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Ab stract
This ar ti cle pres ents re sults of the anal y sis of 3 sed i ment cores taken from the bot tom of Pom er a nian Bay, south ern
Bal tic Sea. These re sults are part of a larger pro ject that aims to de ter mine the char ac ter is tics and rate of the At lan tic
ma rine ingression in the Pom er a nian Bay area. The main geo chem i cal el e ments and di a tom as sem blages from the
cores were iden ti fied, re veal ing lac us trine sed i ments de pos ited dur ing the time of Ancylus Lake and ma rine sed i ments
de pos ited dur ing the Littorina trans gres sion. Dis tinct changes in the geo chem i cal com po si tion and di a tom as sem -
blages sug gest that the Littorina trans gres sion had a very large im pact on the en vi ron ment of Pom er a nian Bay.
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IN TRO DUC TION

Cur rent knowl edge of the tran si tional pe riod be tween
Ancylus Lake and Littorina Sea at the area of the mod ern Bal -
tic Sea, is not suf fi cient to re con struct the changes that oc -
curred on past coast lines, es pe cially in large low land ar eas.
The con tem po rary Pom er a nian Bay of the south ern Bal tic
Sea (Fig.1) was one such low land. Af ter the deglaciation,
from the be gin ning of the Ho lo cene till the At lan tic pe riod,
this area was a land. Dur ing the Bal tic Ice Lake pe riod, the
wa ter ta ble rose to ap prox i mately 10 m be low pres ent sea
level, cre at ing a la goon south of the Odra Bank (Lampe
2005). Kramarska (1998) re ported the ex is tence of a la goon
be tween Odra Bank and the Littorina Sea be fore about 7000
years ago. Be fore the Littorina trans gres sion, Odra Bank may 
have been a sand bar rier that sep a rated the la goon from the
open sea. Pre vi ous stud ies found Early Ho lo cene lac us trine
and la goon de pos its north of Wolin Is land in the Bal tic Sea
(Kramarska 1998; Krzymiñska, PrzeŸdziecki 2001, Bro-
szinski et al. 2005). Ac cord ing to Broszinski et al. (2005),
nu mer ous lakes ex isted in the south ern part of Pom er a nian
Bay dur ing the Ancylus and early Littorina pe ri ods. The land
changed with the Late At lan tic trans gres sion at ca. 7200 cal
BP (Borówka et al. 2002, 2005), form ing an open ma rine bay
that ex tended south ward into the lower Odra River val ley.
Re search ers (Rosa 1963, Borówka et al. 2005) have sug -
gested that this event may have been di sas trous. The rapid
ingression may have been caused by dis rup tion and de struc -
tion of the sand bar be tween Odra Bank and the east coast of
Pom er a nian Bay dur ing ex tremely strong storms.

The main goals of this study were to de ter mine the char -
ac ter is tics and rate of the Late At lan tic ingression, and to as -

cer tain the im por tance of coastal Pre-Littorina la goons and
lake bas ins in the de vel op ment of the Bal tic Sea ingression.
Ear lier geo log i cal stud ies of Pom er a nian Bay were based on
diatomological (Broszinski et al. 2005) and malacological
(Krzymiñska, PrzeŸdziecki 2001, Borówka et al. 2005) anal -
y ses of a few cores taken from the east ern part of the bight.
These stud ies helped to dis tin guish tran si tional en vi ron men -
tal phases. How ever, re cent stud ies of the south ern Bal tic Sea 
have not fully ex plained the gen e sis and evo lu tion of Pom er -
a nian Bay dur ing the Ho lo cene. In par tic u lar, they have not
de ter mined the in ten sity of flood ing of the for mer ter res trial
en vi ron ment caused by the Late At lan tic ingression, or the
na ture of the early Ho lo cene depositional en vi ron ments lo -
cated in the ter res trial area.

MA TE RI ALS AND METH ODS

Site de scrip tion

Pom er a nian Bay (Fig.1) is a large and shal low ba sin sit u -
ated in the south-west ern part of the Bal tic Sea off the Pol ish
and Ger man coasts. The ba sin is lim ited to the south by the
mouth of the Odra River be tween Uznam and Wolin Is lands,
to the west by the Ger man is land of Rugia, and to the north by
Dan ish is land of Born holm. The bay is lo cated in the vi cin ity
of Ar kona Ba sin, Ea gle Bank and Born holm Ba sin. Its depth
is lim ited along the 30 m isobath. The main forms of bot tom
re lief are the Odra Bank, which rises to 7 m be low sea level
(b.s.l.) in the cen tral part of the ba sin, and the old Odra Val -
ley, which de scends to a depth of 20 m b.s.l in the west ern
part of the ba sin.



Sam ple col lec tion and anal y sis

We ex am ined three sed i ment cores taken from Pom er a -
nian Bay by the In sti tute for Bal tic Sea Re search (Warne-
münde, Ger many) aboard the re search ves sel FS “A. v.
Humboldt”. The cores were ob tained from Prorer Wiek, sit u -
ated 3.5 to 9 km from the east coast of Rugia in west ern Pom -
er a nian Bay (Fig. 1). Dis tances be tween cores did not ex ceed
5 km. Cores 246040 and 246040 were col lected at 16 m b.s.l.
and had lengths of 540 cm and 485 cm, re spec tively. Core
246060 was drilled be low 20 m b.s.l. and was 610 cm in
length. The cores were sub-sam pled to col lect 5–10-cm-thick 
sam ples, de pend ing on the li thol ogy.

Geo chem i cal anal y ses were con ducted in en tire sam ples
to de ter mine loss of ig ni tion, terrigenous sil ica, biogenic sil -
ica, so dium, po tas sium, mag ne sium, cal cium, iron, and man -
ga nese con tents. Dried sam ples were combusted at 550 °C to
de ter mine loss of ig ni tion. Terrigenous sil ica con tent was ob -
tained by di ges tion on wa ter bath in aqua regia, and biogenic
sil ica con tent was de ter mined by di ges tion in so dium hy -
drox ide. The main el e ments were mea sured us ing flame
atomic ab sorp tion spec trom e try (AAS) on di gested liq uid
sam ples.

Sam ples for di a tom anal y sis were pre pared ac cord ing to
the stan dard method de scribed by Battarbee (1986). Anal y -
ses were con ducted us ing an il lu mi nat ing mi cro scope Nikon
Eclipse E200 with 100× ob jec tives. Ap prox i mately 300 val-
ves per sam ple were counted. Tax on omy and eco log i cal
group ing were de ter mined ac cord ing to Krammer and Lange-
Bertalot (1991a, 1991b) and Witkowski et al. (2000).

Bulk sed i ment sam ples were dated at the Poznañ Ra dio -
car bon Lab o ra tory by 14C ac cel er a tor mass spec trom e try
(AMS) (Ta ble 1). Ra dio car bon dates were cal i brated with the 

com puter programme OxCal (Bronk Ramsey 1995) against
the Marine09 data set (Reimer et al. 2009), us ing the Bal tic
Sea re gional DR value of –100 ± 100.

RE SULTS

Geo chem i cal anal y sis

Core 246060 was taken from the great est wa ter depth
(20.7 m b.s.l.) of the three cores ana lysed in this study (Fig.
2). The geo chem i cal com po si tion of the core al lowed iden ti -
fi ca tion of 3 chem i cal zones (Fig. 3). The low est zone (L1 –
460–270 cm be low sea floor) con sisted of sandy and clayey
silt of an ol ive-grey col our, with ol ive-black peat gyttja at the
top. Terrigenous sil ica was the great est con trib u tor (90%);
cal cium con sti tuted only 3% of this part of the core, and the
con tri bu tions of loss of ig ni tion, biogenic sil ica, mag ne sium,
so dium, and iron were also low. The up per part (280 cm be -
low bed sur face) of this zone dated to 8999–8660 cal BP
(8300 ± 50 14C years BP).

The next zone (M1 – 270–160 cm) con sisted of ol ive-
grey mud with ma rine shells (Mytilus sp. and Cerastoderma
sp.) at the top. The sed i ments of this zone ex hib ited 12% loss
of ig ni tion and 8% biogenic sil ica con tent. Large con tri bu -
tions of mag ne sium (8%), so dium (0.4%), and iron (0.35%)
we also were found. In con trast, con tri bu tions of terrigenous
sil ica and cal cium were low. Sed i ments from a depth of 250
cm are dated to ca. 8315–8046 cal BP (7720 ± 50 14C years
BP).

The up per zone (M2) spanned a depth of 160 cm to the
sea floor. It con sisted mainly of ol ive-grey mud with shell de -
bris and Scrobicularia sp. shells. Sed i ments of this zone con -
tained more terrigenous sil ica than those of the M1 zone, but
lower quan ti ties of other com po nents (loss of ig ni tion did not
ex ceed 3%, biogenic sil ica 4%, and mag ne sium 0.5%).

The in ter face be tween zones L1 and M1 (270 cm depth)
rep re sents a sig nif i cant change in the en vi ron ment. The
chem i cal com po si tion of zone L1 sug gests a lac us trine en vi -
ron ment, whereas the com po si tions of zones M1 and M2 ap -
pear to re flect a ma rine/brack ish wa ter en vi ron ment. The
ob served dif fer ences be tween zones L1 and M1 thus sug gest
a shift from a lac us trine to ma rine en vi ron ment.

Cores 246040 and 246050 were taken from the shal -
lower parts of the ba sin. The sed i ments in these cores doc u -
ment also the tran si tion be tween lac us trine/ma rine en vi ron-
ment with a high quan tity of cal cium (max i mum 6%) and low 
quan ti ties of mag ne sium (1%) and iron (2%) (Fig. 3).

Di a tom anal y sis

We found three di a tom zones in the core (246060) taken
from the deep est part of the study area (Fig. 4). The low est
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Ta ble 1
Ra dio car bon and cal en dar ages of the ma te rial stud ied in the pres ent work

Sam ple code Type of ma te rial Depth be low bed sur face (m) Ra dio car bon age 14C (BP) Cal i brated age cal year Lab o ra tory code

246060/250 or ganic mud 2.50 7720 ± 50
8275-8139 (68.2%)
8315-8046 (95.4%)

Poz-33884

246060/280 gyttja 2.80 8300 ± 50
8961-8785 (68.2%)
8999-8660 (95.4%)

Poz-33885

Fig. 1. Lo ca tion of the study cores.



zone (DAZI; 460–370 cm be low sea floor) con tained only a
few fresh wa ter di a toms valves. DAZII (370–270 cm) con -
tained an abun dant di a tom flora dom i nated by fresh wa ter
spe cies, in clud ing Fragilaria lapponica, F. martyi, and Am -
phora pediculus. Dom i nant brack ish wa ter forms in cluded F. 
guenter-grassi and F. fasciculata.

Di a toms as sem blages abruptly switched from fresh wa -
ter to ma rine/brack ish wa ter spe cies in the tran si tional layer
(at 270 cm) be tween zones DAZII and DAZIII. This sig nif i -
cant change is re flected in emer gence of new ma rine di a tom
spec i mens and the dis ap pear ance of many fresh wa ter spe -
cies. Ma rine di a toms in cluded spe cies such as Diploneis
smithii, Cocconeis scutellum, Pseudosolenia calcar-avis,
and Paralia sulcata. The com po si tion of the brack ish wa ter
di a toms changed too, with the to tal dis ap pear ance of F.
fasciculata and the emer gence of Chaetoceros sp. spores.
Other brack ish wa ter di a toms such as F. guenter-grassii and
F. geocollegarum were pres ent through out the en tire core.
The abun dance of Chaeteceros sp. spores (66 %) that form
dur ing the change of en vi ron ment, ex plains the dis ap pear -
ance of many fresh wa ter and brack ish wa ter spe cies. Such a
sig nif i cant change in the di a tom as sem blages sug gests that a
ma rine en vi ron ment ap peared and that the fresh wa ter bas ins
be came an open ma rine bay. More over, the greater abun -
dance of plank ton forms in zone DAZIII in di cates greater ba -
sin depth dur ing the ma rine pe riod than dur ing the lac us trine
pe riod.

In core 246050 taken from the shal low est part of the
study area, di a toms were pres ent only in the thin layer of
gyttja. This gyttja con tained ben thic fresh wa ter di a tom spe -
cies such as Fragilaria martyi, F. brevistriata, F. pinnata and 
Am phora pediculus and brack ish wa ter spe cies such as F.
guenter-grassi and F. geocollegarum. The lim ited dis tri bu -
tion of di a toms may re flect a dy namic coastal en vi ron ment in
which di a tom valves were not pre served.

DIS CUS SION

Our in ves ti ga tions of sed i ment cores taken a few kilo -
metres from the west coast of Rugia Is land near Prorer Wiek
sug gest that the Littorina trans gres sion had a very large im -
pact on the en vi ron ment of Pom er a nian Bay. A sud den trans -
gres sion at the be gin ning of the Littorina pe riod is sug gested
by a shift of di a tom as sem blages from fresh wa ter to ma rine
taxa, and by the in creas ing lev els of mag ne sium and iron in
the sed i ment.

Core 246060 could be thus di vided into two main units: a 
lower lac us trine unit con tain ing geo chem i cal zone L1 and di -
a tom zones DAZI and DAZII; and an up per ma rine unit en -
com pass ing zones M1, M2 and DAZIII. The age, di a tom
as sem blage and geo chem i cal com po si tion of the lower unit,
de pos ited dur ing the Ancylus Lake stage, cor re spond to sed i -
ments of unit “E4” found in Tromper Wiek (Lemke et al.
1998). Sed i ments of the up per ma rine unit were de pos ited
dur ing the Littorina Sea stage and they are equiv a lent to unit
”E5” from Tromper Wiek (Lemke et al. 1998).

Dates ob tained from the ma rine unit place the be gin ning
of the Littorina trans gres sion at ca. 8300 cal BP. Dates from
the lower lac us trine unit (ca. 9000 cal BP) sug gests that this
en vi ron men tal change oc curred over a few cen tu ries.

Pre vi ous stud ies have placed the be gin ning of the Litto-
rina trans gres sion into the Pom er a nian area at ca. 7200 cal
BP (Borówka et al. 2005). The sim i lar ages of limnic de pos -
its from Pom er a nian Bay and Szczecin La goon (Kramarska
1998, Borówka et al. 2002, 2005) con sti tute fur ther ev i dence
for the rapid rate of this trans gres sion. Kramarska (1998) re -
ported the ex is tence of a la goon sep a rated from the ma rine
Littorina Sea Ba sin by the bar rier of Odra Bank un til ca. 5500 
cal BP (5100 ± 200 14C BP, cal i brated by au thors). How ever,
ma rine con di tions could have af fected this area at ca. 7000
BP (Kramarska 1998). Uœcinowicz (2006) also de scribed a
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Fig. 2. Li thol ogy and po si tion of in ves ti gated cores.
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Fig. 3. Geo chem i cal com po si tion of the sed i ment in stud ied cores.
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rapid sea level rise in north-west ern Eu rope at ca. 8500 to
6500 cal BP.

The Littorina trans gres sion strongly in flu enced the en -
tire south Bal tic coast, where it flooded for merly dry land in
many places. For ex am ple Witkowski et al. (2009) found
sed i ments of the first transgressive stage dated to 8640 cal BP 
in the area of the Rega River Val ley. A sim i lar date re ported
by Rotnicki (2008) for the Gardno–£eba Plain, in di cates the
emer gence of a ma rine en vi ron ment at 8550 cal BP.

The be gin ning of the Littorina trans gres sion is dated to
8650 cal BP on the Ger man coast in Wismar Bay (Lübke
2002, Lampe et al. 2005, Schmölcke et al. 2006, Lübke, Lüth 
2009). Lübke and Lüth (2009) dis cov ered sub merged pre his -
toric hu man set tle ments at a max i mum depth of 11 m be low
mod ern sea level in this area. The ear li est Mesolithic set tle -
ments date to 8350–7950 cal BP (Lübke, Lüth 2009). Ap par -
ently, sea level rise forced peo ple to aban don ear lier set tle-
ments (Schmölcke et al. 2006). The dates from Wismar Bay
are sim i lar to those from the Pol ish mid dle coast and Pom er a -
nian Bay, but dif fer from those ob tained from Szczecin La -
goon. These dis par i ties in the tim ing of trans gres sion in
dif fer ent sites could be be cause the tec tonic ac tiv ity of the
coasts be longs to dif fer ent neotectonic struc tural units (Wit-
kowski et al. 2009).

Lemke (1998) and Witkowski et al. (2005) re ported in
Mecklenburg Bay dates of Littorina trans gres sion sim i lar to
those from Szczecin La goon, where a dras tic rise in wa ter
level and change into full ma rine con di tions oc curred from
8300 to 7800 cal BP. Our study of the sed i ment pro files from
Pom er a nian Bay, re vealed di a tom as sem blages sim i lar to
that from Mecklenburg Bay. In both re gions, fresh wa ter
zones of Ancylus Lake con tained the same dom i nant di a tom
spe cies, such as F. martyi, F. brevistriata and A. pediculus.
Ma rine zones of the Littorina Sea con tained the same brack -
ish wa ter and ma rine taxa, such as D. smithii, P. sulcata and
P. calcar-avis. The strong sim i lar i ties in di a tom com mu nity
changes at the be gin ning of the Littorina pe riod in Pom er a -
nian and Mecklenburg Bays sug gest that the Littorina trans -
gres sion dras ti cally changed the en vi ron ment over larger
part of the south ern Bal tic coast. Ma rine di a tom as sem blages
al most com pletely re placed fresh wa ter com mu ni ties. We
sug gest that this trans gres sion in the Pom er a nian Bay area
oc curred sud denly within a short time span dur ing the Late-
At lan tic pe riod be tween 9000 and 8300 cal BP.

CON CLU SIONS

Our anal y sis of sed i ment cores from Pom er a nian Bay
iden ti fied two main units. The lower unit con sisted of sed i -
ments such as silt and gyttja that were de pos ited in fresh wa ter 
con di tions. In con trast, the up per unit of sandy silts and mud
was formed in ma rine con di tions. The di a tom com mu ni ties
and geo chem i cal com po si tion of the cores con firmed this di -
vi sion. The most im por tant fea ture was the sharp tran si tion
layer be tween fresh wa ter and ma rine pe ri ods, which oc -
curred at a depth of 270 cm be low the sea floor. In our opin -
ion, such a dis tinct tran si tion be tween en vi ron ments could
have been caused by a rapid ma rine trans gres sion that took
place dur ing the Late-At lan tic pe riod. This sce nario agrees

with data from other in ves ti ga tions con ducted in Szczecin
La goon and Wismar Bay.
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