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and radiocarbon dating
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Sandy sediments of various origin and age dominate Quaternary geologic structure of the Odra Bank region. Three sediment series identified
in numerous borehole section and dated using radiocarbon method represent sediments of the Interpleniglacial, the Late Vistulian Glaciation,
and the Holocene. The oldest series composed of sands, locally silty sands with organic matter and coalified organic remains, formed in the
Interpleniglacial of the Vistulian Glaciation. Younger series is represented by the marshy-lacustrine sediments, which formed in the Late
Glacial and the Early Holocene. The youngest series is composed of marine sands. Stages of the region development were determined based
on results of radiocarbon dating. Two dates are the most significant: 14 060 years BP, which indicates beginning of the peat accumulation
in the studied region, and 5190 years BP, which indicates the beginning of the Littorina Sea transgression into the Odra Bank.
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INTRODUCTION

Characteristics of the geologic structure of the near-sur-
face layers of the western part of the southern Baltic Sea
bottom, which includes an area between the Rewal meridian
and the western border line of the Polish Exclusive Economic
Zone (EEZ) (Fig. 1), and representation of development of
this region during the Younger Pleistocene and the Holocene
are goals of this study.

The sea bottom in the studied area is not significantly
diversified. The Odra Bank, delimitted by the isobath of 10
m, is the main form. Border line between Poland and Germany
divides the shoal into two parts. Smaller, southeastern part is
located in the Polish EEZ. A small shallow delimited by the
isobath 10 m also occurs along the eastern extension. This
region is bordered from the south by a relatively steep slope
delimited by isobaths from 17.5 (locally from 20 m) to 12.5
m. The bottom between the slope and the shoreline is distin-
guished by presence of small depressions or hills up to 3 m

high. The northern slope inclines gently toward north-east and
reaches depth of 30 m in the area of study.

These sedimentary series which could be dated using the
radiocarbon method were subjects of consideration in this
study. All identified organic occurrences or remains in this
region of the Baltic Sea were subjected to radiocarbon dating
in various studies conducted during several years.

First radiocarbon dates were obtained for samples col-
lected in two cartographic borings (profiles R-74 and W-4).
It should be noticed that dating of samples from the profile
R-74, conducted in 1979 determined the first dates in the
history of the bottom sediment study in the Polish Baltic Sea
zone. The next series of dated sediments and shells was
obtained in the reconnaissance and documentary works of
heavy mineral concentrations (length of sounding borers up
to 1 m, exceptionally 2.5 m). These works were initially
conducted in the Polish Geological Institute, and sub-
sequently by the Dredging and Underwater Works Company
Ltd., under supervision of the author of this paper. The re-
search data obtained at that time changed most significantly
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Fig, 1. Location of boreholes
1 — boreholes, 2 — geologic cross-sections, 3 — isobaths (interval 2.5 m), 4 — border line of the Polish Exclusive Economic Zone

Lokalizacja otworéw wiertniczych
1 — otwory wiertnicze, 2 — linie przekrojéw geologicznych, 3 — izobaty co 2,5 m, 4 — granica polskicj strefy ekonomicznej

recognition of the geologic structure of this region existing  platform foundation (profiles R-86, R-88 and K9-1/1) and
hitherto. Dating of samples of organic sediments from geo-  from test borings conducted by the Institut fiir Ostseefor-
logic-engineering borings drilled for the “Petrobaltic” drilling  schung in Warnemiinde within cooperation framework with
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Fig. 2. Geologic cross-section A-B
Holocene: 1 — sands of Littorina and Post-Littorina seas; Late Glacial-Holocene; 2 — lacustrine silts and sands, locally peat; Pleistocene: 3 —
Interpleniglacial riverain(?) sands and silts, 4 — glaciofluvial sands and gravels, 5 — till; 6 — boreholes with radiocarbon datings
Przekrdj geologiczny A-B
Holocen: 1 — piaski morza litorynowego i politorynowego; péZny glacjat~holocen: 2 — muly i piaski jeziorne, miejscami torfy; plejstocen: 3 — piaski i
muty rzeczne(?) interpleniglacjatu, 4 — piaski i Zwiry wodnolodowcowe, 5 — gliny 2walowe; 6 — otwory wiertnicze z datami radioweglowymi

the Marine Geology Branch of the Polish Geological Institute
(profile OB/1), is considered supplementary,

As results of the study, in the period from 1979 to 1994,
the author obtained 27 radiocarbon dates which refer to sedi-
ment samples in 17 profiles and 7 dates of shells in 7 boring
profiles (Table 1). Location of the profiles is presented in
Figure 1. All datings were conducted in the Radiocarbon
Laboratory of the Silesian Technical University in Gliwice.
Some dates documenting Late Glacial/Early Holocene period
of the region development were published in the review
cartographic publications (R. Kramarska, Z. Jurowska, 1991;
R. Kramarska, 1995a), without elaborate analysis of results,
however, because of the character of these publications.

A significant amount of results of lithological, faunal, and
floral studies was also collected from sediments in the Odra
Bank region. Detailed interpretation of these results will be
presented in other publications — they where used here only
for general description of sediments.

OUTLINE OF THE QUATENARY
GEOLOGIC STRUCTURE

The bottom relief, geologic structure and natural resources
considerations of an area designated as the Odra Bank region
were subjects of studies conducted by the Polish Geological
Institute during several years. Results of these studies are
presented thoroughly in cartographic publications (Z. Jurow-
ska, R, Kramarska, 1990; R. Kramarska, Z. Jurowska, 1991;
J. E. Mojski, 1995). Earlier selected problems of the Quater-
nary which refer to lithology, stratigraphy and accumulations
of heavy minerals were reflected only in few larger publica-

tions (Z. Jurowska, R. Kotliriski, 1976; W. Wajda, 1982) and
short published announcements (R. Kramarska, 1993a, 1994).
The Odra Bank region is also mentioned in review works
referring to larger areas of the Baltic Sea — more important
include works of O. Kolp (1990) and B. Rosa (1967).

Sandy sediments of various origin dominate in the Quater-
nary geologic structure of the Odra Bank area (Figs. 2 and 3).
Till sediments form two, locally discontinuous horizons.
Older till — determined only in seismoacoustic study — lies
directly on the Mesozoic bedrock. Younger — determined
also in borings — lies shallow beneath the bottom. It extends
as a thin layer from the shoreline toward the Odra Bank, and
disappears probably on the northern slope of this form (Figs.
2 and 3). It appears again only in the bottom of the Bornholm
Basin (Z. Jurowska, R. Kramarska, 1990). Layers of till are
separated by the sandy sediments of thickness reaching even
up to 30 m. Earlier there was no foundation for the more
detailed stratification of this layer referring to its origin and
age, thus based on analogy with the sea-coast, these sediments
were designated as glaciofluvial sands and gravels of the
Middle Polish Glaciation (R. Kramarska, Z. Jurowska, 1991).
The upper part of the layer — occurring on the northern slope
of the Odra Bank without the till cover — was included then
into the marine Littorina cover. In the light of current study
results, with a big probability one may accept that at least the
uppermost part of the layer represents interstadial sediments
(Grudziadz Interstadial = Interpleniglacial). The diversified
surface of the upper till is leveled by marshy and lacustrine
sediments accumulated in the Late Glacial and the Early
Holocene in the region bordering the Odra Bank from the
west.

The bottom surface is covered by a layer of Littorina and
Post-Littorina sea sands. The layer is developed best on the
Odra Bank and its extension towards south-east. This shoal
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Table 1
List of radiocarbon datings of sediments and shells
Layer depth
Profile Sea depth : Laboratory 14
number [mb.s.l] '";‘:n";’ al Sample type sample number Age "C[BF]
Series 1
OB/1 15.7 2.30-2.45 floral detritus Gd-10128 15010£150
i 1.10-1.25 floral detritus Gd-10 123 29 4304370
K9-1/1 14.4 4.34.5 floral detritus Gd-10 180 > 40 000
77 15.6 0.18-0.38 organic silt Gd-4841 >27 000
1 158 0.10-0.25 silty sand with organic matter Gd-6573 32 030£770
) 0.25-0.32 silty sand with organic matter Gd-6572 34 7001100
1531V 127 0.23-0.31 silty sand weakly organic Gd-10038 21 4804440
! 0.70-0.80 sand with organic matter laminas Gd-9223 >45 000
190-1V 12.6 0.21-0.23 peat mat Gd-10039 22 780£660
192-1V 13.8 0.80-0.87 sand with organic matter laminas Gd-7503 46 500 {(+ 5000)
(=3200)]
Series 2
9.21-9.23 peat Gd-4336 13 100£300
Wi {74 9.69-9.72 peat Gd-4335 13 3504270
2 9.75-9.80 peat Gd-2929 13 490£190
10.42-10.50 peat Gd-2928 14 060+£220
R-86 13.0 2.50-2.60 peat Gd-10048 12 010£100
R-88 12.5 1.75-1.85 peat Gd-10049 9880140
51-1 16.4 2.40-2.50 peat Gd-7505 950080
1.20-1.35 peat Gd-1043 7240+150
R-74 100 1.35-1.50 peat Gd-1044 7695120
1.50-1.78 peat Gd-1042 8090+105
PIX-2 18.4 0.75-0.85 weakly organic silt Gd-9309 8070+240
PIX-4 18.0 0.90-1.00 weakly organic clay Gd-10 126 6630£140
floral detritus in lake-marl Gd-9313 51004200
PVI-82 13 72-80 lake-marl (carbonaceous fraction) Gd-10 135 67704120
PVI-89 11.5 0.62-0.67 lake marl (carbonaceous fraction) Gd-10 136 8410+120
PVI-O1 123 0.40-0.50 floral detritus Gd-9311 16 2004570
2 0.75-0.85 sand with weakly organic clay Gd-9327 95004580
Series 3
47 13.5 0.10-0.17 marine shells Gd-5980 modern
50 13.9 0.17-0,21 marine shells Gd-6520 200150
76 16.5 0.20-0.25 marine shells Gd-6521 3504200
PVI-89 11.5 0.50-0.55 marine shells Gd-10 137 4410+110
PIX-4 18.0 0.83-0.90 marine shells Gd-7553 4510£50
116 9.6 0.15-0.20 marine shells Gd-5979 1400£70
95 18.5 0.47-0.50 marine shells Gd-6515 5190130

extension delimited by isobaths of 12.5~13 m, is the relict of
the spit bar from the Littorina transgression of the Baltic sea
(R. Kramarska, Z. Jurowska, 1991).

LITHOLOGY AND RADIOCARBON
AGE OF SEDIMENTS

Lithologic characteristics and radiocarbon dating includes
generally sandy sediments, which with the upper till layer

constitute the upper part of the Quaternary layer — recog-
nized more precisely. Sandy sediments form three series:

— sands and sands with silty admixtures of not identified
origin (possibly riverain), containing dispersed organic matter
and carbonificated organic remains — radiocarbon dated
from more than 45 000 to 21 4804440 years BP (series 1);

— sands and silty sands, locally with peat or lake marl
marshy and lacustrine — radiocarbon dated from 14 060 to
51004200 years BP (series-2);

— marine sands with numerous shell agglomerations, for
which radiocarbon dates from 5190+130 years BP till recent
were obtained (series 3).
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Fig. 3. Geologic cross-section C-D
For explanations see Fig. 2

Przekr6j geologiczny C-D
Objasnienia jak na fig, 2

Distribution of dates in the time scale, which refer to
sediments of particular series, is presented in Figure 4. It
should be emphasized that the distinguished sediment series
were not determined in any of the cases in a single profile.

Series 1. Sediments radiocarbon dated as older than
21 000 years BP are documented in the numerous
profiles on the northern slope of the Odra Bank. In most
cases samples were collected from depths up to 1 m below the
sea bottom, and only few profiles — including OB/1 — were
obtained from depth slightly more than 5 m, but boring did
not reach the layer bottom. Probably sediments of this age
were identified also in the profile K9-1/1, south-west from the
Odra Bank.

The distinguished series is lithologically diversified. In the
lower part — studied in four profiles — fine-, medium- and
locally coarse-grained sands dominate. Individual gravels of
grey crystalline limestones were found in some places. The
biggest accumulation of carbonificated fragments occurin the
profile OB/1. They form two layers at a depth of 105-137 and
225-245 cm, respectively. Highly calcareous clay balls up to
3 cm in diameter occur at the bottom of the layer.

Sediments are stratified. Gentle laminas are most often
underlined by accumulations of heavy minerals, coarser sand
grains or carbonated floral detritus (profile OB/1). Lamina-
tion is parallel, most often diagonal or horizontal. Sediments
do not display any lamination only along short segments.

Grain size composition of the described sediments of the
lower layer part is characterized by a relatively narrow inter-
val of mean grain size (Mz) — from 0.5 to 0.125 mm (1-3 @).
Sediments are predominantly well and moderately well sorted
— values of standard deviation (o) range from 0.35 to 0.7,
exceptionally from 0.2 to about 1. Sands consist of grain
populations transported via rolling, dragging, saltation, and
grains deposited from graded suspension.

The upper part of the layer — studied in the profile OB/1
and in several shallow profiles — is composed of fine- and
very fine-grained sands with silty sand interbeds. Sediment
colour is grey-green. Two fractions dominate grain size com-
position i.e. 0.25-0.125 and 0.125-0.063 mm, respectively,
occurring in varying proportions. Admixtures of silt fraction
(0.063-0.004 mm) and even clay fraction (< 0.004 mm)
exceed few percentages or more. Grains with diameters 0.5—
0.25 mm range from few, rarely several percentages, and
sometimes they are not present. Grains coarser than 0.5 mm
do not occur — practically only floral detritus accumulates in
this diameter range.

In addition to the detritus, weakly organic accumulations
or laminas, and occasionally, as in the profile 190-1V, floral
remains forming 2-3 cm thick peat mats, occur in the sedi-
ments. Fragments of wood, bark, branches, locally reaching
up to 40 cm, occur frequently. Sediments are calcareous —
contain detrital carbonates determined in the microscopic
analyses.

Ten radiocarbon dates were determined for the sediments
in seven profiles (Fig. 5). Dispersed organic matter which
occurs in the silty-sandy sediments was dated in the profile 77
and samples from upper parts of profiles 11 and 153-1V,
respectively. Carbonificated floral detritus aligned in regular
laminas was dated in the lower parts of the profiles 11, 153-1V,
and in the profiles 192-1V, K9-1/1, and OB/1, respectively. A
mat-like interred of decomposed organic remains was dated
in the profile 190-1V.

Six dates have finite values and range from 21 4804440
to 45 500 [(+5000)(-3200)] years BP. It corresponds to the
Interpleniglacial — the period of complicated climatic
changes preceding the last advance of the Pleistocene ice
sheet. Three infinite dates resulted either from trace amounts
of ¢ isotope in a sample (profile 77) or from Ue analysis
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Fig. 4. Time distribution of radiocarbon dates

1 — dates of sediments and organic remains, 2 — dates of carbonaceous
sediments, 3 — dates of marine mollusc shells, 4 — infinite dates (beyond the
extend of radiocarbon dating)

Rozmieszczenie dat radiowgglowych w skali czasu

1 — daty osad6w i szczatkéw organicznych, 2 — daty osadéw weglanowych,
3 — daty muszli migczakéw morskich, 4 — daty nieskoriczone (poza zasig-
giem metody radioweglowej)

detection limit (profiles 153-IV and K9-1/1). Obtained values
correspond though to previous six results.

Dating of samples in the profile OB/1, particularly of a
lower sample, deserves special attention. Obtained date of
15010150 years BP is on the one hand younger from a date
obtained for a sample in the upper layer (29 430370 BP), on
the other corresponds to a cold period, when an ice sheet was
present in the Baltic region. It is difficult to determine reasons
for this possible date rejuvenation. It is not very probably that
this date, or even slightly older one, can be accepted in light
of relatively numerous other dates, considering that the profile
OB/1 has the same location as the profile 11, for which two
dates, similar to age of an upper sample from the profile OB/1,
were obtained.

Series 2. Sediments of this series — dated as the Late
Glacial and the Early Holocene — are documented in many
profiles from an area between the Odra Bank and a shoreline.
Degree of sediments recognition is not uniform. Most of
profiles are between 1 and 2.5 m deep, and bored only from
10 to 115 cm of marshy-lacustrine sediments. Sediments
bottom was reached in three profiles: W-4, R-86 and R-88,
where two latter are localized very close to each other, poss-
ibly within the same sedimentation basin. Thickness of pene-
trated sediments reaches 1.6 m in the profile R-88, 2.6 m in
the profile R-86, and 10.0 m in the W-4 test hole (Fig. 5). A
till was determined in the bottom of all of these cases, while
character of a contact between marshy-lacustrine sediments
and a till is diversified. In the profile W-4, organic sediments
(peat) occur directly, without traces of erosion, on a glacial

clayey interred covering a till. Therefore one may suggests,
that peat formed on the “dead ice” block. In the profile R-86,
grey mud, laminated with brown floral remains locally re-
placed by peat, occurs on the till surface. Grey clayey mud,
laminated with light grey sandy mud with brown floral re-
mains, occurs again above peat. Top of the till in profile R-88
is eroded and accentuated by presence of gravel.

The most complete profile of marshy-lacustrine sediments
is known from the W-4 test hole. Despite the core absence
from the interval 8.8-6.0 m, this is the longest identified
profile in these sediments in the studied region, A lower part
of the series, from 10.5 to 8.8 m, represented by the marshy
sediments, is composed from clayey mud with a small (maxi-
mum upto 18%) admixture of the sandy fraction. Sediments
are grey-green with steel-grey sulphide lamination, mainly in
the interval between 10.5 and 9.85 m. Above, upto a depth of
9.15 m sulphides occur only in the form of small accumula-
tions, however, a big amount of thread-like algae appears in
the sediment, so that the sediment resembles algae mat. Three
peat interlayers are present in this profile interval, at depth:
10.50-10.42, 9.80-9.69, and 9.23-9.21 m, respectively. Silts
separating peat interlayers are strongly carbonaceous — sedi-
ments contain numerous clasts of mudstone with carbona-
ceous cement. Carbonificated and mineralized organic
remains and well preserved fragments of plants also occur
here frequently. In an upper part of the profile (from 6.0 to 0.5
m) coarser grains appear more frequently toward the layer top
and sediments gradually change from silty sands, through
very fine-grained sands, to fine-grained sands. Numerous
floral remains occur in the layer bottom, but sediments gener-
ally contain organic material only in trace amounts. Sedi-
ments are also relatively less carbonaceous than these in the
lower part of the profile.

Early Holocene limnic sediments were determined also on
the northern slope of the Odra Bank in few, 1 m long probes
(profiles PVI-82, PVI-89 and PVI-91) (Fig. 1). In contrast to
sediments described above, they are represented by very
fine-grained sands with interlayers of whitish carbonaceous
mud (lake-marl), locally with fragments of non-decomposed
floral remains (Fig. 6). Sea depths in an area of occurrence of
these sediments are about 11-12.5 m and sediments occur
only several to few tens of centimetres below the sea bottom.
Thorough distribution of the sediments is not precisely ident-
ified, and their thickness is not known. It may be assumed that,
based on distribution of points where these sediments were
documented, the latter represent a local, small sedimentation
basin.

Radiocarbon age of sediments of the series 2 was studied
in 10 profiles, and determined 15 dates for organic carbon
fraction and 2 dates for carbonaceous fraction (Fig. 6). In a
profile W-4 — where dated organic sediments overlie direct-
ly, without traces of erosion, a layer of glacial clay covering
a till — a radiocarbon date obtained for the lowest, rich in
peat, layer of sediments is 14 0604220 years BP. This value,
combined with three other dates representing higher parts of
the profile: 13 490+190, 13 3504190, and 13 100£300 years
BP, respectively, suggests very early period of conversion to
peat-rich sediments, possibly even before melting of the
“dead ice” block. The peat layer top, in profile R-86, occur-
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Fig. 5. Lithologic profiles of the series 1 sediments with results of radiocarbon datings
1 — clays, locally clay balls, 2 — silts, 3 — sands, locally with heavy minerals, 4 — gravels, 5 — tills, 6 — peats, 7 — organic matter, 8 — lake marl, 9 —

floral remains, 10 — fauna, 11 — samples radiocarbon dated
Profile litologiczne osadéw serii 1 z wynikami datowania ¥

1 — ily lub toczerice ilu, 2 — muty, 3 — piaski, miejscami z udzialem mineratéw cl fzkich, 4 — 2wiry, 5 — gliny, 6 — torfy, 7 — materia organiczna, 8 —

kreda jeziorna, 9 — szczatki ro§linne, 10 — fauna, 11 — prébki datowane metodg

ring between grey mud interlayers laminated by brown or-
ganic matter is dated 12 0102100 years BP. Sediments dated
in a borehole R-88 were deposited probably after a short
period of erosion of the till surface. Radiocarbon date obtained
in this profile for peat-rich mud is 9880140 years BP. A
similar date — 9500280 years BP— was obtained for the peat
layer drilled in the bottom of the profile S1-I. Subsequently
younger dates: 8070+240 and 6630+140 years BP, indicating
the end of the Boreal Period and beginning of the Atlantic
Period, were collected from profiles PIX-2 and PIX-4 located
at the base of the southern slope of the Odra Bank. Studied
samples represent weakly organic clayey sediments occurring
directly beneath marine sand cover. Dates 8090+105-
7240£150 years BP were determined for-peat-rich silts in the
profile R-74, located in the Pomeranian Bay in the vicinity of
the current coast-line.

Interlayers of carbonaceous clays (lake-marl) containing
locally fragments of non-decomposed floral remains were
dated from limnic sediments in the northern slope of the Odra
Bank. Dates 8410£120 (profile PVI-89) and 6770+120 years
BP (profile PVI-82) were obtained for the carbonaceous in-
terlayers. Floral remains present in the carbonaceous layer
were dated additionally in the profile PVI-82. Date 51004200
years BP was obtained for this sample. Based on these results,
it was possible to determine apparent age of the carbonaceous
sediments. In the studied case, age of the sample determined
based on the CaCQs5 is older by about 1600 years in compari-
son to radiocarbon date of floral remains. Similar value of an
apparent age should be considered for a sample from the
profile PVI-89.

Date 5100£200 years BP (profile PVI-82) is the youngest
one in marshy-lacustrine sediments in the studied area. It
corresponds with a period of the Littorina Sea maximum

C

transgression, and it should be assumed that it defines the end
of marshy-lacustrine sedimentation in the Odra Bank area.

In addition to numerous datings described, one should also
pay attention to two dates obtained for samples from the
profile PVI-91. Radiocarbon age for a lower sample —
9500580 years BP— corresponds well with other dates from
this area, Date 16 200570 years BP obtained for a sample
from a higher layer results probably from admixture of an
older carbon from older sediment redeposition and does not
determine age of the sediment deposition. Dated sample is
composed from rhythmically interlayered sands and carboni-
ficated floral detritus.

Series 3. Marine sands form variable in thickness a cover
at the bottom. The greatest thickness is associated with sub-
merged, relict bay-bar, which forms an extension of the Odra
Bank towards south-east. Border lines of this form are deter-
mined by isobaths 12.5-13.0 m (Fig. 1). The bay-bar converts
gradually to an abrasion or abrasion-accumulation plain.
From the south is limited by a slope, which upper edge is
located at a depth of 10 (western part of this form) or 12.5 m
(eastern part of the bar). The base of the slope is delimited by
isobath 17.5, locally 20 m.

The whole thickness of a layer of sands within the accu-
mulation coast relict has not been penetrated. Numerous
borings up to 3 m deep were drilled for heavy minerals
documentation and the bottom of the layer was not reached.
Only on the southern slope of this form (in the profile 51-I)
and at the base of the slope (in the profiles PIX-2, PIX-4 and
95) the bottom of the layer was reached at a depth 18.5-19.0
m b.s.l. It may be concluded that thickness of marine sands
associated with submerged bay-bar reaches maximum 10 m.
This thickness represents only a southern, near-edge part of
this form.
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Accumulations of heavy minerals and outwash-type shell
layers are characteristic features of the sandy cover of the
Odra Bank. Shell layers are typical in profiles where consid-
erable accumulations of heavy minerals do not occur, or they
mark alower boundary of larger, macroscopically identifiable
accumulations of heavy minerals. Shell outwash forms are
represented mainly by Cardium glaucum and only individual
shells of Macoma baltica. Cardium shells are predominantly
well preserved, characterized by strong structure, distinct
ornamentation, and dimensions reaching 1 cm. Shell layers
occur occasionally few times in the same profile, however,
the most distinct and widespread is a layer at a depth of about
20 to 25 cm beneath the bottom.

Outside the relict bay-bar, the marine sand cover has a
very limited thickness, rarely exceeding 1 m. Minimum thick-
ness, determined in numerous profiles in the northern part of
the area, is only 20 cm. An erosional layer consisting of
coarse-grained sand, often with admixture gravel grains and
a large amount of broken and whole mollusc shells, mainly
Cardium glaucum, more rarely C. edule, Macoma baltica and
Mya truncata and snail Hydrobia sp.

Marine sediments in the Odra Bank region are charac-
terized by their exceptional grain size composition uniformity
and a high degree of mineralogical sorting. These features
distinguish them from sands of other origin which occur at the
base of marine cover, Marine sediments are represented al-
most entirely by fine-grained sands with a large (up to 70%)
majority of 0.25-0.125 mm fraction. Fractions 0.5-0.25 and
0.125-0.063 mm occur in amounts between few to more than
10%. Other fractions occur in amounts less than 1%. This
grain size distribution, with one fraction dominant, deter-
mines good, locally very good or relatively good degree of
sorting of marine sands in the Odra Bank region.

A high degree of mineralogical selection of these sands,
which distinguish them from sands of different origin, is
manifested by absence of weak, not resistant to transport
related degradation, components. These sediments are typi-

cally depleted from carbonates and sedimentary rock clasts.
They contain instead elevated amounts of heavy minerals,
which occasionally form accumulations. These accumula-
tions are associated with an edge of the submerged bar-bay,
particularly in the westernmost part of the bar above the
isobath 10 m (R. Kramarska, 1993b)

Marine mollusc shells, separated from erosional layers of
the bottom part of a marine sandy cover or from shell outwash
forms occurring within this cover, were radiocarbon dated.
Age of shells was determined in seven profiles (Fig. 7). The
oldest date 5190+130 years BP was determined for a shell in
a sample from the profile 95, located at the base of the relict
bay-bar. Shell horizon occurs at the bottom of marine sedi-
ments, at a depth of about 50 cm beneath the bottom. This
layer is composed mainly from a mollusc (Mytilus edulis),
which broken in considerable degree shells give sediments
violet colouring. In addition of mollusc (Mytilus edulis),
shells of other molluscs (Cardium glaucum and Macoma
baltica) and snail Hydrobia ulvae are also present.

The profile PIX-4 is similarly located and representing
analogous geologic setting, and radiocarbon date of a similar
shell sample is 4510£50 years BP. Marine mollusc shells
within the erosional layer covering limnic sediments, in the
profile PVI-89, at a landward site of the relict bay-bar, have
also a similar age of 4410110 years BP.

Next date was obtained for the shell outwash consisting
mainly of Cardium shells in the core 116. It was collected in
one of shallower areas of the Odra Bank, where sea depth is
9.2 m. Shell layer occurs 0.15-0.20 cm beneath the bottom
and separates sands enriched in heavy minerals upto 4.2% (at
the top) from sands without considerable concentrations, oc-
curring below the shell outwash. Shells are accompanied by
slightly coarser sand and individual gravel grains, Radiocar-
bon date obtained for this layer: 1400+70 years BP, represents
an episode of intensive dynamic sea activity and determines
beginning of formation heavy mineral accumulations, at least
in the studied area.
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Dates of shells from the erosional layer separating con-
tinental Interpleniglacial sediments from marine sands on the
northern slope of the Odra Bank (profiles 47, 50 and 76) are
more recent (younger than a thousand years). They document
next, recent stage of the area development and associated
periodical storms, during which interstadial sediments occur-
ring at a shallow depth below the bottom are eroded.

DISCUSSION AND COMMENTS

 The best recognized period of development of geologic
structure in the Odra Bank area, based on radiocarbon dating,
includes younger part of the Vistulian Glaciation period (In-
terpleniglacial, Upper Pleniglacial, Late Glacial) and the Ho-
locene, which is a period from about 58 000 years BP (J. E.
Mojski, 1997).

Changes of climatic conditions, in the result of which
the Scandinavian ice sheet disappeared almost entirely,
initiated beginning of this period. Climatic warming lasted
about 25 000 years and was characterized by fluctuations
— at least two short warmer periods separated by a longer
cooler period are determined. This time is documented by
numerous observations in Europe, which suggests that both
warming periods can be interpreted as interstadials (J. E.
Mojski, 1993). In Poland this period of changes in climatic
conditions corresponds with the Interpleniglacial (Grudziadz
Interstadial).

During the interstadial, when a small glacier ice cover
existed only in the northern part of Scandinavia, depression
in the Baltic area was occupied by the Baltic Lake (E. Lager-
lund, 1987). Lake waters filled the Gdansk Basin, Stupsk
Trough, and Bornholm Basin. Some opinions state that the
lake had two saline phases with cool Boreal and Arctic fauna
and spread out onto areas of the Lower Vistula region and the
Elblag Elevation (A. Makowska, 1986). Marine transgres-
sions during this period are known from southwestern Nor-
way (B. G. Andersen et al., 1981). Shallow water area of the
current Baltic Sea was, however, a land extending up to
Scania and the Danish Straights. The Odra Bank — a part of
this land — was an area of aquatic accumulation, probably
fluvial. Fine- and medium-grained sands (transported in
graded suspension and via saltation, dragging, and rolling)
formed series of few to more than 10 m thickness and charac-
teristic sedimentary structure — horizontal parallel lamina-
tion, locally displaying weakly cross-bedding. Other types of
sediments which formed at that time, were fine- and very
fine-grained sands with weakly organic silty laminas, locally
with clay balls, carbonificated floral detritus and wood frag-
ments. Sediments — excluding one location with ostracods
and one more with mixed fresh water and marine fauna —
do not contain fossils. They neither contain diatomic flora.
It seams that they may represent sediments of alluvial flats
or meandering false channels. Weakly-organic sediments
and carbonificated organic remains were dated using radio-
carbon method in few locations. Values determined include
interval from 46 500[(+5000)(-3200)] to 21 4804440 years
BP. Not all dates have finite values and one of them is

questionable (profile OB/1). This comment indicates pur-
posefulness of further studies of sediments in the Odra Bank
area, particularly considering the fact that degree of recogni-
tion is not sufficient to present palacogeography of the study
area during the Grudziadz Interstadial. Additional difficulty
in the final determination of sediments stratigraphy is the fact
that it was not possible to determine sediment sequence in a
vertical profile. The whole thickness of sediments categorized
within the Grudziadz Interstadial was not drilled in the Odra
Bank region, and these sediments occur in a considerable area
only under a thin, few centimetre thick, layer of recent marine
sands. The profile K9-1/1 is an exception, where they are
covered by a till, however, here additional radiocarbon dat-
ings are needed because of the infinite value obtained in this
study. The closest location of similar lithologically sediments
of the same age, but covered by Younger Pleistocene sedi-
ments, are known from the Gardno-f.eba Lowland (K. Rot-
nicki, R. K. Boréwka, 1994), and also from the Szczecin
Lowland (M. Kurzawa, 1993).

The next stage of development — about 20 000 years ago
until the Oldest Dryas — associated with ice sheet advance
into an area of the southern Baltic, which included also an area
of the Odra Bank. Locally preserved till of a small thickness,
rarely exceeding 5 m, remained from this cold period.

The last deglaciation of the southern Baltic started from
ice sheet retreat from a line delimited by the Gardno moraines.
Then, in the Oldest Dryas, about 14 000 years ago, the ice
sheet margin was located to the north from Kolobrzeg and the
Odra Bank (S. Uscinowicz, 1995). In the Bornholm Basin, at
a sea depth of 52 m, a marginal zone was identified and dated
16 30042400 years using termoluminescence method (R.
Kramarska, Z. Jurowska, 1991). Further to the west, the ice
sheet margin went through Scania marking the maximum
extent of the Halland-West-Skane phase (E. Lagerlund, M.
Houmark-Nielsen, 1993). The Pomeranian Bay and the area
of Odra Bank were released from glacier ice the earliest in the
southern Baltic. Deglaciation was areal with important role of
dissecting of the marginal glacier zone by meltwaters. Sub-
sequently, blocks of “dead ice” formed, and marshes and
enrichment in peat started about 14 000 years ago. It is well
documented in the boring profile W-4. Marshy sediments
with peat formed also in Bélling (profile R-86) and more
commonly — at least at this stage of recognition of this area
— in the Preboreal and Boreal periods (profiles R-88, 51-I
and R-74). In time, marshes transform into local lakes. They
were though shallow basins with still deposition of silty
sediments, locally silty-sandy or silty-clayey. Development
of these lakes lasted until the Atlantic Period in the Holocene.
At that time land part of the Pomeranian Bay was drained by
the Pra-Qdra, which as is postulated (B. Rosa, 1967), was
drained into the Arkona Basin.

Land period of development in this area ended only slight-
ly more than 5000 years ago. Until then, sedimentation under
continental conditions survived on the northern slopes of the
shoal, in local basins with carbonaceous sediments (profiles
PVI-82, PVI-89 and PVI-91). The youngest radiocarbon date
obtained from organic remains present in these sediments is
51004£200 years BP. It is possible, however, that even earlier,
about 7000 years ago, marine conditions influenced the
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Pomeranian Bay area. In some profiles (profiles R-74 and
R-88) a mixed, fresh water and marine fauna appeared (R.
Kramarska, 1995a). Possibly, already at that time, a lagoon
existed here, separated by the barrier of Odra Bank from
marine Littorina Sea basin. Nevertheless, intermediate phase
with brackish conditions occurred.

Date of 5100 years BP obtained for fresh water sediments
corresponds with date of 5190130 years BP (profile 95),
which is the oldest data obtained for marine shells and docu-
ments Littorina Sea transgression in the Odra Bank area. This
period of the area development is characterized by erosional
process significantly dominating over accumulation. Ero-
sional surfaces commonly present at the top of older sedi-
ments document these processes. This erosional surface is
commonly covered by abrasion pavement consisting of coar-
ser, than in upper profile parts, sand grains with admixture of
gravel grains and accumulations of shells and their fragments.
Erosional processes in some locations lasted yet till beginning
of the Subboreal Period, which is documented in the layer
with dated shells in profiles PVI-89 and PIX-4. A sand cover
consisting mainly of fine-grained sands started to form with
increase of sea level and transgression progress. The Odra
Bank yet remains for a longer time a bay-bar barrier separa-
ting transgressive sea from the lagoon, which existed between
the shoal and a current coast-line. This lagoon also included
the Szczecin Lagoon at the end of the Atlantic Period (A.

Majewski, 1980).

From the Subboreal Period, when sea reached a level
similar to the present-day one, substantial processes which
modified the bottom morphology ended, and only the surface
modelling continues. Insignificant fluctuations of sea level or
maybe catastrophic storm surges leave shell horizons of the
outwash type in sediments. Intensified sea activity was noted
about 1400 years ago through forming of a shell horizon in
shallow areas of the Odra Bank (profile 116). It corresponds
with the Baltic “Subatlantic transgression” dated along the
Polish coast for about 1500 years ago. Predominance of
abrasion processes on the northern bank slope has lasted also
till a present-day period and is documented in radiocarbon
dating of shells in erosional layers of the profiles 47, 50 and
76.

Sands of Post-Littorina Sea — influenced by frequent
redeposition caused by waves and currents — reach a high
degree of selection of grain and mineral-petrographic compo-
sition. In process of selective introduction of a specific grain
size into motion, components not resistant to mechanical
destruction are eliminated from sediments. This process leads
subsequently to formation of heavy minerals accumulations.
These accumulations within the old bay-bar coast-line in the
Odra Bank belong to the richest in the southern Baltic Sea.

Translated by Marek Maryjasik
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GENEZA IROZWOJ REJONU EAWICY ODRZANEJ W SWIETLE BUDOWY GEOLOGICZNE]
IDATOWANIA OSADOW METODA RADIOWEGLA

Streszczenie

W budowie geologicznej czwartorzedu rejonu Eawicy Odrzanej przewa-
Zajg osady piaszczyste réZnej genezy i wieku (fig. 1-3). Trzy serie osadéw
rozpoznane w licznych profilach wierceri i datowane metodg radiowegla (tab.
1, fig. 4-7) reprezentujg osady interpleniglacjatu i péZnego glacjatu zlodo-
wacenia wisty oraz holocenu,

Seria 1, zbudowana z piaskéw, miejscami z domieszka mutkéw, z
rozproszong substancja organiczng i zweglonymi szczqtkami organicznymi,
wystepuje na péinocnym stoku Lawicy Odrzanej pod cienka pokrywg pia-
skéw morskich, Na podstawie datowan metodg radiowegla seria ta zostala
uznana za osady interpleniglacjalne utworzone prawdopodobnie w Srodowi-
sku rzecznym. Rozpoznany na obecnym etapie badar tylko strop warstwy —
maksymalnie do glgbokosci 6 m — nie daje podstaw do rozwazan paleogeo-
graficznych. Pojedyncze stanowisko z matzoraczkami i brak okrzemek w
osadach dodatkowo utrudniajg jednoznaczoe okreslenie genezy osadéw i
§rodowiska sedymentacji.

Seria 2 zlozona z piaskéw i piaskéw mulistych, miejscami z torfem lub
kreda jeziorna, rozpoznana zostala miedzy Lawicg Odrzang a brzegiem
morskim 1 lokalnie na pétnocnym sklonie fawicy (fig. 1, 6). Bagienno-jezior-
ne osady tej serii wypelniajg zaglebienia w powierzchni glin zwatowych.
Datowanie radiowgglowe osadéw dokumentuje okres tworzenia si¢ torféw i
rozwdj jezior od péinego glacjalu az do transgresji morza litorynowego w
okresic atlantyckim. Szczegdlne znaczenie dla paleogeografii i historii roz-

woju obszaru w tym okresie majg daty 14 060+ 220 i 51004200 lat BP —
najstarsza i najmlodsza data radioweglowa osadéw serii 2 (fig. 6). Pierwsza
zdat, uzyskana dla najniZszej prébki torféw w profilu W-4, $wiadezy o bardzo
wezesnej deglacjacii tej czesci Baltyku. Druga wyznacza schylek ladowego
okresu rozwoju Lawicy Odrzanej.

Kolejna serig 3 buduja holoceriskie piaski morskie z licznymi odsypami
muszlowymi i lokalnymi koncentracjami mineraléw cigzkich (fig. 1, 7).
Pokrywa piaskéw morskich najlepiej rozwinigta jest w najptytszych rejonach
dna, Jest to przede wszystkim Eawica Odrzana oraz jej przediuzenie w
kierunku potudniowo-wschodnim — relikt brzegu mierzejowego. Data ra-
dioweglowa 5190+130 lat BP, uzyskana dla skorupek malzéw morskich
wyseparowanych ze spagowych partii morskiej pokrywy piaszczystej w
profilu 95 (fig. 3, 7), dokumentujgca obecno$é morza u potudniowych zboczy
bariery mierzejowej Eawicy Odrzanej, pozostaje w §cislym zwiazku z wezes-
niej wspomniana data wyznaczajgeq schylek rozwoju jezior natawicy. Istotne
znaczenie maja tez wspélczesne daty (miodsze niZ tysiac lat) muszli z
warstwy erozyjnej lezgcej w stropie osadéw zaliczonych do interpleniglacja-
tu. Dokumentuja one wspéiczesny etap rozwoju obszaru odznaczajacy sie
ograniczong akumulacjg osadéw morskich i erozja plytko zalegajacych osa-
ddw starszych.



