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Our high-res o lu tion data of pol len and macrofossils from 2 cores taken from the Jagodne site (Garwolin Plain) re veals a pol -
len suc ces sion cov er ing the fi nal part of the Late Saalian (Ma rine Iso tope Stage MIS 6) and em brac ing the Eemian (MIS 5e).
The re sults cor re spond to Re gional Pol len As sem blage Zones (RPAZ). The horn beam phase (E5 RPAZ) has been sub di -
vided into subzones and com pared to the cor re spond ing di vi sion of the key pro file of the Garwolin Plain, Koz³ów K2-19. The
com par i son re vealed a con sid er able sed i men tary hi a tus in the E5 RPAZ at Jagodne. This is at trib uted to sig nif i cant
palaeohydrological changes oc cur ring widely in this zone, and also seen at other Eemian sites in Po land. An other spe cific
fea ture of the Jagodne site is the early, rapid terrestrialisation of the palaeolake and its trans for ma tion into a raised bog,
which oc curred al ready at the end of the horn beam phase. The Sphagnum dom i nated peat bog de vel oped for a long time as
ev i denced by a thick peat layer cov er ing also the Early Vistulian. Both pol len and plant macrofossil data cor re spond well to
ob served lithological bound aries, pro vid ing a con sis tent re cord of palaeoenvironmental and palaeoclimate changes. The re -
sults ob tained con trib ute to knowl edge of palaeoenvironmental changes and palaeoclimate in ter pre ta tion of that area.
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INTRODUCTION

Cen tral Po land is an im por tant area for the rec og ni tion of
palaeoenvironmental changes dur ing the last inter gla cial, that is 
cor re lated with MIS 5e (Marks et al., 2016; Co hen and Gibbard,
2019). In re cent years, abun dant palynological data from
Eemian palaeolakes in Po land, in clud ing the high-res o lu tion
data of Granoszewski (2003) and Kupryjanowicz (2008), have
en abled de tail ing the Eemian palynostratigraphy (Kupryjano -
wicz and Granoszewski, 2018) out lined for the ter ri tory of Po -
land by Mamakowa (1989). Fur ther more, the com bined data
from 187 Eemian palynological pro files have served as the ba -
sis for plot ting isopollen maps of this inter gla cial (Kupryjanowicz 
et al., 2018). These have al lowed in fer ences to be made on the
di rec tions of mi gra tion of for est-form ing trees from their gla cial

ref uges, as well as re cog nis ing dif fer ences in these with re spect 
to the Ho lo cene.

The new, de tailed palynostratigraphy of the Eemian Inter -
gla cial en ables the de tec tion of low-rank cli ma tic os cil la tions
within this pe riod, and al lows con clu sions to be drawn about the
com plete ness of in di vid ual inter gla cial phases and, in di rectly,
also on their du ra tion, de spite the lack of ab so lute dat ing.

The Garwolin Plain is an area where palaeobotanical in ves -
ti ga tions have been con ducted in ten sively since the dis cov ery
of over 20 Eemian palaeolakes by ¯arski, in 2016, dur ing work
for the Garwolin sheet of the De tailed Geo log i cal Map of Po land 
(1:50,000; ¯arski, 2020). The Garwolin Plain was shaped af ter
the Saalian Gla ci ation (MIS 6). Within its surficial de pos its tills,
glacifluvial sands and grav els, as well as eluvial ae olian sands,
pre dom i nate. Dur ing deglaciation of this area, the melt ing of
dead-ice blocks re sulted in the for ma tion of mul ti ple lakes that
had ex isted from the end of the Saalian gla ci ation, through the
Eemian Inter gla cial (MIS 5e) and, lo cally, into the Early
Vistulian (MIS 5a-5d).

In this study, we pro vide data from two pro files (Ja-0 and
Ja-19) drawn from the Jagodne site, which lies within the south -
ern edge of this Eemian palaeolakeland (¯arski, 2020). It is one
of the Eemian sites of the Garwolin Plain where a sig nif i cant
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thick ness of inter gla cial organogenic sed i ments ac cu mu lated
as gyttjas and peats, mak ing this newly ob tained data a valu -
able ad di tion to the paly no logi cal ly doc u mented Eemian sites
that have been stud ied so far. Such sites are lo cated south of
the Garwolin Plain, close to the Vistula River val ley, namely:
Kletnia Stara near Dêblin (¯arski, 1989); Kontrowers near
¯elechów (Kupryjanowicz et al., 2003); and Wola Okrzejska
near Okrzeja (¯arski et al., 2005). Al though the Eemian
lakeland in cen tral Po land has been stud ied for ~20 years (e.g.,
Krupiñski and Morawski, 1993; Krupiñski and Kucharska, 2001; 
¯arski et al., 2005, 2018; Bruj and Ro man, 2007; Ro man, 2016; 
Bober et al., 2018; Pidek et al., 2021; Zalat et al., 2021), a num -
ber of prob lems re lated to palaeoclimatic and palaeo -
hydrological changes dur ing MIS 5e in this re gion, as well as in
Po land, re main un re solved. Re cently, some ques tions (e.g. the
or i gin and evo lu tion of Eemian palaeolakes, sed i men tary hi a -
tuses, palaeohydrological changes) were dis cussed by Ro man
et al. (2021) on the ba sis of five key sites: Ruszkówek
(Miros³aw-Grabowska et al., 2009); Kaliska (Miros³aw-
 Grabowska and Niska, 2007); Kub³owo (Ro man and Balwierz,
2010; Miros³aw-Grabowska et al., 2018); Besiekierz
(Janczyk-Kopikowa, 1991; Miros³aw-Grabowska and Niska,
2005); and Parchliny 2014 (Wachecka-Kotkowska et al., 2018).

The pre lim i nary pol len in ves ti ga tion of the Ja-0 core re -
vealed its Eemian age, as the re cord of the Lo cal Pol len As -
sem blage Zones (LPAZs) clearly re sem bled those of the Re -
gional As sem blage Zones (RPAZs) de vel oped by Mamakowa
(1989). Dis tur bances in the pol len curves (Carpinus and Picea)
trig gered fur ther in ves ti ga tion of this site by palaeobotanical
meth ods.

In this work, we re port the re sults of high-res o lu tion palaeo -
botanical anal y sis (palynology and plant macrofossils) from this 
site, to gether with its palaeolimnological and palaeoclimate im -
pli ca tions.

STUDY SITE

The Jagodne site (51°56’01” N, 21°37’46’ E) is lo cated on
the Garwolin Plain (Fig. 1A), ~0.5 km north of the vil lages of
Jagodne and Nowy Puznów, and 1 km to the south-west of
¯abieniec vil lage. The site lies within the val ley of a small, reg u -
lated, un named wa ter course (Fig. 2B), a right-bank trib u tary of
the Wilga River, which flows into the Vistula River west of the
study area. This lit tle val ley cuts a post-gla cial pla teau, the sur -
face of which is built of Saalian tills that are lo cally over lain by
eluvial and ae olian sands (Fig. 2). A nu mer i cal el e va tion model
(Fig. 1B) re veals clearly de fined val leys that were formed af ter
the Saalian ice sheet re treat (MIS 6). The up per part of the val -
ley where the Jagodne site is lo cated con tained a dead ice
block at this time. Af ter its melt ing, an elon gated lake was
formed (Fig. 3B) that ex isted through the Eemian Inter gla cial.
Within the Jagodne site the max i mum thick ness of organogenic 
de pos its reaches 5.30 m.

MATERIAL AND METHODS

CORING AND LITHOLOGICAL INVESTIGATIONS

The sur vey pro file Ja-0, which was used for pre lim i nary
palynological anal y sis, was sam pled by means of a Geoprobe
drill ing sys tem. The to tal length of the Ja-0 core was 9.50 m.

Pol len anal y sis (38 sam ples) re vealed Eemian de pos its in clud -
ing gyttjas (depths 5.50–6.80 m) over lain by peat. The up per
bound ary of the inter gla cial de pos its is, how ever, not well de -
fined. Most prob a bly the tran si tion be tween the Eemian Inter -
gla cial and the Early Vistulian is at depth ~4.45 m. The peat
layer in its up per part (above 3.90 m depth) is interbedded with
fine-grained sand (Ta ble 1).

In 2019, the core of Ja-19 was col lected for high-res o lu tion
stud ies based on the pre lim i nary di ag no sis of the Eemian de -
pos its in the Ja-0 pro file (Ta ble 2). The new core was sam pled
via a Powerprobe drill ing sys tem and is lo cated in the di rect vi -
cin ity of Ja-0 (Fig. 1B).

The newly ob tained Ja-19 pro file, de spite its greater length
(9.60 m in to tal), greatly re sem bled that of Ja-0. The
organogenic (gyttja and peat) suc ces sion, of to tal length
6.10 m, is pres ent in Ja-19 from 1.70 to 7.80 m depth (Fig. 3A).

POLLEN ANALYSIS

From the Ja-0 core, ma te rial for palynological re search was
col lected and ana lysed at reg u lar 5 cm in ter vals. The in ten tion
was to gen er ate a pre lim i nary rec og ni tion of the organogenic
suc ces sion (Fig. 4). In the closely stud ied Ja-19 core, the res o -
lu tion of pol len anal y sis was 1–5 cm (101 sam ples in to tal,
Fig. 5).

Lab o ra tory pro cess ing of the sam ples for pol len anal y sis fol -
lowed the stan dard pro ce dure (Berglund and Ralska-
 Jasiewiczowa, 1986). Af ter decalcification in 10% HCl and boil -
ing in 3.5% KOH, the min eral frac tion was re moved by 40% hy -
dro flu oric acid (for 24 hours). The sam ples were then mac er -
ated by Erdtman acetolysis. Pol len spec tra were cal cu lated
from at least two slides un til 700–1000 pol len grains had been
counted. The to tal amount of pol len of trees and shrubs (AP)
and dwarf shrubs and her ba ceous ter res trial plants (NAP) was
taken as 100%. The per cent age shares of pol len of aquatic
plants, spores, re de pos ited sporomorphs, and col o nies of al gae 
of the gen era Pediastrum, Botryococcus and Tetraedron were
cal cu lated ac cord ing to the ba sic sum (AP+NAP=100%), but
with the given taxon added be fore cal cu lat ing its per cent ages.

The re sults of palynological anal y ses are shown in Ta ble 3
and the pol len di a grams (Figs. 4 and 5) were plot ted us ing
POLPAL soft ware (Nalepka and Walanus, 2003) and di vided
into Lo cal Pol len As sem blage Zones (LPAZs), which were as -
signed to Re gional Pol len As sem blage Zones (RPAZs acc. to
Mamakowa, 1989).

PLANT MACROFOSSIL ANALYSIS

Plant macrofossil anal y sis was per formed for the Ja-19 pro -
file for the sec tion be tween 5.10 and 6.80 m, at a res o lu tion of
2 cm. In the first stage of sam ple prep a ra tion, the de posit was
flooded with dis tilled wa ter with the ad di tion of 10% KOH. Sub -
se quently, sam ples were boiled and sieved on a 0.2 mm mesh.
Each sam ple was ana lysed for veg e ta tive plant re mains (roots,
epiderm, periderm, rhizoderm, leaves, stems, and wood) us ing
a Leica DM 3000 light mi cro scope with 200–400x mag ni fi ca -
tion. These were iden ti fied with ref er ence to Grosse-
Brauckmann (1972,1974), Grosse-Brauckmann and Streitz
(1992), Mauquoy and van Geel (2007) and the col lec tion of
mac ro scopic plant re mains at the In sti tute of Bi ol ogy, Uni ver sity 
of Bia³ystok. In the peat sam ples the bo tan i cal com po si tion was
es ti mated based on the per cent age pro por tion of each taxon
tis sue in to tal tis sue mass. Where the sam ples con tained min i -
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Fig. 1A – lo ca tion of the Jagodne and other Eemian sites men tioned in the text on the Garwolin Plain 
(re gional di vi sion ac cord ing to Solon et al., 2018); B – de tailed lo ca tion of the Ja-0 and Ja-19 pro files 

and geo log i cal cross-sec tion (see Figs. 2 and 3)



mal amounts of plant tis sues, only their pres ence in
the sam ple was marked.

RESULTS

CORING AND LITHOLOGICAL DESCRIPTION

In the Ja-0 core, a limnic sed i men tary suc ces sion
was en coun tered be tween 5.50 and 6.80 m depth,
while the 6.80–8.30 m depth range con sist of
fine-grained sands, and the 8.30–9.50 m in ter val in -
cludes glaciolacustrine muds and boul der clay of the
Saalian Gla ci ation. The inter gla cial gyttjas are very
dry in the up per part (be tween 5.50 and 6.26 m) and
form shales. These are over lain by peats, which, in
their up per part, con tain sand in ter ca la tions. This en -
tire suc ces sion is over lain by poorly sorted sands with
an ad mix ture of fine gravel (up to 1 cm across) be -
tween 1.35 and 1.40 m (Ta ble 1).

In the Ja-19 core, the limnic suc ces sion be gins
with non-cal car e ous gyttja at depths of 6.55–7.80 m.
The un der ly ing de pos its con sist of fine-grained and
poorly sorted sands be tween 7.80 and 8.20 m and
boul der clays be tween 8.20–9.60 m. The up per layer
of gyttja forms shales (be tween 5.75 and 6.55 m
depth), over lain by peats up to the depth of 1.70 m.
The whole suc ces sion is topped with sands. In the
sec tion be tween 0.10–0.39 m, poorly sorted sands in -
clude silt and gravel ad mix tures (Ta ble 2).

POLLEN ANALYSIS

High-res o lu tion palynological anal y sis of the Ja-19 
pro file en abled de lim i ta tion of 15 Lo cal Pol len As sem -
blage Zones (LPAZs), which were as signed to the Re -
gional Pol len As sem blage Zones (RPAZs) de ter -
mined by Mamakowa (1989).

Ta ble 3 and the pol len di a gram of pro file Ja-19
(Fig. 5) show that the palaeolake in cep tion in Jagodne 
started at the tran si tion be tween the Late Saalian and
Eemian Inter gla cial. Ja-19 LPAZ 1 is char ac ter ized by 
high Pinus sylvestris t. pol len val ues, as well as a sub -
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Fig. 2. Geo log i cal cross-sec tion of the Jagodne site with bore holes Ja-0 and Ja-19

Fig. 3A – lithostratigraphic pro files of the Ja-0 and
Ja-19 cores; B – ae rial photo in di cat ing the ex tent of 

the Jagodne palaeolake (red dashed line)



stan tial share of Betula and high NAP per cent ages. The NAP
spec trum is dom i nated by Cyperaceae, Ar te mi sia, and
Chenopodiaceae. The pol len spec tra sug gest the pres ence of
open birch-pine for ests with the oc cur rence of Picea and
patches of open com mu ni ties of steppe-tun dra type. The Pinus
sylvestris t. val ues are prob a bly par tially re lated to the long-dis -
tance trans port of pol len. The open char ac ter of the for est is
also sug gested by the pres ence of Juniperus and Salix pol len.
More over, the oc cur rence of Tetraedron, Pediastrum, and
Botryococcus tes ti fies to the shal low char ac ter of the Jagodne
waterbody at that time.

Fur ther sam ples from Ja-19 LPAZs 2-3 show ex pan sion of
Betula, re flect ing the de vel op ment of bo real for ests, ini tially
birch and then pine-birch com mu ni ties. Si mul ta neously, the
con tin u ous pres ence of Ulmus and Quercus pol len in Ja-19
LPAZs 4-5 points to the be gin ning of the de vel op ment of
riverine for ests as a re sult of pro gres sive warm ing.
Granoszewski (2003) is of opin ion that, to gether with Ulmus,
Quercus robur, a tree with pref er ences to wards wet hab i tats,
was prob a bly part of the de vel op ing ri par ian for ests.

Very high per cent ages of Quercus pol len in the Ja-19
LPAZ 6 (rep re sented here prob a bly by two spe cies of oak) sug -
gest fur ther ex pan sion of oaks within the dif fer ent for est hab i -
tats. With Pinus, they could have formed mixed pine-oak com -
mu ni ties, whereas with Ulmus, they could have de vel oped ri -
par ian for ests. It is also prob a ble that oak with ha zel, ash and
lime could have formed mixed de cid u ous for ests. The high pol -
len val ues of Quercus are ac com pa nied by Hedera he lix and

Viscum - in di ca tors of a warm and hu mid cli mate. More over, the 
con tin u ous curves of Fraxinus and Alnus, and the sharply in -
creas ing per cent age curve of Corylus, as well as nu mer ous
Filicales monolete and Musci spores con firm the pres ence of
wet hab i tats with mosses and ferns close to the lake’s shores.

In Ja-19 LPAZs 6-7, the share of Corylus rises con sid er ably
and reaches its cul mi na tion in the fol low ing zone (Ja-19
LPAZ 8). Its sharp in crease is ac com pa nied by a rapid de -
crease of the Betula pol len curve. Most prob a bly, ha zel gained
dom i nance in the dif fer ent hab i tats sur round ing the lake at this
time. Granoszewski (2003) sug gested that ha zel not only
formed an oak for est ad mix ture with lime and ash but also de -
vel oped warm ha zel thick ets of the type of the mod ern
Peucedano cervariae–Coryletum as so ci a tion (Matuszkiewicz,
2001). The sig nif i cantly in creas ing val ues of Alnus pol len sug -
gest the ex pan sion of al der for est in hu mid hab i tat ar eas, where 
it could have formed al der-ash ri par ian for ests, and some times
also al der carrs. Pol len grains of Taxus, a tree as so ci ated with a 
warm, oce anic cli mate, also oc cur in this zone. Fur ther more,
the ap pear ance of yew, to gether with high shares of al der,
strongly points to an in creas ingly hu mid cli mate. An in crease in
the per cent ages of Tilia that ac com pa nies the de crease in the
share of Quercus in this zone, as well as the be gin ning of the
con tin u ous pol len curve of Carpinus hint at the trans for ma tion
of mixed de cid u ous for ests into for ests dom i nated by lime and
horn beam. At the same time, NAP reaches min i mum val ues,
which sug gests that all the avail able hab i tats were oc cu pied by
for est com mu ni ties of var i ous types.

Ja-19 LPAZ 9 is dom i nated by Carpinus (with 52.5% cul mi -
na tion). This is ac com pa nied by a de crease in Corylus val ues.
Such a change sug gests fur ther de vel op ment of mixed de cid u -
ous for ests dom i nated by horn beam, with lime and a slight ad -
mix ture of other trees. This com mu nity may have re sem bled
the mod ern Tilio-Carpinetum as so ci a tion (cf. Matuszkiewicz,
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Depth [m] Li thol ogy

0.00–1.20 fine- and me dium-grained, grey-brown sands

1.20–1.95 poorly sorted, brown-grey sands with grav els

1.95–2.05 black humic sands

2.05–2.10
fine-grained dark-grey sands with peaty silt 

in ter ca la tions

2.10–2.20 black peaty silts 

2.20–2.30
fine-grained grey sands with hu mus 

in ter ca la tions

2.30–2.87 fine-grained grey-brown sands 

2.87–3.03 black peaty silts

3.03–3.50 black peat, well de com posed 

3.50–3.52 fine-grained grey-brown sands

3.52–3.82 black peat, well de com posed

3.82–3.90 fine-grained, grey sands with black peat laminae

3.90–5.50 poorly de com posed, black peats

5.50–6.26 black peaty shales

6.26–6.80 black peaty gyttjas

6.80–7.55 fine-grained sands, light-grey

7.55–7.65 fine-grained, grey sands with hu mus and peat
laminae

7.65–8.30 fine-grained grey sands

8.30–9.50 grey till be low strat i fied silts

T a  b l e  1

Lithological de scrip tion of the Ja-0 core

Depth [m] Li thol ogy 

0.00–1.65
fine- and me dium-grained, grey-brown sands

with grav els at top and base

1.65–1.70 black humic sands

1.70–2.41 well de com posed brown-black peats

2.41–2.47 fine-grained, humic, dark-grey sands 

2.47–4.25 black peat, well de com posed 

4.25–4.30 brown-black peat, poorly de com posed

4.30–4.35 sandy, brown-black peat

4.35–4.80 brown-black peat, poorly de com posed

4.80–5.00 brown-black peat, well de com posed

5.00–5.19 black peat, poorly de com posed

5.19–5.29 wood in ser tion

5.29–5.75 black peat, poorly de com posed

5.75–6.55 grey-black peaty shales

6.65–7.80 ol ive-dark-grey gyttjas 

7.80–8.05 fine-grained, dark-grey sands with hu mus

8.05–8.40 fine- and me dium-grained dark-grey sands 

8.40–9.60 grey till

T a  b l e  2

Lithological de scrip tion of the Ja-19 core



6 Aleksandra Bober et al. / Geo log i cal Quar terly, 2021, 65: 34

eli f
or

p )
0-

a
J( 

0 
e

n
d

o
g

a
J 

e
ht f

o 
m

ar
 g

 ai
d 

n
e ll

o
P .

4 .
gi

F



Aleksandra Bober et al. / Geo log i cal Quar terly, 2021, 65: 34 7

eli f
or

p )
9

1-
a

J( 
9

1 
e

n
d

o
g

a
J 

e
ht f

o 
m

ar
 g

 ai
d 

n
e ll

o
P .

5 .
gi

F



8 Aleksandra Bober et al. / Geo log i cal Quar terly, 2021, 65: 34

Cor re spond ing

R PAZs acc. to
Mamakowa

(1989)

Cor re spond ing

Ja-0 LPAZs

sam ples depth
[cm]

Ja-19 LPAZs

sam ples depth
[cm]

Char ac ter is tic fea tures of pol len spec tra

RPAZ  E1

Ja-0 1

645

Ja-19 1

675–690

Per cent ages of Pinus sylvestris t. range from 50.5 to 57.5%, those of
Betula from 26.5 to 34.5%; con tin u ous pol len curve of Picea and Salix
with val ues up to 1.4% and 1.0% re spec tively; spo radic pol len of other
trees (Ulmus, Quercus, Fraxinus) and Juniperus. NAP val ues are high,
with Poaceae rang ing from 3.4 to 8.0%, Cyperaceae from 2.3 to 4.0%

and Ar te mi sia from 2.0 to 3.5%. Fre quent oc cur rence of
Chenopodiaceae, Thalictrum, Cichorioideae. Musci spores and al gae

(Pediastrum, Botryococcus, Tetraedron) are very fre quent.

Ja-19 2

665–670

Sharp in crease of Betula pol len val ues up to 72%, those of Pinus drop
to 17%, si mul ta neously a drop of Cyperaceae is ob served. The val ues
of Poaceae os cil late around 4%. Con tin u ous pol len curve of Ulmus oc -
curs. Less fre quent are pol len grains of Artemisa, Chenopodiaceae and
Musci spores. Con sid er able in crease of Filicales monolete is ob served.

Af ter a break in the sam ples of 678 cm, again very high val ues of
Tetraedron. Fre quent oc cur rence of other al gae (Pediastrum and

Botryococcus)

Ja-19 3

660

This zone is rep re sented by one sam ple in which the pol len per cent ages 
of Pinus and Ulmus in crease to 28.5 and 1.3% re spec tively, those of

Betula de crease to 63% and a sig nif i cant drop of Poaceae and Ar te mi -
sia is ob served. Salix pol len curve dis ap pears.

RPAZ E2
Ja-19 4

650–655

The pol len val ues of Pinus and Betula are on a more or less equal level
be tween 38.0 and 51.0%, those of Ulmus in crease and at tain a max i -

mum of 4.7%, si mul ta neously pol len of Quercus in crease to 2.0% and a
Fraxinus pol len curve starts. Again, an in crease of Poaceae,

Cyperaceae and Ar te mi sia per cent ages is ob served. 

RPAZ E3
Ja-0 2

615–630

Ja-19 5

638–645

Betula pol len val ues drop to ~28.0%, while those of Pinus in crease
slightly to 59.0%. The val ues of Ulmus range be tween 1.6 and 3.3%.
The most char ac ter is tic fea ture of the zone is a sig nif i cant in crease of
Quercus per cent ages to 7.5%, with a si mul ta neous con tin u ous pol len

curve of Fraxinus and the oc cur rence of spo radic pol len grains of
Corylus, Alnus, Picea and Salix. NAP val ues de crease, Cyperaceae

low er ing to 0.4%, Poaceae to 1.9% and Ar te mi sia to <1%. Filicales and
Musci spores are quite fre quent. Al gae (Pediastrum and Botryococcus)

are still ob served. Tetraedron val ues drop con sid er ably.

Ja-19 6

625–635

Pol len of Quercus in creases and at tains its max i mum of 45%, the val -
ues of Ulmus are on the same level as in the pre vi ous zone; more fre -

quent is Corylus pol len. The per cent ages of Pinus and Betula drop to 30 
and 5%, re spec tively. Per cent ages of Cyperaceae and Poaceae rise

again to 5.0 and 2.7% re spec tively. 

RPAZ E4

Ja-0 3

600

Ja-19 7

615–623

Pol len val ues of Quercus slightly de crease to 36.0–39.5%. Those of
Ulmus and Fraxinus are on the level of 2–3%, with max i mum of

Fraxinus 3.9% in the sam ple at 618 cm. Per cent ages of Corylus in -
crease very sharply to 29%, while those of Pinus and Betula drop to 18
and 1.2%, re spec tively. Con tin u ous pol len curves of Alnus and Taxus

ap pear, with val ues ~2% each. Si mul ta neously Tilia pol len starts to oc -
cur reg u larly with val ues of ~0.4–1.1%. Pol len grains of Hedera and

Viscum oc cur. There is a sharp in crease in Tetraedron val ues.

Ja-0 4

590

Ja-19 8

600–613

A dra matic in crease of Corylus pol len val ues to the ab so lute max i mum
of 64.0% is the most im por tant fea ture of this zone. The val ues of Alnus

in crease to 20.0% and those of Tilia to 8.5%. Carpinus pol len grains
start to ap pear reg u larly with val ues up to 1.5%. Si mul ta neously the val -
ues of Quercus drop to 5.2% in the up per sam ples. The per cent ages of
Pinus and Betula are very low at ~4 and 1%, re spec tively. Poaceae and
Cyperaceae per cent ages drop to less than 1% each, those of Ar te mi sia
to <0.2%. Al gae are much less fre quent. Nymphaeaceae trichosclereids

are pres ent. 

RPAZ E5
Ja-0 5

550–570

Ja-19 9

580–595

A con sid er able de crease in the Corylus pol len val ues to 19.5% in the
up per sam ple co in cides with a sharp in crease in Carpinus per cent ages
up the max i mum of 52.5% in the up per sam ple. Si mul ta neously val ues
of Ulmus and Quercus drop to 2-3%. Tilia and Alnus pol len val ues are
sim i lar to the pre vi ous zone, but Taxus, Fraxinus, Betula and Pinus are
quite rare. Picea pol len grains oc cur more fre quently, up to 3.7% in the
up per sam ple. NAP at tains the low est val ues in the whole pol len di a -

gram.

Ja-19 10

570–575

The ap pear ance of Abies pol len and its sig nif i cant in crease to 16.0% in
the up per sam ple ac com pa nied by an in crease in Picea up to 11.0%

and de crease of Carpinus and Corylus pol len val ues are the most char -
ac ter is tic fea ture of the zone. Si mul ta neously, pol len of Fraxinus,
Ulmus, Pinus and Betula are more fre quent. A sharp in crease in

Cyperaceae pol len to 6.5% is ac com pa nied by Musci spores.

T a  b l e  3

De scrip tion of the Lo cal Pol len As sem blage Zones (LPAZs) of the Ja-19 di a gram in cor re la tion with the Ja-0 di a gram and the
Re gional Pol len As sem blage Zones (RPAZs) acc. to Mamakowa (1989)



2001). At the time of this zone ri par ian as sem blages were not
sub jected to rad i cal changes. Most prob a bly al der-ash for ests
thrived, as did al der carrs. The con sid er able share of Picea
abies pol len sug gests an ad mix ture of spruce, prob a bly in al der
for ests.

In Ja-19 LPAZ 10 the sig nif i cant in crease in Abies pol len
val ues sug gests the lo cal oc cur rence of fir, prob a bly in the
same as sem blages as spruce. Re search on mod ern pol len de -
po si tion of Abies in di cates that heavy fir pol len grains are not
spread long-dis tance in high amounts (Pidek et al., 2013).

In Ja-19 LPAZ 11, the shares of sev eral thermophilic taxa,
in clud ing Carpinus, Tilia, Ulmus and Corylus de cline. In con -
trast, the share of Picea pol len in creases sig nif i cantly and is ac -
com pa nied by still con sid er able pol len val ues of other co ni fers – 
Abies and Pinus sylvestris. Sin gle pol len grains of Fagus
sylvatica and Buxus sempervirens also oc cur, in di cat ing hu mid
cli mate con di tions.

In Ja-19 LPAZ 12, a fur ther rise of Pinus sylvestris t. pol len
sug gests the spread of pine into the var i ous hab i tats. How ever,
plants in di cat ing a warm cli mate with gen tle win ters still oc cur
through out the zone. These in clude Viscum, Hedera he lix, and
Fagus sylvatica. The share of Alnus is some what higher than in
Ja-19 LPAZ 11, while Salix pol len grains be gin to ap pear reg u -
larly. In the up per part of the zone, spores of Sphag num start to
oc cur in con sid er able num bers, which tes ti fies to the over grow -
ing of the palaeolake and con sid er able hab i tat changes to wards 
a raised bog.

Such changes def i nitely oc curred as a re sult of cli mate cool -
ing. The up per sam ple of the zone shows a very sharp de -

crease in spruce, fir and al der. A rapid in crease in pine, and fur -
ther in crease in Sphag num and the ab sence of in di ca tors of a
warmer cli mate, sug gest a pe riod of con sid er able cool ing in
which pine could find fa vour able con di tions for its de vel op ment.

In Ja-19 LPAZ 13 Pinus sylvestris t. pol len is largely pre -
dom i nant. The com po si tion of pol len spec tra re flects the broad
ex pan sion of bo real pine for ests, with a slight ad mix ture of birch 
and spruce. In hu mid hab i tats al der still played an im por tant
role, at least in the older part of the zone, as sug gested by the
high val ues of Alnus pol len. To wards the top of the zone, the in -
crease in Cyperaceae, Apiaceae and other NAP sug gest a
grad ual in crease in open ar eas over grown by sedges and other
her ba ceous plants, es pe cially those typ i cal of wet hab i tats. The
spo radic pol len grains of thermophilic trees were, most prob a -
bly, re de pos ited from older de pos its.

Ja-19 LPAZ 14, while still con tain ing a very high share of
Pinus sylvestris t., is char ac ter ized by an in crease in the
amount of her ba ceous plant pol len and Sphag num spores,
sug gest ing fur ther ex pan sion of open ar eas and peat bogs in
the land scape.

PLANT MACROFOSSIL ANALYSIS

Based on the re sults of the Ja-19 core, 11 Lo cal Macrofossil 
As sem blage Zones (LMAZs) were dis tin guished (Fig. 6). Their
in ter pre ta tion in re la tion to the pol len di a gram (Fig. 5) sheds
light upon the evo lu tion of the Jagodne sed i men tary ba sin, as
well as on lo cal palaeohydrological changes.
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RPAZ E6

Ja-06

540

Ja-0 7

505–530

Ja-19 11

550–565

A fur ther in crease in pol len per cent ages of Picea up to the max i mum of
30.5% is ac com pa nied by a slight in crease in those of Pinus (to 12.5%)

and Betula (up to 14.5%) and de crease of Abies (range be tween 2.0
and 10.0%). Carpinus val ues are still high (22.0–28.5%), Alnus ranges
be tween 11.0 and 16.0%. The Corylus per cent ages drop to ~3.5%. A
slight de crease in Cyperaceae pol len val ues is ac com pa nied by in -

crease of Poaceae per cent ages and a lo cal max i mum of Musci spores
(up to 12.5%) at the be gin ning of the zone.

Ja-19 12

530–548

A fur ther rise in Pinus (to 47%) and Betula pol len val ues (to 19.0%) is
si mul ta neous with slight de crease and fre quent changes of Picea and

Abies. At the same time the per cent ages of Alnus in crease con sid er ably 
to 28.5% be fore drop ping to 6.5% in the up per most sam ple. Pol len per -
cent ages of Corylus range be tween 0.7 and 5.7%. More fre quent is the
pol len of Salix and Calluna. Musci spores are less fre quent than in the

pre vi ous zone and Sphag num spores oc cur and form a con tin u ous
spore curve with in creas ing val ues. Sin gle spores of Pteridium

aquilinum draw at ten tion. Pediastrum and Botryococcus col o nies dis ap -
pear al most com pletely. 

Ja-19 13

520–525

Pol len per cent ages of Pinus rise to 63.5%, Picea and Alnus drop to
~8.5%, and Abies to 1.5%. Carpinus pol len val ues at tain 3.5–4.0%. Pol -

len grains of other trees oc cur quite in fre quently. Among NAP,
Cyperaceae and Poaceae at tain 2.5 and 1.5%, re spec tively. Spores of
Sphag num at tain the max i mum value of 51.5% in the whole pro file, and

drop dra mat i cally in the up per most sam ple of the zone.

RPAZ E7
Ja-0 8

445–500

Ja-19 14

510–517

Val ues of Pinus sylvestris t. are very high (73.5–85.0%) while fre quen -
cies of Betula are low (0.8–6.3%); per cent ages of Picea drop from 6.0 to 
2.3% in the up per most sam ple, val ues of Alnus are around 1%; pol len
grains of Quercus and Corylus are quite fre quent, with spo radic oc cur -

rences of Fraxinus, Ulmus, Abies; very high val ues of Cyperaceae up to
13% in sam ples from the depth of 510 cm, ac com pa nied by abun dant
Musci spores. Pol len val ues of Poaceae rise to 2.3% in the uppermosr

sam ple; spo radic pol len of Apiaceae, Filipendula. High val ues of Sphag -
num oc cur again and range be tween 16.0 and 28.0%.

Early Vistulian

Ja-0 9

400–440

Ja-0 10

310–340

Ja-19 15

250–490

Dom i nance of Pinus sylvestris t., val ues of Betula range from 9.0 to
24.0%; sig nif i cant in crease in NAP val ues, with Poaceae rang ing from

1.0 to 10.0%, Cyperaceae from 2.7 to 9.0%, Ar te mi sia range from 0.6 to
4%, fre quent Chenopodiaceae pol len (up to 1.0%) and spo radic oc cur -
rences of Thalictrum, Apiaceae, Cichoriaceae, Filipendula and Typha

latifolia pol len. Musci and Sphag num spores oc cur very fre quently up to
8.0 and 34.5%, re spec tively. Spores of Filicales monolete start to form a 

con tin u ous curve, in the up per part of the zone with val ues up to 3%.

Tabl. 3 cont.
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The al most com plete ab sence of macrofossils (ex cept for
sin gle nuts of sedges and tree birches) in the gyttja sam ples
from the depth of 610–680 cm, in cluded as Ja-19 LMAZ 0,
makes de lim i ta tion of the bound ary with the fol low ing zone
(Ja-19 LMAZ 1) ar bi trary. The palynological di a gram doc u -
ments in this pe riod the pres ence of Potamogeton and nu mer -
ous al gae (Tetraedron, Pediastrum, and Botryococcus). The
Tetraedron per cent age curve shows sharp fluc tu a tions, which
in di cate pop u la tion changes prob a bly re lated to dy namic
changes in the lake wa ter level. Ja-19 LMAZ 0 cor re sponds to
the ini tial phases of the Eemian Inter gla cial from RPAZs E1 to
E3. At the depth of 655 cm, there is a lithological bound ary
where the gyttja de pos its end and the shales be gin.

Gen er a tive re mains of aquatic plants ap pear from the sam -
ple at 608 cm depth and are quite fre quent up to that of 578 cm
(Ja-19 1 LMAZ). These in clude seeds of Najas ma rina, Caulinia 
flexilis, Nymphaea alba and macroremains of sev eral
Potamogeton spe cies. The pres ence of a eutrophic wa ter res -
er voir in di cated by these macroremains is also doc u mented in
the palynological di a gram by the pres ence of Nymphaeaceae
trichosclereids, Potamogeton pol len, Pediastrum, and
Botryococcus al gae. Dur ing this time, how ever, the Tetraedron
pop u la tion was de clin ing. This state of the palaeolake cor re -
sponds to the time pe riod from the de clin ing oak phase (RPAZ
E3), through the ha zel phase (RPAZ E4), to the first part of the
horn beam phase (RPAZ E5) of the Eemian Inter gla cial. The up -
per limit of Ja-19 LMAZ 1 co in cides not only with the limit of the
pol len zone J-19 LPAZ 9, but is also the clearly de fined
lithological bound ary at which the or ganic shales end and peat
be gins.

Start ing from zone Ja-19 LMAZ 2 macrofossils be come
very abun dant. Here, the change in tax o nomic com po si tion dis -
tin guished clearly points to the pres ence of fen dur ing Ja-19
LMAZ 2. This was a moss-sedge com mu nity that was over -
grow ing the wa ter body. Nev er the less, the re mains of aquatic
plants were still pres ent (e.g., Caulinia flexilis seeds and
Potamogeton endocarps). This zone cor re sponds to the J-19
LPAZ 10 and the older part of Ja-19 LPAZ 11, and thus cor re -
sponds to the de clin ing part of RPAZ E5 and the be gin ning of
E6.

The fur ther de vel op ment of the fen is doc u mented start ing
from the Ja-19 LMAZ 3. This zone in di cates the ex is tence of a
tran si tional fen with the pres ence of Scheuchzeria palustris,
Eriophorum sp. and Sphag num be long ing to the Subsecunda
sec tion, in clud ing Sphag num subsecundum.

The zones from Ja-19 LMAZ 4 to 8,  in terms of tax o nomic
com po si tion and abun dance of macrofossils, cor re spond to a
raised bog type of veg e ta tion with abun dant Sphag num
magellanicum, Eriophorum vaginatum, and shrubs of the
Ericaeae fam ily, as well as the oc ca sional pres ence of Scots pine.

In Ja-19 LMAZ 9 the com po si tion of plant macroremains in -
di cates a fur ther trans for ma tion of the raised bog into a tran si -
tional fen, with en croach ing sedges. The zones from Ja-19
LMAZ 3 to 9 are within the Picea-Abies phase of the Eemian
(E6 RPAZ E6).

A more clearly ex pressed pic ture of the tran si tional fen, with
sedges and peat mosses from the Subsecunda sec tion,
Eriophorum sp. and pine, is doc u mented in J-19 LMAZ 10. This
zone cor re lates with the de clin ing (Pinus) phase of the Eemian
Inter gla cial cor re spond ing to RPAZ E7.

From the re sults above it can be con cluded that the LMAZs
Ja-19 1-10 clearly doc u ment the stages of trans for ma tion of the
palaeolake into a peat bog. This be gan very early, in the horn -
beam pe riod (E5 RPAZ). Fur ther more, Ja-19 LMAZ  3 re veals
the trans for ma tion of a bog with dom i nat ing moss-sedge com -
mu ni ties, into a tran si tional type of bog with Sphag num from the

Subsecunda sec tion, and then into a raised bog with Sphag -
num magellanicum, Eriophorum vaginatum, and dwarf shrubs.
In the Ja-19 LMAZ 10, which cor re lates with the be gin ning of
the Pinus phase (RPAZ E7), there was a re turn to a tran si tional
fen with sedges and Sphag num from the Subsecunda sec tion,
as well as Eriophorum sp. and pine.

DISCUSSION

THE LOWER BOUNDARY OF THE EEMIAN INTERGLACIAL

Usu ally, in palynological di a grams, the bound ary be tween
gla cial and inter gla cial is char ac ter ized by a sig nif i cant in crease 
in tree-birch pol len, and a si mul ta neous de crease in NAP val -
ues. This means that the area is taken over by photophilous, pi -
o neer ing com mu ni ties of bo real birch for ests that en ter the area 
re leased from ice cover, untile then oc cu pied by steppe-tun dra
com mu ni ties, which dis ap pear when the av er age tem per a ture
of the warm est month is at least 10°C. Rel a tively quickly, as a
re sult of nat u ral suc ces sion, these pi o neer for ests are re placed
by mixed pine and birch for ests, fol lowed by trees of later suc -
ces sion stages. Such a tra di tional ap proach to the tran si tional
bound ary from late-gla cial com mu ni ties to pi o neer ing tree birch
com mu ni ties al ready be long ing to the inter gla cial en coun ters
dif fi cul ties in the case of the Jagodne Ja-19 pol len di a gram, as
well as in some other high-res o lu tion pro files of the Late
Saalian/Eemian Inter gla cial.

There are rel a tively few pro files ana lysed at high res o lu tion
where this bound ary can be traced. How ever, Mamakowa
(1989) con sid ered sev eral of these, in clud ing the War -
saw-Wawrzyszew pro file ana lysed by Krupiñski and pub lished
later by Krupiñski and Morawski (1993). This pro file is sit u ated
quite close to the Garwolin Plain. In the Warszawa-Wawrzy -
szew pol len di a gram, the late gla cial se quence is tri par tite. The
low er most zone (NAP-Juniperus LPAZ) is dom i nated by herb
pol len and Juniperus pol len at lev els reach ing 4.7%. This is fol -
lowed by an interstadial zone (Hippophaë-Betula LPAZ), with a
high cul mi na tion of Hippophaë (up to 40%) and a very high cul -
mi na tion of Betula (>78%). At the same time, the NAP falls
(~10%). The up per zone of the late gla cial suc ces sion is the
NAP-Hippophaë-Juniperus LPAZ, which is char ac ter ized by
the re cur rence of high NAP val ues, to gether with Juniperus and 
a still con sid er able pro por tion of Hippophaë. The up per bound -
ary of the late gla cial suc ces sion in this pro file is placed at the
fall in pol len val ues of herbs and the rise of Pinus pol len val ues
with si mul ta neous rel a tively high val ues of Betula pol len.

The prob lem of the lower limit of the Eemian Inter gla cial has 
re cently been dis cussed in de tail by Kupryjanowicz et al.
(2021), in ref er ence to an other palynological di a gram from the
Garwolin Plain – Wola Starogrodzka. In this pro file, within the
ex ten sive Late Saalian suc ces sion, the pol len spec tra re cord
two cli ma tic os cil la tions of stadial char ac ter, sep a rated by an
interstadial. The stadial sec tion that pre ceded the Eemian in the 
Wola Starogrodzka pro file is 40 cm thick (depth 242–282 cm)
and was ana lysed paly no logi cal ly at 2 cm res o lu tion. Apart from 
the high pro por tion of pine pol len and a sig nif i cant pro por tion of
spruce pol len, there is a con tin u ous curve of a few per cent
share of dwarf birch (Betula nana), a large pro por tion of
grasses (Poaceae), and a con tin u ous low per cent age of Ar te -
mi sia and Cyperaceae val ues. The con tin u ous pres ence of
Cerato phyllum and Nymphaeaceae (in clud ing Nuphar) was
noted among aquatic plant taxa and Typha latifolia among
rushes. The pres ence of the lat ter taxon clearly in di cates that
the av er age tem per a ture in July was at least 14°C (Kolstrup,
1980). Thus, it can be as sumed that, on the Garwolin Plain, the
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ter mi na tion of the Late Saalian was sea son ally quite warm
(warm sum mers), while cli mate could have con ti nen tal fea tures
and win ter could have been harsh, al low ing tun dra birch and
bo real spruce, most pre sum ably Picea obovata, to sur vive.

In the Wola Starogrodzka pro file dis cussed (Kupryjanowicz
et al., 2021), the tran si tion from gla cial to inter gla cial is placed at 
the sig nif i cant in crease of the share of trees and shrub pol len
and the ap pear ance of the con tin u ous, low-per cent age pol len
curve of the elm. At the same time, the con tin u ous curve of
Quercus had al ready be gun, while the pro por tions of pine and
NAP slightly fall. How ever, there are still high val ues of
Poaceae, Ar te mi sia, and Cyperaceae, as in the en tire du ra tion
of the pre ced ing stadial.

The Ja-0 pol len di a gram does not con tain a sec tion that can 
be con sid ered a tran si tion from Late Gla cial to inter gla cial con -
di tions. On the other hand, when ob serv ing the course of the
per cent age curves dis cussed in the Ja-19 di a gram, it can be
con cluded that Ja-19 LPAZ 1 zone has tran si tional fea tures be -
tween the youn gest sec tion of the Late Gla cial and the first zone 
of the Eemian Inter gla cial (E1 RPAZ). These in clude fea tures
sim i lar to those re corded on the Wola Starogrodzka pol len di a -
gram: a high pro por tion of pine (~50%) and NAP (with high val -
ues of Ar te mi sia – up to 4.5%, Poaceae – up to 8% and
Cyperaceae – up to 4%), and, ad di tion ally, the con tin u ous pres -
ence of spruce pol len (up to 1.5%). Kupryjanowicz and
Granoszewski (2018) con sid ered such a com po si tion of pol len
spec tra as rep re sen ta tive of the bound ary be tween the Late
Gla cial and the inter gla cial. A sim i lar con clu sion can be de rived
from the pol len di a gram from Warszawa-Wawrzyszew
(Krupiñski and Morawski, 1993).

Only the next level (Ja-19 LPAZ 2) shows an in crease in the
value of pol len of tree birches, typ i cal of the be gin ning of the
inter gla cial in the di a grams dis cussed, in clud ing that from Wola
Starogrodzka (Kupryjanowicz et al., 2021).

THE SUCCESSION OF THE EEMIAN INTERGLACIAL AT 
THE JAGODNE SITE IN COMPARISON TO OTHER SITES 

ON THE GARWOLIN PLAIN AND IN POLAND

On the ba sis of the ap pear ance, course and cul mi na tion of
the per cent age curves of key taxa for the Eemian, it can be con -
cluded that the be gin ning of this suc ces sion pro ceeded with out
ma jor dis tur bances through the E2 phase (Pinus-Be -
tula-Ulmus), the E3 phase (Quercus) and the E4 phase
(Corylus). In the last of these, the cul mi na tion of lime pol len
draws spe cial at ten tion. Tilia reaches high per cent ages from
the be gin ning of the zone and has a cul mi na tion al most si mul ta -
neous with that of Corylus, which in di cates the oc cur rence of
vari ant B1, called by Mamakowa (1989) “the early lime with late
cul mi na tion”. This au thor also con sid ered the pol len di a gram
from Warszawa-Wawrzyszew (Krupiñski and Morawski, 1993)
as rep re sent ing the same vari ant. More over, this course of the
cul mi na tion of both taxa was ob served in the Struga pol len di a -
gram (Bober et al., 2018) from the Garwolin Plain, whereas the
high-res o lu tion palynological data from the nearby Koz³ów
(K2-19) pro file (Fig. 1) leaves the ques tion of an early lime vari -
ant open, as the sed i men tary suc ces sion be tween the oak and
ha zel lev els (E3/E4 tran si tion) seems to be dis turbed (Pidek et
al., 2021). Cer tainly, how ever, in the di a gram from the Wola
Starogrodzka pro file, lime cul mi nates al most at the same time
as ha zel, there fore it rep re sents the vari ant with the early lime.
Thus, it can be in ferred that these sites from the Garwolin Plain
doc u ment the Eemian suc ces sion in its vari ant with early lime.
This is also rea son ably re lated to the data from other pro files of
cen tral Po land with the same vari ant – po si tions from the vi cin -
ity of War saw: Warszawa-¯oliborz and Warszawa-Wola (Ra -

niec ka-Bobrowska, 1954) and Góra Kalwaria (Sobolewska,
1961), among other sites.

The great est dif fer ences be tween the course of the suc ces -
sion at the Jagodne and other Eemian sites from the Garwolin
Plain oc cur at RPAZ E5 and E6. Com par i son with the key pol len 
di a gram from the Koz³ów K2-19 pro file, where the horn beam
phase (E5 RPAZ) is re corded in a very thick 4-me ter layer of
gyttja, sug gests that the thin sed i men tary sec tion in the
Jagodne Ja-19 core cor re spond ing to RPAZ E5 may not con -
tain the com plete re cord of the Carpinus phase, the du ra tion of
which was es ti mated at 7300 years by varve count ing in the
Bispingen/Luhe core (Lauterbach et al., 2012). The di vi sion of
RPAZ  E5 into 4 subzones (ac cord ing to the new, de tailed
palynostratigraphy of the Eemian Inter gla cial by Kupryjanowicz
and Granoszewski, 2018) al lows for a more de tailed in ter pre ta -
tion, not only in terms of the de vel op ment of veg e ta tion and the
evo lu tion of the palaeolake, but also con cern ing palaeoclimate.

Apart from the ob vi ous dom i na tion of Carpinus, the horn -
beam phase of the Eemian inter gla cial is char ac ter ized by the
Alnus cul mi na tion and fall ing shares of Corylus and Tilia.

The old est subzone, E5a, of Carpinus-Corylus-Tilia, cor re -
sponds to the older part of Ja-19 LPAZ 9. This is char ac ter ized
by a sharp in crease in the Carpinus curve and the pres ence of a 
still rel a tively high share of Corylus and Tilia. In con trast, the
E5b Carpinus-Corylus subzone is char ac ter ized by an in creas -
ing share of Carpinus, a de crease in the per cent ages of Tilia, as 
well as a still rel a tively high share of Corylus, and may cor re -
spond to the youn ger part of Ja-19 LPAZ 9. The E5c Carpinus
subzone cor re sponds to the Carpinus peak and a sig nif i cant
de cline in Corylus. It can be found in the sam ple at 575 cm
depth in Ja-19 LPAZ 10.

While the whole E5d subzone might not be fully rep re sented 
in the Ja-19 di a gram, traces of this subzone are de tect able
prob a bly at the de cline of Ja-19 LPAZ 10 (sam ples
569–570 cm). The E5d subzone is char ac ter ized by the ap pear -
ance and slow in crease of Picea and Abies and by the slow de -
cline of Carpinus. At the same time, a sharp lithological change
of the gyttja de pos its into peat oc curs (at the depth of 575 cm).
This is also con sis tent with chang ing plant macrofossil as sem -
blages at 578 cm depth (Fig. 6).

The fol low ing sam ples (565–519 cm) al ready ex hibit fea -
tures typ i cal for RPAZ E6 – in its old est part, i.e. a sig nif i cant in -
crease in Picea, with fall ing, but still high Carpinus val ues.

Thus, by com par i son to the full RPAZ E5 re cord in the
Koz³ów K2-19 pol len di a gram (cov er ing 4 m of de pos its), it can
be con cluded that the horn beam phase at the Jagodne site is
re duced not only in terms of the thick ness of the sed i men tary
sec tion rep re sent ing E5 (26 cm), but also in the com plete ness
of the sed i men ta tion pro cess in RPAZ E5. More over, in di vid ual
E5 a-d subzones are rep re sented in Ja-19 by only 2–3 sam ples, 
de spite the very high sam pling res o lu tion of 1 to 5 cm in the
inter gla cial sec tion.

In the Ja-19 pro file, RPAZ E6 is re corded in a sed i men tary
layer thicker than that of RPAZ E5 and can be di vided into
subzones ac cord ing to the pro posal of Kupryjanowicz and
Granoszewski (2018).

The E6a subzone (Picea-Carpinus) is char ac ter ized by the
strong in crease in Picea with a de creas ing, but still high, pro por -
tion of Carpinus and cor re sponds to the Ja-19 LPAZ 11. More -
over, in the fol low ing subzone E6b (Picea-Abies), with the con -
tin ued in crease of Picea per cent ages, a max i mum of Abies
would be ex pected. How ever, in the Ja-19 di a gram, the fir max i -
mum is ob served at the tran si tion be tween Ja-19 LPAZs 10 and 
11. This in con sis tency can be re lated to changes of the
palaeoenvironment. The pres ence of sedges and mosses is
shown by their higher per cent ages in the pol len di a gram. Most
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prob a bly spruce oc cu pied the hab i tat of the over grown lake and 
thus the fir pol len re cord did not re flect the true pro por tion of this 
tree in the sur round ing for ests. How ever, the E6c (Picea)
subzone, with the max i mum of Picea pol len, and the E6d
subzone, with in creas ing val ues of Pinus pol len, can be traced
in Ja-19 LPAZs 11-13.

Full rep re sen ta tion of the Carpinus (RPAZ E5) and
Picea-Abies (RPAZ E6) phases is ab sent in many Eemian pro -
files from Po land, pos si bly be cause of a fall in wa ter level at that
time. Our re sults from the Jagodne site are in good agree ment
with the palynological re sults from the clos est Eemian site,
¯abieniec (Hrynowiecka et al., 2020), where a dis tinct de crease 
in the pro por tion of Carpinus in E5 RPAZ was in ter preted as a
clear man i fes ta tion of wa ter level de crease and trans for ma tion
of a shallowing lake into a peat bog. In ter est ingly, in the re gional 
con text, our data from the Jagodne site, where the Carpinus
zone is re corded in a 15 cm-thick layer, strongly con trasts with
the nearby Koz³ów site, but agree with the pol len data from the
Wola Starogrodzka site (Kupryjanowicz et al., 2021). These
kinds of re gional in con sis ten cies are not un com mon – there are
known sites with palaeohydrological dis tur bances in the RPAZ
E5 lo cated near sites with a com plete Eemian suc ces sion
(Kupryjanowicz, 2008). In deed, the Garwolin Plain ad joins the
re gion of P³ock, in which the Studzieniec site show ing a com -
plete Eemian se quence and is lo cated close to other
palaeolakes that clearly re flect a de crease in wa ter lev els and
sed i men ta tion gaps (Miros³aw-Grabowska and Niska, 2007).

Palynological stud ies of Eemian fos sil lakes from dif fer ent
re gions of Po land sug gest that the wa ter level could have fallen
sig nif i cantly in the RPAZ E5, e.g. G³ówczyn (Niklewski, 1968),
Besiekierz (Janczyk-Kopikowa, 1991), Dziewule (Biñka and
Nitychoruk, 2003). A sim i lar drop in wa ter level in E5 was re -
ported by Ro man et al. (2021). These au thors stress that for
most Eemian lakes, this pe riod is con sid ered to be crit i cal and,
most prob a bly, is re lated to a low er ing in wa ter level. These
changes in wa ter level most prob a bly were not re lated to any
dras tic cli mate changes in terms of tem per a ture; the older part
of the horn beam phase con sti tutes the ther mal op ti mum of the
last inter gla cial (Cheddadi et al., 1998; Karabanov et al., 2000;
Granoszewski, 2003; North GRIP mem bers, 2004; Kupry -
janowicz, 2008). How ever, Cheddadi et al. (1998) showed that
pre cip i ta tion from the very be gin ning of the Carpinus phase
dropped in cen tral and east ern Eu rope by ~200–300 mm yr.
The stud ies by Kupryjanowicz (2008) in the north ern Podlasie
re gion sug gest that while no drop in tem per a ture was ap par ent
dur ing the horn beam phase, a sig nif i cant drop in hu mid ity was
ob served. The lat ter was in di cated by lower wa ter lev els in sev -
eral lakes and mires. The lakes Koz³ów (Pidek et al., 2021) and
Struga (Zalat et al., 2021) fit this pat tern. More over, in the
Koz³ów K2-19 pol len, in the fi nal part of RPAZ E5c, no rapid
changes in veg e ta tion were ob served, apart from the in creas ing 
role of Picea in the for ests, whereas, in con trast, the di a tom as -
sem blages dem on strate a sud den low er ing of the wa ter level in
the fos sil lake, al though the lake did not stop func tion ing (Pidek
et al., 2021). Ex am ples of trans for ma tion of Eemian
palaeolakes into peat bogs in West ern Eu rope are very rare.
One of these is the Hinterste Mühle site in north ern Ger many,
where, the Carpinus phase de po si tion of lac us trine sed i ments
was re placed by peat ac cu mu la tion (Börner et al., 2018).

The low er ing of wa ter level noted in the early E5 is of ten ev i -
dent also in the late E6. In deed, such ex am ples are also re -
ported from NE Po land (Kupryjanowicz, 2008). The re ces sion
of all thermophilous trees ob served in RPAZ E6 not only at tests
to sig nif i cant changes in for est com po si tion but also points to -
wards cli mate de te ri o ra tion. Nev er the less, Kupryjanowicz et al.

(2018) con cluded that even in the re gion of north ern Podlasie,
the drop of sum mer mean tem per a ture was not very sharp and
the mean July tem per a ture was not lower than +17°C, as in di -
cated by the pres ence of Viscum. This points to a warm sum -
mer, and, con se quently, the ob served hi a tuses may be the re -
sult of the in creas ing continentality of cli mate.

A very sharp in crease in Pinus si mul ta neous with a dra -
matic de crease in pol len val ues of most other trees marks the fi -
nal zone of the inter gla cial (RPAZ E7). In the Ja-19 di a gram
(Fig. 5), de spite the con sid er able in crease of Cyperaceae (up to 
13%) and Musci (one sam ple at 5.10 m), Pinus val ues steadily
in crease. How ever, de spite the very high res o lu tion of the pol -
len di a gram, it can not be de cided whether these in creases may
in di cate a slight cool ing dur ing the pine phase, or a tem po rary
hab i tat change. Un for tu nately, the re cord of the Ja-19 pro file
does not al low fur ther in ves ti ga tion of the sug gested cool ing in
RPAZ E7. Such a cli mate change was dis cussed by Mama -
kowa (1989), Granoszewski (2003), Kupryjanowicz et al. (2005; 
2016) and Boettger et al. (2009).

THE UPPER BOUNDARY OF THE EEMIAN INTERGLACIAL

This up per bound ary of the Eemian Inter gla cial will be the
sub ject of a de tailed fur ther study be cause the cur rent sam pling 
res o lu tion in the up per part of the suc ces sion stud ied (from 250
to 490 cm) is quite low (20 cm). Tak ing into ac count other di a -
grams with a re corded Eemian-Early Vistulian suc ces sion, one
may ex pect a sharp in crease in NAP (with a max i mum of Ar te -
mi sia) at the tran si tion from the Pinus phase of the inter gla cial
to the gla cial. Kupryjanowicz and Granoszewski (2018) call this
first gla cial zone Poaceae-Ar te mi sia-Betula nana. This has not
so far been found in the Jagodne pro file. This zone may ap pear
within the 20 cm sec tion of peat by in creas ing the sam pling res -
o lu tion.

The prob lem with the com plete ness of the re cord arises
when we con sider the sand lay ers in the up per peat units. Their
pres ence sug gests dy namic changes in the palaeoenvironment 
and pos si ble hi a tuses. De spite the low res o lu tion of pol len data
in this sec tion of the Ja-19 pro file, the ob served fluc tu a tions in
the pol len curves of var i ous taxa of her ba ceous plants may in di -
cate the oc cur rence of stadial/interstadial os cil la tions. On the
other hand, an al ter na tive in ter pre ta tion is also pos si ble. The 
250–490 cm sec tion may still rep re sent RPAZ E7 of the Eemian 
Inter gla cial. How ever, to as cer tain this, fur ther stud ies in clud ing 
of non-pol len palynomorphs (NPPs) are nec es sary.

CONCLUSIONS

Jagodne is one of sev eral new sites en com pass ing the
Eemian Inter gla cial on the Garwolin Plain, which is part of the
south ern edge of an ex ten sive Eemian lakeland. The re sults of
the geo log i cal sur vey as well as de tailed palaeobotanical data
cor re lated to other sites re vealed its sig nif i cance for the re con -
struc tion of Eemian en vi ron men tal changes in this re gion.

In this work, pol len anal y sis was ap plied to two cores of
biogenic de pos its (Ja-0 and Ja-19). Ad di tion ally, plant
macrofossil as sem blages were de ter mined for the Ja-19 core.
The re sul tant pol len di a grams have been di vided into lo cal pol -
len as sem blage zones (LPAZs) and cover the whole Eemian
Inter gla cial and part of the fol low ing Early Vistulian. They have
been cor re lated with re gional pol len as sem blage zones
(RPAZs) for the Eemian Inter gla cial E1-E7 ana lysed by
Mamakowa (1989). The horn beam phase (E5 RPAZ) has been
di vided into subzones and com pared to the cor re spond ing di vi -
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sion of the very long, fully rep re sented E5 RPAZ in the Koz³ów
K2-19 pol len di a gram elab o rated at high res o lu tion. The com -
par i son re vealed a sed i men tary hi a tus in RPAZ E5 at Jagodne,
at trib uted to sig nif i cant palaeohydrological changes oc cur ring
widely in this zone.

Among the other re cently stud ied sites from Garwolin Plain,
the Jagodne site is a fur ther ex am ple of an Eemian suc ces sion
in its vari ant with “early lime”.

An other spe cific fea ture of the Jagodne site is the rapid
terrestrialisation of the palaeolake and its trans for ma tion into a
peat bog. This oc curred at the end of the horn beam phase. The
peat bog de vel oped for a long time as shown by its thick cov er -
ing of Early Vistulian Spaghnum peats. Since the Eemian
gyttjas are rich in non-pol len palynomorphs as well as in
Cladocera re mains, fur ther de tailed palaeo eco logi cal anal y sis

of the en tire limnic sed i men tary suc ces sion may help re solve
some palaeo eco logi cal, palaeohydrological, and palaeoclimatic 
prob lems re lated to the ear lier oak and ha zel phases of the op ti -
mum of the Eemian Inter gla cial - in clud ing test ing of the hy poth -
e sis re gard ing the high est wa ter level dur ing the ha zel phase
(RPAZ E4) and rapid dry ing in the horn beam phase (RPAZ E5). 
Fur ther palynological stud ies should also help iden tify the cold
cli mate os cil la tion sug gested at the de cline of the E7 (Pinus)
RPAZ.
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