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A CRITICAL REVIEW AND REINTERPRETATION OF BIO-, LITHO- AND

SEISMOSTRATIGRAPHIC DATA OF THE SOUTHERN BALTIC DEPOSITS

Joanna ZACHOWICZ', Grazyna MIOTK-SZPIGANOWICZ', Regina KRAMARSKA',
Szymon USCINOWICZ', Piotr PRZEZDZIECKI'

Abstract. The aim of this study was the reinterpretation of the published and unpublished Late-Pleistocene and Holocene pol-
len and diatom diagrams of deposits from the sedimentary basins of the Southern Baltic Sea and the correlation of the distin-
guished biostratigraphic units with lithological parameters, seismostratigraphic units. Chronostratigraphic subdivision of
the Late Pleistocene and Holocene was also made.

To facilitate the correlation and reinterpretation of the results of biostratigraphic (palynological and diatom) analyses, new
unified and simplified diagrams were drawn using the POLPAL software. Such diagrams were constructed for all the sites un-
der comparison, even for those of no numerical data. In such cases, the published diagrams were scanned and their percentage
values were the basis for new diagrams.

A review and reinterpretation of biostratigraphic data show an almost complete lack of palynological documentation and dia-
tom diagrams for the Late Pleistocene period and poor documentation for the Early Holocene. Middle and Late Holocene Bal-
tic muds have the best biostratigraphic documentation and radiocarbon dating, which greatly facilitates their location on
the geological time scale.

Among the Southern Baltic postglacial sediments three lithostratigraphic units were identified. They differ in their
lithological features reflecting the conditions prevalent in the sedimentary basin during deposition. It should be noted that
these units meet no formal criteria for distinguishing lithostratigraphic units. Similarly, within the Late Pleistocene and Holo-
cene sediments of Southern Baltic deep-water basins, three main seismostratigraphic complexes have been identified.

The integrated analysis of seismoacoustic profiles, lithological profiles of cores and reinterpretated biostratigraphic data al-
low a correlation of the bio-, litho- and seismostratigraphic units with chronostratigraphic units and Baltic evolutionary
phases.

Key words: pollen and diatoms diagrams, "*C datings, bio-, litho- and seismostratigraphy, Late Pleistocene and Holocene,
Southern Baltic Sea.

INTRODUCTION

The traditional Baltic evolutionary phases, such as the Bal-
tic Ice Lake, Yoldia Sea, Ancylus Lake and Litorina Sea, estab-
lished in various countries and by various authors and very of-
ten used in a stratigraphic sense, are not always comparable
with one another. It is a serious problem that the index molluscs
which were the basis for establishing the basic development
phases of the Baltic in Sweden are absent in the sediments de-
posited in the Baltic Sea floor (Duphorn, 1979). Generally
speaking, the development phases of the Baltic are determined
by time intervals of open or closed connections of the Baltic
with the ocean, and — as a consequence — mainly by changes in

hydrological (ecological) conditions and, to a lesser degree, in
sedimentary processes.

Towards the end of the 20th century, attempts were made
both to systematise the separation of the Baltic development
phases (Hyvirinen, 1988; Svensson, 1991; Bjorck, 1995) and
to introduce formal lithostratigraphic (Ignatius et al., 1981;
Kotlinski, 1989, 1991; Winterhalter, 1992) and biostrati-
graphic schemes: diatomological (Alhonen, 1971) and mala-
cological (Alexandrowicz, 1999). Despite this, the Baltic's
evolutionary phases have not yet been defined correctly as
geochronological units with generally accepted limits. So far,
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palynologic and chronostratigraphic stratotype sections have
not been developed (Mangerud et al., 1974; Duphorn, 1979;
Hyvirinen, 1988, 2000). More recent data (e.g. Andren et al.,
2000) indicates that sedimentary profiles from Baltic deeps
also contain information about climatic oscillations.

Polish research on the history of the Baltic Sea, recorded in
deposits of deep-water sedimentatry basins, began at the turn of
the 1960s. It was then that the first cores of deep-water deposits
were taken in the Polish Exclusive Economic Zone of the Baltic
Sea as part of international projects (Masicka, 1975; Pieczka,
1980). Earlier, expert biostratigraphic tests on the sea floor de-
posits by means of a pollen analysis method were made by
Lubliner-Mianowska (1962, 1963, 1965). The first publica-
tions referred mainly to the lithological features of sediments
(Masicka, 1975; Pieczka, 1980). Some time later, biostrati-
graphic studies of sediment cores collected from the offshore
area were undertaken (Zaborowska, Zachowicz, 1982; Kepin-
ska et al., 1986a, b; Pieczka, Zaborowska, 1989). In the 1980s,
the Marine Geology Branch of the Polish Geological Institute
conducted extensive geological research for the purpose of
producing Geological Map of the Baltic Sea Bottom (Mojski,

THE CHARACTERISTICS

The Baltic Sea is a shallow, tideless intracontinental sea
with an area 0f 415,266 km? and average depth of 52 m, which
has shallow and narrow connections with the Atlantic Ocean
through the Danish Straits. The average depth of the Baltic is
56 m (Lomniewski et al., 1975). It is located between the tem-
perate maritime and temperate continental climatic zones.
Precipitation and river water inflow predominate over evapo-
ration and oceanic water inflow.

Apart from the climate, the impeded water exchange with
the ocean has a fundamental influence on the hydrological
conditions in the Baltic. According to Lomniewski et al.
(1975) and Majewski (1987), thermohalic stratification is an
important feature of the Baltic waters. Deep layers in the Bal-
tic basins are occupied by salt water with small temperature
oscillations, the so-called isothermal salty layer, refreshed by
the influx of oceanic waters and the movement of water to
the neighbouring basins due to the varying water density.
The top limit of the salty layer in the Southern Baltic is the 8%o
isohaline, which is located at the depth of 35-45 m in the Ar-
kona Basin, at 45—50 m in the Bornholm Basin, and at 60—70 m
in the Gdansk and Gotland Basins. The top part of the salty
layer is characterised by a quick increase in salinity (the
so-called halocline) up to almost 17%o in the Arkona Basin,
15%o in the Bornholm Basin and 11-12%o in the Gdansk and
Gotland basins. The oxygen saturation of this water layer is
usually below 20%, and anaerobic conditions may occur peri-
odically. The temperature of the saltwater layer is 4-6°C.
Above the halocline, there is an isohaline layer, with more-
-or-less constantly balanced low salinity and varied, season-
ally changeable thermal conditions. The salinity of this layer
is 9—7 %o in the western part of Southern Baltic and decreases

ed., 1989-1995). A few hundred sediment cores were taken
and ca. 5,000 km of seismoacoustic profiling was performed
at that time. The results of lithological analyses and radiocar-
bon dating were partly published in the Notes on The Geologi-
cal Map of the Baltic Sea Bottom (e.g. UScinowicz, Zachowicz,
1992, 1994), in The Geological Atlas of Southern Baltic (Za-
chowicz, 1995) and in a small number of original publications
(e.g. Tomczak et al., 1999; Uscinowicz et al., 2000).

The rare published (Zaborowska, Zachowicz, 1982; Ke-
pinska et al., 1986a, b; Pieczka, Zaborowska, 1989; Witkow-
ski, 1994; Zachowicz, 1995) and archival pollen and diatom
diagrams from deep-water basins of the Southern Baltic were
analysed and discussed mainly in order to determine the de-
velopment phases of the Baltic Sea and to specify their tempo-
ral limits.

The goal of this study is to reinterpret the published and un-
published Late-Pleistocene and Holocene pollen and diatom
diagrams of clayey and silty deposits from the sedimentary
basins of the Southern Baltic and the correlation of biostra-
tigraphic units with lithological parameters and seismostrati-
graphic units.

OF THE RESEARCH AREA

towards the east to 7-5%o in the Gdansk and Gotland basins.
Oxygen saturation exceeds 90% in the near-surface layers and
drops to 70% close to the halocline. The water temperature of
the isohaline layer in the summer ranges from 16—17°C at its
top to 5-6°C at its bottom. At a depth of 20-30 m there is
a thermal jump layer (summer thermocline). In the autumn
and spring, the whole isohaline layer profile has an isothermal
arrangement with a temperature of 4-6°C. In the winter, a re-
versed arrangement occurs with the lowest water temperature
(2— 3°C) in the surface water, which slowly increases with
depth to 5-6°C (Lomniewski ef al., 1975).

Summing up, the most important topographic and hydro-
logical elements which influence the sedimentation processes
include:

—location of the southern part of the Baltic Sea in a humid
temperate climate zone,

— intracontinental location of the sea and impeded com-
munication with the ocean,

— shallow-, brackish-water and tideless nature of the sea,

— occurrence of permanent density stratification,

— prevalence of undulation and currents from western di-
rections,

— very high periodical water dynamics (during storms).

The terms “Southern Baltic” or “the Southern Baltic area”
are not defined precisely, but they are used universally, espe-
cially in Polish publications — in articles, monographs and car-
tographic publications. In the Southern Baltic area, deep-water
basins are clearly defined. These are the Arkona Basin (max
depth 50 m), Bornholm Basin (max depth 105 m; in its Polish
part— 95 m), Stupsk Channel (max depth 93 m), Gdansk Basin
(max depth 107 m) and Gotland Basin (max depth 249 m, in its
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Fig. 1. The location of investigated cores

Polish part — 120 m) (Fig. 1). The basins are separated by sills
with minimum depths of ca. 60 m on the sill separating
the Bornholm Basin from the Stupsk Channel, and ca. 85 m be-
tween the Gdansk and Gotland basins. South of the basins,
there are coastal shallows with an elevated floor: the Odra Bank
(min. depth 4.5 m), Stupsk Bank (min. depth 8 m), Czotpino
Shallow (min. depth 14 m) and Stilo Bank (min. depth 18 m).
The Renne Bank (min. depth 12 m) and Eagle Bank (Adler-
grund) (min. depth 5.1 m), the Southern Middle Bank (min.
depth 14 m) and Klaipeda Bank are located far from the south-
ern coast, often divided from them by sea-floor lowering.

Since the beginning of the Baltic Sea history, i.e. for al-
most 15,000 years, clay and silt deposits have been accumu-
lating on the the basins' floor. The deposits now form a sev-
eral to a few tens of metres thick layer. Together with
the changes in climatic and hydrological conditions during
the Baltic Sea evolution, also the lithological, physical and
chemical features of the deposits have changed, and so have
the diatom, macro- and microfauna associations, as well as
the quantity and quality of pollen grains preserved in the de-
posits.

MATERIAL AND RESEARCH METHODS

The analysis covered the Southern Baltic area, mainly
deep-water basins within the Polish Exclusive Economic Zone
of the Baltic Sea: the Bornholm Basin, Gdansk Basin and
Gotland Basin. The few published (Zaborowska, Zachowicz,
1982; Kepinska et al., 19864, b; Pieczka, Zaborowska, 1989;
Witkowski, 1994; Zachowicz, 1995) and archival pollen and
diatom diagrams from this area were taken into consideration.
To facilitate the correlation of events in the Southern Baltic, the
published pollen and diatom profiles from the Mecklenburg
Bay and Arkona Basin were also taken into account (K¢pinska
etal., 1986a, b).

All sediment cores were described macroscopically.
The type (grain-size distribution) of the deposit, its colour,
consistency, smell, presence or lack of lamination and pres-
ence of mollusc shells were all taken into account as priority
features. The fact that various deposit classifications and ter-
minology are used by persons and institutions conducting re-
search is the reason for a serious handicap in using macro-
scopic descriptions for core comparison and correlation. To a
large degree, it also pertains to the results of lithological tests
due to the diversity of laboratory testing methods used.
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To facilitate the correlation and reinterpretation of the re-
sults of biostratigraphic (palynological and diatom) analy-
ses, new unified and simplified diagrams were drawn using
the POLPAL software. Pollen diagrams contain curves for
particular tree species and cumulative curves for plants:
those related to human economic activity, moist meadow
plants, rushes, aquatic plants and Pediastrum green algae. In
the diatom diagrams, only cumulative curves for ecological
diatom groups were plotted in accordance with the division
used by Hustedt and others (Przybytowska-Lange, 1979) for
saltwater (euhalobous), brackish-water (mesohalobous) and
freshwater diatoms stimulated by small amounts of salt
(halophilous) as well as indifferent ones. Such diagrams
were drawn for all the sites under comparison, even for those
of no numerical data. In such cases, the published diagrams
were scanned and their percentage values were the basis for
new diagrams.

Local pollen assemblage zones (levels) (LPAZ) were deter-
mined for all the selected and palynologically tested sites, ac-
cording to Janczyk-Kopikowa (1987). The duration period of

each particular pollen zone was determined on the basis of
the existing '“C dates, but more often, due to the lack of any ab-
solute dating, the palynological information at hand was com-
pared with diagrams from the most fully documented sites in
the Baltic coast (Latatowa, 1989; Latalowa, Tobolski, 1989).
The isopollen maps of tree species (Huntley, Birks, 1983;
Ralska-Jasiewiczowa et al., 2003, 2004) were also helpful in
the reinterpretation of the earlier stratigraphic units. Simplified
diatom diagrams were related to the time scale determined
from palynological research (in the case of the same sediment
core) and '*C dating, or only from '*C dating or from the com-
parison of changes in ecological conditions with those recorded
in palynological research of the same water basin. In this study,
chronostratigraphic units of the Late Pleistocene and Holocene
have been adopted from Mangerud et al. (1974).

Among the analysed or reinterpreted sediment cores, only
6 of them were dated by radiocarbon methods. Either single
core samples or sample sequences from an individual core
were dated (Table 1). In total, a set of 17 radiocarbon dates
was available.

Table 1
The list of radiocarbon datings
Coordinates Altitude |Sample position|Sample position
No| Site/core . 14 C age BP | Lab. code References Locality
© A [mb.s.l] | incore[m] [mb.s.l.]
1| 2BL96 |54°45227 | 19°11°317 | 101,50 | 1,80-1,90 |103,30-103,40| 3040+ 120 | Gd-6574 ng;“‘i‘g;;z Zacho- |5 4ahsk Basin
2| 2BL96 |54°45227|19°11°317| 101,50 | 3,80-3,90 |105,30-105,40| 6870+ 130 | Gd-6308 Sf;“‘i‘g;;z Zacho- |5 4ahsk Basin
3| 2EL96 |54°45227|19°11°31" | 101,50 | 4,104,32 |105,60-105,82| 7590 + 140 | Gd-6575 gfg;“‘;vgvglgz Zacho- |5 4ansk Basin
4 | 2EL96 |54°45227| 19°11°31" | 101,50 | 4,52-4,66 |106,02-106,16| 8130+ 160 | Gd-6310 ‘gfg;“‘;‘égczz Zacho- |5 4ahsk Basin
5| 1EL38 |54°38°16" | 19°12°54" | 88,00 0,60-0,80 | 88,60-88,80 | 1640+90 | Gd-4778 gfg;“‘;gg“f Zacho- |5 4ahsk Basin
6 | 1EL38 |54°38°16" | 19°12°54" | 88,00 2,60-2,80 | 90,60-90,80 | 4250+ 130 | Gd-6576 gfg;“‘;‘gg‘gz Zacho- |5 4ahsk Basin
7| 1EL38 |[54°38°16" | 19°12'54" | 88,00 4,60-4,80 | 92,60-92,80 | 6020+ 120 | Gd-4775 gfg;“‘f‘g;;z Zacho- |5 4ahsk Basin
8 | 1EL38 |54°38'16" | 19°12°54" | 88,00 5,60-5,80 | 93,60-93,80 | 8750+ 170 | Gd-6313 gfg;“‘;g;;z Zacho- |5 4ahsk Basin
9 | 11 K 02/A | 55°02°21" | 15°44°00" | 85,50 3,10-320 | 88,60-88,70 | 7750+ 140 | Gd-6316 | Zachowicz, 1995 | Bornholm Basin
10 [ 11 K 02/A | 55°02°21" | 15°44°00" | 85,50 3,70-3,80 | 89,20-89,30 | 8680+ 150 | Gd-6324 | Zachowicz, 1995 | Bornholm Basin
11 [ 11 K02/A | 55°02°21" | 15°44°00" | 85,50 3,80-3,90 | 89,30-8940 | 8800+ 150 | Gd-6317 | Zachowicz, 1995  |Bornholm Basin
12| 12 K 02/A | 55°01°69” | 15°44°00" | 85,50 2,90-3,05 | 88,40-88,55 | 7310+ 150 | Gd-6314 | Uscinowicz, 2003 | Bornholm Basin
13| 12K 02 |55°01°68" | 15°44°03" | 85,50 2,90-3,10 | 82,60-82,40 | 670090 | Gd-2906 gfg;“‘;‘gg‘gz Zacho- | g iholm Basin
14 | GT5A/82 | 55°21°95" | 18°46°56" | 87,80 1,80-1,90 | 89,60-89,70 | 7920 + 150 |Gd-10005| Zachowicz, 1995 Gotland Basin
15 | GT5A/82 | 55°21°95" | 18°46'56" | 87,80 2,20-230 | 90,00-90,10 | 8160 +420 | Gd-9173 | Zachowicz, 1995 Gotland Basin
16 | GT5A/82 | 55°21°95" | 18°46'56" | 87,80 2,30-2,40 | 90,10-90,20 | 8620+200 | Gd-9174 | Zachowicz, 1995 Gotland Basin
17| GT5A/82 | 55°28°40" | 18°20°60" | 86,00 2.92-3.01 | 88,92-89.01 | 5850+ 170 | Gd-9170 | Zachowicz, 1995 Gotland Basin
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All the dates were established for olive-grey marine silt
which contained organic matter in the amount from 5 to 10%.
The silt samples contained no calcium carbonate. The dating
was performed by means of a classical method at the Radio-
carbon Laboratory of the Silesian University of Technology
in Gliwice. The dates used were uncalibrated, the reservoir ef-
fect was not considered, either.

An attempt at correlating the bio- and chronostratigraphic
units with lithological and seismostratigraphic units was also
made. The reinterpreted pollen and diatom diagrams were
correlated with lithological sections of cores, with regard
mainly to the grain-size distribution of the deposits, organic
matter and calcium carbonate contents, colour of the deposit
and the presence or lack of lamination.

BIOSTRATIGRAPHY OF SOUTHERN BALTIC DEPOSITS

The following sites were selected, based on a review of the
literature and the analysis and reinterpretation of available
materials (Fig.1):

+ inthe Arkona Basin — one site (core [V/4, water depth —
43.6 m) with a palynological and diatom diagram
(Kepinska et al., 1986a),

* inthe Bornholm Basin — one site with a palynological di-
agram (core 12K 02, water depth — 85.5 m, Zachowicz,
1995) and one site with a diatom diagram (core 11KO02,
water depth —85.5 m, Witkowski, see Zachowicz, 1995),

« in the Gdansk Basin — three sites with palynological and
diatom diagrams (cores: 2 EL/96, water depth— 101.5 m
and 1 EL/38 water depth — 88.0 m, Zachowicz, 1995,
Witkowski, 1994 and core 271, water depth — 75.0 m;
Zaborowska, Zachowicz, 1982) and one site with a pa-
lynological diagram (core C-1016, water depth — ca.
80.0 m; Miotk-Szpiganowicz — unpublished materials),

« in the Gotland Basin — one site with a palynological dia-
gram (core GT5/382, water depth — 87.8 m, Norys-
kiewicz, see Zachowicz 1995) and one site with a diatom
diagram (core GT5A-82, water depth — 86.0 m; Wit-
kowski, see Zachowicz, 1995).

THE ARKONA BASIN

The comparison of tree curves (Fig. 2) with the published
isopollen data (Huntley, Birks, 1983; Ralska-Jasiewiczowa et
al.,2004) did not cause any changes in the previous interpre-
tation of the palynological image (Kgpinska et al., 1986a).
Only a minor correction of names of the youngest pollen lev-
els (LPAZ) was made in order to unify the terminology and,
through this, to facilitate correlation with other Southern Bal-
tic sites.

The following local pollen levels were identified (Fig. 2):

* Pinus—Betula correlated with the Boreal period,

* Pinus corresponding to the last part of the Boreal period,

» Quercus—Ulmus—Tilia with the Corylus and Fraxinus
subzones correlated with the Atlantic period,

» Corylus—Quercus singled out for the early and middle
parts of the Subboreal period,

» Pinus—Fagus—Carpinus covering the last part of
the Subboreal and the beginning of the Subatlantic period,

» Fagus—Carpinus—Betula associated with the middle
part of the Subatlantic period.

The oldest deposits occurring in the bottom part of
the tested core — represented by beige-grey clay — contain nei-
ther pollen grains nor diatoms. Palynological analyses indicate
that the higher-lying green-grey silts were deposited towards
the end of the Boreal period. Their bottom part (the Pinus
—Betula, Pinus and Quercus—Ulmus—Tilia pollen levels —
the Corylus subzone) is also devoid of diatoms. Diatom flora
appears suddenly in the Fraxinus subzone of the Quercus—
Ulmus—Tilia zone, which is correlated with the last part of
the Atlantic period (Figs. 2, 3). Euhalobous diatoms predomi-
nate, with considerable addition of mesohalobous species. It is
difficult to explain the absence of diatoms in the older deposits,
very similar in terms of their lithology.

THE BORNHOLM BASIN

Two cores from the Bornholm Basin were investigated for
pollen and diatoms. The diatom and pollen diagrams were
made for different sites, ca. 1200 m away from each other
(Fig. 1), therefore any mutual correlation of recorded events is
not easy. When comparing the two cores, both the radiocar-
bon dates and lithological features of the deposits were taken
into consideration.

The following local pollen levels (LPAZ) were identified
(Fig. 4), and their previous names were partially changed (see
Zachowicz, 1995):

* Pinus correlated with the Boreal period,

* Quercus—Ulmus—Corylus with the Tilia and Fraxinus
subzones corresponding to the middle and last parts of the At-
lantic period,

 Pinus—Quercus associated with the first half of the
Subboreal period,

 Carpinus—Quercus corresponding to the second half of
the Subboreal period,

» Fagus—Carpinus established for the first half of the
Subatlantic period.

The oldest diatom-containing deposits are light-grey
clays with a bluish tint (core 11K 02). Freshwater diatoms pre-
dominate in these sediments, which are older than 8800 years
BP according to radiocarbon dating (Fig. 5).
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Fig. 2. The Arkona Basin, core I1V/4 — simplified pollen diagram (after Kepinska ez al., 1986a, modified)

Diatom (Fig. 5) and palynological (Fig. 4) analyses were
performed on the higher-lying light-grey clays with an olive
tint from both the drill cores. Freshwater diatoms with a clear
addition of brackish-water ones were found (core 11K02, Fig.
5) togetherwith the index species of Mastogloia (Witkowski,
Miller, 1999). Radiocarbon dating proves that these deposits
accumulated from 8800 to 7750 years BP. They can be corre-
lated with the younger part of Boreal deposits of the Pinus pol-
len zone from core 12K 02 (Fig. 4). These deposits are overlain
by the olive-grey silt and clay sediments containing a diatom
association dominated by saltwater species (euhalobous) (Fig.
5). Palynological analyses (Fig. 4) suggest that they started to
be deposited at least in the mid-Atlantic period (the Quer-
cus—Ulmus—Corylus pollen zone). Radiocarbon dating shows
that they were deposited between 7750 years BP (core 11K02,
Fig. 5) and 6700 years BP (core 12K02, Fig. 4). The latter dat-

ing was repeated and yielded a result of 7310+ 150 (Table 1,
core 12K02A). Most probably, core 12K02 (Fig. 5) contains no
deposits from the beginning of the Atlantic period.

THE GDANSK BASIN

The Gdansk Basin is the best explored part of the Southern
Baltic. Three 6 to 7-m long cores were analysed for pollen and
diatoms. On one core, only palynological tests were made, and
on a dozen or so cores — lithological analyses and radiocarbon
dating were performed. The identification of pollen levels
(LPAZ) for the previously published pollen diagrams
(Zaborowska, Zachowicz, 1982; Zachowicz, 1995; Miotk-
-Szpiganowicz — unpublished materials) made it possible both
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Fig. 3. The Arkona Basin, core 1V/4 — simplified diatom

diagram (after Kepinska et al., 1986a, modified)
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to place the events more precisely on a time scale and to corre-
late them with radiocarbon-dated sites. The most complete pol-
len and diatom succession is recorded in core 271 (Fig. 6).

The following local pollen zones (LPAZ) were identified
in core 271:

 Pinus correlated with the Allerad Period,

* Juniperus—Cyperaceae corresponding to the Younger
Dryas period,

e Pinus correlated with the Preboreal period,

* Pinus—Corylus determined for the Boreal period,

* Pinus—Tilia covering the beginning of the Atlantic pe-
riod,

* Quercus—Ulmus—Corylus correlated with the middle
and last part of the Atlantic period,

* Quercus—Corylus corresponding to almost the whole of
the Subboreal period,
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Fig. 6. The Gdansk Basin, core 271 — simplified pollen diagram (after Zaborowska, Zachowicz, 1982, modified)
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» Carpinus—Fagus for the last part of the Subboreal and
the beginning of the Subatlantic period,

» Pinus—NAP typical of the last part of the Subatlantic
period.

The pollen record in cores 2EL96 and 1EL38 is somewhat
shorter and covers only the Boreal period (Fig. 7).

In core 2EL96, the following local pollen zones were
identified:

* Pinus—Betula correlated with the beginning of the Bo-
real period,

* Pinus—Corylus determined for the last part of the Bo-
real period; the end of this zone was radiocarbon dated at 8130
+160 years BP,

» Quercus—Ulmus—Corylus with the Fraxinus and Tilia
subzones correlated with the Atlantic period. The subzone
limits are radiocarbon dated at 7590 = 140 years BP, while
Tilia subzone deposits — at 6870130 years BP,

* Quercus—Corylus covering the end of the Atlantic pe-
riod and the first half of the Subboreal period,

» Carpinus—Betula with the Corylus and Fagus subzones
correlated with the second half of Subboreal period (3040

+120 years BP) and the first half of Subatlantic period respec-
tively,

» Pinus—NAP typical of the last part of the Subatlantic
period.

Similar local pollen zones were identified in core 1EL38
(Fig. 8):

* Pinus—Corylus correlated with the end of the Boreal pe-
riod; the deposits of this pollen zone are radiocarbon dated at
8750 + 170 years BP,

* Quercus—Ulmus—Corylus covering the first half of
the Atlantic period; the deposits of the final part of this zone
have a radiocarbon date of 6020+120 years BP,

* Quercus—Corylus corresponding to the last part of
the Atlantic period and the beginning of the Subboreal period,

 Carpinus with the Pinus and Fagus subzones associ-
ated with the upper part of the Subboreal period (4250 +130
years BP) and the lower part of the Subatlantic period (1640
+90 years BP),

» Pinus—NAP characteristic of the last part of the Sub-
atlantic period.The shortest palynological record, which cov-
ers deposits beginning from the end of the Atlantic period,
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Fig. 7. The Gdansk Basin, core 2EL/96 — simplified pollen diagram (after Zachowicz, 1995, modified)
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Fig. 8. The Gdansk Basin, core 1EL/38 — simplified pollen diagram (after Zachowicz, 1995, modified)

was found in core C-1016 (Miotk-Szpiganowicz, unpub-
lished) (Fig. 9).

The diagram of core C-1016 is almost identical as the up-
per part of core 271 diagram, hence the names of the identified
local pollen levels are the same:

* Quercus—Ulmus—Corylus correlated with the Atlantic
period,

* Quercus—Corylus corresponding to the Subboreal pe-
riod,

» Carpinus—Fagus covering the beginning and middle
part of the Subatlantic period,

* Pinus—NAP associated with the upper part of the Sub-
atlantic period.

The results of palynological and diatom research in
the Gdansk Basin show that freshwater (indifferent) diatoms
predominated (Fig. 10) in the Allerad, Younger Dryas and
Preboreal deposits (Zaborowska, Zachowicz, 1982) dated by
palynological method.

In the Boreal deposits (the Pinus—Corylus LPAZ) there is
an increase in the contribution of brackish-water (meso-
halobous) diatoms. Radiocarbon dating indicates that the in-

crease occurred between 8750 and 7590 years BP (Figs. 10,
11). The dating also proves that, beginning with the Atlantic
period, the diatom flora in the deposits younger than ca. 7500
years BP is marked by the predominance of brackish-water
and marine species (mesohalobous and euhalobous) (Figs.
10, 11).

High similarity between the palynological and diatom dia-
grams from various sites (see Figs. 6—11) proves that at least
in the Middle and Late Holocene, the deposition proceeded in
similar hydrological and climatic conditions throughout
the entire Gdansk Basin.

THE GOTLAND BASIN

The palynological and diatom diagrams for the deposits of
the southern part of the Gotland Basin were made, as in the
case of the Bornholm Basin, for various sites located a few
tens of kilometres apart (Fig. 1). Therefore, the mutual corre-
lation of the data brings difficulties (Figs. 12, 13).
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Fig. 9. The Gdansk Basin, core C-1016 — simplified pollen diagram (Miotk-Szpiganowicz — unpublished materials)
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Fig. 10. The Gdansk Basin, core 2EL/96 — simplified diatom Fig. 11. The Gdansk Basin, core 1EL/38 — simplified diatom
diagram (Witkowski, 1994) diagram (Witkowski, 1994)
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Fig. 13. Gotland Basin, core GT 5A-82 — simplified diatom
diagram (Witkowski, see Zachowicz, 1995)

The palynological diagram (Fig. 12) (Noryskiewicz, see
Zachowicz 1995) indicates the lack of sporomorphs in the old-
est deposits of the analysed core. The ages of the remaining de-
posits were determined palynologically at the Preboreal, Atlan-
tic, Subboreal and Subatlantic periods. In these periods, the fol-
lowing local pollen zones (LPAZ) were identified:

* Pinus—Betula, correlated with the Preboreal period,

 Pinus distinguished for the end of the Preboreal period
and the Boreal period,

* Pinus—Tilia corresponding to the beginning of the At-
lantic period,

* Quercus—Ulmus—Corylus associated with the Atlantic
period; it has a radiocarbon date of 5850170 years BP,

* Pinus—Quercus characteristic of the Subboreal period,

* Fagus—Carpinus determined for the beginning of the
Subatlantic period.

The diatom diagram (Fig. 13) distinctly reveals two peri-
ods of the presence of euhalobous diatoms. The older period is
probably associated with Preboreal deposits, as evidenced by
radiocarbon dating much older than 8620 +170 years BP.
The younger period is radiocarbon dated at the beginning of
the Atlantic period (7920 +150 years BP). It is preceded by
a gradual disappearance of indifferent (freshwater) diatoms
with an increase in the number of mesohalobous species (Fig.
13), which is recorded at the turn of the Boreal period to
the Atlantic period.

Summing up, the reinterpretation of the palynological dia-
grams from the Holocene deposits of individual sedimentary
basins from the Southern Baltic made it possible to identify
local pollen zones (LPAZ) and to associate them with chrono-
stratigraphic units. The correlation of diatom profiles with



A critical review and reinterpretation of bio-, litho- and seismostratigraphic data ... 129

chronostratigraphic units and with radiocarbon dates made it
possible to make a general reconstruction of the changes in
environmental conditions, mainly in salinity, and to attempt
to place these changes on an absolute time scale.

The results of palynological and diatom research of sedi-
ment cores from the Southern Baltic show that the pres-
ent-day Baltic Sea was a freshwater basin in the Late Pleisto-
cene, i.e. in the Allered and Younger Dryas periods. It is,
however, the least known period, as the Late Pleistocene sedi-
ments were documented palynologically and diatomolo-
gically only in one core from the Gulf of Gdansk (Fig. 6). This
period of the Baltic Sea history is commonly named the Baltic
Ice Lake.

A short and poorly marked episode of low water salinity
was recorded at the turn of the Late Pleistocene to the Holo-
cene. Correlated with the Yoldia Sea phase, this event was
clearly recorded by the presence of halophilous diatoms in
the southern part of the Gotland Basin (Fig. 13). Most proba-
bly, evidence of that sea has also retained in the sediments of
the Gdansk Basin (Fig. 10).

Atthe end of the Preboreal and the beginning of the Boreal
periods, there was a significant freshening of Southern Baltic
waters (Figs. 5, 10, 11, 13). Recorded in the deposits of all
the analysed basins, this period of the Baltic Sea history is
called the Ancylus Lake.

The end of the freshwater phase in the Baltic evolution is
palynologically dated at the end of the Boreal period. At that
time, a gradual but distinct increase in the importance of brack-

ish-water (mesohalobous) diatoms was marked in the sediment
profiles from the Southern Baltic sedimentary basins. Radio-
carbon dating indicates that the beginning of the deposition
took place 8800 years BP (the Bornholm Basin), 8750 years BP
(the Gdansk Basin) and 8620 years BP (southern part of the
Gotland Basin), i.e. at the beginning of the Boreal period.
Taking into account the well-known fact, also described in lit-
erature (e.g. Andren ef al., 2001), that radiocarbon dates from
the silt deposits of the Southern Baltic were aged by ca.
300—400 years due to the addition of older redeposited organic
matter, the radiocarbon dates cease to be in contradiction with
palynological dating. Palynological analyses show that saltwa-
ter (euhalobous) diatoms predominate in the Southern Baltic
sediments, starting from the end of the Boreal period. This is
preceded by the appearance of brackish-water (meshalobous)
species. Radiocarbon dating shows that the transition phase
from freshwater to marine conditions, called the Mastogloia
Sea phase, lasted ca. 1000 years, i.e. from 8800-8620 years BP
to 7750-7590 years BP. In the light of the above-described
facts, it can be stated that the marine phase in the Baltic history,
called the Litorina Sea, began in the early Atlantic period.
The changes in salinity are less clearly recorded in the deposits
of younger periods. Meso- and euhalobous diatoms are pre-
dominant in these deposits (in varying proportions). A gradual
change, related to an increase in importance of mesohalobous
species, took place in the Subboreal period, younger than ca.
4000-3000 years BP. This period is often described as
the Post-Litorina Sea.

THE LITHOSTRATIGRAPHY OF SOUTHERN BALTIC DEPOSITS

The composition and physical and chemical properties of
each sedimentary rock depend on the character of the initial
material and on the conditions prevailing in the sedimentary
environment, i.e. climate, salinity, water temperature, pH,
presence or absence of oxygen, strength of undulation and
currents, etc. The features of the environment determine
the physical and chemical properties of sediment layers, such
as grain size, mineral composition, stratification, colour, etc.

The analysis of a few tens of sediment cores from
deep-water sedimentary basins of the Southern Baltic made it
possible to characterise both local stratigraphic profiles for
the sedimentary basins and a regional profile for the Southern
Baltic (Figs. 14, 15 and 16). Among the Southern Baltic
postglacial sediments — deposited after the ice-sheet retreat —
3 sediment layers were identified, which differ in their
lithological features reflecting the conditions prevalent in
the sedimentary basin during deposition. It should be noted
that these units meet no formal criteria for establishing litho-
stratigraphic units. Despite the attempts made (e.g. Kotlinski,
1989, 1991), such units have not been defined or used so far
for describing the deposits of the Baltic Sea.

In the deep-water sedimentary basins, the Baltic Sea de-
posits are underlain by glacial tills. Only locally, over small

areas, the Baltic deposits rest on other Pleistocene sediments,
such as sands, esker loams or directly on pre-Quarternary
rocks.

THE BROWN BALTIC CLAY

A layer of brown Baltic clay comprises three lower-order
lithological units: varved clays and silts which grade upwards
into microlaminated (crypto-laminated) clays, and further
into homogenous clays. Sandy intercalations and single
gravel grains (drop stones) occur in the deposits. The total
thickness of the varve, microlaminated and homogenous de-
posits concordantly overlying an undulated surface of glacial
tills is ca. 10 m in the central parts of deep-water basins.
The distinctive features of these deposits are low organic mat-
ter content, usually below 1.5%, and high (up to 20%) carbon-
ate content. In the topmost section, the homogenous clay may
be lime-free. In places, black laminae or spot clusters of iron
sulphides occur in the brown limy Baltic clay and the colour
changes towards the top from brown to light brown and
brown-grey. The brown Baltic clay is in general palynological-
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ly barren; they commonly contain no diatoms either. The age
position of this layer is determined mainly through its location
in the stratigraphic profile: it was deposited in the Late Pleisto-
cene. Although the brown Baltic clay layer is diachronic over
the entire Baltic region: it is older (Late Pleistocene) in the
southern part and younger (Early Holocene) in the northern
part (Ignatius et al., 1981; Winterhalter, 1992) of the area, it can
be considered synchronous in the Southern Baltic area. It
marks the deglaciation stages in the Southern Baltic (Mojski,
1993, 1995; Uscinowicz, 1999). Its sedimentation in this area
started during the Belling period. Its lithological features indi-
cate deposition in the vicinity of a melting ice-sheet, first close
by there where varve sediments were deposited, and as the
deglaciation progressed — microlaminated and homogenous
clays were deposited further from the ice-front. These sedi-
ments were deposited in the Baltic Ice Lake phase.

THE GREY BALTIC CLAY

The grey Baltic clay concordantly overlies the lightest
brown clay. Due to this, the bottom limit of the layer is poorly
expressed although the sedimentary continuity is retained.
The typical features of this layer are: absence or a very low
content of calcium carbonate, low (up to 2%) content of or-
ganic matter and the occurrence of black laminae and irregu-
lar clusters of iron sulphides. The colour of the sediments
changes from grey-brown in the bottom parts of the layer to
grey and light grey, often with a bluish tint in the top parts.
Apart from the change in colour, there is also a slight increase
in the organic matter content towards the top. The grey Baltic
clay is characterised by a low pollen and diatom frequency,
especially in the bottom parts of the layer. The frequency
clearly grows upwards. Based on palynological analyses,
the formation age of the grey Baltic clay layer was determined
at the Early Holocene — Preboreal and Early Boreal. The dia-
tom spectra show that these deposits were generally associ-
ated with a freshwater environment, and only during the Early
Preboreal period a short episode of low salinity water was
recorded, limited spatially to the north-eastern parts of
the Southern Baltic (southern part of the Gotland Basin).
The grey Baltic clay layer, just like the underlying brown
clay, is diachronous in the entire Baltic area (Ignatius ef al.,
1981; Winterhalter, 1992), but in the Southern Baltic it is defi-
nitely synchronous. The grey clay layer was deposited during
the Yoldia Sea and Ancylus Lake phases.

The gradual transition, the lack of a clear lithological
boundary with the lightest brown clay, and a similar sedimenta-
tion environment (a freshwater basin under the influence of
the melting Scandinavian ice-sheet) may justify the combina-
tion of the brown and grey Baltic clay into one lithostrati-
graphic unit subdivided into a lower-order units of varve clays,
brown microlaminated and homogenous clay, and grey ho-
mogenous clay with iron sulphides. The deposits accumulated
in a limnoglacial environment with a short sedimentation pe-

riod in a brackish environment, typical of the bottom part of this
layer. The brackish environment is clearly marked in the south-
ern part of the Gotland Basin, being poorly documented in
the Gdansk Basin and unknown from the Bornholm Basin.

THE OLIVE-GREY BALTIC MUD

The olive-grey Baltic mud discordantly overlies the grey
Baltic clay. The olive-grey Baltic mud layer consists of two
lower-order lithological units: grey laminated silts, with an
olive tint, and silty and clayey dark-grey sediments, black in
places, but also with the characteristic olive tint. The deposits
of the second unit are usually homogenous with bioturbation
signs, but they are also laminated in places. Both the layers
contain no calcium carbonate and they are enriched with or-
ganic matter whose content reaches as much as 10%.

The olive-grey Baltic mud has the best biostratigraphic
documentation and radiocarbon dating, which greatly facili-
tates their location on the geological time scale. According to
palynological dating, the lower layer of grey laminated mud
with an olive tint was deposited in the late Boreal and early
Atlantic. Absolute "*C dating indicates that it took place be-
tween 8800-8620 years BP and 7750-7590 years BP, al-
though we must remember that the radiocarbon dates may be
aged by ca. 300 years. This layer was deposited in a brackish-
-water environment, as evidenced by an increase in the con-
tent of brackish-water (mesohalobous) diatoms.

The beginning of the deposition of the upper olive-grey
mud layer was determined to have occurred at the end of
the early Atlantic. Euhalobous and mesohalobous diatoms
predominate in this layer, indicating marine conditions pre-
vailing during the deposition. The thickness of the olive-grey
mud layer (the lower and upper one) reaches 4-5 m, and lo-
cally exceeds 6 m.

The boundary between grey clay and olive-grey mud of-
ten has an erosive nature. At the edges of sedimentary basins,
on basement elevations within the basins and on the interven-
ing sills, the beginning of the marine phase, an increase in sa-
linity and the formation of haline stratification was marked by
erosion, in places emphasised by a thin sand layer.

A clear lithological boundary between the underlying
limnoglacial grey clay and the superjacent marine olive-grey
mud, as well as a similar brackish or/and marine sedimentary
environment prevailing in the Baltic Sea area from the late Bo-
real period may justify distinguishing a lithostratigraphic unit
of the Baltic olive-grey mud. The olive-grey mud was depos-
ited during marine evolutionary phases of the Baltic, i.e. dur-
ing the Mastogloia Sea (transition phase from a freshwater to
marine water basin), Litorina Sea and Post-Litorina Sea.
The boundary between the Litorina and Post-Litorina Sea
deposits is usually located at the turn of the early to mid-
dle Subboreal or in the middle Subboreal, i.e. ca. 4000-3000
years ago.
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THE SEISMOSTRATIGRAPHY OF SOUTHERN BALTIC DEPOSITS

Seismoacoustic research is the basis for distinguishing
seismostratigraphic units. The identification of these units is
based mainly on a comparative analysis of acoustic features
of sediments (degree of absorption of acoustic energy by vari-
ous sediments, together with a record of characteristic tex-
ture), on tracing the basic acoustic horizons and on the analy-
sis of an angular unconformity in stratified deposits. These
features depend directly on lithological features of deposits,
such as grain size, sediment density, and the presence or ab-
sence of stratification.

In seismoacoustic profiles, pre-Quarternary deposits are
usually characterised by a distinct stratification with beds dip-
ping at 2-3°, sporadically interrupted by discontinuity zones
in fault areas. Deposits of various age display angular uncon-
formities and differ in acoustic hardness and echo character.
Only Tertiary deposits lie almost horizontally and show
strong diversification of internal structure, from clearly strati-
fied ones to almost structureless, poorly reflective strata.
They are separated from older deposits by a remarkable
boundary. The surface of pre-Quaternary sediments is usually
well defined and determined by its glacial erosion origin. It is
picked as a continuous, rather single-phase acoustic horizon,
with strong reflection, which proves a rapid change in acous-
tic parameters.

Pleistocene deposits, mainly glacial tills, are marked as
structureless layers, or layers with a chaotic internal structure,
diversified in terms of reflection depending on grain size
composition and the degree of plasticity. Numerous horizons
are observed within the tills. The erosional top of pre-
-Vistulian tills is particularly sharply visible.

Within the postglacial (Late Pleistocene and Holocene)
sediment cover of Southern Baltic deep-water basins, three
main units are identifiable and defined as seismoacoustic
complexes (Przezdziecki, 2004) (Figs. 14-16).

COMPLEX 1

The sediments of Complex I are conspicuous by conform-
able deposition on a glacial till. The sediments are represented
by three types of records characteristic of clayey deposits.
The bottom parts are characterised by a record of a very fine
and irregular arrangement of weak reflections suggesting
stratification of the sediments. This layer turns smoothly
into a characteristic white and poorly reflective, acoustically
transparent zone. Towards the top, the non-reflection zone
turns into regularly stratified deposits. The stratification re-
peats the profile of the till top. Various types of deformation
structures are visible among the stratified deposits of Com-
plex I. They are most probably associated with the melting of
buried lumps of dead ice.

The sediments of seismoacoustic Complex I can easily be
correlated with the formation of the limnoglacial brown Bal-

tic clay with the members established within this formation.
In terms of chronostratigraphy, Complex I clays belong to
the Late Pleistocene spanning the Bolling to Younger Dryas
periods, and they are related to the Baltic Ice Lake phase. Rel-
atively well marked in seismoacoustic profiles, the top of
Complex I deposits should be associated with the final drain-
age of the Baltic Ice Lake, which may have caused the forma-
tion of a discontinuity surface due to the lack of sedimentation
or even erosional processes in shallower parts of the basins.
A similar discontinuity surface related to the first drainage of
the Baltic Ice Lake in the Allered is probably reflected by one
of the phases within Complex 1.

COMPLEX II

Complex II sediments conformably overlie Complex I
sediments. The seismoacoustic record of Complex I more or
less clearly shows its stratification, depending on the research
area and the recording parameters used. Complex II deposits
are also characterised by higher acoustic transparency, show-
ing much less clear stratification than those of Complex I.
More distinct reflections are marked at the top sections of
Complex II.

The deposits of seismoacoustic Complex II can easily be
correlated with the formation of grey Baltic clay. In terms of
chronostratigraphy, Complex II clays represent the early Ho-
locene (Preboreal and early Boreal periods) and are related to
the Yoldia Sea and Ancylus Lake phases. Relatively well out-
lined in seismoacoustic profiles, the top of Complex I depos-
its should be associated with the presence of laminae and clus-
ters of iron monosulphides, as well as — in shallower regions
of the basins, on their edges and seabed elevations — with
the erosional surface related to the inflow of saline waters and
the formation of haline stratification, and therefore with
the occurrence of internal undulation at the contact of vari-
ous-density water layers. In the central, deepest parts of
the basins, the top of Complex II is often poorly marked.

COMPLEX III

Complex I1I sediments rest discordantly upon Complex 11
sediments. Theylevel out the hollows in the top surface of
Complex II Complex III sediments are most often almost com-
pletely acoustically transparent, locally showing more or less
clear reflectivity, depending on the research area and the re-
cording parameters used, especially in zones of laminated de-
posits. Acoustic features of Complex III, especially in its top
parts, are typical of highly hydrated and unconsolidated mud.

Based on the numerous sediment cores which were subject
to lithological, palynological and diatom analysis, as well as ra-
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diocarbon dating, the sediments of seismoacoustic Complex I11
can be unambiguously correlated with the formation of Baltic
marine mud and with the members of laminated grey, olive-tint
mud (brackish-water silts) and dark-grey, olive-tint mud (ma-
rine mud). In terms of chronostratigraphy, Complex III mud
represents the late Boreal and Middle—Late Holocene (Atlan-
tic, Subboreal and Subatlantic periods). Correlated with the late
Boreal and early Atlantic periods, the sediments of the bottom

part of Complex III were deposited in the Mastogloia Sea,
while the deposits of the upper parts of the Complex accumu-
lated in the Litorina Sea and the Post-Litorina Sea. Locally,
the transition from the laminated Mastogloia Sea mud to
the Litorina Sea deposits is marked by a weak acoustic bound-
ary. The boundary between the Litorina and Post-Litorina
muds is not expressed in the seismoacoustic record.

THE CORRELATION OF BIO- AND CHRONOSTRATIGRAPHIC UNITS
WITH THE LITHOLOGICAL FEATURES AND SEISMOSTRATIGRAPHIC UNITS

The analysis of seismoacoustic profiles, lithological pro-
files of cores and the reinterpretation of biostratigraphic data
enabled an attempt to correlate the bio-, litho- and seismo-
stratigraphic units with the chronostratigraphic units and Bal-
tic evolutionary phases.

A list of all the identified local pollen assemblage zones
(LPAZ) for all the sites under comparison is presented in Table
2. Tt also shows "“C dates, the hiatuses in deposition (clearly
marked in grey), and periods for which the diatom analyses re-
corded the beginning of an increase in salinity related to the Li-
torina and Yoldia Sea (red triangles). In creating the names of
pollen zones, the oscillations in the alder (4/nus) values have not
been used, as the occurrence of alder is mainly related to local
hydrological changes. However, this species is often dominant
in pollen spectra of the study areas and therefore the periods ofits
greater significance are marked in the Table (in green).

The brown Baltic clay was deposited in the Late Pleisto-
cene period (Belling, Older Dryas, Allred, Younger Dryas) in
the deep-water sedimentation basins of the Southern Baltic.
Its structure changed from varve sediments through micro-
laminated sediments to homogenous ones. Palynological data
is based on research of deposits from only one section, hence
no satisfactory information is provided on the characteristic
climate fluctuations during this period. The scarcity of or-
ganic matter makes it impossible to reconstruct the palaeo-
ecological conditions in detail. It is known, however, that
the sediments were deposited in a limnoglacial basin during
the Baltic Ice Lake phase (e.g. Sauramo, 1958, de Geer,
1940). In the seismostratigraphic records, Complex I corre-
sponds to the brown Baltic clay layer.

In the Early Holocene period (Preboreal and Boreal peri-
ods), the deep-water basins of the Southern Baltic were the de-
position site of grey Baltic clay with clusters and laminae of
iron sulphides at the top. Just like the Late Pleistocene period,
the Preboreal period is poorly biostratigraphically documented
and only few Preboreal sections were available. Much more
data pertains to the Boreal period. It corresponds to the Pinus or
Pinus—Corylus local pollen zones (LPAZ). The differences in
the contribution of species in pollen spectra may be caused by
the distance between the basins and the land.

The saltwater depositional environment at the beginning
of the Holocene (the beginning of Preboreal period) is re-

flected by the presence of euhalobous diatom species. How-
ever, this pertains only to the Gotland Basin. For the remain-
ing basins of the Southern Baltic there is no appropriate docu-
mentation in this respect so far. The end of the Preboreal pe-
riod and the Boreal period have a more complete diatom doc-
umentation. Diatom associations indicate the existence
of a freshwater basin at the Preboreal/Boreal transition.
The Early Holocene grey Baltic clay was deposited in
the Yoldia Sea and the Ancylus Lake. It makes up Complex I1
in the seismostratigraphic division.

Sedimentation of the olive-grey Baltic mud began in
the second half of the Boreal period. The clay is characterised
by a gradual increase in organic matter content. A change in
the lithological features of the deposits was related to the trans-
formation of the freshwater basin into a brackish-water one.
It was manifested by a change in the composition of diatom
flora, in which brackish-water (mesohalobous) species ap-
peared. Water salinity caused quicker sedimentation of sus-
pended mineral matter and the expansion of a euphotic zone,
and thus an increase in primary production (Winterhalter,
1992). The existence of the brackish-water basin is correlated
with the Mastogloia Sea phase.

Sedimentation of the olive-grey Baltic mud was continued
in the Middle Holocene (Atlantic period). A gradual change
in colour from light olive-grey to dark olive-grey was caused
by an increase in the amount of organic matter. It was an effect
of a climate warming. This period has a good palynological
and diatom documentation and correlates with the Quer-
cus—Ulmus—Tilia or Quercus—Ulmus—Corylus pollen zones
(LPAZ). At the beginning of the Atlantic period, an increase
in salinity took place. It is manifested by the dominance of
euhalobous species in diatom spectra. In the Baltic evolution
phases, this period corresponds to the Litorina Sea.

Sedimentation of the olive-grey Baltic mud continued in
the Post-Litorina Sea during the Late Holocene (Subboreal and
Subatlantic periods). The greater diversification in the termi-
nology of pollen zones in the second half of this period is the re-
sult of diversity in land habitat conditions. Diatom analyses
show a gradual slight drop in salinity reflected in an increase
in the number of mesohalobous species. In the seismo-
stratigraphic division, the olive-grey Baltic mud makes up
Complex III.
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FINAL REMARKS

In geological and paleogeographical studies on the Baltic
Sea area, the problem of Quarternary stratigraphy, including
that of the Late Pleistocene and Holocene periods, is one of
the issues most poorly represented in the literature. The most
advanced attempts to formalize the stratigraphy were made in
the field of lithostratigraphy. However, neither bio- nor litho-
stratigraphic stratotype sections are known for the Baltic area,
thus generally accepted stratigraphic units do not exist
(Alhonen, 1971; Mangerud et al., 1974; Duphorn, 1979;
Ignatius et al., 1981; Hyvirinen, 1988, 2000; Kotlinski, 1989,
1991; Svensson, 1991; Winterhalter, 1992; Bjorck, 1995; Ale-
xandrowicz, 1999; Andren ef al., 2000). Traditionally, a strati-
graphic meaning is given to the evolutionary phases of the Bal-
tic. Generally speaking, the Baltic evolution phases define time
intervals of open or closed connections of the Baltic with the
ocean, and, as a consequence, mainly the changes in hydrologi-
cal (ecological) conditions or, to a smaller degree, in sedimen-
tary processes. Hence the litho- and biostratigraphic units have
their specificity which not always corresponds to the principles
of stratigraphic classification, terminology or nomenclature.

Both the quantity and quality of the available documenta-
tion materials have an additional importance for determining
the separations, and, above all, for the correlation of the units
established. A review and reinterpretation especially of

biostratigraphic data have shown an almost complete lack of
palynological evidence and diatom diagrams for Baltic sedi-
ments from the Late Pleistocene period. This is largely due to
the low primary production caused by the cool climate and
also because of the lack of appropriate research sections. Al-
though the large similarity between the palynological and dia-
tom diagrams from various sites in the Southern Baltic proves
that deposition in the deep-water sedimentary basins of this
region occurred in similar hydrological conditions during
the Holocene period, there is no appropriate data for the Late
Pleistocene to make any comparisons.

In many cases, the correlation is made difficult by the lack
of stratotypical sections with a complete lithological, paly-
nological and diatom documentation, and absolute age dat-
ing. A list of the existing biostratigraphic information from
the Southern Baltic area shows that even within a single sedi-
mentary basin the correlation of lithological changes with
the record of ecological and climatic changes may be difficult
ifthe data does not come from research on the same sections.

Therefore, there is a need to perform a full range of tests:
lithostratigraphical, biostratigraphical (palynological, diato-
mological, malacological, etc.) and AMS radiocarbon dating
for selected sediment sections from various areas of the South-
ern Baltic, which could become stratotypical sites.
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