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Pollen and diatom stratigraphy of the lacustrine-fluvial-swamp deposits
from the profile at Domuraty, NE Poland
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Winter H., Khursevich G. and Fedenya S. (2008) — Pollen and diatom stratigraphy of the lacustrine-fluvial-swamp deposits from the
profile at Domuraty, NE Poland. Geol. Quart., 52 (3): 269-280. Warszawa.

Fluvio-lacustrine deposits from a boring core drilled at Domuraty, NE Poland have been examined by pollen and diatom analyses. These
studies allow characterization of the development of vegetation in a long pollen sequence, and of palacoenvironmental changes in the
former basin based on quantitative and qualitative changes in diatom assemblages along the profile studied. The pollen record shows a
sequence of phases with forest communities separated by phases of open vegetation. It demonstrates the impact of rapid, of lesser climate
changes, as well as climatic fluctuations on terrestrial ecosystems. The age of the succession can be related to the Cromerian Complex
Stage s.1. (early Middle Pleistocene).
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INTRODUCTION The Lubavian (Schoningen) Interglacial is represented by
an incomplete pollen succession very similar to the Eemian
pollen succession (Janczyk-Kopikowa, 1991a) and its strati-
graphical position is still debated. The Matopolanian (Cro-
mer II) Interglacial has been determined only by faunistic data
(Glazek et al., 1976) recorded in cave clays at Kozi Grzbiet and
by dating of mammal bones using the FCL/P method (Lindner,
1984; Lindner et al., 2004). The palynological data recorded in
lake deposits at Lowisko (Kolbuszowa Upland; Stuchlik and
Wojcik, 2001) and from the Jasionka section near Rzeszow
(Lindner, 1984) probably represent this interglacial. This docu-
mentation is fragmentary, and the pollen succession, could not
be correlated with any known interglacial succession.

In the stratigraphical subdivision of the Pleistocene of Po-
land, seven interglacials have been distinguished (Ber, 2005,
2006; Lindner et al., 2004, 2006). Five of these: the
Augustovian (Cromerian I), Ferdynandovian (Cromerian
HI/IV, Voigtsted), Mazovian (Holsteinian), Zbdjnian
(D6mnitz) and Eemian interglacials have been recognized on
the basis of palynological data and have been documented by
complete pollen successions. Their palynological characteristic
show different patterns of vegetational development
(Janczyk-Kopikowa, 1991a). The stratigraphical position of
the deposits of these interglacials have been established by
lithological and petrographic analysis and by thermo-
luminescensce (TL) dating of associated tills and of other
glacigenic deposits as well as by geological setting. Diatom

SITE DESCRIPTION

successions have been reported from the deposits of the
Augustovian (Marciniak, 2004; Khursevich et al., 2005),
Ferdynandovian (Khursevich ef al., 1990; Marciniak, 1991a,
b; Marciniak and Lindner, 2003), Mazovian (Marciniak, 1998;
Khursevich et al., 2003) and Eemian (Kaczmarska, 1976;
Marciniak and Kowalski, 1978; Marciniak, 1994) interglacials.

Geological surveying of the Sztabin sheet of the Detailed
Geological Map of Poland at 1:50 000 scale included drilling a
borehole at Domuraty. This borehole was drilled on the north-
ern slope of the Sokolskie Hills, about 0.5 km SE of the present
Biebrza River bed (Fig. 1).
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Fig. 1. Location of the Domuraty section

The thickness of Quaternary deposits in the Domuraty
borehole, that rest on upper Cretaceous rocks (Campanian),
makes up 225.6 m (Fig. 2). Lacustrine-fluvial-swamp deposits
occur in the depth range from 137.2 to 97.2 m. This series of
deposits is underlain by a thick unity of till apparently belong-
ing to the Narevian Glaciation and it is overlain by four tills
which can be correlated with the Liviecian Glaciation, the older
stadial of the Odranian Glaciation, the younger stadial of the
Wartanian Glaciation, and the older stadial of the Vistulian
Glaciation (Lisicki, 2003; Lisicki and Winter, 2004; Winter
and Lisicki, 2005).

The deposits examined are represented by fine-grained
sands, silty sands, clayey silts with peat intercalations and
sandy silts with a fossil flora (Fig. 2).

MATERIALS AND METHODS

Deposits from the depth interval 118.9-114.3 m have been
analysed by means of pollen and diatom analyses. Both methods
provided insight into environmental changes and also elucidated
the relationships between terrestrial events and events in the lake.

POLLEN ANALYSIS

85 samples investigated by pollen analysis were covered with
10% HCl and after that boiled in 10% KOH. To remove the min-
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Fig. 2. Lithological profile of the studied deposits

Glaciations: A — Narevian; C — Livecian; O — Krznanian; W —
Wartanian; B — Vistulian

eral fraction the sediments were treated with heavy liquid and than
subjected to the Erdtman’s acetolysis method. At least 250 pollen
grains were counted per sample. The calculation of percentages is
based on the total terrestial pollen sum (AP+NAP) excluding pol-
len of aquatic plants, spores, and reworked sporomorphs.
Sporomorphs of pre-Quaternary age were considered as re-
worked. Varia were represented by indeterminable pollen, fre-
quently very deteriarated Pine pollen, and crumpled and broken
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pollen grains. The presence of these and of dinoflagellate cysts
suggests redeposition connected with erosion.

Results of the pollen analysis were plotted using the
POLPAL programme (Walanus and Nalepka, 1996).

DIATOM ANALYSIS

51 samples were taken for diatom analysis from the
depth interval 128—111m. However, diatoms were found
only between 118.9 and 114.3 m. The samples were cleaned
using hydrochloric acid and hydrogen peroxide. After wash-
ing with water, samples were treated with heavy liquid (KJ
and CdJ,) following the standard procedure which separates
diatom valves from mineral sediment by centrifuging. The
cleaned valves were mounted in Elyashev’s aniline-formal-
dehyde and observed with a Zeiss-Jena Amplival light mi-
croscope with an oil immersion objective (100x,
NA = 1.25). The results, after counting about 500 diatoms
per sample, are presented in a diatom diagram, constructed
using the 77LI4 computer programme.

A classification of diatoms proposed by Round e? a/. (1990)
has been used in the paper. Taxonomic transformations and
data on diatom ecology given in many monographic reports
(Krammer and Lange-Bertalot, 1986, 1988, 1991a, b;
Lange-Bertalot and Metzeltin, 1996; Bukhtiyarova, 1999;
Lange-Bertalot, 2001) were taken into consideration.

RESULTS

POLLEN ANALYSIS

The pollen diagram from Domuraty section has been di-
vided into 22 local pollen assemblage zones L PAZ (Fig. 3).
Description of each zone is given in Table 1.

The pollen sequence recorded here is discontinuous, but
within it can be distinguished several warm/wet and cold/dry
stages.

The sequence from Domuraty started with a cold stage doc-
umented by a pollen spectrum from 129.05 m depth. It shows a
high percentage of Pinus pollen, redeposited miocene pollen,
pollen of thermophilous taxa and dinoflagellate cysts.

The beginning of I warm stage Do I (Do 1-6 L. PAZ)
shows high proportions of Betula species accompanied by
Larix and Picea. This trees formed a pioneer forest. The pres-
ence of Hippophaé, Juniperus and Salix pollen suggests
patches of shrub tundra vegetation. Open communities of her-
baceous plants with Poaceae, Cyperaceae, Artemisia and
Chenpodiaceae also existed.

The spread of Pinus and Alnus forests was a signal of cli-
matic amelioration. Deciduous, thermophilous trees such as
Tilia cordata typ, Quercus and Ulmus occurred, but with low
percentages. This indicates that development of mixed forest
corresponds to the climatic optimum of this stage. Subse-
quently a major expansion of Picea correlated with a decrease
of Alnus, Pinus and thermophilous trees suggest the presence
of a post-temperate conifer forest of taiga type.

The vegetational features of a cold stage Do I/II (Do 7-8
L PAZ) is characterized by deforestation and increasing NAP
values. An expansion of herb pollen can be related to high
value of Poaceae and a slight increase of Artemisia and
Cyperaceae. Nevertheless the relatively high percentage of
Betula pollen suggests the presence of birch forest with patchy
Poaceac—Cyperaceae communities. Steppe elements such as
Artemisia and Chenopodiaceae may indicate steppe vegetation.
The occurrence of Betula nana and Ericaceae pollen indicates
the presence of tundra.

A sharp increase in Pinus pollen indicates the beginning of
temperate stage II (Do 9 L. PAZ). This stage Do II (Do 9-12
L PAZ) is characterized by the domination of pine in forest com-
munities. The vegetation has mixed forest character with Betula,
Picea and Alnus. Very low frequencies of deciduous trees point
to cool climatic conditions, though overall the floristic composi-
tion documents an interstadial type of vegetation.

The vegetation of the cold period Do II/III (Do 13 L PAZ)
is dominated by non-arboreal taxa such as Poaceae,
Cyperaceae and Artemisia, as well as by Betula. This cold stage
can be attributed to deforastation indicated by the expansion of
herb plants. The higher percentages of Betula pollen may be
connected with the development of very patchy birch forest.

The onset of warm stage III (Do III — Do 14-18 L PAZ)
is indicated by a sharp expansion of Pinus and very fast re-im-
migration of the themophilous taxa Quercus, Ulmus and
Corylus into the area. This stage is characterised by a spread of
Carpinus, that had not been present in the local vegetation until
this stage. This particular feature indicates development of a
temperate mixed forest dominated by Pinus, Quercus,
Carpinus with the occurrence of Ulmus, Corylus and Acer. The
early re-occurrence of thermophilous deciduous trees and the
presence of Carpinus suggest that the climatic optimum of
stage Il occurred very early and also that the refugia for these
trees must have persisted close by. Warm climatic conditions
are indicated by the presence of Buxus, Ligustrum and
Sambucus, as well as by Trapa pollen.

Within this stage a short-lived rise in Quercus and Ulmus
corresponding with a decrease in Carpinus and Abies pollen
implies the development of a mixed oak forest. These changes
in pollen data correlate with a change in deposits that document
climatic oscillation expressed by much drier climatic condi-
tions. A parallel increase in frequencies of Picea and to a slight
extent in Abies pollen during the climatic optimum may indi-
cate that climatic conditions as regards temperature should be
assigned to a warm interstadial or a cool interglacial.

Transition to next cold stage III/IV (Do 19 L PAZ) is
shown by a short-lived spread of Pinus followed by a broad
peak of Alnus and the reappearance of NAP. The percentage of
herbaceous especially Cyperaceae and Poaceae, pollen shows a
sharp rise pointing to a marked opening of the landscape caused
by climatic cooling. The pollen records indicate that tundra
and, to a smaller degree, steppe vegetation developed. The
more favourable climate conditions in warm stage IV (Do
20-21 L PAZ) are indicated by a decline of non-arboreal pol-
len and a spread of Pinus. The relatively high percentage of
NAP suggests open Pinus—Betula forest.
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Table 1

Description of the local pollen assemblage zones from Domuraty section

Local pollen assemblage zones L PAZ

Depth [m]

Description of L PAZ

Do 22 Cyperaceae

101.2-98.0

Domination of NAP, high maximum of Cyperaceae pollen
(max. 47%) associated with Poaceae and Artemisia.

Do 21 Pinus—NAP

101.8-101.2

Pinus and Picea pollen values fall, rise in NAP represented
by Poaceae, Cyperaceae and Artemisia.

Do 20 Pinus—Picea—Betula

108.75-103.1

Domination of AP, mainly Pinus, Betula, Alnus and Picea.

Do 19 Poaceae—Cyperaceae—Salix

113.0-111.0

Rise in NAP, particulary Poaceae (8.2-27.2%). Cyperaceae
(9.7-34.0%) and Artemisia. Increase in Salix values to 3.9%
(max.).

Do 18 Pinus—Betula—Alnus

113.4-113.1

Decline of Alnus, Picea, Abies, Carpinus and Quercus pol-
len. Increase of Pinus and slightly of Betula values.

Do 17b
Do 17 Carpinus—Alnus—Abies Alnus

Do 17a Picea—Carpinus—NAP

114.8-113.5

The highest values of Carpinus (max.7.1%). Increase in
Picea and Abies as well as thermophilous taxa. Do 17a with
relatively high proportions of NAP (20%) and Picea. Do
17b with maximum values of Alnus (45.6%).

Do 16 Quercus—Ulmus

115.0-114.9

Maximum values of Quercus (13.9%) and Ulmus (6%).
Carpinus and Picea pollen disappeared.

Do 15 Picea—Carpinus—Quercus

115.4-115.2

AP values persist high. Quercus, Ulmus, Tilia cordata type
and Corylus percentages rise, maximum value of Carpinus
(6.6%). The contribution of A/nus, Picea and Abies reach up
16.7%, 9.2% and 2.4%. Pollen of Viburnum and Sambucus
is present.

Do 14 Pinus

115.7-115.5

Domination of Pinus, associated with Betula.

Do 13b
Poaceae—Artemisia—Betula

Do 13
Poaceae—Cyperaceae—Betula
Do 13a Cyperaceae—Picea

117.2-115.9

High values of NAP, and Pinus share distinct. This zone is
divided into two subzones: older Do 13a Cyperaceae—Picea
marked by high proportion of Cyperaceae (32.6%) and de-
creasing in values of Picea and Do 13b Poaceae—Artemi-
sia—Betula. This zone is characterised by an increase in
Poaceae and Artemisia (4.3-11.2%), as well by Betula
(23.5-28.1%).

Do 12 Pinus—Picea—NAP

118.8-117.4

Still Pinus, Betula, Alnus and Picea prevail among trees,
NAP rises. Herbs attend great variety, and are dominated by
Poaceae (5.4-17.1%) and Cyperaceae (4.8-7.9%) with Arte-

misia, Apiceae, Brassicaceae, Thalictrum, Aster typ,
Anthemis typ and others.

Do 11 Betula—Pinus—Alnus

120.25-118.8

Pinus, Betula, Alnus and Picea prevail in AP.
Thermophilous elements in low percentages.

Do 10 Fraxinus—Betula

120.43

Sharp increase in Fraxinus (20%) and slight in Betula.

Do 9 Pinus—Picea—Calluna vulgaris

122.3-120.8

Alternating percentage of Pinus (47-71.6%), Betula
(5.1-19.4%) and Alnus (3.5-11.7%). Pollen of Quercus,
Ulmus, Tilia cordata typ and Corylus is recorded.

Do 8 Artemisia—Poacae

122.75

Domination of NAP, an increasing in Artemisia (10.2%) and
max. share of Poaceae (45.8%).

Do 7 Betula—Salix—Ericaceae

123.0

Betula pollen values fall (29%), maximum value of Salix
(3.6%) and Ericaceae (2.2%). Betula nana pollen is present.

Do 6 Picea—Abies

127.5-127.4

An decrease Quercus, Tilia cordata typ, Ulmus and Corylus
proportions. High values of Picea (48.5%) and max. share of
Abies (1.5%).

Do 5 Alnus—Quercus—Tilia

127.8-127.6

In the zone AP dominations, A/nus reaches high values,
above 42%, more abundant pollen of thermophilous taxa
Quercus (5.8%), Tilia cordata typ (max. value 5.5%), Ulmus
(2.7%) and Corylus ( up to 6%). Pollen of Acer and Tilia
platyphyllos is present. The proportion of Picea is distinct
(13%).

Do 4 Pinus—Picea

128.0

An abrupt rise of Pinus (86.3%) and slight Picea (9.5%).

Do 3 NAP-Betula—Larix

128.1

This zone is marked by an increase in Betula (28.7%) and
Picea (8.7%). Maximum values of Larix (4.8%).

Do 2 Pinus—Betula

128.15

A decrease in Betula precetange to 10%, Pinus values in-
crease to 68%, NAP falls, Artemisia disappears.

Do 1 Betula—Hippophaé-Juniperus

128.5-128.3

This zone corresponds to the maximum values of Betula
(46.7%), Hippophaé (3.5%) and Juniperus (2.3%). Larix
and Picea up to 4.5% and 2.9% respectively.
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The following stadial stage (Do 22 L PAZ) is characterized
by high percentages of herb pollen that indicates deforestation
resulting from the severe climate deterioration.

DIATOM ANALYSIS

The diatom flora studied from the profile at Domuraty con-
sists of 133 species and intraspecific taxa belonging to 45 gen-
era, 23 families, 11 orders and 3 classes. Qualitative and quan-
titative changes in species composition allow distinction of 7
local diatom assemblage zones (L DAZ D-1-D-7) in the dia-
tom diagram (Fig. 4) reflecting changing palacoecological and
sedimentary conditions in the ancient basin.

The first, sparce diatoms (21 taxa) appeared in the depth in-
terval 118.9-118.6 m (L DAZ D-1). This zone is dominated by
species of Staurosirella often occurring attached to sand grains.
The most common taxon is Staurosirella sp. 1 (up to 6.8%).
The epiphytic species Pseudostaurosira brevistriata and the
planktonic species Stephanodiscus sp. aff. S. raripunctatus are
present in small quantity. The palacobasin was of oliogotrophic
type and shallow at the initial stage of its development.

The next L DAZ D-2 (118.6-117.2 m) is recognized by in-
crease in the frequency and diversity of diatoms (to 50 taxa).
This diatom zone contains two subzones. Subzone D-2a
(118.6-118.1 m) is defined by the highest values (72—74.4%)
of the freshwater epithytic diatom Fragilariforma hungarica in
the profile. Subzone D-2b (118.1-117.2 m) is distinguished not
only by a considerable content of the Fragilariforma men-
tioned above (to 54-66%), but also by the maximum amounts
of the cold-water brackish planktonic species Fragilariforma

heidenii (up to 31%), as well as of the freshwater epiphytic taxa
of Staurosirella pinnata et var. lancettula (13.3%) and
Punctastriata ovalis (8%). The above data indicate the im-
provement of palacoecological conditions in the ancient basin
(a slight rise of water level and influx of mineral matter) at this
stage. The palacobasin was oligotrophic, as before. L DAZ D-1
and L DAZ D-2 correspond to L PAZ Do 12 Pinus—Pi-
cea—NAP.

LDAZ D-3 (117.2-116.5 m) is marked by a sharp decrease
in the percentage of all ecological diatom groups, and only to
the end of this zone does the abundance of diatoms again in-
crease by virtue of the epiphytic taxa (Martyana martyi—up to
47%, Cocconeis pediculus — 5.6% and C. placentula with va-
rieties — 4.2%). At this depth interval fossil chrysophyte cysts
preferring generally cold water were found in great number.
This suggests general changes in lacustrine or lacustrine-fluvial
biota caused by environmental (primarily climate) shifts, in
agreement with the results of palynological investigations
(L PAZ Do 13a Cyperaceac—Picea) obtained by Winter.

L DAZ D-4 (116.5-115.6 m) is identified by the maximum
taxonomic diversity of diatoms in this profile (up to 90 species
and intraspecific taxa) and by the abundance of many planktonic
and some benthic/epiphytic taxa. This diatom zone includes two
subzones. Subzone D-4a (116.5-116.1 m) is dominated by vari-
ous planktonic taxa of Stephanodiscus (S. rotula — to 17%, S.
niagarae var. insuetus — to 8%, S. parvus — to 10%,
Stephanodiscus sp. aff. S. raripunctatus — 2.8%) and Fragilaria
cf. capucina — to 13%, as well as by benthic species of
Tryblionella angustata (8.6%), Amphora libyca (4.4%),
Cymatopleura solea (2.8%), and the epiphytic species
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Fragilariforma  hungarica (to  30%). Subzone D-4b
(116.1-115.6 m) differs by the prevalence not only of Stephano-
discus rotula (14.2%) and Fragilaria cf. capucina (to 12%), but
also of certain planktonic species of Aulacoseira (A. ambigua
— to 10.4% and A. granulata — to 9.8%). Proportions of ben-
thic and epiphytic diatoms decreased. The constant predomi-
nance of planktonic taxa in L DAZ D-4 reflects a higher water
level of the palacolake at this stage than in the previous one. The
appearance and a generally high content of the temperate
warm-water taxa of Aulacoseira mentioned above together with
some cold-water diatom species in subzone D-4b testify to a
meso-oligotrophic or even mesotrophic regime in the fossil lake.
Diatom subzones D-4a and D-4b correspond to L PAZ Do 13b
Poaceae—Artemisia—Betula and L PAZ Do 14 Pinus.

L DAZ D-5 (115.6-115.1 m) is characterized by the abso-
lute maximum of the epiphytic species Pseudoaulacosira
brevistriata (as much as 55%) and of the planktonic taxon
Fragilaria cf. capucina (as much as 35%) in this profile. More-
over, Staurosirella pinnata et var. lancettula shows a second
peak (up to 13%). The diatom assemblage described suggests a
lowering of water level in the ancient lake in the comparison
with the previous stage. This diatom zone corresponds to
L PAZ Do 15 Picea—Carpinus—Quercus.

The next L DAZ D-6 (115.1-114.5 m) is marked by de-
crease in the amount of diatoms, especially to the end of this
zone. The quantities of many species represented by
Staurosira, Synedra, Gomphonema, Achnanthes, Sellaphora
and other taxa are insignificant. The values of Pseudoaulaco-
sira brevistriata abruptly reduce to 12-0.4%, and only
Aulacoseira ambigua has a maximum occurrence in the profile
(17.2%) at the beginning of this zone. The changes noted in the
diatom composition are indicative of shallowing and appar-
ently eutrophication of the ancient lake. L DAZ D-6 corre-
sponds to L PAZ Do 16 Quercus—Ulmus and partly to L PAZ
Do 17 Carpinus—Alnus—Abies.

Deposits, corresponding to L DAZ D-7 (114.5-114.3 m),
contain a very poor diatom flora (14 taxa) with few valves of
Aulacoseira, Synedra, Martyana, Epithemia, and so on. The
palaeolake remained shallow.

Hence, the diatom succession revealed in the lacustrine-flu-
vial-swampy deposits from the profile at Domuraty can be rep-
resented as follows: Staurosirella, Pseudostaurosira —
Fragilariforma, Staurosirella, Punctastriata — a small num-
ber of diatoms except Matryana and Cocconeis—
Stephanodiscus, Aulacoseira, Fragilaria cf. capucina,
Fragilariforma, Tryblionella, Amphora — Pseudostaurosira,
Fragilaria cf. capucina — Aulacoseira, Pseudostaurosira — a
very low frequency of diatoms. Generally, this diatom succes-
sion reflects lake changes from a not very deep, oligotrophic
basin (L DAZ D-1-L DAZ D-3) to a lake of medium depth and
meso-oligotrophic or mesotrophic type (L DAZ D-4-L DAZ
D-5), and finally to a shallow and slightly eutrophic lake
(L DAZ D-6 — partly L DAZ D-7).

DISCUSSION

The Domuraty sequence is a long pollen sequence record-
ing alternations of forest and open vegetation communities in
response to climate changes.

The interpretation of the Domuraty pollen sequence in
terms of the vegetation development is difficult due to the lack
or scarcity of pollen in the sand layers, which could be related
to fluvial activity (Winter and Lisicki, 2005). Nevertheless the
general pattern of vegetational change is clear.

The two stages Do I and Do III are associated with warm
climate conditions which led to the expansion of deciduous for-
ests with Quercus, Tilia cordata and Ulmus dominating, as
well as Corylus in stage Do I, and also with the parallel pres-
ence of Carpinus, Picea and Abies in Do III. The characteristic
feature of Do III is the continuous presence of Azolla
filiculoides. The first stage Do I was briefly interrupted by a
rapid spread of Picea before the onset of stadial conditions. The
prevailing boreal pollen taxa of stages Do II and Do IV sug-
gests that they represent cold interstadials.

In Poland interglacial pollen succesions of the
Augustovian (Janczyk-Kopikowa, 1996; Ber et al., 1998;
Winter, 2001; Lisicki and Winter, 2004; Ber, 2005) and the
Ferdynandovian interglacials (Janczyk-Kopikowa, 1975;
Janczyk-Kopikowa, 1991b; Mamakowa, 2003; Pidek, 2003)
represent complex sequences with records of glacial?/inter-
glacial cycles (perhaps, cold/warm cycles), within each of
which Carpinus appears to be characteristic only during the
second interglacial. Comparisons have been made between
these pollen successions. The pollen records from Domuraty
show a similar pattern of vegetation development and appear-
ance of Carpinus. The lack of Carpinus pollen in older
interglacials and its presence in the younger ones is character-
istic of Augustovian and Ferdynandovian sequences, as well
as of the Domuraty succession. In the Domuraty sequence the
different behaviour of Picea, which increases with Carpinus
and other thermophilous trees, is distinct. Moreover the Abies
pollen curve parallels that of Carpinus.

The vegetational succession of the warm stages of the
Domuraty sequence indicates a climate shift to cooler condi-
tions reflected by more open character of the forest and lower
proportions of thermophilous taxa. More detailed inspection of
the first warm phase Do I shows very substantial differences
between it and the first interglacial of the Ferdynandovian suc-
cession. The main ones are: a continuous Picea pollen curve at
the beginning of Do I, very low proportions of thermophilous
trees and the absence of Celtis, Ilex, Buxus, Taxus and Vitis pol-
len. The Domuraty sequence does not include the Abies phase
observed in diagrams of the Ferdynandovian succession. The
pollen sequence from Domuraty is more similar to the
Augustovian than to the Ferdynandovian one.

Therefore the pollen record indicates that Domuraty suc-
cession cannot be correlated with Augustovian and
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Fig. 5. Scheme of the upper Early, Middle and Late Pleistocene stratigraphy of Poland

Ferdynandovian pollen sequences. The Augustovian and
Ferdynandovian interglacials are attributed to the early Middle
Pleistocene in Polish stratigraphy (Ber et al., 1998; Lindner and
Astapova, 2000; Lisicki and Winter, 2004; Ber, 2005; Winter
and Lisicki, 2005; Lindner et al., 2006; Fig. 5).

The stratigraphical position of the Augustovian Interglacial
has been determined by palacomagnetic studies (Ber, 2000). The
deposits investigated were deposited at the Matuyama—Bruhnes
magnetic polarity reversal. Based on this result the second warm
stage/interglacial of the Augustovian Interglacial could be corre-
lated with Marine Isotope Stage 19, and the first one with Marine
Isotope Stage 21, i.e. with the Cromer I (Waardenburg Intergla-
cial ) of Dutch stratigraphy (Zagwijn, 1985, 1996).

On the basis of the palacomagnetic studies, deposits be-
longing to the Ferdynandovian Interglacial have been placed in
Bruhnes chronozone (Krzyszkowski et al., 1996). Lindner et
al. (2004) attributed the first warm stage/interglacial of the
Ferdynandovian pollen succession to MIS 15 ( Cromerian III
Interglacial), and the second one was referred to MIS 13
(Cromerian IV Interglacial).

Lindner et al. (2004) suggest that the Malopolanian Inter-
glacial corresponds to the MIS 17. Therefore the composition
of the pollen flora and the general pattern of the vegetation de-
velopment in the Domuraty section indicate also its relation to
the early Middle Pleistocene and it could be a palynological
equivalent of the Malopolanian Interglacial (Lindner et al.,
2000; Kacprzak et al., 2002; Winter et al., 2005; Lindner et al.,
2006). Nevertheless the lack of chronological control of the

pollen-bearing deposits makes chronostratigraphical correla-
tion difficult.

In Poland, deposits attributed to the Matopolanian Intergla-
cial have been recognized at Lowisko (Stuchlik and Wojcik,
2001). The fragmentary pollen succession represents the de-
cline of a warm period characteristic of interglacial succes-
sions, and a considerable part of this succession is referred to
glacial conditions. Because of the lack of Carpinus it might be
correlated with the final part of the warm stage Do I (Do 5
L PAZ) distinguished in the Domuraty pollen diagram.

The sequence from Domuraty appears to share a great simi-
larity with Goéttingen, Otto-Strasse (Griiger, 1996) in terms of
the character of the pollen flora and the palynological record of
warm/cold cycles. In the pollen floras from both profiles exotic
elements are represented only by Azolla filiculoides. The
vegetational development of Do I resembles that recorded in
GOS 1I (the second warm period) at Gottingen. In both periods
Picea is a very important forest component, and Carpinus is
absent. Forest phase Do III could be correlated with GOS III.
The similarity is expressed by the occurrence of Carpinus pol-
len and massulae of Azolla filiculoides a water fern.

In terms of the chronostratigraphical position the
Gottingen, Otto-Strasse sequence, on the basis of palynological
investigations and palacomagnetic studies, has been ascribed to
the Cromerian Complex Stage s./. (Griiger, 1996).

The Cromerian Interglacial III from Rosmalen has been dis-
tinguished in the Cromerian Complex Stage of the Netherlands
(Zagwijn, 1996). Despite some differences, the dominance and
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development of vegetation are similar for this interglacial and the
Do III warm stage. Both successions are characterized by the oc-
currence of Carpinus and Picea pollen from the beginning of
these stages, relatively high percentages of Carpinus and Picea
pollen and low values of thermophilous trees.

COMPARISON OF THE DOMURATY
DIATOM SUCCESSION

A comparative analysis of diatom successions revealed in
the profiles at Domuraty and Komorniki showed the following
shared peculiarities. In the profile at Komorniki two intervals
with a relatively high content of planktonic species of the gen-
era Stephanodiscus and Aulacoseira, corresponding to L DAZ
K-2 and L DAZ K-6, are present (Khursevich et al., 2005),
while in the profile at Domuraty only one interval with an in-
creased percentage of those (L DAZ D-4 — the lower part of
L DAZ D-6) has been noted. Moreover, the planktonic species
Fragilaria cf. capucina is abundant in L DAZ D-4-L. DAZ D-5
in the Domuraty profile. The cold-water littoral planktonic spe-
cies of Fragilariforma heidenii that preferred brackish water
(Krammer and Lange-Bertalot, 1991a) generally rather high
values in L DAZ K-4 and L DAZ K-6b at Komorniki, and in
L DAZ D-2 and L DAZ D-4a at Domuraty.

Among the Aulacoseira taxa, both species A. ambigua and
A. granulata are characteristic of these profiles. However, in
the profile at Komorniki spores of Aulacoseira belonging ap-
parently to several species of this genus were occurred in great
number in subzone K-6d. In the profile at Domuraty
Aulacoseira spp. represented by spores were not numerous.

Species of Stephanodiscus are more diverse in the profile at
Komorniki as compared with that at Domuraty. Both profiles
contain the following common taxa of Stephanodiscus: S.
niagarae var. insuetus and S. rotula (with some morphological
peculiarities), Stephanodiscus sp. aff. S. raripunctatus, as well
as the small species S. hantzschii, S. parvus and S. minutulus.
But certain unidentified, apparently new diatom representa-
tives, such as Stephanodiscus sp. 1 (small specimens with thin
areolation of valves) and Stephanodiscus sp. 2 (large speci-
mens with narrow fascicles of areolae), found in the diatom
succession at Komorniki (Khursevich ef al., 2005), are absent
from that at Domuraty.

Benthic/epiphytic species in diatom successions of both
profiles are represented mainly by the dominant taxa
Fragilariforma hungarica, Staurosirella pinnata et var.
lancettula, Staurosirella sp. 1 (small specimens with short
coarse striac and oval axial area), Pseudostaurosira
brevistriata, Punctastriata  ovalis, Martyana  martyi,
Tryblionella angustata and some other members. They are
abundant in those local diatom assemblage zones which reflect
a not very deep, oligotrophic type of ancient basin. Addition-
ally, three unidentified, apparently new species of
Staurosirella, characterized by different shapes of valves and
their ends, different shapes of the axial area and by the charac-
ter of apical pore fields, as well as one unidentified species of
Pseudostaurosira, were found in the profile at Komorniki.
Moreover, some intermediate forms between Staurosira and

Staurosirella (on the structure of areolar striae) occurred in the
lacustrine-swamp-fluvial sequence at Komorniki.

On the whole, the taxonomic composition of diatoms from
the profile at Domuraty differs by lesser diversity as compared
with that at Komorniki (133 taxa in the Domuraty profile
against 216 species and intraspecific taxa in the Komorniki
profile). This may be caused by the dilution of diatom valves
with sandy material at Domuraty, or by palacoenvironmental
conditions affecting the development of diatoms.

Diatom successions from the Komorniki and Domuraty
profiles are similar in many aspects as shown above (the pres-
ence of many common dominant species belonging not only to
Stephanodiscus and Aulacoseira, but also to Fragilariforma,
Staurosirella, Pseudostaurosira, Punctastriata and Martyana).
Among extinct members of diatoms, recorded in both profiles,
Stephanodiscus niagarae var. insuetus (with some morpholog-
ical peculiarities), Stephanodiscus sp. aff. S. raripunctatus and
Staurosirella sp. 1 should be noted. But the assemblage of ap-
parently extinct species in the diatom succession at Komorniki
is more diverse, and is represented also by several unidentified
members of Stephanodiscus, Staurosirella and Pseudostauro-
sira noted above. This is indicative of an older age of the dia-
tom flora from Komorniki, belonging to the Augustovian Inter-
glacial (Khursevich et al., 2005), in the comparison with that
from Domuraty.

On the other hand, successions of diatoms at Komorniki
and Domuraty essentially differ from diatom successions
known from many profiles of the Ferdynandovian Interglacial
in Poland (Khursevich ef al, 1990; Marciniak, 1990;
Marciniak and Lindner, 2003) and of the Byelovezhian Inter-
glacial in Belarus (Khursevich and Loginova, 1986;
Velichkevich et al., 1997; Khursevich, 1999). First of all, ab-
sent from the lacustrine-swamp-fluvial sequences from both
profiles studied are stenochronous taxa of the Byelovezhian/
Ferdynandovian Interglacial, such as Cyclotella reczickiae,
Stephanodiscus determinatus, S. styliferum and S. peculiaris
var. ferdynandoviensis. The latter is known from profiles at
Ferdynandow (Przybylowska-Lange and Khursevich, 1991)
and Popioty (Marciniak and Lindner, 2003) in Poland. As far as
the nominate variety of Stephanodiscus peculiaris is con-
cerned, this taxon was first described from the profile of the
Byelovezhian Interglacial at Krasnaya Dubrova in the territory
of Belarus (Khursevich, 1987), and later it was found in other
coeval profiles not only in Belarus, but also in Russia and Po-
land (Khursevich et al., 1990; Antsiferova, 1991; Marciniak
and Lindner, 2003).

Furthermore, the absence of the apparently extinct
Stephanodiscus raripunctatus, originally described from the
Byelovezhian Interglacial lacustrine deposits at Krasnaya
Dubrova (Khursevich and Loginova, 1986; Khursevich, 1999)
is characteristic of the Komorniki and Domutary profiles.
Stephanodiscus sp. aff. S. raripunctatus, revealed in the
Komorniki and Domuraty sequences, differs from the typical S.
raripunctatus (Khursevich, 1999: 594, fig. 33) by the presence
of valves with a strongly concave or convex central area which
is commonly structureless, as well as in the number of areolae
and hyaline strips (or costae) in 10 um on the valve surface.

Some morphological peculiarities of Stephanodiscus
niagarae var. insuetus in the Komorniki profile have already
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been noted by Khursevich et al. (2005). Stephanodiscus rotula
abundantly represented in both profiles studied, is distin-
guished by the specific external expressions of marginal
fultoportulae on the valve mantle.

An insignificant participation of the Cyclotella species is
also distinctive feature of diatom successions from the lacus-
trine-swamp-fluvial sequences at Komorniki and Domuraty as
compared with those known from many profiles of the
Byelovezhian Interglacial in Belarus and the Ferdynandovian
Interglacial in Poland. Only the long-lived taxa Cyclotella
atomus, C. meneghiniana and C. distinguenda were infrequent
in the sedimentary records obtained from both studied sections,
while generally high values show many Cyclotella members,
including the extinct C. comta var. pliocaenicus, C. comta var.
lichvinensis and C. reczickiae var. diversa, in the deposits of
the Byelovezhian/Ferdynandovian Interglacial. The extinct
Cyclotella taxa mentioned above belong to those dominating
also in the Alexandrian Interglacial sequences of Belarus
(Loginova, 1979; Khursevich and Fedenya, 1998; Khursevich,
1999), and some of these (C. comta var. pliocaenicus and C.
comta var. lichvinensis) are typical of the profiles of the
Mazovian Interglacial from Poland (Marciniak, 1998).

The diatom successions at Komorniki and Domuraty are
similar in the abundance of planktonic species of
Stephanodiscus and Aulacoseira, as well as in the small
amounts of Cyclotella with the succession of diatoms studied in
the Mogilevian Interglacial deposits from the Krasnaya
Dubrova profile (the borehole 13B) in Belarus (Khursevich et
al., 1990). Nevertheless the taxonomic composition of diatoms
in the Komorniki sequence is characterized by the presence of
certain important, apparently extinct species of Stephanodicus
(in particular, several unidentified taxa of this genus noted
above, and Stephanodiscus sp. aff. S. raripunctatus — the lat-
ter is present also at Domuraty) which are absent both from the
diatom assemblages of the Byelovezhian/Ferdynandovian and
the Mogilevian interglacials. The same is also characteristic
of some small, unidentified Staurosirella and Pseudo-
staurosira representatives, as well as of certain intermediate
forms between Staurosira and Staurosirella found in the
profile at Komorniki. The abundant occurrence of
Fragilariforma heidenii and F. tumida is typical of both dia-
tom successions studied.

Thus, a comparative analysis of diatom successions re-
vealed in the lacustrine-swamp-fluvial sequences at Komorniki
and Domuraty showed that they belong apparently to different

age intervals. According to geological, palynological,
diatomological and malacological investigations, the deposits
of this sequence in the Komorniki profile proceeded mainly in
the Augustovian Interglacial (Ber, 2000, 2005; Khursevich et
al., 2005). The results of palynological and petrographic stud-
ies of the lacustrine-fluvial-swamp succession in the Domuraty
section suggest its accumulation apparently during on
interstadial not connected with the Augustovian and
Ferdynandovian interglacials (Winter and Lisicki, 2001, 2005;
Lisicki and Winter, 2004). With regard to the complicated
character of the pollen succession and the uncertain strati-
graphic position of the tills the sequence from Domuraty may
tentatively be related to the Malopolanian Interglacial of the
early Middle Pleistocene (Winter and Lisicki, 2005).

The data derived from diatom analysis also indicate that the
diatom succession from the profile at Domuraty apparently oc-
cupies a transitional position between the Augustovian and
Ferdynandovian interglacials. But it is similar to the
Augustovian succession of diatoms studied from the
Czarnucha (Marciniak, 2004) and Komorniki sections
(Khursevich et al., 2005), and is distinct from the
Ferdynandovian diatom succession in Poland (Khursevich et
al., 1990; Marciniak, 1990; Marciniak and Lindner, 2003) and
from both the Byelovezhian and the Mogilevian Interglacial
successions in Belarus (Khursevich and Loginova, 1986;
Velichkevich et al., 1997, Khursevich, 1999).

As a result of the new palaeobotanical investigations the
Domuraty sequence might be regarded as a new warm stage in
the Pleistocene. In conclusion palynological and diatom data,
as well as through the stratigraphical position of tills underly-
ing and overlying the deposits examined, their stratigraphical
position could be assigned to the Cromerian Complex Stage
situated in the upper part of the early Pleistocene and the
lower part of the Middle Pleistocene succession (Gibbard and
Van Kolfschoten, 2004). The chronostratigraphical position
of the Domuraty sequence as the time equivalent of the
Matopolanian Interglacial could support Miiller’s opinion
(1986) that this complex contains more warm stages than pre-
viously recognized.
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