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As so ci ate Ed i tor: Wojciech Granoszewski

Lac us trine Eemian Inter gla cial de pos its are widely pre served in Po land, mainly be yond the max i mum ex tent of the Vistula
Gla ci ation. In some pro files, spe cific de pos its are pres ent, char ac ter ized by a black col our, a very high amount of or ganic
mat ter and very hard shale-like tex ture. We de scribe these or ganic shales from a newly lo cated oc cur rence, the Srebrna site
(N Mazovia). The pres ence of fos sil aquatic plants in clud ing al gae sug gests that these shales formed in shal low, eutrophic
lakes that were grad u ally over grown and/or trans form ing into peat bogs. The or ganic-rich sed i ments were sub jected to re -
peated dry ing and com pac tion, lead ing to the for ma tion of these hard, shale-like lay ers. No clear cor re la tion was found be -
tween the oc cur rence of these de pos its and the li thol ogy of the over bur den and un der ly ing strata. The for ma tion of these
shales is also not de pend ent on the thick ness of, and hence compactional pres sure ex erted by, the de pos its over ly ing them.
This par tic u lar li thol ogy is not re stricted to one time in ter val, but global fac tors oc cur ring in the E5 zone of the Eemian Inter -
gla cial may have con trib uted to wa ter level fluc tu a tions at many lo ca tions. This sug gests that fac tors such as short-term
drain age and flood ing cy cles may have in flu enced the for ma tion of these or ganic shales. 

Key words: Eemian Inter gla cial (MIS 5e), P³oñsk Up land, or ganic shale, wa ter level changes, pol len anal y sis, geo chem i cal
anal y sis.

INTRODUCTION

The lake sed i ments that ac cu mu lated dur ing the Eemian
Inter gla cial (MIS 5e) are very im por tant for en vi ron men tal stud -
ies. Eemian data al low the track ing of cli mate changes in flu -
enced solely by nat u ral fac tors, de void of hu man im pacts. The
re sult ing lake-peat bog de pos its have been cru cial to in ves ti ga -
tions of the en tire cy cle of the for ma tion, de vel op ment and dis -
ap pear ance of postglacial lakes. The for ma tion of lakes and
sub se quent ac cu mu la tion of lac us trine sed i ments on the Pol ish 
Plain as well as the Eu ro pean Plain were as so ci ated with the re -
treat of the ice sheet of the Warta Gla ci ation (Saalian) (Mama -
kowa, 1988; Ro man et al., 2021). As a con se quence of de -
glaciation, lake dis tricts de vel oped, in which sed i ments ac cu -
mu lated in postglacial lakes. There fore, se quences with paly -
no logi cal ly doc u mented de pos its from the Eemian Inter gla cial

are found in the area be tween the max i mum ex tents of the
Warta and the last – Vistula Gla ci ation (Bruj and Ro man, 2007;
Ro man et al., 2021).

Typ i cally, the lake sed i men tary pro file be gins with min eral
de pos its (sands and silts) at the bot tom, fol lowed by cal car e -
ous-de tri tus (in vary ing pro por tions) gyttja and or ganic silts,
over lain by peat. Lo cally, this lithological se quence is inter -
bedded with lake marl, or in ter rupted by ero sional sandy lay ers.
In some Eemian pro files, a spe cific ad di tional or ganic layer is
noted, some times called “or ganic shales”. These de pos its are
char ac ter ized by a black col our, a very high amount of or ganic
mat ter and very high hard ness like that ob served in lithified
shales. They are of ten as so ci ated with a paly no logi cal ly doc u -
mented hi a tus. Or ganic shales from the Eemian Inter gla cial
have been iden ti fied in nu mer ous sites across Po land, in clud -
ing, Horoszki Du¿e, Nadolnik, Solniki, Choroszczewo, Ku b³o -
wo, Ustków, Koz³ów (Fig. 1; Granoszewski, 2003; Krupiñski,
2005; Kupryjanowicz, 2008; Ro man and Balwierz, 2010; Ko³a -
czek et al., 2016; Pidek et al., 2021; Suchora et al., 2022) and
Go³ków (Gadomska, 1966). The au thors of more re cent stud ies
de scribed these de pos its as or ganic shales or bi tu mi nous
shales (Gadomska, 1966; Granoszewski, 2003; Kupryjano -
wicz, 2008; Ko³aczek et al., 2012), peaty shales, slate gyttja
(Krupiñski, 2005) or gyttja-shales (Pidek et al., 2021; Suchora
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et al., 2022) and re fered to them as sub stan tia humosa ac cord -
ing to the Troels-Smith de scrip tion (Granoszewski, 2003; Ku -
pryja nowicz, 2008). Apart from the Go³ków site, no in for ma tion
re gard ing the bi tu men con tent has been ob tained from these lo -
ca tions. 

Among the many sci en tific stud ies on the Eemian Inter gla -
cial in other coun tries, we have found one de scrip tion of sim i lar
de pos its. Only Müller et al. (2003) de scribed the li thol ogy of one 
layer from the Füramoos site as “dark brown fo li ated, strongly
com pacted fine de tri tus mud”, which is prob a bly sim i lar to or -
ganic shales. The many stud ies of the Eemian ter res trial de -
pos its usu ally fo cus on the evo lu tion of the veg e ta tion and re -
con struc tions of cli ma tic pa ram e ters (e.g., Klotz et al., 2004;
Borisova et al., 2007; Helmens et al., 2015). Geo log i cal/litho -
logical as pects of the Eemian de pos its are of ten ne glected.

The new est lo cal ity of Eemian Inter gla cial de pos its con tain -
ing or ganic shales was found at the Srebrna site in north ern
Mazovia (Sieradz and Rychel, 2023; Fig. 1). Here, we de scribe
re sults of palynological and geo chem i cal anal y ses of these de -
pos its, with par tic u lar at ten tion to the oc cur rence of or ganic

shales. Our main ques tions were: are Eemian pro files with or -
ganic shales as so ci ated with a com mon sed i men tary se quen -
ce? Were they cre ated at the same time or in dif fer ent pe ri ods?
What con di tions fa voured the for ma tion of these de pos its? For
com par i son, we ana lysed other sites with such shales to de ter -
mine whether such de pos its are a com mon or a unique phe -
nom e non. To con strain their or i gin, we ex am ined the litho logical 
con di tions and palynological zones in which these shales oc cur.

GEOLOGICAL SETTING AND STUDY AREA

The Srebrna palaeolake (52°29’29.7’’N 20°12’11.6’’E) is sit -
u ated on the P³oñsk Up land (Kondracki, 2009; Solon et al.,
2018), ~2 km east of the vil lage of Srebrna and ~11 km north of
the city Czerwiñsk nad Wis³¹ in cen tral Po land, at an el e va tion
of ~146.5 m a.s.l. (Fig. 1).

The de pos its stud ied were iden ti fied in an elon gated de -
pres sion with an east-west ori en ta tion, sit u ated within kame
hills on the mo raine pla teau of the Warta Gla ci ation (Saalian)
(Fig. 1; Krawczyk and Pochocka-Szwarc, 2021). Dur ing the up -
dat ing of the De tailed Geo log i cal Map of Po land (SMGP) sheet
in Czerwiñsk nad Wis³¹, or ganic de pos its were dis cov ered at
this lo ca tion (Krawczyk and Pochocka-Szwarc, 2021). Sev eral
sam ples were col lected for palynological anal y sis, which con -
firmed their age as be long ing to the Eemian Inter gla cial (Win ter, 
2016).

The study area was not af fected by the Vistula Gla ci ation
(MIS 5d-a, MIS 4-3). The front of the max i mum range (LGM) of
the last gla cial (Vistula Gla ci ation) is sit u ated ~40 km west and
105 km north of the site (Marks et al., 2016). Two other re cently
iden ti fied sites with Eemian Inter gla cial (MIS 5e) de pos its are
lo cated ~46 km north-north west: Stara Maryœka II (Rychel et al., 
2022) and Bia³e B³ota (Sieradz et al., 2024). How ever, no oc cur -
rences of or ganic shale were ob served at these lo ca tions.

REFERENCE SITES

A num ber of peat bog sed i ment sites in Po land have been
ana lysed lithologically, re veal ing the pres ence of or ganic
shales, as pub lished (see be low) and il lus trated here in Fig ure
1. Or ganic shales have been iden ti fied at sites in clud ing:

– Solniki (Kupryjanowicz, 2008; Miros³aw-Grabowska et al.,
2015; Niska, 2015, 2016);

– Choroszczewo (Kupryjanowicz, 2008; Kupryjanowicz et al.,
2015);

– Otapy 1 and Otapy 2 (Bitner, 1956; Kupryjanowicz, 2008);
– Horoszki Du¿e (Bitner, 1954; Granoszewski, 2003);
– Kub³owo (Ro man and Balwierz, 2010; Miros³aw-Grabowska 

et al., 2018; Ro man et al., 2021);
– Nadolnik (Krupiñski, 2005);
– Ustków (Ko³aczek, et al., 2012, 2016);
– Besiekierz (Janczyk-Kopikowa, 1991; Miros³aw-Grabowska 

and Niska, 2005);
– Warszawa-Wawrzyszew (Krupiñski and Morawski, 1993);
– Kuców IIc (Niska, 2012, 2015; Balwierz, 2017);
– Jagodne (Bober et al., 2021);
– Koz³ów (Pidek et al., 2021; Suchora et al., 2022);
– Mikorzyn (Stankowski and Nita, 2004);
– S³awno I and S³awno II (To³pa, 1961);
– Go³ków (Gadomska, 1966; Jañczyk-Kopikowa, 1966);
– Moczyd³o II, Rogów, Faustynów (Mamakowa, 1989);
– Bia³ynin (Borówko-D³u¿akowa, 1973);
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Fig. 1. Lo ca tion of the re search area on A – on the map of Eu -
rope with the Last Gla cial Max i mum (LGM) in di cated (Marks et
al., 2016); B – Dig i tal Ter rain Model (NMT) at 1:20,000 scale
(source: Geoportal) 
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The sites marked in Fig ure 1 were cho sen based on litho -
logical de scrip tions made dur ing palynological stud ies. The in -
ter vals of ac cu mu la tion of the or ganic de pos its, ac cord ing to
RPAZ, in con junc tion with the lo ca tion of the shale lay ers within
the lithological suc ces sions of the sites, is il lus trated sche mat i -
cally in Fig ure 2. The sites se lected were those with re cent and
de tailed palynological anal y ses. The re main ing sites were ana -
lysed many years ago and it is chal leng ing to cor re late them
with mod ern data, as they com monly lack suf fi ciently de tailed
palyno logical in for ma tion.

The Solniki palaeolake is lo cated ~18 km south of Bia³ystok
in NE Po land (no. 2, Fig. 1), and has an 11 metre thick lake sed -
i men tary se quence that has been ana lysed for pol len, Cla -
docera, di a toms, and geo chem is try (Kupryjanowicz et al.,
2005; Kupryjanowicz, 2008; Niska, 2015, 2016; Miros³aw- Gra -
bowska et al., 2015). The orig i nal lithological pro file is based on
the work of Kupryjanowicz (2008) and be gins with black or ganic 
silt (11.00–11.10 m) cov ered by black clayey peat
(10.60–11.00 m). Over ly ing these are black or ganic silt
(10.00–10.60 m), brown and brown-black or ganic clayey silt
(5.60–10.00 m) and or ganic silt with sand (3.90–5.60 m). This is 
fol lowed by dark grey peaty silt (3.00–3.90 m) and dark grey silt
(2.00–3.00 m) over lain by yel low fine and me dium sand and
grey soil (0.00–2.00 m). In some other pub li ca tions (Kupryja -

nowicz et al., 2005; Niska, 2015; Miros³aw-Grabowska et al.,
2015), the de scrip tion of the core has been mod i fied and shale
lay ers are un am big u ously pres ent. In the pres ent study, the part 
of the lithological pro file from the Solniki site in cluded in the
Miros³aw- Grabowska et al. (2015) pa pers was used to com pare 
the pro files, to ob tain the fol low ing suc ces sion: gyttja
(8.10–9.90 m) over lain by lam i nated silt with shale (7.45–8.10
m), shale (7.00–7.45 m), lam i nated silt (6.65–7.00 m), shale
(6.40–6.65 m) and lam i nated silt (5.70–6.40 m) (Fig. 2).

The Choroszczewo palaeolake is sit u ated ~25 km SW of
Bielsk Podlaski in east ern Po land (no. 3, Fig. 1). A 9 metre thick
pro file was ana lysed paly no logi cal ly (Kupryja no wicz, 2008;
Kupryjanowicz et al., 2015); part of the core de scrip tion was re -
con structed af ter Kupryjanowicz (2008). At a depth of
7.20–7.90 m lies grey-green or ganic silt over lain by black-
 brown sub stan tia humosa (6.20–7.20 m). Above this is grey or -
ganic silt with sub stan tia humosa (5.35–6.20 m), weakly de -
com posed brown-black peat (5.30–5.35 m), and grey-brown or -
ganic silt with sub stan tia humosa (5.00–5.30 m). The next layer
is fine sand, light grey with or ganic mat ter (4.85–5.00 m). An -
other layer with substantia humosa is at a depth of 3.80–4.85 m
(or ganic silt, black, grey-brown, dark grey) and is cov ered by
yel low sand (3.75–3.80 m). An other layer of or ganic silt with
sub stan tia humosa is found at a depth of 2.70–3.75 m. The last
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Fig. 2. The oc cur rence of or ganic shales shown in re la tion to the strati graphic di vi sion dis tin guished 
by Mamakowa (1988, 1989) on parts of the lithological pro files of se lected sites

The thick ness of the lay ers and the el e va tion of each pro file are not to a com mon scale; the thick ness of the palynological zones var ies,
re flect ing the lithological vari abil ity ob served in in di vid ual pro files; gyttja-shale has been de scribed as a shale; 

the lithological de scrip tion is shown in Fig ure 3
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layer of or ganic silt with sub stan tia humosa is cov ered by fine
me dium yel low sand (2.65–2.70 m) (Fig. 2).

The Horoszki Du¿e palaeolake is lo cated ~25 km NNW of
Bia³a Podlaska in east ern Po land (no. 4, Fig. 1). An al most
16-metre long core of lake de pos its was drilled and  paly no logi -
cal ly ana lysed by Granoszewski (2003). The low est part
(depths of 15.33–15.90 m) con sists of ol ive-grey cal car e ous silt
with gyttja over lain by silty cal car e ous gyttja. An other layer is or -
ganic dark grey and black silts with sub stan tia humosa at
depths of 14.30–15.33 m. At depths of 14.02–14.30 m there is
grey silty cal car e ous gyttja with sub stan tia humosa and at
depths 13.48–14.02 m there is a layer of sub stan tia humosa.
Above this (12.98–13.48 m) there are dark grey and black
clayey silts and sandy silts. In a sec tion at a depth of
12.84–12.98 there is sandy silt with sub stan tia humosa. At
11.81–12.84 m, the lay ers of sub stan tia humosa are sep a rated
by lay ers of dark brown peat (12.60–12.63 m), black sandy silty
gyttja (12.20–12.50 m), brown ish-yel low peat (11.93–12.02 m)
and black peat with sub stan tia humosa (11.86–11.93 m). At a
depth of 11.40–11.81 m, the de pos its were dis turbed dur ing
drill ing. Black silty peat (10.40–11.40 m) and dark grey clayey
gyttja (9.60–10.40 m) over lie the dis con ti nu ity. The last layer of
sub stan tia humosa is at the depth 9.50–9.60 m and it is over lain 
by black peat with sub stan tia humosa (9.10–9.50 m) and black
or ganic silt (8.70–9.10 m) (Fig. 2).

Bitner (1954) pub lished the find ings from the Horoszki pro -
file, de tail ing lev els of bi tu mi nous shale that oc cur at depths
sim i lar to the sub stan tia humosa de scribed by Granoszewski
(2003) in a new pro file from the same site. Con se quently, in this 
ar ti cle the au thors treat the sub stan tia humosa in Choro -
szczewo (Kupryjanowicz, 2008; Kupryjanowicz et al., 2015)
and Horoszki Du¿e (Granoszewski, 2003) as a shale layer.
More over, in these pro files, where the de scrip tion in di cated
sub stan tia humosa (Sh) ex ceed ing 1, it was sug gested that
these de pos its might ex hibit shale-like char ac ter is tics or con -
tain mi nor shale lay ers.

The Koz³ów palaeolake is lo cated in cen tral Po land, ~14 km
NE from Garwolin Plain (no. 5, Fig. 1). An al most 11 metre long
pro file was ana lysed for palynology, di a toms and macrofossils
(Pidek et al., 2021; Suchora et al., 2022). Dark ol ive grey
gyttja-shales ap pear at a depth of 7.80–8.55 m above the layer of 
gyttja in the bot tom part, which is brown and clayey. Above this
layer brown peaty gyttja oc curs (7.55–7.80 m), which is over lain
by ol ive grey gyttja, with vis i ble lam i na tion (6.55–7.55 m) (Fig. 2).

The Nadolnik palaeolake is lo cated ~6 km NE of Sierpc in
cen tral Po land (no. 6, Fig. 1).  An >8 metre-long pro file was
ana lysed paly no logi cal ly by Krupiñski (2005). Be low or ganic
shale, grey fine and me dium-grained sands with or ganic mat ter
oc cur (6.70–6.78 m). Or ganic shales (grey, grey-brown, brown)
ap pear at a depth of 6.10–6.70 m. They are over lain by well-de -
com posed grey-brown peat (5.45–6.10 m) and well-de com -
posed grey-brown and grey peat with an ad mix ture of sand in its 
up per part (4.90–5.45 m) (Fig. 2).

The Kub³owo palaeolake is lo cated ~23 km from Kutno in
cen tral Po land (no. 5, Fig. 1). A 14.5 metre-long pro file was an -
a lysed for palynology, Cladocera and geo chem is try (Ro man
and Balwierz, 2010; Miros³aw-Grabowska et al., 2018). Brown -
ish-black peat, loamy at the bot tom (8.20–8.75 m) is over lain by
grey ish-brown silty gyttja from depth 8.00–8.20 m. This is suc -
ceeded by brown ish-black or ganic shales (7.45–8.00 m) over -
lain by strongly de com posed dark brown peat (7.37–7.45 m)
and silt (7.10–7.37) (Fig. 2).

The Ustków palaeolake is lo cated in cen tral Po land ~55 km
W from £ódŸ (no. 7, Fig. 1). An 11 metre-long pro file was ana -
lysed for palynology, macrofossils and geo chem is try (Ko³aczek
et al., 2016). Or ganic shales ap pear at a depth of 7.25–8.20 m

above a layer of blu ish-grey min eral loam and brown ish-black
or ganic loam (8.20–8.95 m). Above this oc curs moss peat com -
pacted into shale (7.18–7.25 m) over lain by red dish-brown
moss peat (5.35–7.18 m) (Fig. 2).

MATERIAL AND METHODS

FIELDWORK

Drill ing at the Srebrna site was con ducted us ing a
GEOPROBE geotechnical rig to ob tain a core with an in tact
struc ture. The drill ing was car ried out in the cen tre of the de -
pres sion (Fig. 1). The to tal length of the ob tained core was
6.0 m. Un for tu nately, due to tech ni cal prob lems, it was not pos -
si ble to drill through the full se quence of lac us trine de pos its.
The lithological pro file is de scribed in Fig ure 3.

LITHOLOGICAL ANALYSIS

The char ac ter is tics of the sed i ments were iden ti fied and
their sed i men tary en vi ron ments and post-sed i men tary trans for -
ma tions were re con structed. The thick ness and types of con -
tact be tween the units, as well as tex ture and struc ture of de -
pos its, were ana lysed, to in clude mac ro scopic rec og ni tion of
sed i men tary struc tures and struc tural fea tures, us ing the litho -
facies code pro posed by Miall (1977, 1985) and mod i fied by
Zieliñski and Pisarska-Jamro¿y (2012).

POLLEN ANALYSIS

Sam ples for pol len anal y sis were taken ev ery 3–10 cm from
the 1.6–6.0 m depth in ter val. Sam pling res o lu tion was de ter -
mined based on the li thol ogy. A to tal of 3 cm3 was ex tracted from
38 sam ples (1.645–4.05 m depth), while 1 cm3 was ex tracted
from 38 sam ples (4.10–5.98 m depth) for chem i cal prep a ra tion.
The ma te rial se lected for palynological anal y sis in cluded silt,
gyttja and peat. The sam ples were pre pared in the lab o ra tory ac -
cord ing to the stan dard palynological prep a ra tion pro ce dure,
which in cludes treat ment with 7% hy dro chlo ric acid (HCl), 10%
po tas sium hy drox ide (KOH), den sity sep a ra tion meth ods to sep -
a rate the min eral and or ganic frac tions, and the mod i fied
Erdtman’s acetolysis (Faegri et al., 1989). The heavy liq uid used
in the pro cess was zinc chlo ride (ZnCl2 , den sity 2.1 g/cm3). The
mac er ates were se cured by ad di tion of a sin gle drop of an hy -
drous glyc er ine. A pel let of Lycopodium spores was added to all
sam ples (Stockmarr, 1971). For sam ples with a vol ume of 3 cm3,
the num ber of spores was mul ti plied by three.

Mi cro scopic prep a ra tions were ana lysed us ing a Zeiss
Axio sco pe mi cro scope at 40x mag ni fi ca tion. Palynological sli -
des were pre pared from each sam ple us ing glyc er ine. A to tal of
~500 pol len grains of tree, shrub and her ba ceous plants were
counted in all sam ples. All pol len and spores were iden ti fied by
us ing tax o nomic keys (e.g., Moore et al., 1991; Reille, 1992;
Beug, 2004). In ad di tion, the num ber of al gae be long ing to the
gen era Pediastrum, Tetraedron, and spores were also re cor -
ded for each sam ple.

GEOCHEMICAL ANALYSIS

Geo chem i cal anal y ses of 92 sam ples from depths of
0.25–5.98 m in cluded de ter mi na tion of to tal or ganic car bon
(TOC), se lected met als (Al, K, Ca, Mg, Fe, Mn, Cu, Zn) and P
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con tent de ter mi na tions. All the geo chem i cal anal y ses of the
sam ples were car ried out at the Re gional Re search Cen tre for
En vi ron ment, Ag ri cul tural and In no va tive Tech nol o gies, John
Paul II Uni ver sity of Ap plied Sci ences in Bia³a Podlaska. Sam -
ples for geo chem i cal anal y sis were min er al ized in a closed mi -
cro wave re ac tion sys tem us ing Anton Paar Multiwave PRO
with con cen trated HCl and HNO3 (3:1). Min er al ized sam ples
were ana lysed us ing an ICP OES spec trom e ter (SPE -
CTROBlue). Op er at ing pa ram e ters for the ICP OES in stru ment 
were: cool ant flow: 12 l/min; aux il iary flow: 0.90 l/min; nebulizer
flow: 0.78 l/min.; pump speed: 30 rpm; num ber of mea sure -
ments: 3. Stan dards used: Bernd Kraft Der Stan dard Spectro
Gen e sis ICAL So lu tions and VHG SM68-1-500 El e ment Multi
Stan dard 1 in 5% HNO3.

RESULTS

LITHOLOGICAL DATA

Two depositional units were iden ti fied in the 6 m pro file
stud ied (Fig. 3). 

Unit S-1 (2.93 m thick) oc curs in the lower part of the se -
quence and com prises al ter nat ing lay ers of sandy gyttja, sandy
gyttja and sandy with gravel (ST(G)/Gy), or ganic gyttja (Gy),
peaty gyttja (GyP), peat (P), sandy silt (STm) with or ganic mat -
ter and gyttja again. Peat/or ganic shale, oc curs at depths:
5.95–6.0 m and 4.35–4.45 m (Fig. 3). Pol len anal y sis showed
that this-sec tion was dis turbed dur ing drill ing, these in ter vals
orig i nat ing from the higher part of the pro file. The first un dis -
turbed sed i men tary layer (depth 4.55–5.55 m) con sists of highly 
com pressed or ganic gyttja (HCl-), fol lowed by 5 cm of peaty
gyttja, 5 cm of peat, and a 10 cm layer of or ganic shale. Above
these lies peat (depth 3.60–4.35) with a 10 cm layer of fine
sands with or ganic ma te rial at a depth of 4.00–4.10 m. The next 
layer com prises or ganic gyttja (HCl-) (depth 3.07–3.60 m). 

Unit S-2 (3.07 m thick) be gins with mas sive sandy silt (TSm) 
at a depth of 1.65–3.07 m. At a depth of 1.50–1.65 m me dium
sands with gravel S(G)m ap pear, fol lowed by mas sive clayey
sands (FSm) (depth 1.00–1.50 m). The unit con cludes with a
1.00 m layer of silty sands (ST) (Fig. 3). 

POLLEN DATA

The palaeolake de pos its at Srebrna site were dated by
means of pol len anal y sis. Six Lo cal Pol len As sem blage Zones
(LPAZ) were dis tin guished in the pro file (Sr-1 LPAZ–Sr-6
LPAZ).

The re sults of the palynological anal y sis are shown in Ta ble
1 and as a per cent age pol len di a gram in Fig ure 4. The di a gram
was gen er ated us ing the POLPAL soft ware (Nalepka and Wa -
la nus, 2003). The ba sis for the per cent age cal cu la tion in cludes
pol len grains of trees and shrubs (AP) and ter res trial her ba -
ceous plants and dwarf shrubs (NAP) (Nalepka and Walanus,
2003). In ad di tion to the pol len grains, other microfossils were
counted in the sam ples, in clud ing aquatic plants, col o nies of
Pediastrum al gae, and spores of Filicales monolete. These
were then cal cu lated in re la tion to the ba sic sum. The per cent -
age pol len di a gram was di vided into six Lo cal Pol len As sem -
blage Zones (LPAZs). The zonation was cre ated on the ba sis of 
changes in the pat tern of the curves. The di vi sion cri te ria were

based on the prin ci ples de fined by West (1970), Birks (1973)
and Jañczyk-Kopikowa (1987). Each level is iden ti fied by the
first two let ters of the po si tion name and its name is based on
the names of the taxa that are quan ti ta tively dom i nant or that
are spe cific to a given level. Lo cal zones were as signed to Re -
gional Pol len As sem blage Zones ac cord ing to the meth od ol ogy 
de scribed by Mamakowa (1988, 1989) and de tailed by Kupryja -
nowicz and Granoszewski (2018).

GEOCHEMICAL DATA

Based on the vari a tions in the chem i cal com po si tion of sed i -
ments five main geo chem i cal zones (GZ-1–GZ-5) were dis tin -
guished (Ta ble 2 and Fig. 5).
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of shales in the pro file



DISCUSSION

CHANGES IN LITHOLOGY IN THE SREBRNA PROFILE

The core from the Srebrna site shows a late part of the
Eemian Inter gla cial biogenic suc ces sion (S-1), be neath the
clastic de pos its of the Vistula Gla ci ation (S-2). The li thol ogy of
the suc ces sion ana lysed is shown in Fig ure 3.

Unit S-1 be gins with sands con tain ing gravel and silts at the
bot tom, rep re sent ing dis turbed sed i ments. These de pos its are
over lain by non-cal car e ous gyttja (cor re spond ing to pol len zone 
E5). Sub se quently, the gyttja is re placed by peat, fol lowed by
very hard, com pact, or ganic shales, mark ing the end of pol len
zone E5. This is fol lowed by peat with a thin layer of humic sand
(in pol len zone E7). Above this, non-cal car e ous gyttja re ap -
pears, rep re sent ing the up per gyttja and cor re spond ing to pol -
len zone E7. In the up per part of the se quence, de po si tion of
this unit con cludes with sandy silts and sands, cor re spond ing to 
pol len zones EV1–EV2.

Unit S-2 be gins with sandy silt, which marks the sed i ments
from the on set of the gla ci ation, de pos ited in an aquatic en vi -
ron ment. Palynological anal y sis shows that it rep re sents an
early stage of the Vistula Gla ci ation. The ap pear ance of sands
with gravel and clayey sands prob a bly re flects slope pro cesses
dur ing the Vistula Gla ci ation (MIS 4–MIS 2). Unit S-2 con cludes 

with silty sands, likely the re sult of trans port and de po si tion of
fine ma te rial from the sur round ing kame hills in periglacial cli -
mate con di tions, as also in di cated by quartz grain sur face tex -
tures (Krawczyk and Pochocka-Szwarc, 2021).

BIOSTRATIGRAPHY AND EVOLUTION OF VEGETATION
RECORDED IN THE SREBRNA PROFILE

Palynological anal y sis con firms rep re sen ta tion of the
Eemian Inter gla cial and early Vistulian at the Srebrna site.

The pol len suc ces sion be gins in the Mid dle Eemian (LPAZ
Sr-1 Carpinus-Corylus, Fig. 4), though sed i men ta tion in the
Srebrna palaeolake be gan ear lier (the pro file is in com plete). In
the first doc u mented zone Carpinus dom i nates, form ing a di -
verse broad leaved for est along side with Tilia, Acer, Picea,
Abies and Taxus. Corylus re mains an im por tant com po nent of
the for est, but grad u ally gives way to horn beam to wards the end 
of the zone. A small pro por tion of her ba ceous plant pol len in di -
cates the dom i nance of for est com mu ni ties in the land scape
around the Srebrna palaeolake. Alnus, to gether with Fraxinus
and Ulmus, may have formed ash-al der riverine for ests in less
boggy ar eas, al though their low pol len val ues sug gest that
these com mu ni ties may have been rare or at a dis tance from
the Srebrna palaeolake. The cli mate dur ing the Mid dle Eemian
was very warm and hu mid, with a strong oce anic in flu ence and
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T a  b l e  1

De scrip tion of Lo cal Pol len As sem blage Zones (LPAZs) dis tin guished in the Srebrna pro file

Re gional Pol len 
As sem blage Zone 

ac cord ing to
Mamakowa (1989)

Lo cal pol len 
As sem blage

Zones

Depth 
[m] Main fea tures of Lo cal Pol len As sem blage Zones

EV2 Sr-6 Betula-
Ar te mi sia 1.65–1.78

In this zone the Betula pol len reaches max i mum val ues of 60%. The curves of Betula
nana t., Ar te mi sia and Asteraceae also show small peaks. The Poaceae curve drops

sharply to 5%. Pediastrum and Tetraedron dis ap pear from the re cord, but
Botryococcus ap pears more fre quently and reaches max i mum val ues of 33%.

EV1

Sr-5
Poaceae-

Cyperaceae-
Ar te mi sia

1.78–3.05

Ab so lute dom i nance of NAP val ues up to 75% is ob served. Poaceae and Ar te mi sia 
pol len val ues con stantly grow. In the mid dle of the zone, the share of Cyperaceae starts 
to de crease. Pol len grains of Thalictrum, Ranunculus arctis t., Asteraceae, Rubiaceae

are re corded through out the zone. At the be gin ning the curve of Pediastrum rises
 rap idly and reaches max i mum val ues of 80% in the mid dle of the zone, and the curve

of Tetraedron be haves sim i larly. From the aquatic plants Myriophyllum spicatum 
ap pears in the mid dle of the zone. Sphag num spores dis ap pear al most com pletely at

the be gin ning of the zone. A con stant curve is ob served for Botryococcus. 

E7

E7c Sr-4
Pinus-NAP 3.05–3.85

Pinus val ues de crease grad u ally, while Poaceae, Cyperaceae in crease faster. The
Salix, Betula nana, Juniperus and Calluna curves are al most con tin u ous. Ar te mi sia and

Chenopodiaceae ap pear to gether with a num ber of other her ba ceous plants such as
Saxifraga, Potentilla or Caryophyllaceae. For the first time Pediastrum and Tetraedron
ap pear more fre quently, form ing a con stant curve. Sphag num spores are also noted.

The NAP val ues in crease con stantly and reach 45% at the end of the zone. 

E7b Sr-3 Pinus 3.85–4.34

Af ter a rapid in crease in the pre vi ous zone, Pinus pol len be comes a dom i nant taxon.
Betula val ues also in crease and reach 4–5%. Thermophilic taxa such as Carpinus,
Corylus have al most com pletely dis ap peared from the re cord. Alnus has two peaks,
the sec ond of which reaches 30%. The NAP val ues start to in crease grad u ally. The
curves of Poaceae and Cyperaceae start to in crease. Betula nana t. and Juniperus

ap pear more fre quently. 

E5

E5c Sr-2
Carpinus

4.34–5.31

Through al most the en tire zone, Carpinus val ues re main con stant at ~55%. Only at
the be gin ning is there a small peak of up to 70% and at the end of the zone its val ues

drop sharply to ~1%. Corylus val ues con tinue to de crease. At the be gin ning 
of the zone, a small peak of Tilia cordata and Fraxinus is re corded. The Betula,

Quercus, Alnus and Abies curves are con tin u ous and re main at a con stant level. 
At the end of the zone, Pinus val ues in crease rap idly up to 80%. Picea reaches max i -
mum val ues of 6%. Taxus baccata and Ulmus curves are al most con tin u ous. Pol len 

of Viscum and Hedera he lix are re corded. Among the aquatic plants pol len 
of Potamogeton, Nuphar lutea and Myriophyllum spicatum ap pear.

E5b
Sr-1

Carpinus-
Corylus

5.31–5.53

In this zone Carpinus pol len dom i nates, reach ing max i mum val ues of 65%. At the be -
gin ning of the zone Corylus reaches val ues up to 24%, the high est re corded in the

pro file. Af ter that its curve starts to de crease rap idly. Pol len of Picea, Abies, Fraxinus, 
Ulmus, Tilia cordata, Tilia platyphyllos, Acer and Taxus boccata are pres ent. The NAP 

val ues are the low est in the whole pro file (2–5%).

5.53–6.00 Dis turbed sed i ments



high win ter and sum mer tem per a tures (Kupryjanowicz, 2008).
The pres ence of Ilex and Hedera in di cates mean Jan u ary tem -
per a tures above 0 and –2°C, and mean July tem per a tures
>+15 and +16°C, re spec tively (Iversen, 1944; Kupryjanowicz,
2008).

Fur ther changes in the mixed de cid u ous for est re sulted in
the ab so lute dom i nance of horn beam (LPAZ Sr-2 Carpinus,
Fig. 4). Carpinus formed al most pure horn beam stands and
suc cess fully dis placed ha zel from the understorey. The pro por -
tion of lime and ash is re duced or even dis ap pears, while there
is a slight in crease in the pres ence of oak, spruce, fir, and, to -
wards the end of the zone, pine and birch. The pres ence of
spruce and fir in the tree stands may in di cate an in crease in pre -
cip i ta tion (Granoszewski, 2003). The pres ence of Taxus bacca -
ta (Sr-1 to Sr-2 LPAZ) in di cates that the mean tem per a ture of
the cold est month was not lower than –2°C (Iversen, 1944;
Kupryjanowicz, 2008). How ever, the north ern range limit of Tilia 
platyphyllos lies close to the +17°C iso therm of the warm est
month (Granoszewski, 2003; Kupryjanowicz, 2008).

Sedges and cat tails grew along the edges of the res er voir.
The pres ence of Nuphar lutea in di cates a rather shal low ba sin,
filled by or ganic sed i ments (Podbielkowski and Tomaszewski,
1979; Mamakowa, 1989) cor re spond ing to or ganic gyttja and
peat in the pro file.

To wards the end of this zone, a 10 cm layer of or ganic shale 
is pres ent, sim i lar to shales found in other Eemian Inter gla cial
pro files from Po land (e.g., Jañczyk-Kopikowa, 1966, 1991;
Krupiñski and Morawski, 1993; Granoszewski, 2003; Krupiñski, 
2005; Kupryjanowicz, 2008; Niska, 2012, 2015; Ko³aczek et al.,
2016; Balwierz, 2017; Ro man et al., 2021).

No de pos its have been iden ti fied in the Srebrna pro file that
cor re late with the E6 zone of the Mamakowa (1988) re gional di -
vi sion, this gap pos si bly re flect ing fluc tu a tions in wa ter level that 
re sulted in the for ma tion of the or ganic shales at the end of the
E5 zone and gaps in the palynological re cord (Sieradz and
Rychel, 2023). Kupryjanowicz (2008) pro posed that the ab -
sence of the E6 Picea zone in the pro file from north ern Podlasie 
may be cor re lated with low ered wa ter lev els or even the com -
plete dry ing of some wa ter bod ies at the end of the E5 zone.
The palynological data from other pro files in Po land, in clud ing
G³ówczyn (Nikle wski, 1968), Besiekierz (Janczyk-Kopikowa,
1991), and Dzie wule (Biñka and Nitychoruk, 2003), also in di -
cate a low er ing of the wa ter ta ble in this zone (Kupryjanowicz,
2007). This sug gests a gen eral dry ing ten dency at this time.
Wa ter level ap pears to in crease once more dur ing the E7 Pinus
zone (Kupryja nowicz, 2007). The palynological and lithological
data from the Srebrna site are con sis tent with the over all pat -
tern iden ti fied by Kupryjanowicz (2005, 2007).

Fol low ing an ev i dent hi a tus, sed i men ta tion in the ba sin re -
sumed. The ac cu mu la tion of peat and the ap pear ance of
Sphag num spores in di cate peat bog for ma tion. In the pol len
spec tra, there is a no ta ble re duc tion in the pres ence of pol len
from all thermophilous trees. Pinus is the dom i nant spe cies,
with a mi nor ad mix ture of Picea, form ing a bo real pine for est.
The re cord also shows the com plete ab sence of Abies in this
zone (LPAZ Sr-3 Pinus, Fig. 4). The pro por tion of NAP grad u -
ally in creases due to the ris ing share of her ba ceous plants. Ad -
di tion ally, there is an in crease in the pro por tion of shrub com -
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Fig. 4. Per cent age pol len di a gram for the Srebrna site

 LPAZ 1-6 – Lo cal Pol len As sem blage Zone; AP – ar bo real pol len; 
NAP – non-ar bo real pol len; the red shad ing in di cates the pres -
ence of or ganic shales in the pro file; for li thol ogy see Fig ure 3
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mu ni ties, re flected in the grow ing abun dance of Betula nana,
Juniperus and Salix pol len. A rise in wa ter lev els and the on set
of biogenic sed i men ta tion is in di cated at nu mer ous sites rep re -
sent ing the Late Eemian (re gional zone E7), as doc u mented by
Kupryjanowicz (2007, 2008). A sim i lar pat tern is ob served in
Srebrna, where peat ac cu mu la tions ini ti ated. This change is
likely due to an in crease in pre cip i ta tion and a de crease in

evap o ra tion, com bined with a sig nif i cant de crease in win ter and
sum mer tem per a tures, in di cat ing a cool ing and wet ting trend in
the cli mate (Kupryjanowicz, 2008).

A fur ther de te ri o ra tion in cli ma tic con di tions led to a grad ual
ex pan sion of open hab i tats and a de cline in the abun dance of
Pinus (LPAZ Sr-4 Pinus-NAP; Fig. 4). The thin ning of the for est
ar eas re sulted in im proved light con di tions and the grad ual
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T a  b l e  2

The char ac ter is tics of geo chem i cal zones GZ-1–GZ-5 – geo chem i cal con tent

Zone Depth [m] Con cen tra tions of chem i cal el e ments

GZ 5b 0.25–0.73

De crease in Al con tent to ~7 mg/g; low K con tent <1 mg/g; very low Ca con tent of 0.3–0.7 mg/g; con stant Mg
con tent of ~0.6 mg/g; low Fe con tent of ~4 mg/g; very low Mn con tent <0.1 mg/g; very low Cu con tent to 5 mg/g

(in sep a rate sam ples); vary ing Zn con tent from 4 to 18 mg/g; low con stant P con tent of ~0.3 mg/g;
fur ther de crease in TOC to <0.2%

GZ-5

GZ 5a

0.25–1.20

 0.73–1.20

Firstly de creas ing Al amount to 8 mg/g and then in crease to 21 mg/g; firstly de crease in K con tent to 0.9 mg/g
and then in crease to 2.2 mg/g; low Ca con tent of 0.4–2.4 mg/g; in creas ing Mg con tent from 0.6 to 1.1 mg/g;

 in creas ing Fe con tent to 13 mg/g; in creas ing Mn con tent to 0.3 mg/g; Cu con tent from 0.5 to 12 mg/g (in sep a -
rate sam ples); vary ing Zn con tent from 5 to 32 mg/g; de creas ing P con tent to 0.4–0.7 mg/g; fur ther de crease

in TOC to <0.4%.

GZ-4 1.20–2.60

Vary ing Al con tent from 7 to 44 mg/g; ir reg u lar K con tent – 0.7–7.4 mg/g; low con stant Ca con tent of <1 mg/g; 
ir reg u lar in crease in Mg to <4 mg/g; firstly in crease in Fe con tent to 24 mg/g, then drop to 3 mg/g; vary ing Mn
con tent to 0.2 mg/g; chang ing Cu con tent from 0.5 to 16 mg/g (in sep a rate sam ples); in creas ing Zu con tent to 

49 mg/g; in creas ing P con tent to 1.7 mg/g; fur ther de crease in TOC to <1%

GZ 3b 2.60–3.85

In crease in Al amount to max. 39 mg/g; in creas ing K con tent to 7.4 mg/g; de creas ing Ca con tent to 1.3 mg/g; 
in creas ing Mg con tent to 4.4 mg/g; con stant Fe amount of ~16 mg/g; low Mn amount of 0.07–0.16 mg/g; low Cu

con tent to 9 mg/g (in sep a rate sam ples); in creas ing Zn con tent to 64 mg/g; drop in P con tent to 0.1 mg/g; 
sys tem atic de crease of TOC from 23 to 1%.

GZ-3

GZ 3a

2.60–4.27

3.85–4.27

Firstly de creas ing Al amount to 2 mg/g and then in crease to 17 mg/g, and again drop to 5 mg/g; firstly de creas -
ing K con tent to 0.3 mg/g and then in crease to 2 mg/g; in creas ing Ca con tent to 10 mg/g; de creas ing Mg con tent 

to 1 mg/g; de creas ing Fe con tent to 7 mg/g and next in crease to 13 mg/g; de creas ing Mn amount <0.1 mg/g;
very low Cu con tent to 6 mg/g (in sep a rate sam ples); in creas ing Zn con tent to 28 mg/g; a slight in crease in P

con tent to 0.5 mg/g; vary ing TOC from 1 to 53%

GZ-2 4.27–5.55

High, con stant Al amount of ~37 mg/g; in creas ing K con tent to 10 mg/g; quite even Ca con tent of ~4 mg/g; de -
creas ing Mg con tent from 6 to 2 mg/g; drop of Fe con tent from 26 to 10 mg/g; de creas ing Mn amount from 0.2 
to 0.07 mg/g; vary ing low Cu con tent – 3–10 mg/g; in crease in Zn con tent to 70 mg/g; a quite even P con tent 

of ~0.3 mg/g; in creas ing TOC to 38%

GZ-1

<5.55

sed i ment

dis turbed

Al con cen tra tion be tween 17–39 mg/g, vary ing K con tent from 2 to 10 mg/g; low Ca con tent – 1–4 mg/g; high,
vary ing Mg con tent of 1–6 mg/g; high, vary ing Fe con tent – 9–25 mg/g; Mn con tent of ~1.1 mg/g; Cu con tent 

to 8 mg/g; Zn con tent – 23–71 mg/g; P con tent of ~0.4 mg/g; de creas ing TOC from 40 to 4%
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Fig. 5. Re sults of geo chem i cal anal y sis of the de pos its from the Srebrna site

GZ – geo chem i cal zones, the red shad ing in di cates the pres ence of shales in the pro file; for li thol ogy see Fig ure 3



spread of her ba ceous plants, mainly Poaceae, Cyperaceae
and Ar te mi sia. Wet hab i tats were oc cu pied by wil low thick ets,
rushes, and sedges, while steppe com mu ni ties de vel oped, and
patches of heathland ap peared. At this time the wa ter level in
the res er voir rose, as in di cated by the ap pear ance of peat fol -
lowed by gyttja and the ap pear ance of al gae of the gen era
Pediastrum and Tetraedron.

The trends ob served in the se quence of veg e ta tion suc ces -
sion at the end of the Late Eemian sug gest a con tin u ous cli ma -
tic de te ri o ra tion, shown by a sig nif i cant de crease in the abun -
dance of Pinus and the dom i nance of NAP val ues in the Early
Vistula Gla ci ation (LPAZ Sr-5 Poaceae-Cyperaceae-Ar te mi sia; 
Fig 4). Gyttja is re placed by sandy silt, and this change is as so -
ci ated with the dis ap pear ance of for est cover and an in creas ing
sup ply of clastic ma te rial. There was a slight in crease in Betula
and Betula nana t., but open com mu ni ties of her ba ceous veg e -
ta tion dom i nated the land scape.

The veg e ta tion of this pe riod was char ac ter ized by the dom -
i nance of Poaceae, Cyperaceae, and var i ous spe cies of Ar te -
mi sia and Chenopodiaceae. The di ver sity of taxa re corded at
this time in di cates the prev a lence of open hab i tats. The abun -
dant oc cur rence of Pediastrum in the res er voir may in di cate
eutrophic con di tions in the lake at that time, while the pres ence
of Myriophyllum spicatum sug gests wa ter up to 6 m deep
(Podbielkowski and Tomaszewicz, 1979).

The spread of birch in the area rep re sents the fi nal stage
doc u mented in the palynological suc ces sion (LPAZ Sr-6
Betula- Ar te mi sia; Fig. 4). This spread is a phe nom e non that
has also been doc u mented in other sites across Po land (e.g.,
Mamakowa, 1989; Tobolski, 1991; Granoszewski, 2003; Kru -
piñski, 2005). The re gional ex pan sion of birch may in di cate an
im prove ment in cli ma tic con di tions. Betula nana and Salix pol -
len in di cates the pres ence of dwarf shrub tun dra patches. The
high NAP val ues are prob a bly re lated to the birch for ests in this
area be ing not par tic u larly dense. In stead, they formed loose
tree stands, in ter spersed with ar eas of her ba ceous veg e ta tion
con sist ing mainly of Ar te mi sia and Asteraceae. 

CHANGES IN GEOCHEMICAL COMPOSITION
 IN THE SREBRNA PROFILE

The li thol ogy had a sig nif i cant in flu ence on the chem i cal
com po si tion. The bot tom de pos its, likely dis turbed, show ir reg -
u lar con tents of each chem i cal el e ment as well as or ganic car -
bon (geo chem i cal zone GZ-1; Fig. 5). The ini tial lac us trine de -
pos its, com posed of gyttja, are char ac ter ized by the con stantly
high est con tent of lithophile el e ments (Al, K, Mg) in the pro file
(geo chem i cal zone GZ-2; Fig. 5). This is prob a bly linked to a
rel a tively high wa ter level (pos si bly due to in creased pre cip i ta -
tion) in creas ing min eral sup ply from the catch ment area (as in -
di cated by a low Ca/Mg in dex). The shallowing of the lake led to
over growth and peat sed i men ta tion in the up per part of GZ-2. In 
these de pos its, a de crease in the con cen tra tion of lithophile el e -
ments (Al, K, Mg) and an in crease in the share of or ganic car -
bon (TOC) are ob served, likely in dic a tive of veg e ta tion pre vent -
ing ero sion along the lake shores.

To wards the end of GZ-2, or ganic shales ap pear, char ac -
ter ized by lower con tent of all chem i cal el e ments ex cept zinc,
and an in creas ing amount of or ganic car bon (up to 38%). The
high est zinc con cen tra tion in the en tire pro file may be re lated to
the higher pres ence of or ganic mat ter (Kittel et al., 2016). The
over ly ing peat layer (GZ-3a; Fig. 5) dis plays lower con cen tra -
tions of lithophile el e ments (Al, K, Mg) and the max i mum or -
ganic car bon con tent. The max i mum Ca con tent prob a bly in di -
cates ground wa ter sup ply, sug gest ing a short-term in crease in

wa ter lev els (Kittel et al., 2016). The Fe/Mn ra tio shows strong
vari a tions, re flect ing re dox changes. A thin sandy layer fol lows,
with very low or ganic car bon con tent and slightly higher shares
of lithophile el e ments, sug gest ing slight ero sion and sand trans -
port from the banks.

The sub se quent layer of gyttja (GZ-3b; Fig. 5) has a very
sim i lar chem i cal com po si tion to the lower gyttja, with the Fe/Mn
ra tio drop ping <100, in di cat ing more ox i dized con di tions (Miro -
s³aw- Grabowska et al., 2022). Then sandy silts and sands were
de pos ited (GZ-4; Fig. 5), char ac ter ized by high amounts of
lithophile el e ments (Al, K, Mg) and very low or ganic car bon, re -
flect ing the min eral de po si tion. Higher cop per and zinc con cen -
tra tions cor re late with an in crease in the ero sion in dex (K + Mg
+ Al/Ca), sug gest ing that these el e ments are linked to the in ten -
sity of me chan i cal de nu da tion (Miros³aw-Grabowska et al.,
2022), par tic u larly with the sup ply of clay ma te rial. El e vated zinc 
con cen tra tions may also be as so ci ated with the bioaccumula -
tion of zinc by cer tain tun dra plant taxa, in clud ing Betula nana
(Kittel et al., 2016). The Fe/Mn ra tio again shows sig nif i cant
vari a tions, in di cat ing re dox changes. The pres ence of phos pho -
rus is high est in this layer, likely due to sec ond ary con cen tra tion
in the clayey sands.

The up per sandy lay ers (GZ-5a-b; Fig. 5) are char ac ter ized
by the low est to tal or ganic car bon (TOC) and low con cen tra -
tions of lithophile el e ments. The Fe/Mn ra tio drops <100, in di -
cat ing more ox i dized con di tions. The high est man ga nese con -
tent sug gests river wa ter sup ply in this sec tion.

PHENOMENA OF THE ORGANIC SHALES

Var i ous fac tors con trib uted to the for ma tion of or ganic sha -
les in the lakes. The oc cur rence of this very hard layer with its
shale-like struc ture is usu ally as so ci ated with or ganic de pos its.
Sim i lar lithologies have been iden ti fied at var i ous Eemian Inter -
gla cial sites, in clud ing Srebrna. The thick ness of these shale
lay ers var ies among the sites, rang ing from 10 centi metres to
1.05 metres. They oc cur at a dif fer ent depths, from 14.02 to
2.70 metres be low ground level. Con se quently, the thick ness of 
over ly ing de pos its also var ies, rang ing from 13.48 to 2.70
metres. This vari a tion sug gests that the pres sure of the over ly -
ing lay ers, while caus ing sed i men tary com pac tion, was not the
de ter min ing fac tor for the shale for ma tion. Thus, the shale for -
ma tion did not re quire an over bur den of gla cial sed i ments de -
pos ited dur ing the Vistula Gla ci ation. The data sug gest an in di -
vid ual sce nario for each lake. Nei ther lake size nor ad ja cent li -
thol ogy were the main de ter min ing fac tors. The or ganic shales
are pres ent in pro files with a high or ganic con tent, par tic u larly of 
peat, high-or ganic silt or gyttja. How ever, there is no clear cor re -
la tion with a spe cific sed i ment type that con sis tently leads to the 
ap pear ance of shale lay ers.

Dur ing the Eemian Inter gla cial, many small, dis con nected
wa ter bod ies with var i ous sed i ments were formed, which in flu -
enced the chem i cal com po si tion of the wa ter and the veg e ta tion 
that de vel oped there. The or ganic shales did not form in one
spe cific time pe riod, but are known from dif fer ent re gional pol len 
zones of the Eemian Inter gla cial, from zone E1 to E7. How ever,
in many of the sites ana lysed, these shales most of ten ap -
peared in the E5 zone, which co in cides with the palynological
sig nal of re duced wa ter lev els. Palynological data from or ganic
shale lay ers re veal the pres ence of aquatic plants, in clud ing
taxa such as Potamogeton and Nuphar lutea and the al gae
Pediastrum and Tetraedron. These find ings sug gest the pres -
ence of wa ter dur ing shale for ma tion. Sphag num spores, in di -
cat ing the de vel op ment of a peat bog, also oc curred in each
pro file ana lysed, but not nec es sar ily in the or ganic shale lay ers.
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The geo chem i cal data from Srebrna were com pared with
data from Ustków and Kub³owo (Ko³aczek et al., 2016; Miro -
s³aw- Grabowska et al., 2018). At these three sites, the av er age
to tal or ganic con tent (TOC) in creased from 12 to 50%, with an
av er age of 28–33%. Ad di tion ally, in Ustków and Kub³owo, the
av er age ni tro gen con tent (TN) was 2% and the TOC/TN pa -
ram e ter was 18–19. It ap pears that the shale for ma tion was as -
so ci ated with an in crease in the con cen tra tion of or ganic car bon 
and a de crease in the con tent of other chem i cal el e ments (Fig.
5). The in crease in TOC was prob a bly due to the or ganic or i gin
of these sed i ments, while the in crease in the Ca/Fe ra tio sug -
gests a drop in wa ter level. Low er ing wa ter level could limit the
sup ply of terrigenous ma te rial from the lake’s catch ment area.

 Com par ing the re sults from Srebrna with data from other
sites, wa ter level fluc tu a tions are pro posed as the most likely
sce nario for the for ma tion of the or ganic shales. Low er ing wa ter 
lev els causes or ganic sed i ments, such as peat or or ganic
mud/gyttja, to dry out, com pact and harden, and ends with for -
ma tion of a layer of shale. This sce nario also co in cides with the
oc cur rence of sed i men tary gaps in some pro files, vis i ble as hi a -
tuses in palynological di a grams dur ing pe ri ods of low wa ter lev -
els, which in hib ited sed i ment ac cu mu la tion in the lakes. There -
fore, the shale layer most of ten oc curred in the E5 zone, where
the palynological data (Sparganium, Typha latifolia, Nymphea
alba, Nuphar, Myriophyllum sp.) sug gests a low wa ter level. Ad -
di tion ally, the or ganic shales are not al ways char ac ter ized by a
high con tent of al gae such as Pediastrum or Tetraedron. For
typ i cal bi tu mi nous shales, i.e. de pos its con tain ing bi tu mens, of
var i ous ages, such as oc cur in Go³ków, £yczewska (1966) pro -
posed a dif fer ent or i gin. These de pos its were char ac ter ized by
dif fer ent amounts and dis tri bu tion of pe tro leum com po nents,
e.g., ben zine, heavy oils, res ins, as phalt. Ac cord ing to £ycze -
wska (1966), the for ma tion of these shales was not caused by
bituminization of the de pos its, but it was re lated to the mi gra tion 
of pe tro leum along fault (tec tonic) zones from older rocks of the
subsurface and their sub se quent de po si tion within sed i men tary 
ma te rial.  

CONCLUSIONS

Or ganic shale dis tri bu tion was ana lysed in sev eral paly no -
logi cal ly doc u mented Eemian pro files in Po land. Or ganic
shales have al ways been as so ci ated with or ganic-rich sed i -
ments. They char ac ter ized by a high or ganic car bon con tent
(up to 50% in some cases) and the pres ence of aquatic plants
and al gae; these shales likely formed in shal low, eutrophic wa -
ter bod ies that were grad u ally over grown and/or trans formed

into peat bogs. The ini tial or ganic sed i ments, such as or -
ganic/de tri tus gyttja and par tially peat, were sub jected to re -
peated dry ing and com pac tion, lead ing to the for ma tion of these 
hard, shale-like lay ers.

The depth and thick ness of these shales vary sig nif i cantly
de pend ing on lo ca tion, in di cat ing that their for ma tion was in flu -
enced by nu mer ous lo cal fac tors. Af ter ex am in ing Eemian pro -
files from var i ous re gions of Po land, no clear cor re la tion was
found be tween the oc cur rence of these shales and the li thol ogy
of the over bur den and un der ly ing de pos its. The depth of oc cur -
rence of these shales, i.e. the thick ness of the over bur den, also
var ies, in di cat ing that their for ma tion is not depth-re lated. Nev -
er the less, these or ganic shales al ways oc cur be neath an over -
bur den, which could cause ad di tional com pac tion. The or ganic
shales are not con fined to one re gion but were noted in many
Eemian pro files in Po land.

Dur ing the Eemian Inter gla cial, many small, dis con nected
wa ter bod ies with var i ous sed i ments were formed, in flu enc ing
the chem i cal com po si tion of the wa ter and the veg e ta tion that
de vel oped there. Aquatic plant fos sils iden ti fied in the shales in -
di cate a shallowing and then over growth, pos si bly due to sed i -
ment infill or wa ter level fluc tu a tions. The shales were not
formed in sin gle pe riod/zone, but global fac tors oc cur ring in the
E5 zone (horn beam zone) of the Eemian Inter gla cial may have
con trib uted to wa ter level fluc tu a tions in many lo ca tions. It is
better to con sider each res er voir in di vid u ally. Lower wa ter lev -
els can be at trib uted to nat u ral over growth or low er ing of
ground wa ter lev els at spe cific sites. Fac tors such as short-term
drain age and flood cy cles may have in flu enced the for ma tion of
the or ganic shales. How ever, the avail able data do not pro vide
a com pre hen sive ex pla na tion for the se lec tive oc cur rence of or -
ganic shales in some res er voirs and not in oth ers.

Or ganic shales also ap pear in other inter gla cial pe ri ods e.g., 
the Ferdynandovian Inter gla cial: Ferdynandów (Ber, 2005, Sta -
chowicz -Rybka et al., 2017), £uków (Stachowicz-Rybka, 2015)
and the Mazovian Inter gla cial: Lipnica (Biñka et al., 1997;
Nitychoruk et al., 2005), Paw³ów Nowy, Bia³a Podlaska, Koma -
rno (Nitychoruk, 2000), Wylezin (Rühle, 1968), Barkowice Mo -
kre (£yczewska, 1966; Ber, 2005), Zakrucze near Ma³ogoszcz
(Lindner and Rzêtkowska-Orowiecka, 1998).

Ac knowl edge ments. The re search was car ried out as part
of the task ti tled: “Re con struc tion of cli mate changes in se lected
sites from north ern Masovia in the pe riod from the Eemian
Integlacial to the Vistulian (MIS5-MIS2)” fi nanced by a sub sidy
from MEiN. We are grate ful to the re view ers, A. Poska and one
anon y mous, as well as to the Ed i tors of Geo log i cal Quar terly, for
their con struc tive com ments which im proved the manu script.
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