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As so ci ate Ed i tor – Wojciech Granoszewski

Lac us trine sed i ments rep re sent ing Ma rine Iso tope Stage 11 (MIS 11) were found in Hermanów (SE Po land) in a pres ent-day
closed de pres sion un der a thin cover of Weichselian and Ho lo cene de pos its (1.4 m). These sed i ments filled a palaeolake
cre ated as a re sult of melt ing of a dead-ice block at the end of MIS 12. Geo log i cal re search has ex cluded the pres ence of an
ice sheet dur ing MIS 12 in this area. The lobe of the ice sheet of this gla ci ation was lo cated sev eral kilo metres to the west of
Hermanów. The palaeolake was part of a larger palaeolakeland in south east ern Po land, formed dur ing MIS 11. The
palaeomorphology of this inter gla cial is ev i dent in the con tem po rary re lief of the area and the out line of the lakes cor re -
sponds to the pat tern of the closed palaeodepressions. Based on the re cord of sed i ments from Hermanów, a new per spec -
tive re gard ing the sub-di vi sion of MIS 11 is pre sented. Two re gres sive phases are ob served in the Holsteinian Inter gla cial
(MIS 11c) – OHO and YHO. The sub se quent substages with five cold fluc tu a tions ac cord ing to the new est strati graphic stan -
dards should be as signed to MIS 11b with a very clear cool ing and a slightly warmer MIS 11a. Car bon iso to pic com po si tion of 
or ganic mat ter cor rob o rates geo log i cal and en vi ron men tal anal y sis. The iso to pic com po si tion sug gests two cool ing pe ri ods:
OHO and MIS 11b. Sta ble cli ma tic con di tions with lit tle tem per a ture fluc tu a tions per sisted be tween the cool ing pe ri ods.

Key words: substages of MIS 11, Mazovian/Holsteinian Inter gla cial, MIS 12 and MIS 10 gla ci ation range, palaeoclimate
changes, E Po land palaeolakeland, Car bon iso tope.

INTRODUCTION

MIS 11c (Ma rine Iso tope Stage 11c) is con sid ered one of
the lon gest (Howard, 1997; Lisiecki and Raymo, 2005;
Tzedakis et al., 2012) and warm est (Howard, 1997; Coletti et
al., 2015) Mid dle Pleis to cene interglacials. Based on sim u la -
tions of cli mate mod els, it is as sumed that Green land and west -
ern Antarctica were free of ice at that time (Coletti et al., 2015)
or at least the ice sheet col lapsed there dur ing this un usu ally
long warm in ter val (Raymo and Mitrovica, 2012; Reyes et al.,
2014). MIS 11c has many ter res trial equiv a lents in Eu rope. In
Po land, it is cor re lated with the Mazovian Inter gla cial (Nitycho -
ruk et al., 2005, 2006; Marks et al., 2018), in Ger many with the
Holsteinian Inter gla cial (Koutsodendris et al., 2010), in France
with the Praclaux Inter gla cial (de Beaulieu et al., 2001), and in

Brit ain with the Hoxnian Inter gla cial (Ash ton et al., 2008; Tye et
al., 2016). In east ern Eu rope, MIS 11c is cor re lated with the Al -
ex an drian Inter gla cial in Belarus and with the Likhvinian Inter -
gla cial in Ukraine (Lindner et al., 2006). 

Dis crep an cies in the cor re la tion of the Holsteinian are ev i -
dent. Most au thors place it in MIS 11 (Nitychoruk et al., 2006;
Rohling et al., 2010; Co hen and Gibbard, 2011), whereas oth -
ers in MIS 9 (Geyh and Müller, 2005). Moncel et al. (2016) un -
der line that the dis tinc tion be tween these two interglacials is not
al ways pos si ble due to their sim i lar cli ma tic char ac ter is tics and
rel a tively short du ra tion. This is why Moncel et al. (2016) iden tify 
the Holsteinian pe riod with MIS 11 and MIS 9. 

MIS 11 cli ma tic re cords are based pri mar ily on palynology.
In the low lands of east ern Po land, pol len anal y sis of MIS 11c
sed i ments was per formed on a wide scale. About 40 sites were
ana lysed, among oth ers the Hermanów site (Figs. 1 and 2).
This en abled a de tailed re con struc tion of the palaeoclimate and 
palaeoenvironmental changes in this pe riod. In the ma jor ity of
the paly no logi cal ly ex am ined suc ces sions, an older intra-inter -
gla cial os cil la tion in MIS 11c was re corded, i.e. the OHO
(Koutso dendris et al., 2010; e.g., Biñka and Nitychoruk, 1995;
Krupiñski, 1995; Hrynowiecka et al., 2014; Hrynowiecka and
Win ter, 2016; Hrynowiecka and Pidek, 2017). The youn ger os -
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cil la tion, YHO (Koutsodendris et al., 2010), is less clearly ex -
pressed in this area and there fore rarely dis tin guished in the
ana lysed suc ces sions (e.g., Hrynowiecka and Win ter, 2016;
Hrynowiecka and Pidek, 2017).

It is not clear whether the Holsteinian/Mazovian Inter gla cial
en com passes the en tire MIS 11 (de Beaulieu et al., 2001; de
Abreu, 2005) or only the MIS 11c substage (e.g., Ash ton et al.,
2008; Koutsodendris et al., 2010). Tra di tion ally, MIS 11 is sub -
di vided into three substages: a, b and c, where MIS 11c is the
ear li est, lon gest and warm est substage (e.g., Tzedakis et al.,
2001, 2012; Kleinen et al., 2014). How ever, many re search ers
rec og nize later/youn ger substages in var i ous zones of the
North ern Hemi sphere and the sub di vi sion of MIS 11 into 5
phases (e, d, c, b, a) is com monly ac cepted (e.g., Prokopenko
et al., 2001; Ash ton, 2010; Fawcett et al., 2011; Railsback et al., 
2015). Af ter ap ply ing mo lec u lar palaeotemperature prox ies to
re con struct the mean an nual tem per a ture (MAT), Fawcett et al.
(2011) stated that the tem per a ture dur ing MIS 11d and 11b was 
lower by ~2°C in New Mex ico. Ash ton (2010) at trib uted to MIS
11d and 11b the phases with a suf fi ciently cool cli mate, dur ing
which park land con di tions with Salix herbacea and Betula nana

pre vailed in Brit ain. He ar gued that substages 11e, c and a were 
warmer and substages 11d and b were colder. Two warmth
max ima in MIS 11c and 11a have been con firmed by re search
in Arc tic Rus sia (at ~409 and ~423 ka; Melles et al., 2012; Vogel 
et al., 2013; Coletti et al., 2015). They are ev i denced by the Sea
Sur face Tem per a ture (SST) re con struc tions in the mid-lat i tude
North At lan tic, which show also two tem per a ture peaks (~405
and ~420 ka; Voelker et al., 2010), where the youn ger peak en -
com passed the inter gla cial ther mal max i mum (Rodrigues et al., 
2011), sep a rated by a short and mi nor cool ing (MIS 11b?). The
third rel a tively warm substage was the youn gest MIS 11a
(Fawcett et al., 2011). In ad di tion, the MIS 11e substage
(Railsback et al., 2015) rep re sents a very short pe riod closely
af ter the MIS 12/11 tran si tion, which has not yet been doc u -
mented in palynological re cords from Eu rope. It should be em -
pha sized that the di vi sion of MIS 11 into five substages has a lo -
cal char ac ter and is not re lated to the global strati graphic
scheme for MIS 11 (Co hen and Gibbard, 2011).

How ever, di rect cor re la tion of ter res trial de pos its with ma -
rine/ice cores (e.g., Lisiecki and Raymo, 2005; Voelker et al.,
2010) is not pos si ble, be cause re cords of ma rine iso topes are
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Fig. 1. The sites of palaeobotanical study of Mazovian/Holsteinian Inter gla cial pro files in east ern Po land, 
con sid er ing the range of the east bound ary of the Saalian ice sheet lobe



sim i lar to ter res trial re cords only in gen eral out line (Tzedakis et
al., 1997; Biñka and Marks, 2018). Al ready Tzedakis et al.
(1997) stated asynchronicity be tween the be gin ning of ter res -
trial and ma rine re cords, be cause the pol len se quences are
more sen si tive to cli ma tic changes than ox y gen iso topes in ma -
rine cores. Sim i lar un cer tain ties with the cor re la tion of Tenaghi
Philippon data to the North At lan tic ma rine re cord from ODP
Site 983 are in Vakhrameeva et al. (2018). It was also sug -
gested that nei ther ox y gen iso topes nor the model of Milanko -
vitch cy cles are good pat terns for the cor re la tion of ter res trial
pol len re cords, mainly due to the dif fi culty in es ti mat ing the sed i -
men ta tion rate in in di vid ual de pos its (Tzedakis et al., 1997).
Com par i son of ma rine and ter res trial re cords re quires a care ful
con sid er ation of age model un cer tain ties (Koutsodendris et al.,
2014). Even clear iso to pic events can be dif fi cult to lo cate in ter -
res trial sed i ments. There fore, it is best to use ter res trial re cords
for the cor re la tion of other ter res trial re cords based on pol len
chro nol ogy. The cor re la tion, or rather non-cor re la tion, of a
high-per cent age curve of ar bo real pol len from the Tenaghi
Phillipon pro file (Tzedakis et al., 2004, 2006) with the LR04 ma -
rine stack (Lisiecki and Raymo, 2005) well-il lus trates this prin ci -
ple (Fig. 3). Biñka and Marks (2018) em pha size that the asyn -
chronicity of ma rine/ice and ter res trial re cords is mainly due to
the shorter course of the ma rine/ice in ter vals and the lack of de -
tailed lo ca tion of the be gin ning and end of warmer pe ri ods
within them. There fore, the be gin ning of the Hol steinian/Mazo -
vian Inter gla cial in Cen tral Eu rope may not co in cide with the be -
gin ning of MIS 11c in the sea zone. This is caused by the re treat 
of the ice sheet and con se quently by a de lay in tree mi gra tion
(Koutsodendris et al., 2012).

Based on varve count ing in the Dethlingen Lake de pos its
(north ern Ger many), it was stated that the Holsteinian/Mazo -
vian Inter gla cial lasted 15 ±1.5 ka and must be youn ger than the 
be gin ning of MIS 11c (Koutsodendris et al., 2010). It is dif fi cult
to es ti mate the du ra tion of the Holsteinian/Mazovian Inter gla -
cial based on LR04 core stud ies (Lisiecki and Raymo, 2005)

and EDC3 chro nol ogy for the EPICA Dome C ice core (Jouzel
et al., 2007; Parrenin et al., 2007; Fig. 3) re sult ing in the du ra tion 
of substage MIS 11c at 27–28 ka and 27 ±8 ka es ti mated by
anal y sis of de pos its from Arc tic Lake El’gygytgyn (Vogel et al.,
2013). Per haps, the an swer of this in com pat i bil ity was re-drill ing 
a new core and re-count ing the varves in the Bispingen pro file
(Eemian Inter gla cial in north ern Ger many; Lauterbach et al.,
2012). Sed i ments from this pro file were orig i nally es ti mated at
~11 ka (Müller, 1974) and cor re lated with MIS 5e. Af ter re count -
ing the varves in the new pro file, the du ra tion of the Eemian
Inter gla cial was es ti mated at ~17 ka (Lauterbach et al., 2012),
in di cat ing that in north ern Ger many it should be cor re lated with
MIS 5e and partly with MIS 5d. The study de ter mined also that
there were gaps in the pre vi ously drilled Bispin gen pro file that
caused in cor rect es ti ma tion of the Eemian Inter gla cial du ra tion.
It should be noted that a sim i lar sit u a tion prob a bly ap plies to the
chro nol ogy of the Holsteinian/Mazovian Inter gla cial and that all
es ti mates of the du ra tion of this inter gla cial and its in di vid ual
phases that based on lake de pos its should be treated very
care fully.

Ear lier iso to pic anal y sis from the Mazovian Inter gla cial (MIS 
11c) fo cused on d13C(CaCO3) and d18O(CaCO3) of malacofauna
shells (e.g., Nitychoruk, 2000; Szymanek et al., 2016; Szyma -
nek, 2017). Ad di tion of d13C(org) al lows for ex tra in sight into
palaeoenvironmental con di tions re corded by iso to pic com po si -
tion of or ganic mat ter. Tem per a ture plays a fun da men tal role in
d13C char ac ter is tics of or ganic mat ter, so that small dif fer ences
in tem per a ture will af fect d13C val ues. Data from sev eral
sources (Smith et al., 1973; Whelan et al., 1973; Lipp et al.,
1991; Skrzypek et al., 2007a, b) sug gest that the change in d13C 
of var i ous C3 plants per de gree change in tem per a ture var ies
from –1.5 to +0.33‰/°C.

The sed i ments over ly ing MIS 11c (strictly above the inter -
gla cial part) are called in all stud ies the Early Liwiecian Gla ci -
ation (Ma rine Iso tope Stage 10, cor re spond ing to the Odranian
Gla ci ation s.l. (Marks et al., 2018), Fuhne Gla ci ation in Ger -
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Fig. 2. The dis tri bu tion of hand probe (WH drill ing) and geoprobe pro files in cluded
 in the pa per and a po ten tial out line of the Hermanów Lake shore line (phot. W. ¯arski)
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many (s.l. Saalian Gla ci ation; Börner, 2007), and Bargette Gla -
ci ation in France (Reille et al., 2000). They were rarely in ves ti -
gated in Po land due to the poorly pre served re cords.

Fol low ing MIS 11c in east ern Po land, the first cold substage 
is clearly marked in the suc ces sions (e.g., Pidek, 2003; Hryno -
wiecka-Czmielewska, 2010). How ever, pro files with a re cord of
changes in fur ther substages are not nu mer ous. In Po land, the
larg est num ber of 4 cold phases (“stadials”) was rec og nized in
the Ossówka pro file as the Liwiecian Gla ci ation (E Po land;
Krupiñski, 1995; Nitychoruk et al., 2005). 

The Hermanów site (Fig. 1) on the £uków Plain in SE Po -
land (¯arski, 2007; ̄ arski and Morawski, 2013) dis plays the full

re cord of the Holsteinian/Mazovian Inter gla cial (MIS 11c) with
both cli ma tic fluc tu a tions (OHO and YHO) and fur ther MIS 11,
with a re cord of 5 cold substages, the first of which should be
con sid ered as MIS 11b and the next substages as MIS 11a.

MATERIAL AND METHODS

GEOLOGICAL SETTING

The Hermanów site (22°22’E, 51°48’N) is lo cated in south -
east ern Po land on the £uków Plain (Kondracki, 2002), about
105 km to the east of War saw (Fig. 1). The study area was cov -
ered by ice sheets of sev eral glaciations in the Early and Mid dle
Pleis to cene (Marks, 2004) and is lo cated in the west ern part of
a palaeolakeland from the Mazovian Inter gla cial, which is vis i -
ble in the con tem po rary mor phol ogy of the area. Nu mer ous
sites with lake sed i ments of the Mazovian/Holsteinian Inter gla -
cial oc cur in the study area and fur ther to the east (e.g.,
Nitychoruk, 1994, 2000; Albrycht et al., 1997; Lindner and
Marks, 1999; Krupiñski, 2000; ̄ arski et al., 2005; Lindner et al.,
2007; Ma³ek and Pidek, 2007; Ma³ek, 2008; ̄ arski, 2008, 2009; 
Pidek et al., 2011; Terpi³owski et al., 2014; Hrynowiecka et al.,
2014). 

Like the neigh bour ing sites (Przytulin, Kolonia Bystrzycka,
Wólka Domaszewska, Domaszewnica; ¯arski 2008, 2009;
Fig. 1), the Hermanów site is lo cated on a de nuded post-gla cial
pla teau, com posed mainly of gla cial tills from the Sanian 2 Gla ci -
ation (Elsterian, MIS 12; ¯arski, 2008, 2009; ¯arski et al., 2009;
Terpi³owski et al., 2014). To the west of Hermanów (Fig. 1), the
pla teau sur face is built of post-gla cial de pos its of the Odra Gla ci -
ation (Saalian). This is the zone of the max i mum range of the
Odra Gla ci ation (Saalian) ice sheet. The Herma nów site is lo -
cated within a very well-pre served closed ba sin on the pla teau
(Fig. 2), char ac ter ized by a sub-cir cu lar shape with the di am e ter
of about 300 m. The out line of the con tem po rary small peat bog
ba sin strictly cor re sponds to the shape of the res er voir from the
Mazovian Inter gla cial (Fig. 2). This case is typ i cal for the area,
where the palaeolakeland from the Mazo vian Inter gla cial is vis i -
ble on the sur face of the pres ent-day post-gla cial pla teau. The
ter rain sur face lies at 164–165 m a.s.l., like in Przytulin, Kolonia
Bystrzycka and Wólka Domaszewska (Fig. 1). 

Lac us trine sed i ments in Hermanów were drilled with a hand
probe to a depth of 4.3 m dur ing a geo log i cal map ping sur vey in
2004. In the same year, a me chan i cal probe drilled 14 m of sed -
i ment, and in 2005 a geoprobe pierced the de pos its to a depth
of 8.4 m (Fig. 4). The thick ness of the lac us trine or ganic sed i -
ments was 6.48 m in the me chan i cal probe and 6.06 m in the
geoprobe. Based on pol len anal y sis, the age of the sed i ments
was de ter mined by Krupiñski (2004, 2009) as the Mazovian
Inter gla cial. In 2012, an other geoprobe drill ing reached a depth
of 7.75 m. In ad di tion, me chan i cal probes were made to the
north and south of the palaeolake (Fig. 4).

DESCRIPTION OF THE SEDIMENTS 

The palaeolake ba sin in Hermanów formed as a re sult of
melt ing of a dead-ice block at the end of the Sanian 2 Gla ci ation 
(Elsterian, MIS 12). The Mazovian Inter gla cial sed i ments are
un der lain by fine-grained sands and silty sands (Ta ble 1 and
Fig. 4), ac cu mu lated in a wa ter res er voir im me di ately af ter the
melt ing of the dead-ice block. The lac us trine suc ces sion of the
Mazovian Inter gla cial (MIS 11c) be gins with fine-grained and
silty sands (7.30–6.98 m), over lain by lam i nated dark grey silts
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Fig. 3. Com par i son of re search re sults of MIS
11 de pos its

A – LR04 ma rine stack (Lisiecki and Raymo,
2005); B – EPICA DOME C ice re cord (Jouzel et
al., 2007) us ing chro nol ogy of Veres et al. (2013)
and Bazin et al. (2013); C – Lake Baikal Re cord
(Proko penko et al., 2001); D – Tenaghi Phillipon
(Greece) pol len re cord (Tzedakis et al., 2006); E –
Herma nów pro file (this pa per)
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(6.98–6.70 m), peaty shales (6.70–5.72 m), and shaly peats
(5.72–5.51 m). The Mazovian Inter gla cial lake se ries ends with
brown-black, poorly de com posed peats with nu mer ous plant
macroremains (5.72–4.25 m). The thick ness of the Mazovian
Inter gla cial lac us trine sed i ments is 3.05 m (Ta ble 1 and Fig. 4).

The inter gla cial sed i ments are cov ered with lake de pos its of 
cold cli ma tic con di tions, which should be cor re lated with MIS
11b, fol lowed by slightly im prov ing con di tions, which should be
cor re lated with MIS 11a. They be gin with grey-ol ive gyttja
(4.25–3.98 m), over lain by poorly de com posed peats with nu -
mer ous macroremains (3.98–2.80 m), strongly de com posed
clayey peats (2.80–2.56 m), brown-black strongly de com posed
peats (2.56–2.15 m), poorly lam i nated brown-grey silts
(2.15–2.03 m), and a layer of fine-grained sands (2.01–2.03 m).
The sed i men ta tion of the lake res er voir ter mi nates with grey-
 brown, weakly lam i nated silts (2.03–1.42 m). Above oc cur fine-
 grained silty sands and silts (1.42–0.73 m) cor re lated with the
Weichselian Gla ci ation (Late Gla cial, MIS 2), over lain by Ho lo -
cene peats with an interbedding of silty sands (0.73–0.00 m; Ta -
ble 1 and Fig. 4).

 POLLEN ANALYSIS

All 56 pol len sam ples were taken from a core from the depth
in ter val of 180–730 cm. The organogenic sed i ments were sam -
pled ev ery 10 cm at a vol ume of 1 cm3. All sam ples for pol len
anal y sis were acetolized ac cord ing to Erdtman’s method (1960),
mod i fied us ing HF (Berglund and Ralska-Jasie wiczo wa, 1986).
Be fore acetolysis, one tab let of the Lycopodium in di ca tor was
added per 1 cm3 of each sam ple to de ter mine the ab so lute con -

cen tra tion of sporomorphs (Stockmar, 1971). Pol len spec tra for
each sam ple were counted on two slides with a sur face area of
20 x 20 mm. Count ing was car ried out up to ~500 grains of pol -
len. Only in cases of ex tremely low fre quency, about 300 pol len
grains were counted.

The per cent age cal cu la tions are based on the ba sic sum,
which in cludes pol len grains of trees and shrubs (AP), and her -
ba ceous plants and dwarf shrubs (NAP). The per cent age pro -
por tions of other plants were cal cu lated in re la tion to the ba sic
sum. 

The palynological re sults are pre sented as per cent age pol -
len di a grams (Figs. 5–8, and sig nif i cantly sim pli fied in Fig. 3E)
pre pared us ing POLPAL soft ware (Nalepka and Walanus,
2003). The pol len suc ces sion from Hermanów was sub di vided
into 21 lo cal pol len as sem blage zones (L PAZs) num bered from 
the bot tom to the top of the suc ces sion.

All sam ples are stored at the Pol ish Geo log i cal In sti tute –
Na tional Re search In sti tute.

GEOLOGICAL ANALYSIS

ANALYSIS OF PETROGRAPHIC COMPOSITION 

Petrographic anal y sis of grav els washed out of the gla cial till 
was per formed for sam ples taken from the WH46 bore hole
(Figs. 2 and 4) in the fol low ing depth in ter vals: 2.0–4.0 m;
4.0–6.0 m and 8.0–10.0 m. The sim pli fied petrographic anal y sis
in cluded mac ro scopic de ter mi na tion of the petrographic group
of the ana lysed gravel grains (frac tion 5–10 mm; Krygowski,
1956, 1967; Kenig, 1998; Lisicki, 2003).
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Fig. 4. Com par i son of sed i ments from hand probes (WH drill ing) 
and geoprobe pro files from the Hermanów site



ANALYSIS OF GRAIN SIZE COMPOSITION 

Grain size anal y sis was per formed for sam ples of sand
and silt de pos its from the depth in ter val 1.42–0.17 m. The
large gravel >5 mm, gravel 2–5 mm, sand 0.1–2 mm, silt
0.01–0.1 mm, and clay 0.001–0.01 mm (Gradziñski et al.,
1986) frac tions were iso lated us ing the sieve-areometric
method (Mycielska- Dowgia³³o and Rutkowski, 1995). The
grain size pa ram e ters were cal cu lated ac cord ing to the Folk
and Ward method (1957).

ANALYSIS OF HEAVY MINERALS 
COMPOSITION 

Anal y sis of heavy min er als was per formed on sam ples of
sed i ments from the depth in ter vals 1.42–1.33 m and
0.96–1.10 m. Sed i ments were sep a rated by dry siev ing. The
stud ied frac tion (0.1–0.25 mm) was treated with a heavy liq uid
of den sity above 2.9 g/cm3 (so dium polytungstate 3Na2WO4 ×
× 9WO3 × H2O). Af ter sep a ra tion of heavy min er als, HCl was
used to re move cal cium car bon ate. The re main ing heavy min -
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T a  b l e  1

De tailed de scrip tion of sed i ments from the Hermanów site, in clud ing layer thick ness

Depth [m] Col our De pos its Stra tig ra phy

0.0–0.17 brown-red dish non-de com posed peats

Ho lo cene

0.17–0.37 brown silty sands with hu mus

0.37–0.44 brown peats

0.44–0.73 brown-black clayey peats

0.73–0.75 brown-black clayey silts

0.75–0.96 light brown sits

Weichselian
0.96–1.10 brown–red dish fine grain sands

1.10–1.33 ligh brown silty sands

1.33–1.42 light grey fine grain sands

1.42–1.52 grey-brown lam i nated silts

Liwiecian Gla ci ation

1.52–1.53 light grey fine grain sands

1.53–2.01 grey-brown lam i nated silts

2.02–2.03 brown fine grain sands

2.03–2.15 grey-brown lam i nated silts

2.15–2.17 brown-black peaty silts

2.17–2.56 brown-black well-de com posed peats

2.56–2.80 brown-black well-de com posed clayley peats

2.80–3.05 black poorly de com posed clayey peats

with macrofosills

3.05–3.25 black poorly de com posed peats with macrofosills

3.25–3.50 brown-black non-de com posed peats with macrofosills

3.50–3.98 brown-black poorly de com posed peats with macrofosills

3.98–4.25 grey-ol ive gyttja

4.25–5.21 brown-black poorly de com posed peats with macrofosills

Mazovian 
Inter gla cial

5.21–5.51 brown-black non–de com posed peats with macrofosills

5.51–5.72 brown–black shaly and peats with macrofosills

5.72–6.70 dark brown shaly peaty

6.70–6.92 dark grey silts with macrofosills

6.92–6.98 dark grey silts with fine grain sands

6.98–7.32 grey silty sands with fine grain sands

7.32–7.75 grey fine grain sands Elsterian Gla ci ation
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er als were iden ti fied and counted un der a petrographic mi cro -
scope (Jêczmyk and Kanasiewicz, 1970; Klein and Hurlbut,
1993; Racinowski, 1995. Marcinkowski and Mycielska- Dow -
gia³³o, 2013). The per cent age of trans par ent and opaque min -
er als, which al to gether rep re sent 100%, was stud ied. 

ANALYSIS OF THE CALCIUM CARBONATE 
CONTENT 

The anal y sis was per formed on the frac tion be low 0.1 mm
us ing the Scheibler ap pa ra tus (Myœliñska, 2016).

ANALYSIS OF FROSTING AND ROUNDNESS 
OF QUARTZ GRAINS 

The anal y sis was per formed on the 0.5–1 mm frac tion
grains us ing the Cailleux method, mod i fied by GoŸdzik (1981)
and Mycielska-Dowgia³³o and Rutkowski (1995).

14C DATING

Ra dio car bon dat ing of one sam ple taken from the base of
the peat layer (0.7 m) was made at the Gliwice Ab so lute Dat -
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Fig. 6. Sche matic pre sen ta tion of pol len anal y sis re sults com pared with li thol ogy data from the Hermanów pro file

Pi o neer taxa in cludes: Pinus and Betula pol len; tem per ate taxa in clude: Alnus, Fraxinus, Ulmus, Picea, Taxus, Corylus,
Quercus, Carpinus and Abies pol len; thermophilic taxa in clude: Hedera he lix, Viscum, Vitis, Buxus and Pterocarya pol len; 

for ex pla na tion of li thol ogy see Fig ure 4
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Fig. 8. Re sults of 13C iso tope anal y sis and or ganic mat ter anal y sis (C) cor re lated with pol len anal y sis re sults (B) 
and li thol ogy (A) 

For ex pla na tion of li thol ogy see Fig ure 4 grey belts in di cate pe ri ods of cool ing



ing Method Cen tre (Michczyñski, 2017). The ra dio car bon con -
ven tional date was cal i brated us ing OxCal 4.2 soft ware (Bronk 
Ramsey et al., 2010) and the IntCal13 cal i bra tion curve
(Reimer et al., 2013). Cal i brated BP years were used in these
stud ies.

ISOTOPIC ANALYSIS

Chem i cal and iso to pic anal y ses were per formed at the Iso -
tope Ge ol ogy and Geoecology Lab o ra tory of the In sti tute of
Geo log i cal Sci ences, Wroc³aw Uni ver sity. Sam ples were
washed with 4% HCl to re move in or ganic car bon, freeze dried
and ho mog e nized. 5 mg of pure or ganic mat ter were placed
within quartz am poules with CuO, heated for 10 hours at 900°C
and for 4 hours at 650°C. Com bus tion prod ucts, CO2, H2O and
NOx were cryo gen i cally sep a rated and pure CO2 was used for
iso to pic anal y sis. All iso to pic com po si tions in this pa per are re -
ported in the stan dard d-no ta tion (the rel a tive dif fer ence, in
parts per thou sand (‰), be tween the iso tope ra tio of the sam ple 
and the in ter na tional stan dard). We used the “mul ti ple-point”
nor mal iza tion tech nique (Paul et al., 2007) to nor mal ize all raw
iso to pic data to iso tope ref er ence scales; d13C is re ported in the
VPDB scale (Vi enna PeeDee Bel em nite). The fol low ing In ter -
na tional Atomic En ergy Agency (IAEA) ref er ence stan dards
were ana lysed with each set of sam ples, spe cific to the iso tope
of in ter est and uti lized for nor mal iza tion: NBS22, NBS18 and
USGS24. The un cer tain ties as so ci ated with sta ble iso tope
anal y ses are 0.2‰ for d13C.

The iso to pic frac tion ation pro ceeds in two stages: 

– ad sorp tion and dif fu sion of CO2 into the plant tis sue; 

– the ini tial carboxylation (e.g., O’Leary, 1981). 
Con se quently, the cu mu lated of 12C-en rich ment of the plant 

tis sue with re spect to the at mo spheric car bon di ox ide is about
18–27‰ (C3 plants) and 4–6‰ (C4 plants), (O’Leary, 1981;
Lajtha and Mar shal, 1994). 

ANALYSIS OF TOTAL ORGANIC 
CONTENT (TOC)

Or ganic mat ter con tent was mea sured fol low ing the pro ce -
dure of Gale and Hoare (1991). Sam ples were dried at 105°C
and combusted in an oven at 550°C for 8 h. Re sults are ex -
pressed as per cent of dry weight.

RESULTS

RESULTS OF POLLEN ANALYSIS 

Anal y sis of 56 sam ples from the Hermanów pro file en abled
the iden ti fi ca tion of 112 taxa, rep re sented by 28 trees and
shrubs (Ar bo real Plants), 5 dwarf shrubs, 48 ter res trial herbs
(Non-Ar bo real Plants), 17 aquatic and reed swamp plants, 7
Pteridophyta, 2 Bryophyta, 2 Al gae and spores of Fungi,
Gaeumannomyces t., and Woodvessel frag ments. The di a -
grams in clude only se lected taxa. All marked taxa are listed as
oc cur ring in the de tailed de scrip tion of Lo cal Pol len As sem -
blage Zones (L PAZs; Ta ble 2).

RESULTS OF GEOLOGICAL ANALYSIS

PETROGRAPHIC COMPOSITION

The in ter val to a depth of 8 m (Ta ble 3) con tains mainly
flints (lo cal rocks), crys tal line rocks, and very com pact, highly
diage nized sand stones of Scan di na vian or i gin with a sil ica
ma trix, pass ing into quartzites. Petrographic com po si tion in di -
cates in ten sive weath er ing pro cesses of the up per parts of the
gla cial till. Car bon ate rocks have been de stroyed prob a bly by
weath er ing pro cesses. From a depth of 8.0 m down wards,
there are mainly Scan di na vian lime stones and mi nor amounts
of Scan di na vian dolomites. Due to the poor petrographic com -
po si tion of grav els found in the gla cial tills in the WH46
Hermanów pro file, com par i son with other pro files, in which
gla cial tills of the Elsterian Gla ci ation were ana lysed, was not
pos si ble.

GRAIN SIZE 

The sand frac tion of the Hermanów pro file is dom i nated by
fine-grained sands with an ad mix ture of well-sorted me dium-
 grained sands. Quartz grains are well-rounded and their sur -
face is mat ted due to ae olian pro cesses.

HEAVY MINERALS

Min er als re sis tant and very re sis tant to me chan i cal de -
struc tion, with a spe cific weight be tween 3 g/cm3 to slightly
over 4 g/cm3, pre dom i nate in the ana lysed sam ples. Gar net,
tour ma line, zir con, staurolite, to paz, il men ite and disthene
are de ter mined through to their spe cific and char ac ter is tic
ap pear ance us ing a mi cro scope. In their ma jor ity, they ac -
count for over 90% of the com po si tion of the stud ied heavy
frac tion. The grains are mod er ately and well-rounded, with
round, oval and el lip soi dal shapes and rounded sides. Min er -
als non-re sis tant to de struc tion (am phi bole, pyroxene) rep re -
sent less than 10% of the stud ied frac tion. A sig nif i cant pre -
dom i nance of min er als re sis tant to de struc tion over non-re -
sis tant min er als is also re flected in the A/G in dex, which is the 
am phi bole to gar net ra tio. Based on the min er als stud ied, it
can be con cluded that the sed i ments were trans ported in an
aquatic set ting, and later they un der went strong aeolization
in periglacial con di tions.

CALCIUM CARBONATE 
CONTENT 

The ana lysed sand and silty de pos its are char ac ter ized by a 
con stant, low con tent of cal cium car bon ate, which is from tenths 
to 1% in all sam ples.

RADIOCARBON DATING 

The ab so lute age of the sam ple taken from the base of the
peat from a depth of 0.7 m was de ter mined at 5600–5265 cal -
en dar age cal i brated BP (88.3%, GdS-3449; Michczyñski,
2017; Ta ble 4), which cor re sponds to the Subboreal Pe riod of
the Ho lo cene (Ralska-Jasiewiczowa et al., 1998).

The rank of climatic oscillations during MIS 11c (OHO and YHO) and post-interglacial cooling during MIS 11b and MIS 11a.. 385
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T a  b l e  2

De tailed de scrip tion of lo cal pol len as sem blage zones in the Hermanów pro file
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De tailed de scrip tion of lo cal pol len as sem blage zones
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The zone is marked by to tal dom i na tion of Betula alba t. (here in af ter re ferred to as Betula) pol len: 85–89% (max i mum of oc -
cur rence). Pinus sylvestris t. (here in af ter re ferred to as Pinus) pol len reach ~1%. Juniperus pol len os cil lates around 1 to 3%,
Betula nana – ~1%, Salix – 2–1%. Larix, Hippophaë rhamnoides and Calluna vulgaris ap pear. Among the her ba ceous plants, 
Poaceae and Cyperaceae reach 2–3% and 1–2%, re spec tively, Ar te mi sia and Chenopodiaceae be low 1%. As ter t.,
Helianthemum, Anthemis t., Apiaceae, Ranunculus acris t., Potentilla, Caryohyllaceae, Cichoriaceae, Rubiaceae,
Thalictrum, Filipendula, Bupleurum, Rumex acetosa, Plantago ma jor, P. me dia, Stachys and Carduus t. ap pear as a sin gle
pol len grains. Among reed swamp plants, Phragmites t. achieves con tin u ous curve <1%, Typha latrifolia, Cicuta virosa and
Sparganium t. ap pear. Among Pteridophyta, low-per cent age curves (less than 1%) Filicales monolete and Equisetum main -
tains and Botrychium ap pears. Val ues of Botryococcus and Pediastrum boryanum reach 2 and 1%, re spec tively. Musci
spores val ues reach ~15%, Fungi spores – 5% and Sphag num spores spo rad i cally ap pears. Up per bound ary of the zone is
de ter mined by the de crease of Betula pol len val ues and in crease of Pinus pol len.
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De crease of Betula pol len val ues from ini tially 75 to 50% and in crease of Pinus pol len val ues from 14 to 34%. Larix pres ents a 
con tin u ous curve with a max i mum of 1.4%. The curve of Alnus in crease to 10%, Fraxinus to 1.4%, Ulmus to 1%, Picea to 4%.
Acer, Taxus baccata, Tilia cordata, Corylus, Quercus, Frangula alnus, Vi bur num and Humulus lupulus ap pear as a sin gle
grains. Betula nana and Salix ap pear in pro por tions not ex ceed ing 0.5%, pol len of Juniperus only ini tially ex ceed 1%,
Hippophaë rhamnoides and Calluna vulgaris ap pear as a sin gle grains. Among the her ba ceous plants, Poaceae and
Cyperaceae reach 2%. Anthemis t., As ter t., Chenopodiaceae, Apiaceae, Ranunculus acris t., Potentilla, Cichorideae,
Thalictrum, Filipendula, Rumex acetosa, Plantago ma jor, Chamaenerion, Valeriana officinalis, Mentha t., Centaurea jacea t.
and Symphytum ap pear as a sin gle grains. Among the reed swamp plants, Phragmites con tin ues a low-per cent age con tin u -
ous curve, ac com pa nied by Typha latifolia and Cicuta virosa. Aquatic plants are rep re sented by Ceratophyllum (leaf-spines),
Nympheaceae (tricho sclereids), Potamogeton and Myriophyllum spicatum. Pteridophyta are rep re sented by sin gle spores of 
Filicales monolete, Equisetum and Lycopodium annotinum. Val ues of Botryococcus and Pediastrum boryanum col o nies
reach 3 and 1%, re spec tively. Musci spores val ues reach ~15%, Fungi spores – 3%., Sphag num spores spo rad i cally ap -
pears. The up per bound ary of the zone is marked by a fur ther de crease of Betula val ues and in crease in val ues of Alnus,
Fraxinus and Picea.
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Pol len val ues of Picea in crease ini tially from 5 to 15%, Alnus from 20 to 28%, and Fraxinus reach ~3%. Ulmus pol len re mains
about 1.5%, Taxus – <1%, Tilia cordata – 1.5%, Corylus – ~1%, Quercus – 1.5%. Acer, Carpinus, Frangula alnus, Hedera he -
lix, Humulus lupulus ap pear as a sin gle grains. Val ues of Betula pol len de crease from 30 to 16%, Pinus pol len main tains
~30% level, Larix – ~1%, Salix  <1%. Calluna vulgaris and Vaccinium ap pear. Among the her ba ceous plants, Poaceae reach
~1%, Cyperaceae – reach 4%, Ar te mi sia, As ter t., Chenopodiaceae, Anthemis t., Apiaceae, Ranunculus acris t., Potentilla,
Cichoriaceae, Filipendula and Carduus t. ap pear in smaller quan ti ties. Among the reed swamp plants, Phragmites con tin ues
a low-per cent age con tin u ous curve, ac com pa nied by Typha latifolia. Aquatic plants are rep re sented by Nympheaceae
(trichosclereids and Nuphar lutea pol len grains). Filicales monolete, Equisetum and Lycopodium annotinum are rep re sented
Pteridophyta as a sin gle spores. Val ues of Botryococcus and Pediastrum boryanum col o nies reach 3 and 1%, re spec tively.
Musci's spores in crease from 2 to 7%, Fungi spores reach 3% and Sphag num spores spo rad i cally ap pears. The up per
bound ary of the zone is marked by a fur ther de crease of Betula pol len val ues and in crease in val ues of Taxus and Alnus.
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Picea curve reaches ~14% level, Taxus baccata in crease to 12.5% and Alnus to 35%. Fraxinus reach 1.5%, Ulmus – 1%,
Tilia cordata – 1.5%, Corylus – 1.7%, Quercus – 2.8%. Pinus pol len still main tains ~30% level, Betula de crease to 5%. Larix,
Acer, Carpinus, Abies and Hedera he lix ap pear spo rad i cally. Ar te mi sia, As ter t., Poaceae, Cyperaceae, Chenopodiaceae,
Apiaceae, Caryophyllaceae and Cichorioideae ap pear in small quan ti ties not ex ceed ing 1%. Among the reed swamp plants
Phragmites con tin ues a low-per cent age con tin u ous curve, ac com pa nied by Cicuta virosa. Aquatic plants are rep re sented by
Ceratophyllum (leaf-spines) and Nympheaceae (trichosclereids). Pteridophyta are rep re sented by sin gle spores of Filicales
monolete. Val ues of Botryococcus cenobia in crease to al most 5%, and Pediastrum boryanum reach still 1%. Musci's spores
reach 1%, Fungi – above 2%, and Sphag num – <1%. The up per bound ary of the zone is marked by de crease of Taxus
baccata and Alnus pol len val ues and in crease of Pinus pol len val ues.
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Pro por tion of Pinus pol len in crease to 51% in cen tral part of the zone, Betula pol len in crease to 10.5% and Larix to 1.4%.
Picea pol len reach 16% ini tially and de crease to 2%, just as Taxus baccata from 5% de crease to less than 1%. Alnus pol len
val ues de crease to 11%, Fraxinus and Ulmus <1%. Af ter de crease Tilia cordata in crease to 2.3%, Corylus to 7%, Quercus to
3%, Carpinus to 11% and Abies to 6.5%. Among the her ba ceous plants, only Poaceae and Cyperace show a slight in crease
ini tially, other herbs oc cur very rarely. Among the reed swamp plants oc cur Phragmites, Typha latifolia and Menyanthes tri -
foli ata and among aquatic plants – Ceratophyllum (leaf-spines) and Nympheaceae (trichosclereids and Nuphar lutea and
Nymphaea alba pol len grains). Pteridophyta are rep re sented only by Filicales monolete and Osmunda and Al gae by
Botryococcus. Spo radic spores of Musci, Fungi and Sphag num were ob served. The up per bound ary of the zone is marked by 
de crease of Pinus pol len val ues and in crease of Abies, Carpinus and Corylus pol len val ues.
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Val ues of Abies pol len reach 13%, Carpinus – 16% and Corylus – 12%. Quercus also in creases to 12%, Picea to 3% and
Taxus baccata to 4%. Alnus ini tially achieves up to 20%. Fraxinus, Ulmus, Tilia cordata and Acer <1%. Frangula alnus,
Viscum, Vitis, Sambucus nigra and Salix ap pear. Pinus pol len val ues de crease to 25% and Betula to 3%. Ar te mi sia, As ter t.,
Poaceae, Anthemis t., Ranunculus acris t., Caryophyllaceae, Rubiaceae, Filipendula, Mentha t. and Brassicaceae ap pear as 
a sin gle grains and only Cyperaceae reach 2%. Among the reed swamp plants Phragmites con tin ues a low-per cent age con -
tin u ous curve, ac com pa nied by Typha latifolia and Menyanthes tri foli ata. Aquatic plants are rep re sented by Ceratophyllum
(leaf-spines) and Nympheaceae (trichosclereids and Nuphar lutea and Nymphaea alba pol len grains). Pteridophyta are rep -
re sented only by Filicales monolete and Al gae only by Botryococcus. Spo radic spores of Fungi and Sphag num were ob -
served and spores of Musci in crease to 2.5%. The up per bound ary of the zone is marked by de crease of Abies and Pinus
pol len val ues and in crease of Carpinus, Corylus and Quercus pol len val ues.
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Carpinus pol len val ues grad u ally in crease from 25 to 41% and Abies de crease to 4%, Corylus main tains at 15% level and
Quercus in crease from 9 to 13%. Alnus pol len val ues de crease to 10%, Pinus to 7% and Betula to 1%. Ulmus in crease to 2%.
Fraxinus, Acer, Tilia cordata, Picea, Taxus baccata, Frangula alnus, Hedera he lix, Viscum, Vitis, Humulus lupulus and Salix ap -
pear and more than 1% val ues reach Pterocarya fraxinifolia and Buxus sempervirens. Calluna vulgaris ac com pa nies Ledum
palustre. Very rare are her ba ceous plants, of which only Cyperaceae reach more than 1% curve, oth ers such as Poaceae, Ar te -
mi sia, As ter t., Chenopodiaceae, Ranunculus acris t., Thalictrum and Rumex acetosa spo rad i cally ap pear. Among the reed
swamp plants Phragmites, Typha latifolia and Sparganium ap pear as a sin gle grains. Aquatic plants are rep re sented by
Nympheaceae (trichosclereids – 3.5%, Nuphar lutea and Nymphaea alba  – ok 1% pol len grains), Az ol la fern (1%) and Drosera
rotundifolia, which ap pear quite fre quently. Among Pteridophyta only Filicales monolete and Osmunda occure spo rad i cally.
Cenobia of Botryoccoccus in crease to 4.5%, Pediastrum boryanum are rare. Musci and Fungi spores in crease to 9 and 4.5%,
re spec tively, Sphagmum curve – low-per cent age. The up per bound ary of the zone is marked by de crease of Carpinus and
Corylus pol len val ues and in crease of Abies and Cyperaceae pol len val ues and Filicales monolete spores.



RESULTS OF ISOTOPE ANALYSIS 
AND ORGANIC MATTER CONTENT

Or ganic mat ter iso to pic com po si tion ranged from –19.6‰
do –32.2‰ d13C with av er age of d13C = –27.6‰. The high est
d13C val ues were ob served at 4m depth (d13C = –19.6‰) and
5.6 m depth (d13C = –20.4‰). The low est d13C value (–32.2‰)
was ob served at the bot tom of the pro file. The con tent of or -
ganic mat ter in the pro file ranged from 15 to al most 100%. The 
ana lysed sam ples were rep re sented by C3 plants.

INTERPRETATION OF THE RESULTS 
AND DISCUSSION 

Lac us trine sed i ments of MIS 11 are very well pre served in
the Hermanów palaeolake suc ces sion. The oc cur rence of lake
sed i ments of the Mazovian/Holsteinian Inter gla cial in a palaeo -
lake carved in gla cial tills is an in di rect proof of their age as so ci -
ated with the Elsterian Gla ci ation (¯arski, 2008, 2009). The re -
sults of petrographic anal y sis of gla cial tills from the nearby
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Pro por tions of Carpinus de crease to 22% and Abies in crease to 16%. Corulus pol len main tains ~10% level and Quercus in -
crease to 16%. Alnus pol len de crease for 14 to 11%, Pinus and Betula reach 9 and 3%, re spec tively. Fraxinus, Ulmus,
Picea, Tilia cordata, Salix and Carya spo rad i cally ap pear and only Taxus baccata in crease to above 1%. Buxus
semperwvirens reach 1.5% and Pterocarya fraxinifolia – <1%. Pol len of Betula nana, Calluna vulgaris, Ledum palustre and
Vaccinium ap pear. Ar te mi sia, As ter t., Poaceae, Ranunculus acris t., Potentillia, Filipendula, Rumex acetosa, Mentha t.,
Lythrum rarely oc cur among her ba ceous plants, and only Cyperace in crease to 5.5%. Among the reed swamp plants Typha
latifolia and Sparganium ap pear spo rad i cally. Aquatic plants are nu mer ous and rep re sented by Nympheaceae
(trichosclereids  – 2.5%, Nuphar lutea  – 1.3% and Nymphaea alba pol len grains) and Potamogeton. Among Pteridophyta
Filicales monolete are nu mer ous and reach 8%; in ad di tion, Osmunda ap pears. Botryococcus reach 4%. Musci spores de -
crease from ~9 to 4%, Fungi's spores from 10 to 2% and Sphag num cre ate low-per cent age curve. The up per bound ary of the 
zone is marked by in crease of Carpinus pol len val ues and de crease of Abies pol len val ues.
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Val ues of Carpinus pol len in crease to 40%, Quercus main tained at 15% level and Corylus – 1%, Abies in crease to 5%. The
other trees are main tained at con stant lev els: Pinus – 9%, Betula – 3.5%, Alnus – 9%, Picea – ~2%, or oc cur spo rad i cally:
Fraxinus, Ulmus, Acer, Tilia cordata and Salix. Buxus sempervirens and Pterocarya fraxinifolia reach ~0.7%. Betula nana
also pres ent. Herbacous plant are rare as a sin gle grains: Ar te mi sia, Poaceae, Apiaceae, Ranunculus acris t., Potentilla,
Mentha t. The ex cep tion are Cyperaceae, which cre ate al most 3% curve. The reed swamp plant rep re sented by Typha
latifolia, Menyanthes tri foli ata and Hydrocotyle vulgaris and aquatic plants only trichosclereids of Nympheaceae. Among
Pteridophyta only Filicales monolete (ini tially 2%) oc cur. Botryococcus and Pediastrum boryanum are rare. Sphag num
spores are nu mer ous – 7.5% ini tially, Musci and Fungi spores – 3 and 5%. The up per bound ary of the zone is marked by de -
crease of Carpinus, Quercus and Corylus pol len val ues and in crease of Abies and Picea pol len val ues.
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Pro por tion of Abies pol len val ues in crease to 8%, Picea to 13.5%, Carpinus pol len val ues de crease to 14%, Quercus to 7%
and Corylus to 4%. Alnus main tained at 8.5% level, Ulmus – ~1%, Betula – 6.5%, Buxus sempervirens and Pterocarya
fraxinifolia <1%. Fraxinus, Acer, Tilia cordata, Hedera he lix and Salix spo rad i cally ap pear. Pinus pol len in crease from 13.5 to 
36%. Betula nana and Calluna vulgaris pres ent. Among the her ba ceous plants Ar te mi sia, As ter t., Poaceae, Apiaceae,
Ranunculus acris t., Potentillia and Thalictrum rarely oc cur, and only Cyperace cre ate ~3% curve. Among the reed swamp
plants Phragmites and Hydrocotyle vulgaris and among aquatic plants only Ceratophyllum (leaf-spines) ap pear spo rad i -
cally. Pteridophyta are rep re sented by Filicales monolete and Osmunda and Al gae by rare cenobia of Botryococcus. Musci
spores reach 9%, Fungi spores – 3% and spores of Sphag num cre ate low-per cent age curve. The up per bound ary of the
zone is marked by in crease of Pinus pol len val ues and de crease Abies, Carpinus, Corylus, Quercus pol len val ues.
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Pinus pol len val ues in crease to 76.5% and Betula to 10%, with a de crease of Picea val ues from 7 to 3%. Pol len of the other
trees and Vitis and Pterocarya fraxinifolia <1% or dis ap peared. Fagus, Betula nana, Calluna vulgaris and Juniperus ap pear
as a sin gle grains. Her ba ceous plants at the end of the level in crease to more than 1% – Ar te mi sia and Poaceae, and to 4.5% 
– Cyperaceae. Chenopodiaceae, Anthemis t., Apiaceae, Ranunculus acris t., Caryophyllaceae, Thalictrum, Chamaenerion
and Stellaria holostea ap pear spo rad i cally. Rees swamp and aquatic plants rare ap pear as a sin gle pol len grains of
Phragmites, Cicuta virosa and Sparganium and Nympheaceae (Nymphaea alba pol len and trichosclereids). Among the
Pteridophyta Filicales monoletes and Osmunda oc cur and among Al gae cenobia of Botryococcus and Pediastrum
boryanum ap pear spo rad i cally. Musci's spores reach 11%, Fungi spores – 4% and spores of Sphag num cre ate low-per cent -
age curve. The up per bound ary of the zone is marked by de crease of Pinus pol len val ues and in crease of NAP pol len val ues.

T a  b l e  3

Petrographic com po si tion of grav els in the Hermanów pro file

Depth [m]

Scan di na vian rocks

(num ber of grav els)

Lo cal rocks

(num ber of grav els)

Cr Lp Dp Sp Qp L S F M O

2.0–4.0 37 – 1 14 10 – – – – 7

4.0–6.0 20 2 – 15 5 – – 2 – 4

8.0–10.0 28 14 3 4 4 1 2 2 3 –

Cr – crys tal line rocks, P – Pa leo zoic rocks, L – lime stone, D – do lo mite, S – sand stone, Q – quartz, F – flint, M – mudstone, O – oth ers



Domaszki site (Fig. 1; Terpi³owski et al., 2014) cor re late the
ana lysed gla cial tills with the Elsterian Gla ci ation. The or i gin of
the palaeolake is re lated to the melt ing of a dead-ice block of di -
men sions sim i lar to the size of the pres ent-day de pres sion. 

The pol len re cord of the Hermanów pro file is typ i cal for the
Holsteinian/Mazovian Inter gla cial in cen tral Eu rope with all its
char ac ter is tic lev els. The Hermanów pro file does not in clude
the Late Elsterian/Sanian 2 Gla ci ation.

In the first phase of palaeolake ex is tence, silty sands pass -
ing into silts were ac cu mu lated dur ing cold cli mate con di tions.
The Early Holsteinian/Mazovian Inter gla cial (Her-1 Betula; Ta -
ble 2 and Fig. 5) in Hermanów is char ac ter ized by the to tal dom -
i na tion of bright, pi o neer birch for ests, with a sig nif i cant rep re -
sen ta tion of her ba ceous veg e ta tion. In creas ing cli mate hu mid -
ity cou pled with its warm ing caused de po si tion of peats in the
res er voir, which were trans formed into peaty shales (from
Her-2 to Her-4; Ta ble 1 and Figs. 4, 5) as a re sult of sub se quent 
post-sed i men tary diagenetic pro cesses. The birch-pine for ests
have de vel oped ex ten sively – Her-2 Betula-Pinus (Fig. 5). 

Palynological re cords in the pro file do not agree with the
d13C val ues of or ganic mat ter. When birch dom i nates (Her 1
and Her 2), the 13C en rich ment ob served to wards the top of the
pro file can be in ter preted as a cool ing pe riod (Skrzypek et al.,
2005; Fig. 8). The bot tom of the pro file is com posed of silts de -
rived from out side of the res er voir. Min eral sed i men ta tion pre -
dom i nated in the palaeolake and most likely or ganic mat ter was 
re de pos ited to gether with silts. The or ganic mat ter con tent is
rel a tively low (grad u ally in creas ing, but does not ex ceed 28%;
Fig. 8), which em pha sizes also rel a tively low, but in creas ing
tem per a tures at the time.

Then, along with in creas ingly hu mid cli mate, Picea and carr
for ests with Alnus and an ad mix ture of Fraxinus and Ulmus
spread out (Her-3 Picea-Alnus-Fraxinus; Ta ble 2 and Fig. 5).
Changes in the d13C iso to pic com po si tion range ~2‰ in this
zone (en rich ment in a heavy car bon iso tope) and a small drop
in or ganic mat ter con tent (to 22%; Fig. 8) sug gest ing small tem -
per a ture vari a tions is pos si bly re lated to sea sonal changes with
warm and dry sum mers and cold and se vere win ters pre ferred
by Picea (Zagwijn, 1996; Dahl, 1998). The min eral sed i men ta -
tion was still dom i nant in the palaeolake.

The palynological re cord sup ports a grad ual warm ing trend. 
The cli mate be came more and more warm, hu mid and mild,
sim i lar to the oce anic cli mate, with an in crease in ground wa ter
level, which fa voured the de vel op ment of Picea-Taxus for est
with a strong spread of the ri par ian Alnus rep re sen ta tion (Her-4
Picea-Taxus-Alnus). In this zone we ob serve a grad ual en rich -
ment in the con tent of light car bon (D more than 1.5‰) and or -
ganic mat ter (in creas ing rap idly to 43%; Fig. 8).

The veg e ta tion suc ces sion near Nowiny ¯ukowskie shows
a sim i lar de vel op ment (Lublin Up land, Hrynowiecka -Czmie -
lewska, 2010; Hrynowiecka and Win ter, 2016), Brus (West
Polesie, Pidek, 2003; Hrynowiecka and Pidek, 2017), and
Ossówka sites (West Polesie, Krupiñski, 1995; Nitychoruk et
al., 2005). The suc ces sion is also sim i lar to the Krzy¿ewo site

(NE Po land, Janczyk-Kopikowa, 1996), Lith u a nia (KondratienÅ
and ŠeirienÅ, 2003), and Belarus (Rylova and Savchenko,
2005). To the west, the com mu ni ties with Ulmus, Quercus and
Corylus be gan to ap pear ear lier, whereas Picea was less im -
por tant, as ev i denced by the Gajec site (W Po land, Win ter and
Urbañski, 2007) and in Ger many (Kühl and Litt, 2007). 

The older re gres sive os cil la tion phase in the Hols tei -
nian/Mazo vian Inter gla cial (OHO; Koutsodendris et al., 2010) in 
the Hermanów pro file is marked clearly in the peaty shales
(Fig. 6). Cli mate continentalization was ex pressed by the in -
creas ing im por tance of Pinus and the col lapse of Picea and the
ri par ian Alnus and Taxus com mu ni ties (Her-5 Pinus -Picea;
Figs. 5, 6 and Ta ble 2). More or less clearly, how ever, the OHO
al ways ap pears sim i larly in the suc ces sions through out Po land. 
The re turn of Pinus is of ten ac com pa nied by the re-spread of
Betula (Nowiny ̄ ukowskie site, Hryno wiecka and Win ter, 2016; 
Ossówka site, Krupiñski, 1995; Nitychoruk et al., 2005), which is 
in sig nif i cant in the Hermanów pro file. The OHO lasted about
220 years (Koutsodendris et al., 2012), but it spans up to
~30 cm of the Hermanów pro file. A sim i lar sit u a tion is ob served, 
e.g., in the Kali³ów pro file in the Bia³a Podlaska area (Biñka and
Nitychoruk, 1996). This may be due to the faster sed i men ta tion
rate at that time. It may have been caused by ei ther in creas ing
ero sion as so ci ated with changes in the for est com po si tion dur -
ing this event or low er ing of the palaeolake level. In both the
pre vi ously ana lysed pro files from Po land and east ern Eu rope,
the OHO has not been reg is tered, due to the too low res o lu tion
of pol len anal y sis used at that time (Hrynowiecka and Win ter,
2016). In turn, in Ger many, the OHO is usu ally ex plic itly marked 
by the with drawal of Taxus, Corylus and Quercus com mu ni ties
and the spread of Pinus-Betula for ests (Koutsodendris et al.,
2010). 

Car bon iso to pic re cords through the OHO (Her-5) are char -
ac ter ized by 13C en rich ment close to 8‰ com pared to Her-4.
Af ter ini tial warm ing dur ing Her-4, rapid cool ing oc curred un til
the mid dle of the chronozone, fol lowed by changes in cli ma tic
con di tions to early Her-5 (Fig. 8). This is one of the cold est pe ri -
ods ob served within the Hermanów pro file. De spite the high
cool ing pe riod, the ac cu mu la tion of or ganic mat ter was quite
high at a level of 40% (Fig. 8).

In the Hermanów pro file, the next part of the Mid dle Phase
of the Holsteinian Inter gla cial (Figs. 5 and 6) is char ac ter ized by
a sys tem atic in crease of hu mid ity in warm cli mate con di tions,
fa vour ing the for ma tion of poorly de com posed and non-de com -
posed peats un der an aer o bic con di tions (Fig. 6). The de vel op -
ment of mar i time cli mate re sulted in the de vel op ment of for ests
with Abies and multi-spe cies de cid u ous for ests with Carpinus,
Corylus and Quercus (Her-6 Abies-Carpinus-Corylus; Ta ble 2
and Fig. 5). Ri par ian for ests with Alnus and Taxus baccata re -
turned and de vel oped quite in tensely. Later, the dom i nant role
was taken over by Carpinus with an ad mix ture of Corylus and
Quercus (Her-7 Carpinus-Corylus-Quercus; Ta ble 2 and
Fig. 5). Thermophilic trees, i.e. Pterocarya fraxinifolia and
Buxus sempervirens, ap peared. Ri par ian for ests sub sided at
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T a  b l e  4

Re sults of ra dio car bon dat ing from the Hermanów pro file

Name of sam ple Lab o ra tory 
num ber

Age 14C
[BP]

Cal en dar age

(cal i brated)

 in ter val 68.2% [cal yr BP]

Cal en dar age

(cal i brated)

 in ter val 95.4% [cal yr BP]

Hermanów 3/0,8 GdS-3449 4680 ±90
5580–5535 (11.9%)

5480–5310 (56.3%)

5600–5265 (88.3%)

5225–5215 (0.2%)

5185–5060 (7.0%)

https://gq.pgi.gov.pl/article/view/8246/pdf_338
https://gq.pgi.gov.pl/article/view/25589/pdf
https://gq.pgi.gov.pl/article/view/7304/5954
https://gq.pgi.gov.pl/article/view/7304/5954
https://gq.pgi.gov.pl/article/view/9050/pdf_1143


that time. The pro por tion of trees dif fers in in di vid ual pro files
from Po land; how ever, in gen eral, the veg e ta tion suc ces sion in
this pe riod de vel oped sim i larly as pre sented above. Dif fer ences 
ap pear along the west ern – east ern Eu ro pean transect. In east -
ern Eu rope, the Mid dle Holsteinian/Mazovian Inter gla cial is
char ac ter ized by the dom i nance of Picea and Abies for ests and
sub se quently by Carpinus, Corylus and Quercus (KondratienÅ
and ŠeirienÅ, 2003; Rylova and Savchenko, 2005). In west ern
Eu rope, for ex am ple in Ger many, Carpinus and Corylus dom i -
nate at that time, whereas Abies and Picea are of mi nor im por -
tance (Koutsodendris et al., 2010).

The youn ger re gres sive os cil la tion phase in the Mid dle
Phase of Holsteinian/Mazovian Inter gla cial (YHO, Koutso -
dendris et al., 2010; Figs. 4 and 6) is marked quite clearly by
poorly de com posed peat sed i ments (Ta ble 1 and Fig. 6). It is
char ac ter ized by the col lapse of tem per ate de cid u ous mixed
for ests with Carpinus, Corylus and Quercus and the spread of
Abies for ests with a sig nif i cant amount of Filicales monolete
[Her-8 Abies-Carpinus-(Filicales); Ta ble 2]. Taxa of pi o neer
trees and Cyperaceae show a slight in crease, while the thermo -
philic taxa a slight de crease. The in crease in Abies oc cur rence
in di cates the im pact of oce anic/ma rine cli mate with a sig nif i cant 
in crease in hu mid ity and pos si bly an in crease in ground wa ter
level, which is in di cated by the ap pear ance of sig nif i cant
amounts of Filicales and Cyperaceae. A very sim i lar course of
the YHO is ob served in the Brus pro file (Hrynowiecka and
Pidek, 2017). It is also ev i dent in the Nowiny ¯ukowskie site
(Hrynowiecka and Win ter, 2016), but in other pro files from Po -
land the suc ces sion is not clearly marked. The YHO is also
poorly rep re sented in east ern Eu ro pean pro files (KondratienÅ
and ŠeirienÅ, 2003; Rylova and Savchenko, 2005). In west ern
Eu rope, how ever, it is ev i dent and char ac ter ized by a se vere
col lapse of Carpinus and Picea and the spread of pi o neer taxa
– Pinus and Betula (Kühl and Litt, 2007; Koutsodendris et al.,
2010). In the Hermanów pro file, the YHO shows no fluc tu a tions
in the iso tope re cord and or ganic mat ter con tent.

The youn gest part of the Mid dle Phase of the Holsteinian
Inter gla cial (still rep re sented by poorly de com posed peat sed i -
ments; Fig. 6) is re corded by the with drawal of Abies and the re -
turn of Carpinus, Quercus and Corylus broad leaved for ests
(Her-9 Carpinus-Quercus-Corylus), with a clear dom i nance of
horn beam, fol lowed by co nif er ous for ests with Abies, Picea and 
Pinus spread, whereas com mu ni ties with Carpinus, Quercus
and Corylus col lapsed again (Her-10 Abies-Carpinus-Picea;
Ta ble 2 and Fig. 5). Ri par ian for ests with Alnus, Fraxinus and
Ulmus were in re gres sion. How ever, Pterocarya fraxinifolia and
Buxus sempervirens per sisted. 

Car bon iso to pic com po si tion of or ganic mat ter in di cated
that af ter cool ing dur ing the OHO, cli ma tic con di tions sta bi lized. 
Chronozones Her-6 and Her-10 have lit tle changes in d13C
(less than 1‰; Fig. 8). Such small fluc tu a tions of d13C val ues
can be in ter preted as cli mate sta bi li za tion with sea sonal tem -
per a ture vari a tion or mi nor cool ing and warm ing ep i sodes.
Her-6 and Her-10 are prob a bly the warm est pe ri ods ob served
within the pro file, which is con firmed by high con tent of or ganic
mat ter: 67–97% (Fig. 8). The cli mate warm ing af ter the OHO
was ac com pa nied by slow growth of peat-form ing veg e ta tion in -
ter rupted by pe ri ods of low sup ply of sed i ments into the lake.

By the end of the Holsteinian/Mazovian Inter gla cial (Late
Phase of MIS 11c), only Pinus and Picea com mu ni ties per -
sisted, whereas com mu ni ties of thermophilic and ri par ian for -
ests clearly col lapsed (Her-11 Pinus-Picea; Ta ble 2 and Fig. 5).
More spe cies of her ba ceous plants ap peared and the for ests
be came sparse. The cli mate grad u ally be came cooler and
more con ti nen tal. In gen eral, such out line of changes is also ob -
served in pro files from Po land. Very high pro por tions of Ptero -

carya fraxinifolia pol len ap pear in some of them (Ossówka site,
Krupiñski, 1995; Nitychoruk et al., 2005). In oth ers, Carpinus
did not re turn af ter the re gres sive phase (YHO, Koutsidendris et 
al., 2010) in such high pro por tions (Brus site, Hrynowiecka and
Pidek, 2017). In west ern Po land (e.g., Gajec site, Win ter and
Urbañski, 2007) and west ern Eu rope (Koutsodendris et al.,
2010) it was Quercus and not Picea that played an im por tant
role at that time. In turn, in cen tral France, Fagus oc curs to -
gether with Abies (de Beaulieu et al., 2001). The or ganic mat ter
con tent and car bon iso to pic com po si tion do not show any
changes in this zone and even in di cate sta bi li za tion of cli mate
(Fig. 8).

The fur ther part of MIS 11 in the Hermanów pro file is char -
ac ter ized by a very strong de cline in AP (1-st stadial, Her-12
NAP-Betula nana and Her-13 Cyperaceae-Poaceae-Betula
nana; Table 2 and Figs. 6, 7), which most prob a bly cor re lates
with the cool ing pe riod MIS 11b, caus ing strong for est con trac -
tions in south ern Eu ro pean re cords (i.a. Tzedakis et al., 2006).
This phase is also con sid ered the youn gest part of MIS 11c
(Oliveira et al., 2016; Kousis et al., 2018). At that time, trees
with drew and her ba ceous plants dom i nated in the tun dra com -
mu ni ties, with Betula nana, nu mer ous Musci and Cyperaceae,
and grass land com mu ni ties with Poaceae and Ar te mi sia. Hy -
dro log i cal re la tions changed dras ti cally at that time. At the be -
gin ning (Her-12), gyttja was ac cu mu lated in a deep, open wa ter
res er voir (Ta ble 1 and Figs. 4, 6). Later on (Her-13), the ground -
wa ter level de creased, the lake be came shal lower (dis ap pear -
ance of Al gae, poorly de com posed peat sed i ments) and over -
grown with sedge rush (nu mer ous Cyperaceae and re lated
Gaeumannomyces hyphopodia), and flow pro cesses in ten si -
fied (nu mer ous Fungi spores and wood ves sel frag ments).

Chronozones Her-12 and Her-13 are char ac ter ized by
higher 13C en rich ment of or ganic mat ter than that ob served
dur ing Her-5, con firm ing the cool ing trend. The dif fer ence in
d13C be tween Her-6 – Her-10 is D9‰ (Fig. 8). Af ter cli ma tic sta -
bi li za tion dur ing Her-6 to Her-10, rapid cool ing by sev eral de -
grees fol lowed, which is con firmed by palynological data. The
cool ing did not last very long and, at the end of Her-13, the cli -
ma tic con di tions re turned to these ex ist ing be fore. Dur ing the
pe riod of sig nif i cant cool ing, the ac cu mu la tion of or ganic mat ter
dis ap pears and in or ganic sed i ment ac cu mu la tion in creased.
The con tent of TOC drops to 20% (Fig. 8).

The long pol len re cords from south ern Eu rope, e.g. the
Lake Ohrid pro file (Sadori et al., 2016; Kousis et al., 2018),
show an in crease in the value of Poaceae, Chenopodiaceae
and Ar te mi sia pol len in substage MIS 11b, and sig nif i cant fluc -
tu a tions in the value of tree pol len and con stantly high pro por -
tions of Pinus pol len. An other long pol len re cord of MIS 11b
from north west ern Ibe rian Mar gin Deep-Sea Cores (Desprat et
al., 2007) also shows nu mer ous fluc tu a tions in the plant suc -
ces sion, which oc curred in clud ing semidesert plants with grass -
land and heathland plants and tem per ate and hu mid for est
trees phases in clud ing high pro por tions of Pinus.

Fur ther changes in cli ma tic con di tions of the Hermanów
area led to mul ti ple suc ces sions of sub se quent warm ing and
cool ing, but less pro nounced than Her-12 and Her-13. All of
them cor re spond to for est con trac tions dur ing MIS 11a and
should be cor re lated with this substage. The 1-st im prov ing
con di tions (Her-14 Pinus) and the sub se quent 2-nd, 3-rd and
4-th (Her-16 Pinus-NAP, Her-18 Pinus-NAP and Her-20
Pinus-NAP) are char ac ter ized by the re turn of pine for ests, sim -
i lar to Her-11 Pinus-Picea, with quite com mon her ba ceous veg -
e ta tion, how ever, with a much lower pro por tion of Picea (Ta -
ble 2 and Figs. 5, 6). The 2-nd and 3-rd coolings (Her-15
Betula-NAP and Her-17 Betula-NAP) were dom i nated by
sparse, lu mi nous birch for ests (per haps a pi o neer birch re turn

The rank of climatic oscillations during MIS 11c (OHO and YHO) and post-interglacial cooling during MIS 11b and MIS 11a.. 389
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phase in more se vere con di tions was al ready re corded here)
and abun dant her ba ceous veg e ta tion, as in the Brörup pe riod
(e.g., Granoszewski, 2003; Ko³aczek et al., 2012). The sub se -
quent 4-th and 5-th coolings (Her 19 NAP-Pinus-Betula and Her 
21 NAP-Pinus) were char ac ter ized by slightly more pro -
nounced cli mate changes. In the 4-th cool ing, her ba ceous
plants al ready dom i nated, Pinus was more abun dant, and
Betula was less abun dant than in the older cool ing phases (Ta -
ble 2 and Figs. 6, 7). In turn, in the 5-th cool ing, Betula hardly
ap pears, but Pinus is quite nu mer ous, al though the con di tion of
pol len pres er va tion in di cates long-dis tance trans port.

The d13C val ues in di cate that af ter Her-13, cli mate con di -
tions sta bi lized with lit tle tem per a ture changes (Fig. 8). An ex -
cep tion is early Her-16 with a drop in av er age tem per a ture. Lit -
tle changes in d13C in the up per por tion of the pro file in di cate
sta ble tem per a tures and en vi ron ment. The con tent of or ganic
mat ter in this pe riod was very di verse at 22–100% (Fig. 8), in di -
cat ing fluc tu at ing sed i ment in put re lated to cli mate change. The 
sed i ments were formed un der con di tions of high wa ter stand in
a re-de vel oped lake, in which peaty and lam i nated silts were ac -
cu mu lated. Fur ther cli mate cool ing re sulted in the ac cu mu la tion 
of silts and com plete fill ing of the res er voir with sed i ments bar -
ren of pol len (Ta ble 1 and Figs. 4,  6).

In Po land there are few sites with more than one cool ing
phase af ter MIS 11c (in older stud ies iden ti fied with the Early
Liwiecian Gla ci ation = MIS 10); the Ossówka pro file in the Bia³a
Podlaska re gion is an ex cep tion (Krupiñski, 1995; Nitychoruk et 
al., 2005). Here, three “interstadials” were rec og nized with a
course sim i lar to the 1-st and the sub se quent coolings from the
Hermanów pro file. There are also four “stadials”, which dif fer
from the cool ing phases rec og nized in the Hermanów pro file
mainly in the higher con tent of Juniperus pol len. How ever, none 
of the “stadials” from Ossówka show fea tures of strong cool ing
typ i cal of the MIS 11b in Her-12 and Her-13. 

The re cord of cli mate change and the veg e ta tion suc ces -
sion in the Hermanów pro file in di cate that the MIS 11c, MIS 11b 
and MIs 11a substages can be dis tin guished in Po land based
on pol len anal y sis. How ever, it should be re mem bered that the
re cord is most prob a bly in com plete, may con tain gaps and an
in com plete num ber of substages in the suc ces sion. 

Dur ing the Early Liwiecian Gla ci ation (MIS 10, Fuhne Gla -
ci ation, Saalian Com plex), most of Po land was not cov ered by
an ice sheet (Lindner and Marks, 2012; Marks et al., 2018). A
sim i lar geo log i cal sit u a tion oc curred in south west ern Po land
and west ern Belarus (Marks et al., 2018). Sites with sed i ments 
of the Mazovian Inter gla cial with out an ice sheet cover in west -
ern Podlasie con firm the hy poth e sis about the range of the
Odra Gla ci ation (Saalian) ice sheet lobes (Marks et al., 2018).
The area rep re sented an interlobate zone. The east ern range
zone of the Vistula lobe dur ing the Odra Gla ci ation was lo -
cated more than a dozen kilo metres from the Hermanów site
(Fig. 1). 

There is a large hi a tus en com pass ing the MIS 10 to MIS 3
in ter val in the geo log i cal re cord of the Hermanów pro file. Fill ing
of the res er voir with lake sed i ments re sulted in the dis ap pear -
ance of the de pres sion, where fur ther ac cu mu la tion of youn ger
sed i ments was not pos si ble. Dur ing the Saalian Com plex
(MIS 8, 6 and 4), per ma frost was per ma nent in the study area; it 
con trib uted to the pres er va tion of the lake sed i ments in
Hermanów (B³aszkiewicz, 2011). Com pac tion of de pos its in the 
Vistulian con trib uted to low er ing of the ter rain by about 0.5 m
and the ap pear ance of a pe ri odic wa ter res er voir, in which silty
sands and sandy silts were ac cu mu lated. This pe riod may be
cor re lated with MIS 2 (Ta ble 1 and Fig. 4).

The com po si tion of heavy min er als with the dom i nance of
weath er ing-re sis tant ones sug gests a mul ti ple de po si tion of
sed i ments, in clud ing in ae olian and aquatic en vi ron ments. The
low con tent of cal cium car bon ate con firms the the sis about the
de struc tion of car bon ates in these en vi ron ments. These are the 
fea tures of deluvial sed i ments that got into the wa ter res er voir
dur ing the cold pe riod of the Vistula Gla ci ation. An other pos si -
bil ity is that there were no lime stone rocks in the source area
(have been de stroyed by weath er ing pro cesses), and no im port
of de tri tal car bon ates.

OSL stud ies of de pos its oc cur ring above the lake sed i ments 
of MIS 11 in four sites in the east ern Podlasie re gion have
shown ages from 16 to 12 ka (Marks et al., 2018). It seems very
likely that these sed i ments rep re sent a sim i lar age in the
Hermanów pro file. Fill ing of the de pres sion in MIS 2 caused an -
other sed i ment hi a tus in the geo log i cal re cord. Fur ther com pac -
tion of lake sed i ments (by about 1 m) re sulted in the re peated
for ma tion of a closed de pres sion. Within this de pres sion, a
shal low lake was formed, where clayey peat and peat ac cu mu -
lated in a hu mid and warm cli mate. The cal en dar age of the
sam ple taken from the base of the Ho lo cene peat from a depth
of 0.7 m is 5600–5265 years cal BP (Michczyñski, 2017) and
cor re lates with the Subboreal Pe riod of the Ho lo cene (Ralska -
-Jasiewiczowa et al., 1998). Prob a ble low er ing of the wa ter
level in the Subboreal pe riod (Ho lo cene) caused shallo wing of
the lake and ac cu mu la tion of silty sands from the res er voir sur -
round ings. Cli mate warm ing and in creased pre cip i ta tion in the
Subatlantic Pe riod re sulted in bog for ma tion and ac cu mu la tion
of non-de com posed peats (Fig. 6). 

CONCLUSIONS

The geo log i cal, iso tope and palaeoenvironmental re search
of sed i ments from the Hermanów pro file and nu mer ous neigh -
bour ing sec tions in di cate the ex is tence of a large Mazovian
palaeolakeland in this area. 

The palaeolake from the Mazovian Inter gla cial pe riod (MIS
11c) at the Hermanów site and the palaeolake in the neigh bour -
ing sites have a post-gla cial gen e sis and are as so ci ated with
the melt ing of a dead-ice block at the end of the Elsterian Gla ci -
ation. The lake bas ins were carved in gla cial tills of this gla ci -
ation. The petrographic com po si tion of grav els found in these
tills is char ac ter is tic of the Elsterian tills from the re search area.
The geo log i cal re search al lowed doc u ment ing a palaeo lake -
land from the Mazovian Inter gla cial pe riod in this area, which
was cre ated at the same time and un der the same con di tions
dur ing the Late Elsterian deglaciation.

Re cords of cli ma tic and en vi ron men tal changes dur ing the
Mazovian/Holsteinian Inter gla cial (MIS 11c) from the Herma -
nów pro file (SE Po land) al lows dis tin guish ing three phases:
Early, Mid dle (in clud ing the OHO and YHO), and Late. The
Early Phase in di cates the im prove ment of cli ma tic con di tions
af ter the gla cial pe riod and a con tin u ous and slight tem per a -
ture rise re corded in pi o neer ing birch for ests. The Mid dle
Phase is a con se quent im prove ment of cli ma tic con di tions and 
in creas ing tem per a ture with an ex pan sion of spruce-yew
thermophilic for ests. The OHO is a strong re gres sive cli ma tic
phase lead ing to the with drawal of thermophilic com mu ni ties
and the spread of pi o neer ing pine for ests. The next pe riod of
the Mid dle Phase is char ac ter ized by the rel a tive bal ance of
the cli max broad leaved horn beam-oak-ha zel for ests with fir
ad mix ture. The YHO phase in east ern Po land is a lower rank
re gres sive change, lead ing to in creas ing in flu ence of mar i time 
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cli mate and col lapse, but not com plete with drawal, of de cid u -
ous for est com mu ni ties. The rest of the Mid dle Phase is char -
ac ter ized by the dom i nance of broad leaved for ests with fir and
spruce. Dur ing the Late Phase, grad ual de te ri o ra tion of cli ma -
tic con di tions oc curred, which led to the spread of bo real pine
for ests. 

The strong de cline of for ests (AP) with very se vere cli ma tic
con di tions in the fur ther part of the pro file cor re sponds to the
MIS 11b cool ing. Fur ther changes led to mul ti ple al ter nat ing im -
prove ment and cool ing (with for est con trac tions) of cli ma tic
con di tions, which may cor re spond to the MIS 11a substage. 

TOC and car bon iso to pic com po si tion anal y sis (d13C) adds
value to the palaeoenvironmental re con struc tions and of ten
sup port geo log i cal and en vi ron men tal anal y ses. The data con -
firm strong cool ing in the OHO and MIS 11b and do not show
vari abil ity dur ing YHO, which may sug gest other rea sons for
this os cil la tion. An al ter na tive ex pla na tion may be that sam ples
were ana lysed with too low res o lu tion for the short-lived palaeo -

climatic events. There is, how ever, a dis crep ancy in the cor re la -
tion be tween iso to pic and palynological stud ies. Most likely, it
re sults from slower changes in ter res trial flora com pared to
peat-grow ing plants, fast re act ing to en vi ron men tal changes re -
corded by the d13C val ues. An other fac tor in flu enc ing the dis -
crep ancy could be the in flux of or ganic mat ter from out side of
the palaeolake, re de pos ited within the res er voir al ter ing the
palaeoenvironmental re cord.
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