iden ti fied: 16 trees and shrubs, 17
herbs, 8 aquatic and reedswamp plants, 2 spore plants and 2
al gae.

PLANT MACROFOSSILS

From the 20 sam ples stud ied from the Parchliny pro file from 
depths of 23.33–24.48 m (the sam ple from 24.50 m was bar -
ren), 13 taxa were iden ti fied, in clud ing six at the spe cies level
and six at the ge nus level. Three lo cal macrofossil as sem blage
zones (L MAZ) were iden ti fied (Ta ble 3). Macrofossil plants in -

clude taxa of mosses and higher plants, de ter mined from
seeds, fruits, wood, nee dles, and other re mains. In the
24.03–24.28 m depth zone, no carpological ma te rial was re -
corded, but small frag ments of dam aged Bryales moss leaves
were pres ent; how ever, spe cies de ter mi na tion was im pos si ble.

WOODY MACROFOSSILS

Mi cro scopic anal y ses of the re mains of a large stem
(Fig. 4D) and two other smaller stem and root frag ments
showed that these macrofossils were com posed of tra cheids
(Fig. 7A). The resin ca nals were pres ent and lined with
thin-walled ep i the lial cells (Fig. 7B). The heterocellular rays
con tained tra cheids at the mar gins and pa ren chyma cells in the
cen tre of a ray. Large fenestriform pits were also vis i ble
(Fig. 7C). All these fea tures point to pine (Pinus) wood.

Two re main ing woody macrofossils were de rived from de -
cid u ous trees. One was still cov ered by a white periderm and
the wood was dif fuse-po rous with ves sels lo cated in ra dial mul -
ti ples of 2–4 pores (Fig. 7D). The rays were 2–4-seriated
(Fig. 7E). Scalariform per fo ra tion plates in the ves sels were
clearly vis i ble (Fig. 7F). The an a tom i cal fea tures of the wood
and the pres ence of a white periderm clearly in di cate that these
re mains be long to birch (Betula sp.).

PALAEOZOOLOGICAL DATA

CLADOCERA

The subfossil cladoceran fauna of sed i ments in the
Parchliny 2016 pro file is rep re sented by 12 spe cies be long ing
to two fam i lies: Chydoridae and Sididae. Most of the re mains
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L PAZ
L PAZ

name
Sam ple
depth De scrip tion

P-6 Quercus 23.33–23.43
AP dom i nates (max. 93%) with the max i mum share of Quercus 48.5%. Pinus

sylvestris and Betula undiff. de crease. Ulmus falls to 3.4% and Alnus undiff. reaches
0.72%. Corylus avellana and Hedera he lix ap pear. 

P-5 Pinus-Betula-
Ulmus-Quercus 23.53–23.63

AP still high (max. 94%). Pinus sylvestris shows a dis tinct in crease (max. 35.5%),
while Betula undiff. falls to 44%. Ulmus reaches 5.5% and Alnus undiff. 1.8%. Quercus

in creases to 5.1%. Picea abies, Fraxinus ex cel sior and Larix ap pear. Val ues of NAP
reach an av er age of 6%.

P-4 Betula-Ulmus 23.73–24.78

AP dom i nates (94-96%), with the max i mum share of Betula undiff. 60.5%. Pinus
sylvestris de creases to 25%. Picea abies oc curs and reaches 0.2%. Betula nana

reaches 0.9% and falls, and Salix reaches 0.7%. Other trees ap pear: Ulmus, Quercus
and Alnus undiff. NAP de crease to 4%.

P-3 Pinus-Betula-NAP 23.83–24.23

AP range from a min i mum value of 77% to a max i mum value of 90% at the bound ary
be tween P-3 and P4 (NAP 23%-10%). Betula undiff. shows a steady in crease from

23% to 48%, while Pinus sylvestris falls from 54.5% to 38%. Con tin u ous pres ence of
Juniperus communis, Betula nana and Salix Among the NAP group, Poaceae are

most fre quent (from 5 to 10%) and Ar te mi sia (7%); Cyperaceae (3 %) are still pres ent.

P-2 Pinus-Betula 24.28–24.43

AP val ues in crease to an av er age of 82-86%; High pro por tion of Pinus sylvestris os cil -
lates from 51 to 61.5%, Betula undiff. os cil lates from 19.5 to 28.5%. The curves of

Betula nana (max. 1.7%), Juniperus communis (max. 2%) and Salix (max. 1.8%) are
con tin u ous. Picea abies is pres ent (0.8%). Among the NAP group, Poaceae (max.
10%), Ar te mi sia (max. 5.3 %) and Cyperaceae (2.7%) are most com mon. Pol len of

Dryas octopetala is found.

P-1 Poaceae-Pinus-Betula 24.48

NAP are over 35%; the high est pol len shares are those of Poaceae (up to 24.5%),
Cyperaceae (up to 4.5%) and Ar te mi sia (up to 3%). Juniperus communis (max. 1.3%),

Salix (1.3%) and Betula nana (3.36%) show rel a tively high val ues. Pinus sylvestris
reaches 38%, while Betula undiff. – 20%. Ephedra are noted. Sin gle pol len grains of

higher ther mal de mands taxa also ap pear (Quercus, Fraxinus ex cel sior, Tilia, Corylus
avellana and Carpinus betulus), which are most likely re de pos ited.

T a  b l e  2

Char ac ter is tics of lo cal pol len as sem blage zones (L PAZ) dis tin guished in the Parchliny 2016 pro file in strati graphic or der from
the bot tom up
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be longed to the Chydoridae. The dom i nant spe cies were those
liv ing in shal low wa ters as so ci ated with aquatic plants. The
most abun dant re mains rep re sented the spe cies Alona affinis.
No cladoceran re mains of open-wa ter spe cies were found. The
fau nal quan ti ta tive and qual i ta tive com po si tion en abled the dis -
tinc tion of two zones and six subzones of the cladoceran suc -
ces sion, marked by the sym bol CAZ (Cladocera As sem blage
Zones) and the let ters A-C (Ta ble 4 and Fig. 8).

The first zone is char ac ter ised by both a lower fre quency of
in di vid u als (max. 563 ind./cm3 of sed i ment – I-C CAZ) and a
smaller num ber of spe cies (9), which re sults in a low
biodiversity in dex (max. 0.81). Spe cies liv ing in shal low wa ters
as so ci ated with aquatic plants were dom i nant. In the sec ond
zone, the num ber of spe cies (12) and the abun dance of in di vid -
u als (2,000 ind./cm3 – II-C CAZ) in creases sig nif i cantly. The
com po si tion of spe cies changed, with the as sem blage con tain -

ing spe cies that re quire more fer tile and warmer wa ter. The
cladoceran zones are de scribed in de tail in Ta ble 4.

MOLLUSCS, AQUATIC FAUNA, OSTRACODS

The de pos its stud ied did not con tain mol lusc or ostracod
fos sils. The lack of shells of these or gan isms has been also
noted in the Parchliny 2014 pro file, where this phe nom e non
was dis cussed (Wachecka-Kotkowska et al., 2018). One rea -
son may be the in flow of large amounts of humic acid from the
soil to the lake wa ters, which may have dis solved the cal car e -
ous mol lusc and ostracod shells. The high con tent of humic
acid and car bon di ox ide gives a pH be low ~6.2–6.5. There fore,
the low pH of the wa ter pre vented the de vel op ment of mol lusc
and ostracod as sem blages, even if the ther mal and trophic con -
di tions were suit able. An im por tant rea son for the lack of such

Aleksandra Majecka et al. / Geo log i cal Quar terly, 2022, 66: 31 11

T a  b l e  3

Char ac ter is tics of lo cal macrofossil as sem blage zones (L MAZ) dis tin guished in the Parchliny 2016 pro file in strati graphic or der 
from the bot tom up
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Fig. 7. Woody macrofossils

A–C – an a tom i cal fea tures of Pinus sp. wood: A, B – trans verse sec tions, A – ar range ment of tra cheids, B – resin ca nals with thin-walled ep i -
the lial cells, C – ra dial sec tion; heterocellular ray (en closed in brack ets) com posed of tra cheids (white ar row) and pa ren chyma cells (black ar -
rows), fenestriform pits marked by stars; D–F – mi cro scopic fea tures of Betula wood: D – trans verse sec tion, dif fuse-po rous wood with
ves sels in ra dial mul ti ples, E – tan gen tial sec tion, 2–4 seriate rays (marked with ar rows), F – ra dial sec tion – ves sels with scalariform per fo ra -
tion plates; bar in µm

CAZ Sam ple depth [m] De scrip tion

II

C 23.33–23.43

Pro gres sive in crease in the num ber of spe cies to 12 and the fre quency of Cladocera re mains up to
2000 ind./cm3 of sed i ment; Alona affinis and Acroperus harpae are pre dom i nant; new spe cies of

Camptocercus rectirostris and Leydigia leydigi ap pear. Leydigia and Pleuroxus pre fer high nu tri ent
con tent in wa ter; Monospilus dispar and small Alona re ap pear. Pleuroxus and Camptocercus need

warmer wa ter. At the end of this zone, the fre quen cies of al most all spe cies in crease; the biodiversity
was higher and reached 0.93.

B 23.53–23.63
In this zone, only 8 Cladocera spe cies are iden ti fied; the fre quency of Cladocera in di vid u als sig nif i -
cantly de creases (max 528 ind./cm3 of sed i ment, Fig. 7); Alona affinis and Chydorus sphaericus are

pre dom i nant. Monospilus dispar pe ri od i cally with drew from the lake The biodiversity in dex de creases
to 0.82.

A 23.73–23.78

In crease in the num ber of spe cies to 9 and a sig nif i cant rise in the num ber of in di vid u als to 2383
ind./cm3 of sed i ment, which is the pro file’s max i mum; pre dom i nant spe cies are Alona affinis,

Acroperus harpae, Pleuroxus uncinatus, Eurycercus lamellatus, Chydorus sphaericus and Alona
quadrangularis; a new spe cies of Monospilus dispar ap pears, which needs more fer tile and warmer

wa ter, sim i larly to Pleuroxus; The biodiversity in dex in creases to 0.86.

I

C 24.23–23.83

The num ber of spe cies re mained at the same level (9); the num ber of in di vid u als in creased to a max.
of 563 ind./cm3 of sed i ment; the lake was in hab ited by the same spe cies as in the pre vi ous zone, ex -
cept for the spe cies Alonella nana; at the end of the zone, Alona quadrangularis also ap peared. The
dom i nant spe cies is Alona affinis. The biodiversity in dex was higher than in the pre vi ous zone and

reached 0.98.

B 24.28–24.43

The num ber of spe cies in creases to 9 and the num ber of in di vid u als to 482 ind./cm3 of sed i ment; pre -
dom i nant spe cies are Alona affinis, Eurycercus lamellatus, Chydorus sphaericus and Sida crystallina. 

Alona quadrangularis oc curs at the be gin ning of this zone. The biodiversity in dex is higher than in
subzone A – 0.91.

A 24.48–24.50
Iden ti fi ca tion of 3 spe cies; to tal num ber of Cladocera in di vid u als reaches 233 ind./cm3 of sed i ment;
pre dom i nant spe cies are: Alona affinis and Eurycercus lamellatus; only cold wa ter tol er ant spe cies

oc cur. At the be gin ning of this zone, the biodiversity was low and then in creased to 0.38.

T a  b l e  4

Char ac ter is tics of Cladocera as sem blage zones (CAZ) dis tin guished in the Parchliny 2016 pro file in strati graphic or der from the 
bot tom up
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fauna is the high de mand for avail able cal cium (for build ing
shells and car a paces) dis solved in the lake wa ters, and the lack
of avail able car bon ate may ex plain this ab sence.

GEOCHEMICAL AND ISOTOPIC DATA

ELEMENTAL STUDIES

The el e men tal com po si tion of the sed i ment was dom i nated
by sil ica (208–371 mg/g) and or ganic mat ter (>300 mg/g),
which dem on strated its min eral-or ganic char ac ter (Fig. 9). The
higher av er age LOI val ues in sam ples 441 (depth 24.48 m), 449 
(depth 24.08 m), 454 (depth 24.83 m) and 456 (depth 23.78 m)
at the ex pense of other com po nents may in di cate stron ger plant 
cover de vel op ment in the lake dur ing cli mate fluc tu a tions. From
the bot tom to the top of the pro file, the con tents of lithophilic el e -
ments such as K, Na, Mg, Si, Al de crease and the con tents of
the biogenic el e ments Ca, Fe and Mn re main at a vari able level. 
The trends of Ca and Mn show in crease from the depth of 23.78 
m and de crease be low 24.08 m.

GEOCHEMICAL AND ISOTOPIC ANALYSIS

The amounts of to tal or ganic car bon (TOC) and to tal ni tro -
gen (TN) in creased up wards in the 21 sam ples taken from the
pro file, from 2.6 to ~20% and from 0.1 to 1.2%, re spec tively
(Fig. 10). The de pos its from depths be low 23.93 m are char ac -
ter ized by very low con cen tra tions of or ganic car bon (~7%) and
ni tro gen (~0.5%). In the over ly ing de pos its, the con tents of both
TOC and TN rap idly in creased to 19 and 1.2%, re spec tively.
The TOC/TN atomic ra tio was ~18 and in creased to 28–30 only
in the two bot tom sam ples.

The car bon iso tope ra tio (d13C) var ied be tween –27.4 and
–31.4‰, while the ni tro gen iso tope ra tio (d15N) ranged from
–1.4 to +1.7‰. The high est val ues of d13C were found in the
low est sam ple from the base ment of the palaeolake (24.50 m).
In the sam ples from depths of 23.83–24.48–m, the d13C val ues
slightly in creased to –29‰, and the d15N val ues fluc tu ated
around 1.5‰ (Fig. 10). Above 23.83 m depth, the d13C val ues
de creased be low –31‰ and then rap idly in creased to ~–28‰.
The d15N val ues ini tially dropped be low –1.4‰ and then fluc tu -
ated around –1‰. The lake de pos its that ac cu mu lated dur ing
the gla cial pe riod are iso to pi cally dif fer ently from the base ment
de pos its, which are char ac ter ized by the high est d13C val ues
and high d15N val ues (Fig. 11). The sed i ments de pos ited un der
cool con di tions have high val ues of car bon and ni tro gen iso -
topes, caused by in suf fi cient amounts of these el e ments in the
wa ter. The small amount of or ganic mat ter in these sed i ments
was of ter res trial or i gin. The de pos its cor re lated with the
Eemian inter gla cial are char ac ter ized by much lower d13C val -
ues (be low –30‰), prob a bly as so ci ated with an in crease in pri -
mary pro duc tion due to the im prove ment of en vi ron men tal con -
di tions (Fig. 11).

DISCUSSION

BIOSTRATIGRAPHY AND CHARACTER OF ENVIRONMENTAL CHANGES
RECORDED IN SEDIMENTS

The pol len anal y sis re sults were in te grated with the re sults of
the other bi o log i cal and geo chem i cal anal y ses and used to in ter -
pret the Parchliny 2016 pro file (Fig. 12). Our study could ap prox i -
mate the palaeoclimate con di tions re corded in the lac us trine
sed i ments de pos ited in the palaeolake af ter the ice sheet de cay
of the Warta Stadial of the Odranian Gla ci ation (Fig. 12). Pol len
anal y sis al lowed dis tinc tion of six lo cal pol len as sem blage zones
(L PAZ; see Fig. 6). The lower three rep re sent the be gin ning of

veg e ta tion de vel op ment dur ing the Late Saalian (MIS 6a). The
three up per zones in di cate the evo lu tion of the  inter gla cial veg e -
ta tion  as so ci ated with the on set of the Eemian inter gla cial
(MIS 5e). The pro file in ves ti gated does not fully doc u ment the
Eemian suc ces sion, how ever the Eemian age is in di cated by
typ i cal fea tures of the protocratic phase, i.e. suc ces sion of trees
in the or der Betula, Pinus, Ulmus, fol lowed by par tic u lar fea tures
of the mesocratic stage with a marked in crease in Quercus and
Fraxinus ex cel sior, and the ap pear ance of Corylus avellana. The 
Parchliny 2016 pro file to gether with the Parchliny 2012 and
Parchliny 2014 pro files (Wachecka-Kotkowska et al., 2018) pro -
vide a pic ture of the suc ces sion of the Eemian inter gla cial veg e -
ta tion (zones E-1 to E-7) reg is tered in the sed i ments of one
palaeolake (Ta bles 1, 2 and 5).

The data from Pol ish sites e.g. Imbramowice (Mamakowa,
1989), Warszawa-Wawrzyszew XV (Krupiñski and Morawski,
1993), Zgierz-Rudunki (Jastrzêbska-Mame³ka, 1985), Horoszki 
(Granoszewski, 2003), and also from east ern Ger many (Menke 
and Tynni 1984; Strahl, 2000) show that ini tially the end of the
Late Saalian is marked by var i ous her ba ceous plant com mu ni -
ties. The high pro por tion of NAP in di cates that grass and sedge
com mu ni ties pre vailed, in which heliophytes played a dom i nant
role. Shrub com mu ni ties were also of great im por tance, mainly
Juniperus communis, Salix, Betula nana, and Hippophaë
rhamnoides. The re cord of the veg e ta tion from the bot tom three 
pol len zones (P-1–P-3 L PAZ) from the Parchliny 2016 pro file
in di cates in sta bil ity of the cli mate in the Late Saalian which
might re flect stadial/interstadial os cil la tions. The P-1
Poaceae-Pinus-Betula L PAZ (depth 24.48 m) in di cates the
cool est cli mate con di tions with a high, nearly 35%, share of
NAP, dom i nated by Poaceae (25%) and the  38% share of
Pinus sylvestris. The P-1 L PAZ my cor re spond to Stadial 1,
dis tin guished at the end of the Late Saalian in West ern Eu rope
(Menke and Tynni, 1984) at e.g. the Klinge site (Strahl, 2000;
Velichko et al., 2005) or Neubrandenburg-Hinterste Mühle
(Börner et al., 2018). The geo graph i cally near est pro files where 
lev els with sig nif i cant NAP dom i na tion have been dis tin guished
are Zgierz-Rudunki (Jastrzêbska-Mame³ka, 1985), ¯abieniec
Po³udniowy (Majecka, 2014) and Wola Starogrodzka
(Kupryjanowicz et al., 2021). As at our study site, and in neigh -
bour ing ones, this stage can be con sid ered as the ini tial stage
of any veg e ta tion de vel op ment, as shown in be ing al ways ex -
pressed in sin gle sam ples.

In the next, P-2 Pinus-Betula L PAZ (depth 24.28–24.43 m), 
the pro por tions of AP and NAP clearly change, there is a de -
crease in NAP val ues to 15% (mainly Poaceae), and an in -
crease in the pro por tion of Pinus sylvestris pol len to 61.5%.
Pre vi ous palynological data show that the im por tance of trees
in plant com mu ni ties of the Late Saalian was rel a tively low, and
the pine and birch pol len pres ent may be as so ci ated with
long-dis tance trans port (Kuszell, 1998; Ko³aczek et al., 2012;
Malkiewicz, 2018a, b). In our opin ion, such tree pol len val ues
might tes tify to the lo cal pres ence of this tree as a com po nent of 
patchy com mu ni ties in the land scape al ready in Late Saalian.
High val ues of such pol len are also pres ent in the pro files from
Zgierz-Rudunki (Jastrzêbska-Mame³ka, 1985) and ¯abieniec
Po³udniowy (Majecka, 2014). Warm ing, ex pressed by the
spread ing of shrub com mu ni ties, fol lowed by an ini tial birch for -
est, was also re corded to the east in the Warszawa-Waw -
rzyszew XV pro file (Krupiñski and Morawski, 1993), while open
pine for ests with birch and a small ad mix ture of spruce have
been re ported from the Babin pro file (¯arski et al., 2018; Ta -
ble 5). 

In the Parchliny 2016 pro file, spruce pres ence is neg li gi ble
(0.8%). Its pres ence be low the Late Saalian/Eemian bound ary
has been shown mainly in pro files from East ern Po land, e.g. at
Dziewule (Biñka and Nitychoruk, 2001), Szwajcaria 1
(Borówko-D³u¿akowa and Halicki, 1957) and also in Wola
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Starogrodzka in cen tral Po land (Kupryjanowicz et al., 2021).
The level with spruce, called the „lower spruce” zone (e.g.,
Grichuk, 1961; Mamakowa, 1989) cor re sponds to the Zeifen
interstadial. The spruce prob a bly ap pears as a sup ple ment to
the high pro por tions of pine and birch, in di cat ing the ex is tence
of sparse for est com mu ni ties and, con se quently, ame lio ra tion
of cli mate con di tions, but its pres ence is not con stant nor due to
hab i tat con trol. For ex am ple, in Wola Starogrodzka, it ap pears
in only one of the two sed i men tary pro files palynologicaly ana -
lysed. (~28% in pro file G-122; in pro file WH-122 this subzone is
not rep re sented; Kupryjanowicz et al., 2021). Most likely it was
Picea obovata (Mamakowa, 1989) some times ac com pa nied by 
fir, prob a bly Abies sibirica. These types of com mu ni ties cor re -
spond to the mod ern Si be rian taiga com mu ni ties
(Kupryjanowicz et al., 2021). In the Parchliny 2016 pro file, no fir
was re corded in this zone, and the low lev els of spruce does not
prove that this type of com mu ni ties was pres ent here. The in -
crease in the share of AP, in clud ing Pinus sylvestris in par tic u -
lar, to the det ri ment of Betula undiff. and the in crease in
biodiversity, in clud ing of cladocerans (I-B CAZ) in di cates that in
cen tral Po land, the air tem per a ture prob a bly in creased at that
time, as well as an nual pre cip i ta tion (cf. Rotnicki, 1996), while
per ma frost be gan to dis ap pear (cf. Mojski, 2005).

The third sec tion, 0.40 m long, (depth 23.83–24.23 m), as -
so ci ated with the P-3 L PAZ (Pinus-Betula-NAP) rep re sents a
re cord of slightly marked cool ing (stadial) at the very end of the
Late Saalian (MIS 6a). The pol len as sem blage of this ep i sode is 

dis tin guished by a re duc tion in the sparse pine-birch for est
com mu ni ties and slight in crease in cold steppe com mu ni ties
with Ar te mi sia, Helianthemum and Chenopodiaceae, Astera -
ceae, Rosaceae.  NAP val ues reach 16–23%, in clud ing the
Poaceae max i mum of 10%. The Ar te mi sia value in creases to a
max i mum of 7% (5% max i mum in P-2 L PAZ), but then drops to 
4%. A sim i lar slight change in the pol len re cord com pared to the 
ear lier zone was re corded in the pro file from Wola
Starogrodzka, where the au thors be lieve that the de crease in
the per cent age of AP is a re sult of slight re duc tion of for est
com mu nity area or that the pol len pro duc tion of the trees form -
ing them de creased. It is in ferred that cli ma tic con di tions may
have been gen er ally sim i lar as dur ing the ear lier zone, cor re -
spond ing to the Zeifen interstadial (Kupryjanowicz, et al., 2021). 
Nev er the less, this zone is clas si fied as likely cor re spond ing to
the Kattegat stadial. The Parchliny 2016 pro file P-3 L PAZ, in
our opin ion, may also cor re spond to the Kattegat stadial.

The pol len data ob tained al low the con clu sion that the
Parchliny 2016 pro file re veals the slight cli mate os cil la tions of
the Late Saalian (MIS 6a). Changes in cli ma tic con di tions are
cor rob o rated by the sed i men tary geo chem is try. The curves,
es pe cially of the peaks most of el e ments, align with the zones
dis tin guished in other anal y ses. This is par tic u larly vis i ble in the
sam ple at 23.78 m, which marks the be gin ning of the Eemian
inter gla cial. In gen eral, there is a rel a tive lack of vari abil ity of el -
e ment ra tios in warmer pe ri ods (Zeifen stadial, as well as the
Eemian inter gla cial) and sig nif i cant vari abil ity of its pro por tions
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Fig. 11. Vari a tions in the iso to pic data of the de pos its of the Parchliny 2016 pro file

 d13C, d15N – iso to pic data; P-1–P-6 – lo cal pol len as sem blage zones; LO – Late Saalian;
E1–E3 – Eemian re gional pol len as sem blage zones
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in cool pe ri ods (Stadial 1 and Kattegat stadial). In ad di tion, in
warm pe ri ods, the con tent of min eral el e ments (e.g., K, Na, Mg) 
de creases, which in di cates a smaller sup ply of min eral sed i -
ments from the lake catch ment area. The in creas ing con tent of
Mn and Ca in di cates an in crease in the pro por tion of or ganic
mat ter. High val ues of the Fe/Mn in dex in cool pe ri ods in di cate
changes in the wa ter level. The Fe/Mn val ues are lower and
more ho mo ge neous in the warm pe ri ods. There is also a sig nif i -
cant in crease in the Ca/Mg ra tio dur ing the de vel op ment of the
Eemian inter gla cial, which can be re lated to the dy namic de vel -
op ment of the lake fauna (Fig. 9).

The Late Saalian/Eemian bound ary (MIS 6a/MIS 5e) in the
Parchliny 2016 pro file is marked in a de crease in val ues of
herbs (NAP) and shrubs and an in crease in the share of tree
taxa. The Eemian inter gla cial be gins with the de vel op ment of
pi o neer ing for ests of birch and birch-pine (P-4 L PAZ). The
value of Betula reaches 60.5%. The pol len zones that be gan
the Eemian inter gla cial, at test ing to a dense bo real for est, have
also been re corded at other nearby sites (see Ta ble 5). Sub se -
quently, for est com mu ni ties of the study area be came en riched
in de cid u ous trees and shrubs - elm, ash, oak, al der and ha zel
(P-5/P-6 L PAZ). 

No cladoceran re mains from the open wa ter zone have
been re corded in the lac us trine de pos its, which may in di cate
that the lake was shal low or that the sam ples were taken from 
its shal low-wa ter area. The rel a tively high fre quency of
cladocerans in the Late Saalian as well as the pres ence of a
spe cies with higher ther mal re quire ments (Pleuroxus
uncinatus) were char ac ter is tic of the pro file stud ied. The tran si -
tion to a warmer pe riod, the Eemian inter gla cial, was dis tinctly
re flected in an in crease in cladocerans and in a spe cies ar rival
(Monospilus dispar). A sim i lar sit u a tion oc curred at an other site
in the Be³chatów Mine – Kuców IIc (Niska, 2008) and in the
nearby Besiekierz palaeolake (Miros³aw-Grabowska and
Niska, 2005). In these res er voirs, at the be gin ning of the
Eemian inter gla cial (E1), the fre quency of cladoceran spe cies
and in di vid u als in creased, and in the next pe riod (E2) it de -
creased again, which may be re lated to cool ing, as shown by,
for ex am ple, the with drawal dur ing this pe riod of two spe cies
with higher ther mal re quire ments, Camptocercus rectirostris
and Monospilus dispar, from the  Parchliny 2016 palaeolake).

RECONSTRUCTION OF THE PALAEOLAKE DEVELOPMENT DURING
THE TRANSITION FROM MIS 6a to MIS 5e

On the ba sis of the prox ies ob tained prox ies (lithological,
palaeobotanical, palaeozoological and geo chem i cal) from the
Parchliny 2016 pro file in ves ti gated, we have re con structed the
palaeoenvironment be tween the Late Saalian and Eemian
inter gla cial in the Szczerców Ba sin  and de ter mined the evo lu -
tion ary phases of the palaeolake (Fig.13).

Ist PHASE: DECAY OF THE WARTA STADIAL OF THE ODRANIAN ICE SHEET

The base ment of the Parchliny 2016 pro file is com posed of
dis turbed gla cial tills that were ob served lo cally at the bot tom of
subglacial chan nels or melt-out ket tles. The lithological-
 petrographic ex am i na tion of the tills sug gests that it is lithotype
T4, which cor re sponds to the £awki For ma tion (Wachecka-
 Kotkowska et al., 2021). How ever, in a typ i cal se quence, we
would ex pect one of the youn ger lithotypes, such as lithotype
T7 (cf. Allen and Krzyszkowski, 2008). Our find ings con firm the
ex is tence of glaciotectonic de for ma tion struc tures, which, nota
bene, were also ob served on the left side of a wall: large-scale,
and over a long sec tion of the ex ca va tion wall (Fig. 2). Thus, the 
sit u a tion was that a dead-ice block, bur ied within the dis turbed

tills melted out in the Late Saalian (MIS 6a). The pave ment at
the top of the tills rep re sents a washed-out till sur face. The
ventifact, on the other hand, in di cates a lon ger pe riod when the
boul ders were ex posed to wind af ter the ice sheet de cayed.
Sim i lar periglacial traces at the top of the Odranian de pos its in
the Pol ish Low land (Mazovia), 250 km north of the in ves ti gated
area, have been re corded (D¹bski et al., 2017). The gen eral
geo log i cal pic ture (Fig. 2) and sur face map ping (prior to the
quar ry ing ex ca va tion) show that gla cial tills oc curred lo cally at
the bot toms of subglacial chan nels or melt-out ket tles
(Baraniecka, 1971).

Af ter for ma tion, the gla cial tills were pre served for some
time with in cluded blocks of ice that melted out rap idly. Af ter the
de cay of the ice sheet, dead ice blocks melted out in the ket -
tle-holes and post-gla cial chan nels, as out flow val leys of ini tially
gla cial and sub se quently extraglacial wa ters, that were very
clearly marked in the top o graphic re lief at that time (Fig. 13).
How ever, they were not filled with min eral sed i ments, be cause
no such de pos its have been found (Wachecka-Kotkowska et
al., 2021). Hence, we con clude that the de pos its must have
been in cor po rated into the drain age sys tem quite quickly. In the
bot tom of these land forms, some boul ders were ex posed to ae -
olian pro cesses (D¹bski et al., 2017). A ventifact was found at
the top of the till (Fig. 4C). The ae olian re work ing was prob a bly
very in tense but did not last long. There was no dense veg e ta -
tion at that time.

IInd PHASE: FORMATION OF A LAKE SYSTEM FOLLOWING DEGLACIATION 
(LATE SAALIAN)

The river wa ter out flow must have been blocked, pos si bly
be cause of a land slide or other kind of damm ing in the
postglacial chan nel sys tem, some where north of the study area. 
The damm ing was so ef fec tive that it al lowed the for ma tion of a
lake sys tem in which pro longed lac us trine ac cu mu la tion oc -
curred. The sharp bound ary be tween vis i ble gravel and boul der
pave ment be tween tills and peat and gyttja in di cates the in flow
of terrigenous ma te rial, pos si bly caused by the greater ero sive
ac tiv ity of wa ter courses feed ing the lakes at that time.

The dom i nant con tent of sil ica and other min eral el e ments
in the pro file may be re lated to the in flow of wa ter with sus -
pended sed i ment into the lake. This is sup ported by the fine
grain size of the sed i ment: silt and clay (Fig. 9). Dur ing the Late
Saalian, or ganic car bon (TOC) lev els in creased in the sed i -
ments (Fig. 10). At the time, the high est val ues of the TOC/TN
atomic ra tio oc curred, sug gest ing the pres ence of or ganic mat -
ter of ter res trial or i gin (Meyers and Lallier-VergÀs, 1999).

Ini tially, even be fore these ket tle holes were filled with wa ter, 
a thin peat layer was de pos ited (Figs. 3 and 13), which sub se -
quently be came com pacted to be ~2 cm thick. Plant
macroremains and tree branch frag ments were pre served
(Fig. 4D). Above the peat, de pos its that in di cate ac cu mu la tion
in a lake were found (Fig. 3). This pe riod cor re sponds to the P-1
Poaceae-Pinus-Betula L PAZ, which shows the dom i nance of
cold steppe com mu ni ties, dom i nated by grasses (Poaceae)
and other heliophytes in clud ing Artemisia, Chenopodiaceae,
Helianthemum, Caryophyllaceae and Rumex. Juniperus
communis and Ephedra were also pres ent in this com mu nity. In 
wet hab i tats, there were patches of shrub com mu ni ties with
Betula nana, wil lows, and her ba ceous plants in clud ing
Asteraceae, Galium, Ranunculaceae and Rosaceae. The pres -
ence of Betula nana in the shrub com mu ni ties of this sec tion
was dem on strated by nu mer ous macroremains (Pa-1 L MAZ).
Pine and birch were not prom i nent in the land scape of that time, 
but their pres ence was con firmed by macroremains of pine
bark, fruit, and birch wood. Pinus sylvestris and Betula undiff.
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May have oc curred in the tun dra com mu ni ties. Carex rostrata
dom i nated the Cyperaceae, the fruit of which was found in large 
amounts in this zone. In the pres ence of Polytrichum sp. and
Climacium dendroides (Pa-1 L MAZ), Sphag num formed a
moss layer on the peat bog pres ent at that time. The pres ence
of Juniperus communis and the na ture of the plant com mu ni ties 
with clear par tic i pa tion of Betula nana in tun dra com mu ni ties in -
di cate mod er ately cold cli mate con di tions, with the MTWM
rang ing from +8 to +10°C (Iversen, 1954; Mamakowa, 1989;
Isarin and Bohncke, 1999; Granoszewski, 2003), cor re spond -
ing to the con di tions of arc tic or sub arc tic cli mates. The mean
tem per a ture of the cold est month (MTCM) did not ex ceed –5°C
(Zagwijn, 1996).  At the time a shal low wa ter body with low fer til -
ity ex isted and was dom i nated by lit to ral (periphyton and ben -

thic) di a toms (Fig. 5). Small plank tonic Cyclotella sensu lato
spe cies, which are com monly ob served in higher abun dances
in oligotrophic-mesotrophic lakes, i.e., low nu tri ent lev els, were
also pres ent (Rühland et al., 2003; Zalat et al., 2018; Pidek et
al., 2021).

The be gin ning of the lake’s ex is tence co in cides also with
the low fre quency of cladocerans (I-A CAZ, Fig. 8). The lake
hosted spe cies re sis tant to lower tem per a tures: Alona affinis,
Eurycercys lamellatus and Acroperus harpae (White side, 1970; 
Korhola, 1990). More over, these spe cies are un de mand ing as
re gards the abun dance of nu tri ents in wa ter, and they live in
aquatic plants. This sug gests the ex is tence of a rel a tively shal -
low and cool lake with a macrophyte zone (Bledzki and Rybak,
2016).
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Fig. 13. Re con struc tion of the palaeolake de vel op ment dur ing the tran si tion from MIS 6a to MIS 5e based 
on the Parchliny 2016 pro file

Lo cal zones: DAZ – Di a tom as sem blage zones; L PAZ – Lo cal pol len as sem blage zones; CAZ – Cladocera as sem blage zones



IIIrd PHASE: DEVELOPMENT OF THE LAKE DURING THE EXPANSION 
OF VEGETATION (LATE SAALIAN)

The in crease in pine and birch in di cated a greater im por -
tance of trees in plant com mu ni ties dur ing the be gin ning of this
phase. Open for ests in a type of bo real for est prob a bly ap -
peared in the study area, at first pine and pine-birch (zone P-2
Pinus-Betula L PAZ). Af ter wards, the share of pine de creased
in fa vour of an in creas ing per cent age of birch pol len with a
slight in crease in the im por tance of her ba ceous plants (zone
P-3 Pinus-Betula-NAP L PAZ). The pres ence of for est com mu -
ni ties was sup ported by the fruit of Betula sp. and Betula
pendula, and frag ments of bark of Pinus sylvestris found in
Pa-2 L MAZ and Pa-3 L MAZ (Ta ble 2).

Shrub com mu ni ties were still pres ent, in which Dryas
octopetala ap peared next to Betula nana and Salix. The role of
steppe com mu ni ties had in creased slightly, with dom i na tion by
Ar te mi sia and Chenopodiaceae. The pres ence of Asteraceae,
Rosaceae, Potentilla, Galium, Thalictrum, Ranunculaceae and
Apiaceae cor rob o rates the con tin u ously sig nif i cant role of open
com mu ni ties. Juniperus communis con tin ued to oc cur in drier
hab i tats, while al der and wil lows oc cu pied wet hab i tats, the pro -
por tions of which in creased, in di cat ing an in crease in hu mid ity.
The con tin ued pres ence of Pediastrum and Botryococcus al -
gae em pha sizes that it was a eutrophic and shal low lake sur -
rounded by Equisetum, Sparganium, Typha latifolia and
Cyperaceae. The ex is tence of a shal low lake was dem on -
strated by sparse fruit of the aquatic plants Typha sp. and
Potamogeton sp. (Oberdorfer, 2001). The con stant pres ence of 
Juniperus communis dur ing P-2 and P-3 L PAZ in di cates an av -
er age July tem per a ture of +8 to +10°C (Isarin and Bohncke,
1999);  how ever, the gen eral na ture of the chang ing veg e ta tion, 
i.e. a slightly in creased share of her ba ceous plants and a clear
with drawal of pine, tes ti fies to the cool ing of the cli ma tic con di -
tions at the very end of Late Saalian.

Di a tom anal y sis also re vealed a change in the en vi ron men -
tal con di tions of phase III of the lake. At the be gin ning (P-1b
DAZ), we ob served an im prove ment in the avail abil ity of nu tri -
ents. This is in di cated by the dom i nance of mesoeutrophic spe -
cies ac com pa nied by eutrophic and hypereutrophic spe cies.
The dom i nant di a tom spe cies were the ben thic Am phora
pediculus, Pseudostaurosira brevistriata, Stauroneis constru -
ens and S. lapponica. Fragilaria sensu lato spe cies are known
to pre dom i nate in oligo-mesotrophic, cold-wa ter lakes or in
shal low moats of par tially frozen ponds and are hence char ac -
ter is tic of re duced grow ing sea sons (Douglas and Smol, 1999;
Lotter and Bigler, 2000; Schmidt et al., 2004).

In the P-1c subzone, there is a change in di a tom com po si -
tion. This subzone was char ac ter ised by in creased oligotrophic
spe cies (nu tri ent-de fi cient) wa ters. Also, in creas ing abun dance 
of plank tonic spe cies, e.g. Pantocsekinella comesis, is seen at
the top of P-1c DAZ, and the oc cur rence of some ben thic taxa
may in di cate a deep en ing of the wa ter level and slow tran si tion
to the inter gla cial pe riod. The clear in crease in the abun dance
of plank tonic taxa, in par tic u lar Cyclotella sensu lato spp., with
con cur rent rel a tive de crease in ben thic taxa in clud ing
fragilarioid spe cies, sug gest a warm ing cli mate, lon ger ice-free
pe ri ods and en hanced ther mal strat i fi ca tion (Rühland et al.,
2008, 2015; Zalat et al., 2018).

The third phase of the lake’s evo lu tion brought an im prove -
ment in the liv ing con di tions for cladocerans, as shown by the
in crease in the num ber of cladoceran spe cies and in di vid u als,
with more fa vour able con di tions for a larger as sem blage of spe -
cies. The pres ence of Alona affinis may in di cate a slightly
higher wa ter level (depth 24.43 m; I-B CAZ). The share of
Eurycercus lamellatus and Chydorus sphaericus in creases,
among the pi o neer ing spe cies (Hofmann, 2000), which cor rob -
o rates the im prove ment of con di tions and the avail abil ity of

macrophyte hab i tat. An in crease in wa ter tem per a ture and fer til -
ity may also be sug gested by the ap pear ance of Pleuroxus
uncinatus (Hofmann, 2000). In the I-C CAZ sub-zone, the
cladoceran fre quency de creases, which is as so ci ated with the
de te ri o ra tion of liv ing con di tions, prob a bly re lated to cool ing
(Kattegat stadial).

We ob served the lower con tent of or ganic mat ter (TOC and
TN) in the de pos its, which re flects low pri mary pro duc tion as
well as lesser de liv ery of or ganic mat ter from land (Fig. 10). The
higher d15N val ues in the de pos its be low 23.88 m sug gest lower
ni tro gen avail abil ity in the sur face wa ters (Tal bot and Laerdal,
2000).The tran si tion from gla cial to inter gla cial con di tions was
re corded in the geo chem i cal data above 23.88 m by an in -
crease in or ganic mat ter con tent (TOC of ~10% and TN of
0.7%). This phe nom e non, oc cur ring at the end of the P-3 L
PAZ, was caused by the ear lier re ac tion of lake wa ter to cli mate
warm ing. The con tent of min eral el e ments, e.g. K, Na, Mg, de -
creases and the con tent of Mn and Ca in creases.

IVth PHASE: THE DEVELOPMENT OF LAKE DURING THE EEMIAN INTERGLACIAL
– PROTOCRATIC PHASE (E1-E2 R PAZ)

The tran si tion be tween the Late Saalian and Eemian Inter -
gla cial caused an in crease in the mean tem per a ture of the
warm est month (MTWM) from +10 to +16°C. Sim i larly, the
mean tem per a ture of the cold est month (MTCM) in creased
from –5°C to 0°C at the be gin ning of the inter gla cial
(Mamakowa, 1989; Litt et al., 1996; Zagwijn, 1996; Aalbersberg 
and Litt, 1998; Granoszewski, 2003; Kupryjanowicz, 2008),
which trig gered the ex pan sion of for est com mu ni ties. The
change in plant com mu ni ties was caused by the spread of bo -
real birch and pine for ests. Ini tially, these for ests were dom i -
nated by birch (P-4 Betula-Ulmus L PAZ), fol lowed by a greater
share of pine (P-5 Pinus-Betula-Ulmus-Quercus L PAZ) and an
in creas ing ad mix ture of oak (Quercus). Ri par ian for ests with
elm (Ulmus), ash (Fraxinus ex cel sior), al der (Alnus), and wil low
(Salix) de vel oped in wet hab i tats and de pres sions. The im por -
tance of steppe com mu ni ties with her ba ceous veg e ta tion and
Betula nana be came in sig nif i cant. Nymphea alba, Sparganium
t. ap peared in the lake, con firm ing the im prove ment in ther mal
con di tions and in di cat ing an av er age tem per a ture of the warm -
est month (MTWM) of +13–+14°C (Iversen, 1954; Kolstrup,
1980; Mamakowa, 1989). The pres ence of much denser for ests 
was shown by the higher num ber of Betula pendula fruit, bark
bee tles, and Pinus sylvestris scales.

Di a tom anal y sis re vealed a clear dom i nance of
circumneutral spe cies. There was an in crease in mesotrophic
and oligotrophic di a tom trophic pref er ences (P-2 DAZ). We also 
ob served the oc cur rence of plank tonic spe cies and ben thic
spe cies, in di cat ing a slight in crease in wa ter depth, but gen er -
ally it was a shal low lake.

Dur ing this phase, the fre quency of cladoceran in di vid u als
and the num ber of spe cies in creased sig nif i cantly (II-A CAZ;
Fig. 8 and Ta ble 4). The fre quency of the spec i mens reached
~2,000 ind./cm3 of sed i ment, in di cat ing a sig nif i cant im prove -
ment in liv ing con di tions. The in crease in the num ber of spe cies
such as Pleuroxus uncinatus and small Alona may in di cate an
in crease in trophic state (mesotrophy) and wa ter tem per a ture
(e.g., Monospilus dispar and Pleuroxus uncinatus, Hofmann,
2000). The lake was shal low (lack of cladoceran spe cies from
the open wa ter zone but the ap pear ance of Alona affinis prob a -
bly in di cates a slightly higher wa ter level (Nevalainen, 2012;
Fig. 13). Next (II-B CAZ), a de crease in the fre quency of
cladoceran spe cies to eight oc curred. The num ber of
cladoceran spec i mens also de creased, show ing the de te ri o ra -
tion in liv ing con di tions. The spe cies Monospilus dispar with -
drew from the lake, which may be re lated to the pe ri odic drop in
wa ter tem per a ture in the lake.
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Dur ing the protocratic phase of the Eemian inter gla cial, a
two-fold in crease in TOC and TN sug gests an in crease in pri -
mary pro duc tion caused by cli mate warm ing and also the de vel -
op ment of veg e ta tion. Sim i lar re sults were ob served in Ustków
(Ko³aczek et al., 2016), Rzecino and Kub³owo sites (Niska and
Miros³aw-Grabowska, 2015; Miros³aw-Grabowska et al., 2018). 
The d13C val ues dropped be low –30‰ re flect ing a greater pro -
por tion of fresh wa ter al gae in or ganic mat ter (Leng et al., 2005)
and sug gest ing en hanced pri mary pro duc tion (Fig. 11).

Vth PHASE: EXISTENCE OF THE LAKE DURING THE EEMIAN INTERGLACIAL –
MESOCRATIC PHASE (E3 R PAZ)

The change in the for est com mu ni ties be gan the mesocratic 
phase of the Eemian inter gla cial (P-6 Quercus L PAZ). Bo real
pine-birch for ests gave way to much warmer mixed for ests with
a sig nif i cant share of oak (Quercus) and ha zel (Corylus
avellana) ap pear ing in the un der growth of these for ests. Ri par -
ian for ests dom i nated by elm (Ulmus) and ash (Fraxinus ex cel -
sior), and with the pres ence of al der (Alnus undiff.) and wil low
(Salix.) also gained im por tance. The ap pear ance of ivy (Hedera 
he lix) in di cates mod er ately high sum mer tem per a tures, with the 
cold est months no colder than –1.5°C (Iversen, 1954).

The pres ence of the plank tonic di a tom Pantocsekiella
comensis, which in di cates well-strat i fied lake wa ter in sum mer
(Hausmann and Lotter, 2001; Rühland et al., 2008, 2015; Saros 
and An der son, 2015), cor rob o rates the warm ing trend in the
lake de vel op ment (P-2 DAZ).

The fre quency of cladoceran spe cies and in di vid u als in -
creased sig nif i cantly in the lake (II-C CAZ). The in crease in fre -
quency and the ap pear ance of the spe cies Camptocercus
rectirostris, Monospilus dispar and Pleuroxus uncinatus, pre fer -
ring higher wa ter tem per a tures (Frey, 1962), in di cate an im -
prove ment in ther mal and liv ing con di tions in the lake. The pres -
ence of the spe cies Pleuroxus, Monospilus and Leydigia leydigi
also sug gests an in crease in trophic state to the meso/eutrophic 
level (Adamska and Mikulski, 1969). The spe cies found in the
lake live among aquatic plants, which in di cates that a
macrophyte zone de vel oped in the ba sin. The in crease in the
fre quency of Alona quadrangularis may also sug gest a slight in -
crease in lake wa ter level.

Dur ing this phase, a rapid in crease in the d13C value above
–28‰ may in di cate ei ther a shallowing of this ba sin or in ten si -
fied pho to syn the sis (the be gin ning of P-6 L PAZ), with the lat ter
be ing more likely.

CONCLUSIONS

Our re search on the Parchliny 2016 pro file within
Szczerców Ba sin has al lowed com pre hen sive re con struc tion of 
the palaeoenvironmental changes tak ing place in the ter res trial
and aquatic en vi ron ment dur ing the Late Saalian (MIS 6a) and

the be gin ning of the Eemian inter gla cial (MIS 5e) in cen tral Po -
land. Three phases of changes have been dis tin guished within
the Late Saalian. The first phase was re lated to the rapid melt -
ing of a block of dead ice bur ied in the tills and the for ma tion of a 
lake with no traces of veg e ta tion cover. The sec ond phase was
grad ual, with a mo saic of tun dra and cold steppe com mu ni ties
(P-1 Poaceae-Pinus-Betula L PAZ), in di cat ing rel a tively low
tem per a tures in both warm and cold months, cor re lated with
Stadial 1. The third phase in di cates cli ma tic ame lio ra tion, with
sparse pine-birch bo real for est com mu ni ties (P-2 Pinus-Betula
L PAZ), cor re lated with the Zeifen interstadial and sub se quently 
Kattegat stadial, ex pressed by the co ex is tence of for est and
open park tun dra com mu ni ties (P-3 Pinus-Betula-NAP L PAZ).
In gen eral, the plant cover in the Late Saalian did not change
rad i cally. The changes re corded re sulted from the vari abil ity in
the pro por tion of the area oc cu pied by the for est and non-for est
plant com mu ni ties.

The fourth phase of lake de vel op ment cov ered the be gin -
ning of the Eemian inter gla cial (protocratic phase), ex pressed
in the de vel op ment of pi o neer ing birch-pine and pure birch for -
ests (P-4 Betula-Ulmus L PAZ), fol lowed by a tran si tional pe riod 
(P-5 Pinus-Betula-Ulmus-Quercus L PAZ) to the fifth phase
with the be gin ning de cid u ous for est de vel op ment (mesocratic
phase) with oak dom i nant (P-6 Quercus L PAZ).

The tran si tion from gla cial to inter gla cial con di tions is re -
flected in the in creas ing pro por tion of or ganic mat ter. Low car -
bon iso tope val ues (d13C) prob a bly re flect an in crease in pri -
mary pro duc tion and in ox y gen a tion of the lake wa ter. The num -
ber of cladoceran spe cies in the lake in creased sig nif i cantly at
the be gin ning of the inter gla cial, in clud ing those in di cat ing
higher trophic con di tions and wa ter tem per a tures (Pleuroxus
uncinatus, Monospilus dispar – II-A CAZ). Through out its ex is -
tence, the res er voir was shal low, with slight, pe ri odic in creases
in wa ter level. It was a eutrophic lake, as ev i denced by nu mer -
ous spe cies of di a toms from the meso- and hypereutrophic
group, and a sig nif i cant amount of Pediastrum and
Botryococcus al gae, sur rounded by Cyperaceae. Only in the
ini tial phase (II), was the lake of low fer til ity with the dom i nance
of coastal di a toms (periphytonous and ben thic) (P-1a DAZ) and 
the pres ence of Alona affinis, Eurycercys lamellatus and
Acroperus harpae (I-A CAZ).
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