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Lacustrine sediments representing Marine Isotope Stage 11 (MIS 11) were found in Hermanów (SE Poland) in a present-day
closed depression under a thin cover of Weichselian and Holocene deposits (1.4 m). These sediments filled a palaeolake
created as a result of melting of a dead-ice block at the end of MIS 12. Geological research has excluded the presence of an
ice sheet during MIS 12 in this area. The lobe of the ice sheet of this glaciation was located several kilometres to the west of
Hermanów. The palaeolake was part of a larger palaeolakeland in southeastern Poland, formed during MIS 11. The
palaeomorphology of this interglacial is evident in the contemporary relief of the area and the outline of the lakes corresponds to the pattern of the closed palaeodepressions. Based on the record of sediments from Hermanów, a new perspective regarding the sub-division of MIS 11 is presented. Two regressive phases are observed in the Holsteinian Interglacial
(MIS 11c) – OHO and YHO. The subsequent substages with five cold fluctuations according to the newest stratigraphic standards should be assigned to MIS 11b with a very clear cooling and a slightly warmer MIS 11a. Carbon isotopic composition of
organic matter corroborates geological and environmental analysis. The isotopic composition suggests two cooling periods:
OHO and MIS 11b. Stable climatic conditions with little temperature fluctuations persisted between the cooling periods.
Key words: substages of MIS 11, Mazovian/Holsteinian Interglacial, MIS 12 and MIS 10 glaciation range, palaeoclimate
changes, E Poland palaeolakeland, Carbon isotope.

INTRODUCTION
MIS 11c (Marine Isotope Stage 11c) is considered one of
the longest (Howard, 1997; Lisiecki and Raymo, 2005;
Tzedakis et al., 2012) and warmest (Howard, 1997; Coletti et
al., 2015) Middle Pleistocene interglacials. Based on simulations of climate models, it is assumed that Greenland and western Antarctica were free of ice at that time (Coletti et al., 2015)
or at least the ice sheet collapsed there during this unusually
long warm interval (Raymo and Mitrovica, 2012; Reyes et al.,
2014). MIS 11c has many terrestrial equivalents in Europe. In
Poland, it is correlated with the Mazovian Interglacial (Nitychoruk et al., 2005, 2006; Marks et al., 2018), in Germany with the
Holsteinian Interglacial (Koutsodendris et al., 2010), in France
with the Praclaux Interglacial (de Beaulieu et al., 2001), and in
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Britain with the Hoxnian Interglacial (Ashton et al., 2008; Tye et
al., 2016). In eastern Europe, MIS 11c is correlated with the Alexandrian Interglacial in Belarus and with the Likhvinian Interglacial in Ukraine (Lindner et al., 2006).
Discrepancies in the correlation of the Holsteinian are evident. Most authors place it in MIS 11 (Nitychoruk et al., 2006;
Rohling et al., 2010; Cohen and Gibbard, 2011), whereas others in MIS 9 (Geyh and Müller, 2005). Moncel et al. (2016) underline that the distinction between these two interglacials is not
always possible due to their similar climatic characteristics and
relatively short duration. This is why Moncel et al. (2016) identify
the Holsteinian period with MIS 11 and MIS 9.
MIS 11 climatic records are based primarily on palynology.
In the lowlands of eastern Poland, pollen analysis of MIS 11c
sediments was performed on a wide scale. About 40 sites were
analysed, among others the Hermanów site (Figs. 1 and 2).
This enabled a detailed reconstruction of the palaeoclimate and
palaeoenvironmental changes in this period. In the majority of
the palynologically examined successions, an older intra-interglacial oscillation in MIS 11c was recorded, i.e. the OHO
(Koutsodendris et al., 2010; e.g., Biñka and Nitychoruk, 1995;
Krupiñski, 1995; Hrynowiecka et al., 2014; Hrynowiecka and
Winter, 2016; Hrynowiecka and Pidek, 2017). The younger os-
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Fig. 1. The sites of palaeobotanical study of Mazovian/Holsteinian Interglacial profiles in eastern Poland,
considering the range of the east boundary of the Saalian ice sheet lobe

cillation, YHO (Koutsodendris et al., 2010), is less clearly expressed in this area and therefore rarely distinguished in the
analysed successions (e.g., Hrynowiecka and Winter, 2016;
Hrynowiecka and Pidek, 2017).
It is not clear whether the Holsteinian/Mazovian Interglacial
encompasses the entire MIS 11 (de Beaulieu et al., 2001; de
Abreu, 2005) or only the MIS 11c substage (e.g., Ashton et al.,
2008; Koutsodendris et al., 2010). Traditionally, MIS 11 is subdivided into three substages: a, b and c, where MIS 11c is the
earliest, longest and warmest substage (e.g., Tzedakis et al.,
2001, 2012; Kleinen et al., 2014). However, many researchers
recognize later/younger substages in various zones of the
Northern Hemisphere and the subdivision of MIS 11 into 5
phases (e, d, c, b, a) is commonly accepted (e.g., Prokopenko
et al., 2001; Ashton, 2010; Fawcett et al., 2011; Railsback et al.,
2015). After applying molecular palaeotemperature proxies to
reconstruct the mean annual temperature (MAT), Fawcett et al.
(2011) stated that the temperature during MIS 11d and 11b was
lower by ~2°C in New Mexico. Ashton (2010) attributed to MIS
11d and 11b the phases with a sufficiently cool climate, during
which parkland conditions with Salix herbacea and Betula nana

prevailed in Britain. He argued that substages 11e, c and a were
warmer and substages 11d and b were colder. Two warmth
maxima in MIS 11c and 11a have been confirmed by research
in Arctic Russia (at ~409 and ~423 ka; Melles et al., 2012; Vogel
et al., 2013; Coletti et al., 2015). They are evidenced by the Sea
Surface Temperature (SST) reconstructions in the mid-latitude
North Atlantic, which show also two temperature peaks (~405
and ~420 ka; Voelker et al., 2010), where the younger peak encompassed the interglacial thermal maximum (Rodrigues et al.,
2011), separated by a short and minor cooling (MIS 11b?). The
third relatively warm substage was the youngest MIS 11a
(Fawcett et al., 2011). In addition, the MIS 11e substage
(Railsback et al., 2015) represents a very short period closely
after the MIS 12/11 transition, which has not yet been documented in palynological records from Europe. It should be emphasized that the division of MIS 11 into five substages has a local character and is not related to the global stratigraphic
scheme for MIS 11 (Cohen and Gibbard, 2011).
However, direct correlation of terrestrial deposits with marine/ice cores (e.g., Lisiecki and Raymo, 2005; Voelker et al.,
2010) is not possible, because records of marine isotopes are
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Fig. 2. The distribution of hand probe (WH drilling) and geoprobe profiles included
in the paper and a potential outline of the Hermanów Lake shoreline (phot. W. ¯arski)

similar to terrestrial records only in general outline (Tzedakis et
al., 1997; Biñka and Marks, 2018). Already Tzedakis et al.
(1997) stated asynchronicity between the beginning of terrestrial and marine records, because the pollen sequences are
more sensitive to climatic changes than oxygen isotopes in marine cores. Similar uncertainties with the correlation of Tenaghi
Philippon data to the North Atlantic marine record from ODP
Site 983 are in Vakhrameeva et al. (2018). It was also suggested that neither oxygen isotopes nor the model of Milankovitch cycles are good patterns for the correlation of terrestrial
pollen records, mainly due to the difficulty in estimating the sedimentation rate in individual deposits (Tzedakis et al., 1997).
Comparison of marine and terrestrial records requires a careful
consideration of age model uncertainties (Koutsodendris et al.,
2014). Even clear isotopic events can be difficult to locate in terrestrial sediments. Therefore, it is best to use terrestrial records
for the correlation of other terrestrial records based on pollen
chronology. The correlation, or rather non-correlation, of a
high-percentage curve of arboreal pollen from the Tenaghi
Phillipon profile (Tzedakis et al., 2004, 2006) with the LR04 marine stack (Lisiecki and Raymo, 2005) well-illustrates this principle (Fig. 3). Biñka and Marks (2018) emphasize that the asynchronicity of marine/ice and terrestrial records is mainly due to
the shorter course of the marine/ice intervals and the lack of detailed location of the beginning and end of warmer periods
within them. Therefore, the beginning of the Holsteinian/Mazovian Interglacial in Central Europe may not coincide with the beginning of MIS 11c in the sea zone. This is caused by the retreat
of the ice sheet and consequently by a delay in tree migration
(Koutsodendris et al., 2012).
Based on varve counting in the Dethlingen Lake deposits
(northern Germany), it was stated that the Holsteinian/Mazovian Interglacial lasted 15 ±1.5 ka and must be younger than the
beginning of MIS 11c (Koutsodendris et al., 2010). It is difficult
to estimate the duration of the Holsteinian/Mazovian Interglacial based on LR04 core studies (Lisiecki and Raymo, 2005)

and EDC3 chronology for the EPICA Dome C ice core (Jouzel
et al., 2007; Parrenin et al., 2007; Fig. 3) resulting in the duration
of substage MIS 11c at 27–28 ka and 27 ±8 ka estimated by
analysis of deposits from Arctic Lake El’gygytgyn (Vogel et al.,
2013). Perhaps, the answer of this incompatibility was re-drilling
a new core and re-counting the varves in the Bispingen profile
(Eemian Interglacial in northern Germany; Lauterbach et al.,
2012). Sediments from this profile were originally estimated at
~11 ka (Müller, 1974) and correlated with MIS 5e. After recounting the varves in the new profile, the duration of the Eemian
Interglacial was estimated at ~17 ka (Lauterbach et al., 2012),
indicating that in northern Germany it should be correlated with
MIS 5e and partly with MIS 5d. The study determined also that
there were gaps in the previously drilled Bispingen profile that
caused incorrect estimation of the Eemian Interglacial duration.
It should be noted that a similar situation probably applies to the
chronology of the Holsteinian/Mazovian Interglacial and that all
estimates of the duration of this interglacial and its individual
phases that based on lake deposits should be treated very
carefully.
Earlier isotopic analysis from the Mazovian Interglacial (MIS
11c) focused on d13C(CaCO3) and d18O(CaCO3) of malacofauna
shells (e.g., Nitychoruk, 2000; Szymanek et al., 2016; Szymanek, 2017). Addition of d13C(org) allows for extra insight into
palaeoenvironmental conditions recorded by isotopic composition of organic matter. Temperature plays a fundamental role in
d13C characteristics of organic matter, so that small differences
in temperature will affect d13C values. Data from several
sources (Smith et al., 1973; Whelan et al., 1973; Lipp et al.,
1991; Skrzypek et al., 2007a, b) suggest that the change in d13C
of various C3 plants per degree change in temperature varies
from –1.5 to +0.33‰/°C.
The sediments overlying MIS 11c (strictly above the interglacial part) are called in all studies the Early Liwiecian Glaciation (Marine Isotope Stage 10, corresponding to the Odranian
Glaciation s.l. (Marks et al., 2018), Fuhne Glaciation in Ger-
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record of the Holsteinian/Mazovian Interglacial (MIS 11c) with
both climatic fluctuations (OHO and YHO) and further MIS 11,
with a record of 5 cold substages, the first of which should be
considered as MIS 11b and the next substages as MIS 11a.

D

% arboreal pollen

C

GEOLOGICAL SETTING

% biogenic silica

B

MATERIAL AND METHODS

dD [‰ versus VSMOW]

d18O [‰ versus VSMOW]

A

% arboreal pollen

E

Fig. 3. Com parison of re search re sults of MIS
11 deposits
A – LR04 marine stack (Lisiecki and Raymo,
2005); B – EPICA DOME C ice record (Jouzel et
al., 2007) using chronology of Veres et al. (2013)
and Bazin et al. (2013); C – Lake Baikal Record
(Prokopenko et al., 2001); D – Tenaghi Phillipon
(Greece) pollen record (Tzedakis et al., 2006); E –
Hermanów profile (this paper)

many (s.l. Saalian Glaciation; Börner, 2007), and Bargette Glaciation in France (Reille et al., 2000). They were rarely investigated in Poland due to the poorly preserved records.
Following MIS 11c in eastern Poland, the first cold substage
is clearly marked in the successions (e.g., Pidek, 2003; Hrynowiecka-Czmielewska, 2010). However, profiles with a record of
changes in further substages are not numerous. In Poland, the
largest number of 4 cold phases (“stadials”) was recognized in
the Ossówka profile as the Liwiecian Glaciation (E Poland;
Krupiñski, 1995; Nitychoruk et al., 2005).
The Hermanów site (Fig. 1) on the £uków Plain in SE Poland (¯arski, 2007; ¯arski and Morawski, 2013) displays the full

The Hermanów site (22°22’E, 51°48’N) is located in southeastern Poland on the £uków Plain (Kondracki, 2002), about
105 km to the east of Warsaw (Fig. 1). The study area was covered by ice sheets of several glaciations in the Early and Middle
Pleistocene (Marks, 2004) and is located in the western part of
a palaeolakeland from the Mazovian Interglacial, which is visible in the contemporary morphology of the area. Numerous
sites with lake sediments of the Mazovian/Holsteinian Interglacial occur in the study area and further 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 neighbouring sites (Przytulin, Kolonia Bystrzycka,
Wólka Domaszewska, Domaszewnica; ¯arski 2008, 2009;
Fig. 1), the Hermanów site is located on a denuded post-glacial
plateau, composed mainly of glacial tills from the Sanian 2 Glaciation (Elsterian, MIS 12; ¯arski, 2008, 2009; ¯arski et al., 2009;
Terpi³owski et al., 2014). To the west of Hermanów (Fig. 1), the
plateau surface is built of post-glacial deposits of the Odra Glaciation (Saalian). This is the zone of the maximum range of the
Odra Glaciation (Saalian) ice sheet. The Hermanów site is located within a very well-preserved closed basin on the plateau
(Fig. 2), characterized by a sub-circular shape with the diameter
of about 300 m. The outline of the contemporary small peatbog
basin strictly corresponds to the shape of the reservoir from the
Mazovian Interglacial (Fig. 2). This case is typical for the area,
where the palaeolakeland from the Mazovian Interglacial is visible on the surface of the present-day post-glacial plateau. The
terrain surface lies at 164–165 m a.s.l., like in Przytulin, Kolonia
Bystrzycka and Wólka Domaszewska (Fig. 1).
Lacustrine sediments in Hermanów were drilled with a hand
probe to a depth of 4.3 m during a geological mapping survey in
2004. In the same year, a mechanical probe drilled 14 m of sediment, and in 2005 a geoprobe pierced the deposits to a depth
of 8.4 m (Fig. 4). The thickness of the lacustrine organic sediments was 6.48 m in the mechanical probe and 6.06 m in the
geoprobe. Based on pollen analysis, the age of the sediments
was determined by Krupiñski (2004, 2009) as the Mazovian
Interglacial. In 2012, another geoprobe drilling reached a depth
of 7.75 m. In addition, mechanical probes were made to the
north and south of the palaeolake (Fig. 4).
DESCRIPTION OF THE SEDIMENTS

The palaeolake basin in Hermanów formed as a result of
melting of a dead-ice block at the end of the Sanian 2 Glaciation
(Elsterian, MIS 12). The Mazovian Interglacial sediments are
underlain by fine-grained sands and silty sands (Table 1 and
Fig. 4), accumulated in a water reservoir immediately after the
melting of the dead-ice block. The lacustrine succession of the
Mazovian Interglacial (MIS 11c) begins with fine-grained and
silty sands (7.30–6.98 m), overlain by laminated dark grey silts
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Fig. 4. Comparison of sediments from hand probes (WH drilling)
and geoprobe profiles from the Hermanów site

(6.98–6.70 m), peaty shales (6.70–5.72 m), and shaly peats
(5.72–5.51 m). The Mazovian Interglacial lake series ends with
brown-black, poorly decomposed peats with numerous plant
macroremains (5.72–4.25 m). The thickness of the Mazovian
Interglacial lacustrine sediments is 3.05 m (Table 1 and Fig. 4).
The interglacial sediments are covered with lake deposits of
cold climatic conditions, which should be correlated with MIS
11b, followed by slightly improving conditions, which should be
correlated with MIS 11a. They begin with grey-olive gyttja
(4.25–3.98 m), overlain by poorly decomposed peats with numerous macroremains (3.98–2.80 m), strongly decomposed
clayey peats (2.80–2.56 m), brown-black strongly decomposed
peats (2.56–2.15 m), poorly laminated brown-grey silts
(2.15–2.03 m), and a layer of fine-grained sands (2.01–2.03 m).
The sedimentation of the lake reservoir terminates with greybrown, weakly laminated silts (2.03–1.42 m). Above occur finegrained silty sands and silts (1.42–0.73 m) correlated with the
Weichselian Glaciation (Late Glacial, MIS 2), overlain by Holocene peats with an interbedding of silty sands (0.73–0.00 m; Table 1 and Fig. 4).

centration of sporomorphs (Stockmar, 1971). Pollen spectra for
each sample were counted on two slides with a surface area of
20 x 20 mm. Counting was carried out up to ~500 grains of pollen. Only in cases of extremely low frequency, about 300 pollen
grains were counted.
The percentage calculations are based on the basic sum,
which includes pollen grains of trees and shrubs (AP), and herbaceous plants and dwarf shrubs (NAP). The percentage proportions of other plants were calculated in relation to the basic
sum.
The palynological results are presented as percentage pollen diagrams (Figs. 5–8, and significantly simplified in Fig. 3E)
prepared using POLPAL software (Nalepka and Walanus,
2003). The pollen succession from Hermanów was subdivided
into 21 local pollen assemblage zones (L PAZs) numbered from
the bottom to the top of the succession.
All samples are stored at the Polish Geological Institute –
National Research Institute.

POLLEN ANALYSIS

ANALYSIS OF PETROGRAPHIC COMPOSITION

All 56 pollen samples were taken from a core from the depth
interval of 180–730 cm. The organogenic sediments were sampled every 10 cm at a volume of 1 cm3. All samples for pollen
analysis were acetolized according to Erdtman’s method (1960),
modified using HF (Berglund and Ralska-Jasiewiczowa, 1986).
Before acetolysis, one tablet of the Lycopodium indicator was
added per 1 cm3 of each sample to determine the absolute con-

Petrographic analysis of gravels washed out of the glacial till
was performed for samples taken from the WH46 borehole
(Figs. 2 and 4) in the following depth intervals: 2.0–4.0 m;
4.0–6.0 m and 8.0–10.0 m. The simplified petrographic analysis
included macroscopic determination of the petrographic group
of the analysed gravel grains (fraction 5–10 mm; Krygowski,
1956, 1967; Kenig, 1998; Lisicki, 2003).

GEOLOGICAL ANALYSIS
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Table 1
Detailed description of sediments from the Hermanów site, including layer thickness
Depth [m]

Colour

Deposits

Stratigraphy

0.0–0.17

brown-reddish

non-decomposed peats

0.17–0.37

brown

silty sands with humus

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

0.96–1.10

brown–reddish

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

laminated silts

1.52–1.53

light grey

fine grain sands

1.53–2.01

grey-brown

laminated silts

2.02–2.03

brown

fine grain sands

2.03–2.15

grey-brown

laminated silts

2.15–2.17

brown-black

peaty silts

2.17–2.56

brown-black

well-decomposed peats

2.56–2.80

brown-black

well-decomposed clayley peats

2.80–3.05

black

poorly decomposed clayey peats
with macrofosills

3.05–3.25

black

poorly decomposed peats with macrofosills

3.25–3.50

brown-black

non-decomposed peats with macrofosills

3.50–3.98

brown-black

poorly decomposed peats with macrofosills

3.98–4.25

grey-olive

gyttja

4.25–5.21

brown-black

poorly decomposed peats with macrofosills

5.21–5.51

brown-black

non–decomposed 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

Holocene

Weichselian

ANALYSIS OF GRAIN SIZE COMPOSITION

Grain size analysis was performed for samples of sand
and silt deposits from the depth interval 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) fractions were isolated using the sieve-areometric
method (Mycielska-Dowgia³³o and Rutkowski, 1995). The
grain size parameters were calculated according to the Folk
and Ward method (1957).

Liwiecian Glaciation

Mazovian
Interglacial

Elsterian Glaciation

ANALYSIS OF HEAVY MINERALS
COMPOSITION

Analysis of heavy minerals was performed on samples of
sediments from the depth intervals 1.42–1.33 m and
0.96–1.10 m. Sediments were separated by dry sieving. The
studied fraction (0.1–0.25 mm) was treated with a heavy liquid
of density above 2.9 g/cm3 (sodium polytungstate 3Na2WO4 ×
× 9WO3 × H2O). After separation of heavy minerals, HCl was
used to remove calcium carbonate. The remaining heavy min-
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Fig. 6. Schematic presentation of pollen analysis results compared with lithology data from the Hermanów profile
Pioneer taxa includes: Pinus and Betula pollen; temperate taxa include: Alnus, Fraxinus, Ulmus, Picea, Taxus, Corylus,
Quercus, Carpinus and Abies pollen; thermophilic taxa include: Hedera helix, Viscum, Vitis, Buxus and Pterocarya pollen;
for explanation of lithology see Figure 4

erals were identified and counted under a petrographic microscope (Jêczmyk and Kanasiewicz, 1970; Klein and Hurlbut,
1993; Racinowski, 1995. Marcinkowski and Mycielska-Dowgia³³o, 2013). The percentage of transparent and opaque minerals, which altogether represent 100%, was studied.
ANALYSIS OF THE CALCIUM CARBONATE
CONTENT

The analysis was performed on the fraction below 0.1 mm
using the Scheibler apparatus (Myœliñska, 2016).

ANALYSIS OF FROSTING AND ROUNDNESS
OF QUARTZ GRAINS

The analysis was performed on the 0.5–1 mm fraction
grains using the Cailleux method, modified by GoŸdzik (1981)
and Mycielska-Dowgia³³o and Rutkowski (1995).
14

C DATING

Radiocarbon dating of one sample taken from the base of
the peat layer (0.7 m) was made at the Gliwice Absolute Dat-

L M /HI – L a t e M a z o v i a n / Ho l s t e i n i a n In te rg l a c i a l , s t . I – f i rs t s ta d i a l , i n t . I – f i rs t i n t e rs t a d i a l , e t c
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Fig. 8. Results of 13C isotope analysis and organic matter analysis (C) correlated with pollen analysis results (B)
and lithology (A)
For explanation of lithology see Figure 4 grey belts indicate periods of cooling
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ing Method Centre (Michczyñski, 2017). The radiocarbon conventional date was calibrated using OxCal 4.2 software (Bronk
Ramsey et al., 2010) and the IntCal13 calibration curve
(Reimer et al., 2013). Calibrated BP years were used in these
studies.
ISOTOPIC ANALYSIS

Chemical and isotopic analyses were performed at the Isotope Geology and Geoecology Laboratory of the Institute of
Geological Sciences, Wroc³aw University. Samples were
washed with 4% HCl to remove inorganic carbon, freeze dried
and homogenized. 5 mg of pure organic matter were placed
within quartz ampoules with CuO, heated for 10 hours at 900°C
and for 4 hours at 650°C. Combustion products, CO2, H2O and
NOx were cryogenically separated and pure CO2 was used for
isotopic analysis. All isotopic compositions in this paper are reported in the standard d-notation (the relative difference, in
parts per thousand (‰), between the isotope ratio of the sample
and the international standard). We used the “multiple-point”
normalization technique (Paul et al., 2007) to normalize all raw
isotopic data to isotope reference scales; d13C is reported in the
VPDB scale (Vienna PeeDee Belemnite). The following International Atomic Energy Agency (IAEA) reference standards
were analysed with each set of samples, specific to the isotope
of interest and utilized for normalization: NBS22, NBS18 and
USGS24. The uncertainties associated with stable isotope
analyses are 0.2‰ for d13C.
The isotopic fractionation proceeds in two stages:
– adsorption and diffusion of CO2 into the plant tissue;
– the initial carboxylation (e.g., O’Leary, 1981).
Consequently, the cumulated of 12C-enrichment of the plant
tissue with respect to the atmospheric carbon dioxide is about
18–27‰ (C3 plants) and 4–6‰ (C4 plants), (O’Leary, 1981;
Lajtha and Marshal, 1994).
ANALYSIS OF TOTAL ORGANIC
CONTENT (TOC)

Organic matter content was measured following the procedure of Gale and Hoare (1991). Samples were dried at 105°C
and combusted in an oven at 550°C for 8 h. Results are expressed as percent of dry weight.

RESULTS
RESULTS OF POLLEN ANALYSIS

Analysis of 56 samples from the Hermanów profile enabled
the identification of 112 taxa, represented by 28 trees and
shrubs (Arboreal Plants), 5 dwarf shrubs, 48 terrestrial herbs
(Non-Arboreal Plants), 17 aquatic and reed swamp plants, 7
Pteridophyta, 2 Bryophyta, 2 Algae and spores of Fungi,
Gaeumannomyces t., and Woodvessel fragments. The diagrams include only selected taxa. All marked taxa are listed as
occurring in the detailed description of Local Pollen Assemblage Zones (L PAZs; Table 2).
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RESULTS OF GEOLOGICAL ANALYSIS
PETROGRAPHIC COMPOSITION

The interval to a depth of 8 m (Table 3) contains mainly
flints (local rocks), crystalline rocks, and very compact, highly
diagenized sandstones of Scandinavian origin with a silica
matrix, passing into quartzites. Petrographic composition indicates intensive weathering processes of the upper parts of the
glacial till. Carbonate rocks have been destroyed probably by
weathering processes. From a depth of 8.0 m downwards,
there are mainly Scandinavian limestones and minor amounts
of Scandinavian dolomites. Due to the poor petrographic composition of gravels found in the glacial tills in the WH46
Hermanów profile, comparison with other profiles, in which
glacial tills of the Elsterian Glaciation were analysed, was not
possible.
GRAIN SIZE

The sand fraction of the Hermanów profile is dominated by
fine-grained sands with an admixture of well-sorted mediumgrained sands. Quartz grains are well-rounded and their surface is matted due to aeolian processes.
HEAVY MINERALS

Minerals resistant and very resistant to mechanical destruction, with a specific weight between 3 g/cm3 to slightly
over 4 g/cm3, predominate in the analysed samples. Garnet,
tourmaline, zircon, staurolite, topaz, ilmenite and disthene
are determined through to their specific and characteristic
appearance using a microscope. In their majority, they account for over 90% of the composition of the studied heavy
fraction. The grains are moderately and well-rounded, with
round, oval and ellipsoidal shapes and rounded sides. Minerals non-resistant to destruction (amphibole, pyroxene) represent less than 10% of the studied fraction. A significant predominance of minerals resistant to destruction over non-resistant minerals is also reflected in the A/G index, which is the
amphibole to garnet ratio. Based on the minerals studied, it
can be concluded that the sediments were transported in an
aquatic setting, and later they underwent strong aeolization
in periglacial conditions.
CALCIUM CARBONATE
CONTENT

The analysed sand and silty deposits are characterized by a
constant, low content of calcium carbonate, which is from tenths
to 1% in all samples.
RADIOCARBON DATING

The absolute age of the sample taken from the base of the
peat from a depth of 0.7 m was determined at 5600–5265 calendar age calibrated BP (88.3%, GdS-3449; Michczyñski,
2017; Table 4), which corresponds to the Subboreal Period of
the Holocene (Ralska-Jasiewiczowa et al., 1998).
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Table 2

Name
Betul a
B e tu l a -P i n u s
P i c e a -A l n u s -Fra x i n u s

550–540

A b i e s -Ca rp i n u s Co ry l u s

530–510

Ca rp i n u s -Co ry l u s Qu e rc u s

P i n u s -P i c e a

Picea curve reaches ~14% level, Taxus baccata increase to 12.5% and Alnus to 35%. Fraxinus reach 1.5%, Ulmus – 1%,
Tilia cordata – 1.5%, Corylus – 1.7%, Quercus – 2.8%. Pinus pollen still maintains ~30% level, Betula decrease to 5%. Larix,
Acer, Carpinus, Abies and Hedera helix appear sporadically. Artemisia, Aster t., Poaceae, Cyperaceae, Chenopodiaceae,
Apiaceae, Caryophyllaceae and Cichorioideae appear in small quantities not exceeding 1%. Among the reed swamp plants
Phragmites continues a low-percentage continuous curve, accompanied by Cicuta virosa. Aquatic plants are represented by
Ceratophyllum (leaf-spines) and Nympheaceae (trichosclereids). Pteridophyta are represented by single spores of Filicales
monolete. Values of Botryococcus cenobia increase to almost 5%, and Pediastrum boryanum reach still 1%. Musci's spores
reach 1%, Fungi – above 2%, and Sphagnum – <1%. The upper boundary of the zone is marked by decrease of Taxus
baccata and Alnus pollen values and increase of Pinus pollen values.

He r-6

580–560

The zone is marked by total domination of Betula alba t. (hereinafter referred to as Betula) pollen: 85–89% (maximum of occurrence). Pinus sylvestris t. (hereinafter referred to as Pinus) pollen reach ~1%. Juniperus pollen oscillates around 1 to 3%,
Betula nana – ~1%, Salix – 2–1%. Larix, Hippophaë rhamnoides and Calluna vulgaris appear. Among the herbaceous plants,
Poaceae and Cyperaceae reach 2–3% and 1–2%, respectively, Artemisia and Chenopodiaceae below 1%. Aster t.,
Helianthemum, Anthemis t., Apiaceae, Ranunculus acris t., Potentilla, Caryohyllaceae, Cichoriaceae, Rubiaceae,
Thalictrum, Filipendula, Bupleurum, Rumex acetosa, Plantago major, P. media, Stachys and Carduus t. appear as a single
pollen grains. Among reed swamp plants, Phragmites t. achieves continuous curve <1%, Typha latrifolia, Cicuta virosa and
Sparganium t. appear. Among Pteridophyta, low-percentage curves (less than 1%) Filicales monolete and Equisetum maintains and Botrychium appears. Values of Botryococcus and Pediastrum boryanum reach 2 and 1%, respectively. Musci
spores values reach ~15%, Fungi spores – 5% and Sphagnum spores sporadically appears. Upper boundary of the zone is
determined by the decrease of Betula pollen values and increase of Pinus pollen.
Decrease of Betula pollen values from initially 75 to 50% and increase of Pinus pollen values from 14 to 34%. Larix presents a
continuous curve with a maximum of 1.4%. The curve of Alnus increase to 10%, Fraxinus to 1.4%, Ulmus to 1%, Picea to 4%.
Acer, Taxus baccata, Tilia cordata, Corylus, Quercus, Frangula alnus, Viburnum and Humulus lupulus appear as a single
grains. Betula nana and Salix appear in proportions not exceeding 0.5%, pollen of Juniperus only initially exceed 1%,
Hippophaë rhamnoides and Calluna vulgaris appear as a single grains. Among the herbaceous plants, Poaceae and
Cyperaceae reach 2%. Anthemis t., Aster t., Chenopodiaceae, Apiaceae, Ranunculus acris t., Potentilla, Cichorideae,
Thalictrum, Filipendula, Rumex acetosa, Plantago major, Chamaenerion, Valeriana officinalis, Mentha t., Centaurea jacea t.
and Symphytum appear as a single grains. Among the reed swamp plants, Phragmites continues a low-percentage continuous curve, accompanied by Typha latifolia and Cicuta virosa. Aquatic plants are represented by Ceratophyllum (leaf-spines),
Nympheaceae (trichosclereids), Potamogeton and Myriophyllum spicatum. Pteridophyta are represented by single spores of
Filicales monolete, Equisetum and Lycopodium annotinum. Values of Botryococcus and Pediastrum boryanum colonies
reach 3 and 1%, respectively. Musci spores values reach ~15%, Fungi spores – 3%., Sphagnum spores sporadically appears. The upper boundary of the zone is marked by a further decrease of Betula values and increase in values of Alnus,
Fraxinus and Picea.

P i c e a -Ta x u s Al nus

730–680
670–650
600–590

640–610

He r-1

Detailed description of local pollen assemblage zones

Pollen values of Picea increase initially from 5 to 15%, Alnus from 20 to 28%, and Fraxinus reach ~3%. Ulmus pollen remains
about 1.5%, Taxus – <1%, Tilia cordata – 1.5%, Corylus – ~1%, Quercus – 1.5%. Acer, Carpinus, Frangula alnus, Hedera helix, Humulus lupulus appear as a single grains. Values of Betula pollen decrease from 30 to 16%, Pinus pollen maintains
~30% level, Larix – ~1%, Salix <1%. Calluna vulgaris and Vaccinium appear. Among the herbaceous plants, Poaceae reach
~1%, Cyperaceae – reach 4%, Artemisia, Aster t., Chenopodiaceae, Anthemis t., Apiaceae, Ranunculus acris t., Potentilla,
Cichoriaceae, Filipendula and Carduus t. appear in smaller quantities. Among the reed swamp plants, Phragmites continues
a low-percentage continuous curve, accompanied by Typha latifolia. Aquatic plants are represented by Nympheaceae
(trichosclereids and Nuphar lutea pollen grains). Filicales monolete, Equisetum and Lycopodium annotinum are represented
Pteridophyta as a single spores. Values of Botryococcus and Pediastrum boryanum colonies reach 3 and 1%, respectively.
Musci's spores increase from 2 to 7%, Fungi spores reach 3% and Sphagnum spores sporadically appears. The upper
boundary of the zone is marked by a further decrease of Betula pollen values and increase in values of Taxus and Alnus.

He r-7

He r-5

He r-4

He r-3

He r-2

L PAZ
Depth
[c m]

Detailed description of local pollen assemblage zones in the Hermanów profile

Proportion of Pinus pollen increase to 51% in central part of the zone, Betula pollen increase to 10.5% and Larix to 1.4%.
Picea pollen reach 16% initially and decrease to 2%, just as Taxus baccata from 5% decrease to less than 1%. Alnus pollen
values decrease to 11%, Fraxinus and Ulmus <1%. After decrease Tilia cordata increase to 2.3%, Corylus to 7%, Quercus to
3%, Carpinus to 11% and Abies to 6.5%. Among the herbaceous plants, only Poaceae and Cyperace show a slight increase
initially, other herbs occur very rarely. Among the reed swamp plants occur Phragmites, Typha latifolia and Menyanthes trifoliata and among aquatic plants – Ceratophyllum (leaf-spines) and Nympheaceae (trichosclereids and Nuphar lutea and
Nymphaea alba pollen grains). Pteridophyta are represented only by Filicales monolete and Osmunda and Algae by
Botryococcus. Sporadic spores of Musci, Fungi and Sphagnum were observed. The upper boundary of the zone is marked by
decrease of Pinus pollen values and increase of Abies, Carpinus and Corylus pollen values.
Values of Abies pollen reach 13%, Carpinus – 16% and Corylus – 12%. Quercus also increases to 12%, Picea to 3% and
Taxus baccata to 4%. Alnus initially achieves up to 20%. Fraxinus, Ulmus, Tilia cordata and Acer <1%. Frangula alnus,
Viscum, Vitis, Sambucus nigra and Salix appear. Pinus pollen values decrease to 25% and Betula to 3%. Artemisia, Aster t.,
Poaceae, Anthemis t., Ranunculus acris t., Caryophyllaceae, Rubiaceae, Filipendula, Mentha t. and Brassicaceae appear as
a single grains and only Cyperaceae reach 2%. Among the reed swamp plants Phragmites continues a low-percentage continuous curve, accompanied by Typha latifolia and Menyanthes trifoliata. Aquatic plants are represented by Ceratophyllum
(leaf-spines) and Nympheaceae (trichosclereids and Nuphar lutea and Nymphaea alba pollen grains). Pteridophyta are represented only by Filicales monolete and Algae only by Botryococcus. Sporadic spores of Fungi and Sphagnum were observed and spores of Musci increase to 2.5%. The upper boundary of the zone is marked by decrease of Abies and Pinus
pollen values and increase of Carpinus, Corylus and Quercus pollen values.
Carpinus pollen values gradually increase from 25 to 41% and Abies decrease to 4%, Corylus maintains at 15% level and
Quercus increase from 9 to 13%. Alnus pollen values decrease to 10%, Pinus to 7% and Betula to 1%. Ulmus increase to 2%.
Fraxinus, Acer, Tilia cordata, Picea, Taxus baccata, Frangula alnus, Hedera helix, Viscum, Vitis, Humulus lupulus and Salix appear and more than 1% values reach Pterocarya fraxinifolia and Buxus sempervirens. Calluna vulgaris accompanies Ledum
palustre. Very rare are herbaceous plants, of which only Cyperaceae reach more than 1% curve, others such as Poaceae, Artemisia, Aster t., Chenopodiaceae, Ranunculus acris t., Thalictrum and Rumex acetosa sporadically appear. Among the reed
swamp plants Phragmites, Typha latifolia and Sparganium appear as a single grains. Aquatic plants are represented by
Nympheaceae (trichosclereids – 3.5%, Nuphar lutea and Nymphaea alba – ok 1% pollen grains), Azolla fern (1%) and Drosera
rotundifolia, which appear quite frequently. Among Pteridophyta only Filicales monolete and Osmunda occure sporadically.
Cenobia of Botryoccoccus increase to 4.5%, Pediastrum boryanum are rare. Musci and Fungi spores increase to 9 and 4.5%,
respectively, Sphagmum curve – low-percentage. The upper boundary of the zone is marked by decrease of Carpinus and
Corylus pollen values and increase of Abies and Cyperaceae pollen values and Filicales monolete spores.

The rank of climatic oscillations during MIS 11c (OHO and YHO) and post-interglacial cooling during MIS 11b and MIS 11a..
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Name

L PAZ
Depth
[c m]

Tab. 2 cont.

500–490

A b i e s -Ca rp i n u s (Fi l i c a l e s )

480–470

C a rp i n u s -Qu e rc u s Co ry l u s

He r-1 0

460–450

A b i e s -Ca rp i n u s Pi c ea

440–430

P i n u s -P i c e a

Values of Carpinus pollen increase to 40%, Quercus maintained at 15% level and Corylus – 1%, Abies increase to 5%. The
other trees are maintained at constant levels: Pinus – 9%, Betula – 3.5%, Alnus – 9%, Picea – ~2%, or occur sporadically:
Fraxinus, Ulmus, Acer, Tilia cordata and Salix. Buxus sempervirens and Pterocarya fraxinifolia reach ~0.7%. Betula nana
also present. Herbacous plant are rare as a single grains: Artemisia, Poaceae, Apiaceae, Ranunculus acris t., Potentilla,
Mentha t. The exception are Cyperaceae, which create almost 3% curve. The reed swamp plant represented by Typha
latifolia, Menyanthes trifoliata and Hydrocotyle vulgaris and aquatic plants only trichosclereids of Nympheaceae. Among
Pteridophyta only Filicales monolete (initially 2%) occur. Botryococcus and Pediastrum boryanum are rare. Sphagnum
spores are numerous – 7.5% initially, Musci and Fungi spores – 3 and 5%. The upper boundary of the zone is marked by decrease of Carpinus, Quercus and Corylus pollen values and increase of Abies and Picea pollen values.
Proportion of Abies pollen values increase to 8%, Picea to 13.5%, Carpinus pollen values decrease to 14%, Quercus to 7%
and Corylus to 4%. Alnus maintained at 8.5% level, Ulmus – ~1%, Betula – 6.5%, Buxus sempervirens and Pterocarya
fraxinifolia <1%. Fraxinus, Acer, Tilia cordata, Hedera helix and Salix sporadically appear. Pinus pollen increase from 13.5 to
36%. Betula nana and Calluna vulgaris present. Among the herbaceous plants Artemisia, Aster t., Poaceae, Apiaceae,
Ranunculus acris t., Potentillia and Thalictrum rarely occur, and only Cyperace create ~3% curve. Among the reed swamp
plants Phragmites and Hydrocotyle vulgaris and among aquatic plants only Ceratophyllum (leaf-spines) appear sporadically. Pteridophyta are represented by Filicales monolete and Osmunda and Algae by rare cenobia of Botryococcus. Musci
spores reach 9%, Fungi spores – 3% and spores of Sphagnum create low-percentage curve. The upper boundary of the
zone is marked by increase of Pinus pollen values and decrease Abies, Carpinus, Corylus, Quercus pollen values.
Pinus pollen values increase to 76.5% and Betula to 10%, with a decrease of Picea values from 7 to 3%. Pollen of the other
trees and Vitis and Pterocarya fraxinifolia <1% or disappeared. Fagus, Betula nana, Calluna vulgaris and Juniperus appear
as a single grains. Herbaceous plants at the end of the level increase to more than 1% – Artemisia and Poaceae, and to 4.5%
– Cyperaceae. Chenopodiaceae, Anthemis t., Apiaceae, Ranunculus acris t., Caryophyllaceae, Thalictrum, Chamaenerion
and Stellaria holostea appear sporadically. Rees swamp and aquatic plants rare appear as a single pollen grains of
Phragmites, Cicuta virosa and Sparganium and Nympheaceae (Nymphaea alba pollen and trichosclereids). Among the
Pteridophyta Filicales monoletes and Osmunda occur and among Algae cenobia of Botryococcus and Pediastrum
boryanum appear sporadically. Musci's spores reach 11%, Fungi spores – 4% and spores of Sphagnum create low-percentage curve. The upper boundary of the zone is marked by decrease of Pinus pollen values and increase of NAP pollen values.

He r-9

He r-8

Proportions of Carpinus decrease to 22% and Abies increase to 16%. Corulus pollen maintains ~10% level and Quercus increase to 16%. Alnus pollen decrease for 14 to 11%, Pinus and Betula reach 9 and 3%, respectively. Fraxinus, Ulmus,
Picea, Tilia cordata, Salix and Carya sporadically appear and only Taxus baccata increase to above 1%. Buxus
semperwvirens reach 1.5% and Pterocarya fraxinifolia – <1%. Pollen of Betula nana, Calluna vulgaris, Ledum palustre and
Vaccinium appear. Artemisia, Aster t., Poaceae, Ranunculus acris t., Potentillia, Filipendula, Rumex acetosa, Mentha t.,
Lythrum rarely occur among herbaceous plants, and only Cyperace increase to 5.5%. Among the reed swamp plants Typha
latifolia and Sparganium appear sporadically. Aquatic plants are numerous and represented by Nympheaceae
(trichosclereids – 2.5%, Nuphar lutea – 1.3% and Nymphaea alba pollen grains) and Potamogeton. Among Pteridophyta
Filicales monolete are numerous and reach 8%; in addition, Osmunda appears. Botryococcus reach 4%. Musci spores decrease from ~9 to 4%, Fungi's spores from 10 to 2% and Sphagnum create low-percentage curve. The upper boundary of the
zone is marked by increase of Carpinus pollen values and decrease of Abies pollen values.

He r-1 1

Detailed description of local pollen assemblage zones

Table 3
Petrographic composition of gravels in the Hermanów profile

Depth [m]
2.0–4.0
4.0–6.0
8.0–10.0

Cr
37
20
28

Lp
–
2
14

Scandinavian rocks
(number of gravels)
Dp
1
–
3

Sp
14
15
4

Qp
10
5
4

L
–
–
1

S
–
–
2

Local rocks
(number of gravels)
F
–
2
2

M
–
–
3

O
7
4
–

Cr – crystalline rocks, P – Paleozoic rocks, L – limestone, D – dolomite, S – sandstone, Q – quartz, F – flint, M – mudstone, O – others

RESULTS OF ISOTOPE ANALYSIS
AND ORGANIC MATTER CONTENT

Organic matter isotopic composition ranged from –19.6‰
do –32.2‰ d13C with average of d13C = –27.6‰. The highest
d13C values were observed at 4m depth (d13C = –19.6‰) and
5.6 m depth (d13C = –20.4‰). The lowest d13C value (–32.2‰)
was observed at the bottom of the profile. The content of organic matter in the profile ranged from 15 to almost 100%. The
analysed samples were represented by C3 plants.

INTERPRETATION OF THE RESULTS
AND DISCUSSION
Lacustrine sediments of MIS 11 are very well preserved in
the Hermanów palaeolake succession. The occurrence of lake
sediments of the Mazovian/Holsteinian Interglacial in a palaeolake carved in glacial tills is an indirect proof of their age associated with the Elsterian Glaciation (¯arski, 2008, 2009). The results of petrographic analysis of glacial tills from the nearby
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Table 4
Results of radiocarbon dating from the Hermanów profile

Name of sample

Laboratory
number

Age 14C
[BP]

Calendar age
(calibrated)
interval 68.2% [cal yr BP]

Hermanów 3/0,8

GdS-3449

4680 ±90

5580–5535 (11.9%)
5480–5310 (56.3%)

Domaszki site (Fig. 1; Terpi³owski et al., 2014) correlate the
analysed glacial tills with the Elsterian Glaciation. The origin of
the palaeolake is related to the melting of a dead-ice block of dimensions similar to the size of the present-day depression.
The pollen record of the Hermanów profile is typical for the
Holsteinian/Mazovian Interglacial in central Europe with all its
characteristic levels. The Hermanów profile does not include
the Late Elsterian/Sanian 2 Glaciation.
In the first phase of palaeolake existence, silty sands passing into silts were accumulated during cold climate conditions.
The Early Holsteinian/Mazovian Interglacial (Her-1 Betula; Table 2 and Fig. 5) in Hermanów is characterized by the total domination of bright, pioneer birch forests, with a significant representation of herbaceous vegetation. Increasing climate humidity coupled with its warming caused deposition of peats in the
reservoir, which were transformed into peaty shales (from
Her-2 to Her-4; Table 1 and Figs. 4, 5) as a result of subsequent
post-sedimentary diagenetic processes. The birch-pine forests
have developed extensively – Her-2 Betula-Pinus (Fig. 5).
Palynological records in the profile do not agree with the
d13C values of organic matter. When birch dominates (Her 1
and Her 2), the 13C enrichment observed towards the top of the
profile can be interpreted as a cooling period (Skrzypek et al.,
2005; Fig. 8). The bottom of the profile is composed of silts derived from outside of the reservoir. Mineral sedimentation predominated in the palaeolake and most likely organic matter was
redeposited together with silts. The organic matter content is
relatively low (gradually increasing, but does not exceed 28%;
Fig. 8), which emphasizes also relatively low, but increasing
temperatures at the time.
Then, along with increasingly humid climate, Picea and carr
forests with Alnus and an admixture of Fraxinus and Ulmus
spread out (Her-3 Picea-Alnus-Fraxinus; Table 2 and Fig. 5).
Changes in the d13C isotopic composition range ~2‰ in this
zone (enrichment in a heavy carbon isotope) and a small drop
in organic matter content (to 22%; Fig. 8) suggesting small temperature variations is possibly related to seasonal changes with
warm and dry summers and cold and severe winters preferred
by Picea (Zagwijn, 1996; Dahl, 1998). The mineral sedimentation was still dominant in the palaeolake.
The palynological record supports a gradual warming trend.
The climate became more and more warm, humid and mild,
similar to the oceanic climate, with an increase in groundwater
level, which favoured the development of Picea-Taxus forest
with a strong spread of the riparian Alnus representation (Her-4
Picea-Taxus-Alnus). In this zone we observe a gradual enrichment in the content of light carbon (D more than 1.5‰) and organic matter (increasing rapidly to 43%; Fig. 8).
The vegetation succession near Nowiny ¯ukowskie shows
a similar development (Lublin Upland, Hrynowiecka-Czmielewska, 2010; Hrynowiecka and Winter, 2016), Brus (West
Polesie, Pidek, 2003; Hrynowiecka and Pidek, 2017), and
Ossówka sites (West Polesie, Krupiñski, 1995; Nitychoruk et
al., 2005). The succession is also similar to the Krzy¿ewo site

Calendar age
(calibrated)
interval 95.4% [cal yr BP]
5600–5265 (88.3%)
5225–5215 (0.2%)
5185–5060 (7.0%)

(NE Poland, Janczyk-Kopikowa, 1996), Lithuania (KondratienÅ
and ŠeirienÅ, 2003), and Belarus (Rylova and Savchenko,
2005). To the west, the communities with Ulmus, Quercus and
Corylus began to appear earlier, whereas Picea was less important, as evidenced by the Gajec site (W Poland, Winter and
Urbañski, 2007) and in Germany (Kühl and Litt, 2007).
The older regressive oscillation phase in the Holsteinian/Mazovian Interglacial (OHO; Koutsodendris et al., 2010) in
the Hermanów profile is marked clearly in the peaty shales
(Fig. 6). Climate continentalization was expressed by the increasing importance of Pinus and the collapse of Picea and the
riparian Alnus and Taxus communities (Her-5 Pinus-Picea;
Figs. 5, 6 and Table 2). More or less clearly, however, the OHO
always appears similarly in the successions throughout Poland.
The return of Pinus is often accompanied by the re-spread of
Betula (Nowiny ¯ukowskie site, Hrynowiecka and Winter, 2016;
Ossówka site, Krupiñski, 1995; Nitychoruk et al., 2005), which is
insignificant in the Hermanów profile. The OHO lasted about
220 years (Koutsodendris et al., 2012), but it spans up to
~30 cm of the Hermanów profile. A similar situation is observed,
e.g., in the Kali³ów profile in the Bia³a Podlaska area (Biñka and
Nitychoruk, 1996). This may be due to the faster sedimentation
rate at that time. It may have been caused by either increasing
erosion associated with changes in the forest composition during this event or lowering of the palaeolake level. In both the
previously analysed profiles from Poland and eastern Europe,
the OHO has not been registered, due to the too low resolution
of pollen analysis used at that time (Hrynowiecka and Winter,
2016). In turn, in Germany, the OHO is usually explicitly marked
by the withdrawal of Taxus, Corylus and Quercus communities
and the spread of Pinus-Betula forests (Koutsodendris et al.,
2010).
Carbon isotopic records through the OHO (Her-5) are characterized by 13C enrichment close to 8‰ compared to Her-4.
After initial warming during Her-4, rapid cooling occurred until
the middle of the chronozone, followed by changes in climatic
conditions to early Her-5 (Fig. 8). This is one of the coldest periods observed within the Hermanów profile. Despite the high
cooling period, the accumulation of organic matter was quite
high at a level of 40% (Fig. 8).
In the Hermanów profile, the next part of the Middle Phase
of the Holsteinian Interglacial (Figs. 5 and 6) is characterized by
a systematic increase of humidity in warm climate conditions,
favouring the formation of poorly decomposed and non-decomposed peats under anaerobic conditions (Fig. 6). The development of maritime climate resulted in the development of forests
with Abies and multi-species deciduous forests with Carpinus,
Corylus and Quercus (Her-6 Abies-Carpinus-Corylus; Table 2
and Fig. 5). Riparian forests with Alnus and Taxus baccata returned and developed quite intensely. Later, the dominant role
was taken over by Carpinus with an admixture of Corylus and
Quercus (Her-7 Carpinus-Corylus-Quercus; Table 2 and
Fig. 5). Thermophilic trees, i.e. Pterocarya fraxinifolia and
Buxus sempervirens, appeared. Riparian forests subsided at
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that time. The proportion of trees differs in individual profiles
from Poland; however, in general, the vegetation succession in
this period developed similarly as presented above. Differences
appear along the western – eastern European transect. In eastern Europe, the Middle Holsteinian/Mazovian Interglacial is
characterized by the dominance of Picea and Abies forests and
subsequently by Carpinus, Corylus and Quercus (KondratienÅ
and ŠeirienÅ, 2003; Rylova and Savchenko, 2005). In western
Europe, for example in Germany, Carpinus and Corylus dominate at that time, whereas Abies and Picea are of minor importance (Koutsodendris et al., 2010).
The younger regressive oscillation phase in the Middle
Phase of Holsteinian/Mazovian Interglacial (YHO, Koutsodendris et al., 2010; Figs. 4 and 6) is marked quite clearly by
poorly decomposed peat sediments (Table 1 and Fig. 6). It is
characterized by the collapse of temperate deciduous mixed
forests with Carpinus, Corylus and Quercus and the spread of
Abies forests with a significant amount of Filicales monolete
[Her-8 Abies-Carpinus-(Filicales); Table 2]. Taxa of pioneer
trees and Cyperaceae show a slight increase, while the thermophilic taxa a slight decrease. The increase in Abies occurrence
indicates the impact of oceanic/marine climate with a significant
increase in humidity and possibly an increase in groundwater
level, which is indicated by the appearance of significant
amounts of Filicales and Cyperaceae. A very similar course of
the YHO is observed in the Brus profile (Hrynowiecka and
Pidek, 2017). It is also evident in the Nowiny ¯ukowskie site
(Hrynowiecka and Winter, 2016), but in other profiles from Poland the succession is not clearly marked. The YHO is also
poorly represented in eastern European profiles (KondratienÅ
and ŠeirienÅ, 2003; Rylova and Savchenko, 2005). In western
Europe, however, it is evident and characterized by a severe
collapse of Carpinus and Picea and the spread of pioneer taxa
– Pinus and Betula (Kühl and Litt, 2007; Koutsodendris et al.,
2010). In the Hermanów profile, the YHO shows no fluctuations
in the isotope record and organic matter content.
The youngest part of the Middle Phase of the Holsteinian
Interglacial (still represented by poorly decomposed peat sediments; Fig. 6) is recorded by the withdrawal of Abies and the return of Carpinus, Quercus and Corylus broadleaved forests
(Her-9 Carpinus-Quercus-Corylus), with a clear dominance of
hornbeam, followed by coniferous forests with Abies, Picea and
Pinus spread, whereas communities with Carpinus, Quercus
and Corylus collapsed again (Her-10 Abies-Carpinus-Picea;
Table 2 and Fig. 5). Riparian forests with Alnus, Fraxinus and
Ulmus were in regression. However, Pterocarya fraxinifolia and
Buxus sempervirens persisted.
Carbon isotopic composition of organic matter indicated
that after cooling during the OHO, climatic conditions stabilized.
Chronozones Her-6 and Her-10 have little changes in d13C
(less than 1‰; Fig. 8). Such small fluctuations of d13C values
can be interpreted as climate stabilization with seasonal temperature variation or minor cooling and warming episodes.
Her-6 and Her-10 are probably the warmest periods observed
within the profile, which is confirmed by high content of organic
matter: 67–97% (Fig. 8). The climate warming after the OHO
was accompanied by slow growth of peat-forming vegetation interrupted by periods of low supply of sediments into the lake.
By the end of the Holsteinian/Mazovian Interglacial (Late
Phase of MIS 11c), only Pinus and Picea communities persisted, whereas communities of thermophilic and riparian forests clearly collapsed (Her-11 Pinus-Picea; Table 2 and Fig. 5).
More species of herbaceous plants appeared and the forests
became sparse. The climate gradually became cooler and
more continental. In general, such outline of changes is also observed in profiles from Poland. Very high proportions of Ptero-
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carya fraxinifolia pollen appear in some of them (Ossówka site,
Krupiñski, 1995; Nitychoruk et al., 2005). In others, Carpinus
did not return after the regressive phase (YHO, Koutsidendris et
al., 2010) in such high proportions (Brus site, Hrynowiecka and
Pidek, 2017). In western Poland (e.g., Gajec site, Winter and
Urbañski, 2007) and western Europe (Koutsodendris et al.,
2010) it was Quercus and not Picea that played an important
role at that time. In turn, in central France, Fagus occurs together with Abies (de Beaulieu et al., 2001). The organic matter
content and carbon isotopic composition do not show any
changes in this zone and even indicate stabilization of climate
(Fig. 8).
The further part of MIS 11 in the Hermanów profile is characterized by a very strong decline 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 probably correlates
with the cooling period MIS 11b, causing strong forest contractions in southern European records (i.a. Tzedakis et al., 2006).
This phase is also considered the youngest part of MIS 11c
(Oliveira et al., 2016; Kousis et al., 2018). At that time, trees
withdrew and herbaceous plants dominated in the tundra communities, with Betula nana, numerous Musci and Cyperaceae,
and grassland communities with Poaceae and Artemisia. Hydrological relations changed drastically at that time. At the beginning (Her-12), gyttja was accumulated in a deep, open water
reservoir (Table 1 and Figs. 4, 6). Later on (Her-13), the groundwater level decreased, the lake became shallower (disappearance of Algae, poorly decomposed peat sediments) and overgrown with sedge rush (numerous Cyperaceae and related
Gaeumannomyces hyphopodia), and flow processes intensified (numerous Fungi spores and wood vessel fragments).
Chronozones Her-12 and Her-13 are characterized by
higher 13C enrichment of organic matter than that observed
during Her-5, confirming the cooling trend. The difference in
d13C between Her-6 – Her-10 is D9‰ (Fig. 8). After climatic stabilization during Her-6 to Her-10, rapid cooling by several degrees followed, which is confirmed by palynological data. The
cooling did not last very long and, at the end of Her-13, the climatic conditions returned to these existing before. During the
period of significant cooling, the accumulation of organic matter
disappears and inorganic sediment accumulation increased.
The content of TOC drops to 20% (Fig. 8).
The long pollen records from southern Europe, e.g. the
Lake Ohrid profile (Sadori et al., 2016; Kousis et al., 2018),
show an increase in the value of Poaceae, Chenopodiaceae
and Artemisia pollen in substage MIS 11b, and significant fluctuations in the value of tree pollen and constantly high proportions of Pinus pollen. Another long pollen record of MIS 11b
from northwestern Iberian Margin Deep-Sea Cores (Desprat et
al., 2007) also shows numerous fluctuations in the plant succession, which occurred including semidesert plants with grassland and heathland plants and temperate and humid forest
trees phases including high proportions of Pinus.
Further changes in climatic conditions of the Hermanów
area led to multiple successions of subsequent warming and
cooling, but less pronounced than Her-12 and Her-13. All of
them correspond to forest contractions during MIS 11a and
should be correlated with this substage. The 1-st improving
conditions (Her-14 Pinus) and the subsequent 2-nd, 3-rd and
4-th (Her-16 Pinus-NAP, Her-18 Pinus-NAP and Her-20
Pinus-NAP) are characterized by the return of pine forests, similar to Her-11 Pinus-Picea, with quite common herbaceous vegetation, however, with a much lower proportion of Picea (Table 2 and Figs. 5, 6). The 2-nd and 3-rd coolings (Her-15
Betula-NAP and Her-17 Betula-NAP) were dominated by
sparse, luminous birch forests (perhaps a pioneer birch return
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phase in more severe conditions was already recorded here)
and abundant herbaceous vegetation, as in the Brörup period
(e.g., Granoszewski, 2003; Ko³aczek et al., 2012). The subsequent 4-th and 5-th coolings (Her 19 NAP-Pinus-Betula and Her
21 NAP-Pinus) were characterized by slightly more pronounced climate changes. In the 4-th cooling, herbaceous
plants already dominated, Pinus was more abundant, and
Betula was less abundant than in the older cooling phases (Table 2 and Figs. 6, 7). In turn, in the 5-th cooling, Betula hardly
appears, but Pinus is quite numerous, although the condition of
pollen preservation indicates long-distance transport.
The d13C values indicate that after Her-13, climate conditions stabilized with little temperature changes (Fig. 8). An exception is early Her-16 with a drop in average temperature. Little changes in d13C in the upper portion of the profile indicate
stable temperatures and environment. The content of organic
matter in this period was very diverse at 22–100% (Fig. 8), indicating fluctuating sediment input related to climate change. The
sediments were formed under conditions of high water stand in
a re-developed lake, in which peaty and laminated silts were accumulated. Further climate cooling resulted in the accumulation
of silts and complete filling of the reservoir with sediments barren of pollen (Table 1 and Figs. 4, 6).
In Poland there are few sites with more than one cooling
phase after MIS 11c (in older studies identified with the Early
Liwiecian Glaciation = MIS 10); the Ossówka profile in the Bia³a
Podlaska region is an exception (Krupiñski, 1995; Nitychoruk et
al., 2005). Here, three “interstadials” were recognized with a
course similar to the 1-st and the subsequent coolings from the
Hermanów profile. There are also four “stadials”, which differ
from the cooling phases recognized in the Hermanów profile
mainly in the higher content of Juniperus pollen. However, none
of the “stadials” from Ossówka show features of strong cooling
typical of the MIS 11b in Her-12 and Her-13.
The record of climate change and the vegetation succession in the Hermanów profile indicate that the MIS 11c, MIS 11b
and MIs 11a substages can be distinguished in Poland based
on pollen analysis. However, it should be remembered that the
record is most probably incomplete, may contain gaps and an
incomplete number of substages in the succession.
During the Early Liwiecian Glaciation (MIS 10, Fuhne Glaciation, Saalian Complex), most of Poland was not covered by
an ice sheet (Lindner and Marks, 2012; Marks et al., 2018). A
similar geological situation occurred in southwestern Poland
and western Belarus (Marks et al., 2018). Sites with sediments
of the Mazovian Interglacial without an ice sheet cover in western Podlasie confirm the hypothesis about the range of the
Odra Glaciation (Saalian) ice sheet lobes (Marks et al., 2018).
The area represented an interlobate zone. The eastern range
zone of the Vistula lobe during the Odra Glaciation was located more than a dozen kilometres from the Hermanów site
(Fig. 1).
There is a large hiatus encompassing the MIS 10 to MIS 3
interval in the geological record of the Hermanów profile. Filling
of the reservoir with lake sediments resulted in the disappearance of the depression, where further accumulation of younger
sediments was not possible. During the Saalian Complex
(MIS 8, 6 and 4), permafrost was permanent in the study area; it
contributed to the preservation of the lake sediments in
Hermanów (B³aszkiewicz, 2011). Compaction of deposits in the
Vistulian contributed to lowering of the terrain by about 0.5 m
and the appearance of a periodic water reservoir, in which silty
sands and sandy silts were accumulated. This period may be
correlated with MIS 2 (Table 1 and Fig. 4).

The composition of heavy minerals with the dominance of
weathering-resistant ones suggests a multiple deposition of
sediments, including in aeolian and aquatic environments. The
low content of calcium carbonate confirms the thesis about the
destruction of carbonates in these environments. These are the
features of deluvial sediments that got into the water reservoir
during the cold period of the Vistula Glaciation. Another possibility is that there were no limestone rocks in the source area
(have been destroyed by weathering processes), and no import
of detrital carbonates.
OSL studies of deposits occurring above the lake sediments
of MIS 11 in four sites in the eastern Podlasie region have
shown ages from 16 to 12 ka (Marks et al., 2018). It seems very
likely that these sediments represent a similar age in the
Hermanów profile. Filling of the depression in MIS 2 caused another sediment hiatus in the geological record. Further compaction of lake sediments (by about 1 m) resulted in the repeated
formation of a closed depression. Within this depression, a
shallow lake was formed, where clayey peat and peat accumulated in a humid and warm climate. The calendar age of the
sample taken from the base of the Holocene peat from a depth
of 0.7 m is 5600–5265 years cal BP (Michczyñski, 2017) and
correlates with the Subboreal Period of the Holocene (Ralska-Jasiewiczowa et al., 1998). Probable lowering of the water
level in the Subboreal period (Holocene) caused shallowing of
the lake and accumulation of silty sands from the reservoir surroundings. Climate warming and increased precipitation in the
Subatlantic Period resulted in bog formation and accumulation
of non-decomposed peats (Fig. 6).

CONCLUSIONS
The geological, isotope and palaeoenvironmental research
of sediments from the Hermanów profile and numerous neighbouring sections indicate the existence of a large Mazovian
palaeolakeland in this area.
The palaeolake from the Mazovian Interglacial period (MIS
11c) at the Hermanów site and the palaeolake in the neighbouring sites have a post-glacial genesis and are associated with
the melting of a dead-ice block at the end of the Elsterian Glaciation. The lake basins were carved in glacial tills of this glaciation. The petrographic composition of gravels found in these
tills is characteristic of the Elsterian tills from the research area.
The geological research allowed documenting a palaeolakeland from the Mazovian Interglacial period in this area, which
was created at the same time and under the same conditions
during the Late Elsterian deglaciation.
Records of climatic and environmental changes during the
Mazovian/Holsteinian Interglacial (MIS 11c) from the Hermanów profile (SE Poland) allows distinguishing three phases:
Early, Middle (including the OHO and YHO), and Late. The
Early Phase indicates the improvement of climatic conditions
after the glacial period and a continuous and slight temperature rise recorded in pioneering birch forests. The Middle
Phase is a consequent improvement of climatic conditions and
increasing temperature with an expansion of spruce-yew
thermophilic forests. The OHO is a strong regressive climatic
phase leading to the withdrawal of thermophilic communities
and the spread of pioneering pine forests. The next period of
the Middle Phase is characterized by the relative balance of
the climax broadleaved hornbeam-oak-hazel forests with fir
admixture. The YHO phase in eastern Poland is a lower rank
regressive change, leading to increasing influence of maritime

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

climate and collapse, but not complete withdrawal, of deciduous forest communities. The rest of the Middle Phase is characterized by the dominance of broadleaved forests with fir and
spruce. During the Late Phase, gradual deterioration of climatic conditions occurred, which led to the spread of boreal pine
forests.
The strong decline of forests (AP) with very severe climatic
conditions in the further part of the profile corresponds to the
MIS 11b cooling. Further changes led to multiple alternating improvement and cooling (with forest contractions) of climatic
conditions, which may correspond to the MIS 11a substage.
TOC and carbon isotopic composition analysis (d13C) adds
value to the palaeoenvironmental reconstructions and often
support geological and environmental analyses. The data confirm strong cooling in the OHO and MIS 11b and do not show
variability during YHO, which may suggest other reasons for
this oscillation. An alternative explanation may be that samples
were analysed with too low resolution for the short-lived palaeo-
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climatic events. There is, however, a discrepancy in the correlation between isotopic and palynological studies. Most likely, it
results from slower changes in terrestrial flora compared to
peat-growing plants, fast reacting to environmental changes recorded by the d13C values. Another factor influencing the discrepancy could be the influx of organic matter from outside of
the palaeolake, redeposited within the reservoir altering the
palaeoenvironmental record.
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