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The pa per pres ents the re sults of sedimentological and biostratigraphical anal y ses from the Resko Przymorskie Lake spit
(NW Po land), sup ported by ra dio car bon datings. The study has aimed to rec og nize the geo log i cal struc ture of the spit and its
base and to rec og nize the palaeoenivronmental changes. Nine sed i men tary se ries com pos ing the Resko Przymorskie Lake
spit have been dis tin guished (I–IX). The old est sed i ments are the Vistulian Gla ci ation till (se ries I) and flu vio gla cial sand and
gravel (se ries II). In the Early Ho lo cene, in the study area there was a river val ley (se ries III) fol lowed by a shal low wa ter ba sin 
(se ries IV), which was re placed by a peat bog (se ries V). In the At lan tic (7.4 ka cal BP), the wa ter level rose (Littorina trans -
gres sion) and ac cu mu la tion of la goonal sed i ments started (se ries VI). Biostratigraphic anal y sis of de pos its in se ries VI in di -
cates a ma rine in flu ence. In the At lan tic and Subboreal, the spit moved south wards and fine sand (se ries VII) was de pos ited
on la goonal gyttja and silt (se ries VI). In the west ern part of the study area, peat ac cu mu lated (se ries VIII), dated at 6.7 ka cal
BP (Late At lan tic). The youn gest se ries IX is com posed of ae olian fine sand in white dunes that formed in the last 400 years.
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INTRODUCTION

Rel a tive sea level changes are among the ma jor ob jec tives
of the re search into the south ern Bal tic Sea coast. Uścinowicz
(2003) di vided the his tory of sea level changes in the south ern
Bal tic Sea into three stages. The first stage (13.0–8.5 ka BP)
was char ac ter ized by large and rapid sea level changes within
an am pli tude as wide as 25–30 m. The sec ond stage
(8.5–5.0 ka BP) was char ac ter ized by a con stant sea level rise
(which was ini tially fast – 15 mm/yr). In the third stage (last 5000 
years) the sea level slowly rose. De spite many stud ies
(Kramarska et al., 1995; Rotnicki, 1999, 2001, 2009; Cedro,
2003, 2004, 2005, 2012; Uścinowicz, 2003, 2006; Uścinowicz
and Miotk-Szpiganowicz, 2003; Bitinas and DamušytÅ, 2004;
Berglund et al., 2005; Hoffmann et al., 2005; Lampe, 2005;
Rotnicki et al., 2009; Lampe et al., 2011) the Ho lo cene sea level 
changes are still poorly in ves ti gated in some ar eas of the south -
ern Bal tic Sea. 

As a re sult of the sea level ris ing dur ing the Littorina trans -
gres sion, in tense coast abra sion took place. In this way, a large
amount of ma te rial was re leased that was then used to form the
spits (Wypych, 1973; Tomczak, 1995). At the end of the At lan -
tic, the spits were nar row and low and they were rap idly evolv ing 
(Uścinowicz, 2003).

Ac cord ing to Uścinowicz (2003), two ba sic spit types can be 
dis crim i nated dur ing the Subboreal: sta tion ary and land -
ward-mi grat ing spits. The first type with a well-de vel oped dune
sys tem emerged in ar eas where sandy ma te rial was sup plied in
large amounts. This type is rep re sented by the spits of Świna
Gate and Łebsko Lake. The sec ond type has poorly de vel oped
dune sys tems (fre quently lim ited to a foredune) evolved in ar -
eas with de fi ciency of sandy ma te rial. These spits de vel oped as 
trans gress ing spits, en ter ing the la goons in their hin ter land.
This type is rep re sented by the spits of Jamno Lake and
Bukowo Lake.

The geo log i cal struc ture and evo lu tion of the spits in the
south ern Bal tic Sea are also de scribed in de tail by Keilhack
(1912, 1914), Rotnicki (1999), Hoffmann (2004), Osadczuk
(2004, 2005), Hoffmann et al. (2005), Hoffmann and Barnasch
(2005), Hoffmann and Lampe (2007), Janczak-Kostecka and
Kostecki (2008) and Rotnicki et al. (2009).

The pres ent ar ti cle de scribes the re sults of de tailed stud ies
on the spit of Resko Przymorskie Lake lo cated in the east ern

* Corresponding author, e-mail: pawel.sydor@pgi.gov.pl

Received: December 2, 2014; accepted: March 20, 2015; first
published online: April 21, 2015



coast of Pom er a nian Bay. The ob jec tives of the study were to
rec og nize the geo log i cal struc ture of the spit and its base, as
well as the palaeoenivronmental changes.

In or der to solve this sci en tific prob lem, a sedimentological
study along with ostracod, mol lusc, di a tom and pol len anal y ses
and ra dio car bon dat ing (14C) were car ried out. Ap pli ca tion of
the multiproxy ap proach pro vided better un der stand ing of en vi -
ron men tal changes in the area of Pom er a nian Bay coast.

In the 1990s and 2000s, geo log i cal map ping was per formed 
in the study area for the Geodynamic Map of the Pol ish Coastal
Zone in the Bal tic Sea at the scale of 1:10,000, Dźwirzyno
Sheet (Dobracki and Zachowicz, 1997). One bore hole was
drilled in the area of the spit and an other in the bot tom of Resko
Przymorskie Lake. Sam ples re cov ered from those bore holes
pro vided in for ma tion for a few pub li ca tions de scrib ing this area.
These pa pers fo cused mainly on lithofacies de scrip tion,
seismo acoustic re search and fos sil fauna pres ent in the sed i -
ments (Krzymińska et al., 2003, 2011; Krzymińska and Przez -
dziecki, 2008). There were, how ever, no pub li ca tions that
based on a multiproxy ap proach.

Some in for ma tion about the en vi rons of the study area was
pre sented in a num ber of pub li ca tions from the Rega River val -
ley near Mrzeżyno (Cedro, 2003, 2004, 2005, 2012; Mianowicz
and Cedro, 2013), as well as in the study of the coast be tween
Niechorze and Mrzeżyno (Sydor and Kotrys, 2013) and in the
study of sed i ments ex posed in the cliff near Niechorze (Kopczy -
ńska - Lamparska, 1976; Brykczyńska, 1978; Cieśla and Mar -
ciniak, 1982; Kopczyńska-Lamparska et al., 1984; Ralska -
-Jasiewiczowa and Rzętkowska, 1987).

STUDY AREA

The study area is lo cated in NW Po land on the coast of
Pom er a nian Bay (Fig. 1). The area is de scribed as a spit coast
with two dune ridges, 5 to 10 m in height. The av er age beach
width is 55 m (Musielak et al., 2005). The area is ad ja cent to the
south ern shal low part of the Bal tic Sea where the till is over lain
by ma rine sand (fine to me dium sand), with a thick ness of less
than 1 m (Kramarska et al., 1995; Kramarska, 1999).

On the coast, the dom i nant fea ture is a melt wa ter val ley
(0.5–1.0 m a.s.l.). Its low est part is oc cu pied by Resko
Przymorskie Lake. The val ley feeds the Rega and Błotnica
rivers. The bot tom of the val ley is filled with peat. Di rectly to the
south of the val ley (and Resko Przymorskie Lake) there is a
mo raine up land el e vated up to 20 m over the sur round ing ter -
rain. The cen tral part of the up land is in cised by the Samowo
subglacial val ley (Dobracka, 1990, 1992).

METHODS

Two bore holes were drilled in the study area. The to tal re -
cov ery was 9.6 m (bore hole O4) and 15.6 m (bore hole O8) (Fig. 
1). The co or di nates of the drill sites (Figs. 2 and 3) are pro vided
in WGS84 Co or di nate Sys tem. The bore holes were sam pled
for sedimentological, pol len, di a tom, ostracod, mol lusc anal y sis 
and ra dio car bon dat ing (14C). The fol low ing ar chi val drill ing pro -
files were used to pro cess the re sults: bore hole (Bh) 4T drilled
for the Geodynamic Map of the Pol ish Coastal Zone in the Bal -
tic Sea at the scale of 1:10,000, Dźwirzyno Sheet (Dobracki and 
Zachowicz, 1997) and wa ter well pro files (Bh 780062, Bh
780143) from the Pol ish Geo log i cal In sti tute – Na tional Re -
search In sti tute hydrogeological da ta base – the Hy dro Data
Bank.

SEDIMENTOLOGICAL ANALYSIS

The study was per formed on 122 sam ples from sandy de -
pos its (O4 and O8 bore holes), in clud ing a grain-size anal y sis
(on 5 sam ples from the 4T bore hole, pub lished by Dobracki and 
Zachowicz, 1997) as well as ob ser va tions of round ing and frost -
ing of quartz grains from O4 and O8 bore holes.

Grain-size anal y sis. Sam ples were dried and sieved on
the Fritsch Vi bra tory Sieve Shaker Analysette 3 PRO. The
mesh in ter val of the sieves was 0.25 phi. For each sam ple, tex -
tural pa ram e ters were de fined ac cord ing to Folk and Ward
(1957). Ba sic frac tions were de ter mined us ing the Wen tworth
(1922) clas si fi ca tion. To dis tin guish sed i men tary en vi ron ments, 
di a grams of Folk and Ward tex tural pa ram e ters were made
along with fre quency and cu mu la tive curves. The cu mu la tive
curves were placed on the prob a bil ity scale. Their types were
de ter mined on the ba sis of the Sindowski (1958) clas si fi ca tion.

Round ing and frost ing of quartz grains. For each sam -
ple, a 0.5–0.8 mm frac tion was ob tained. To re move car bon ate
ad mix tures, the sam ples were washed with 10% HCl and then
rinsed with dis tilled wa ter. A hun dred grains were se lected un -
der the bin oc u lar, which were then as signed to classes us ing
the Cailleux (1942) clas si fi ca tion mod i fied by Balińska-Wuttke
(1963) and Goździk (1995). Ac cord ing to this clas si fi ca tion,
quartz grain sur faces are di vided into seven groups: shiny
grains (EL), tran si tional shiny grains (EM/EL), frosted grains
(RM), tran si tional frosted grains (EM/RM), an gu lar grains (NU),
bro ken grains (C) and oth ers.

OSTRACOD AND MOLLUSC ANALYSIS

The anal y sis was per formed on 46 sam ples from both bore -
holes (O4 and O8). The sed i ment was treated with 30% H2O2

(hy dro gen per ox ide) to di gest all the or ganic mat ter, and then
washed with wa ter on a 0.1 mm sieve. A Nikon bin oc u lar was
used to iden tify the spe cies pres ent in each of the sam ples. The
num ber of shells for each mol lusc and ostracod spe cies was
de ter mined sep a rately for each sam ple, with the bound ary
value of 100 spec i mens. The re sults were pre sented in di a -
grams pre pared with the POLPAL ap pli ca tion (Nalepka and
Walanus, 2003).

DIATOM ANALYSIS

The anal y sis was per formed for 40 sam ples from O4 and
O8 bore holes. Mi cro scopic slides were pre pared ac cord ing to
the pro ce dure pro posed by Battarbee (1986). Cal cium car bon -
ate was re moved by add ing 10% HCl. The sam ples were
treated with 30% H2O2 and boiled on a hot plate (un til the re ac -
tion was com pleted) to di gest all the or ganic mat ter. Af ter sev -
eral washings with dis tilled wa ter, a few drops of di a tom sus -
pen sion were dried on a coverglass. Per ma nent mi cro scope
slides were mounted in Naphrax. The di a tom iden ti fi ca tion was
per formed un der a Nikon Eclipse E-200 mi cro scope. In each
slide, up to 500 di a tom valves were counted.

In or der to iden tify the di a tom flora, we fol lowed Lange- -
Bertalot and Metzeltin (1996), Krammer and Lange-Bertalot
(2008a, b, 2010, 2011), Hofmann et al. (2011). Eco log i cal
groups of di a toms were de ter mined by means of the Omnidia
soft ware (ver sion 4.2) (Lecointe et al., 1993) and then the re -
sult ing groups were dis tin guished ac cord ing to Denys (1991/92) 
and van Dam et al. (1994). Plank tonic and ben thic groups were
dis tin guished ac cord ing to Round (1981). Sa lin ity pref er ences
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of di a toms were based on the van der Werff (1958), van der
Werff and Huls (1957–1974) clas si fi ca tion – see Denys
(1991/92). Eco log i cal pref er ences of un spec i fied spe cies in the
clas si fi ca tion of van der Werff (1958), van der Werff and Huls
(1957–1974) – see Denys (1991/92), were sup ple mented from
di a tom lit er a ture (Witkowski, 1994; Witkowski et al., 2000;
Kwadrans, 2007; Krammer and Lange-Bertalot, 2008a, b,
2010, 2011; Pliński and Witkowski, 2009, 2011, 2013a, b;
Hassan, 2010; Hofmann et al., 2011). Di a tom spe cies were
checked in elec tronic da ta bases: www.algaebase.org (Guiry
and Guiry, 2015) and www.marinespecies.org (WoRMS Ed i to -
rial Board, 2015).

POLLEN ANALYSIS

As the ma te rial was poor in pol len grains, the anal y sis was
made for 10 sam ples taken from O8 bore hole. The pol len anal y -
sis in O4 bore hole was not per formed be cause of the lack of
well-pre served pol len grains. The sam ples of or ganic de pos its
from O8 bore hole were treated with 10% KOH and 10% HCl and
then they were sub jected to acetolysis (Faegri and Iversen,
1989). The anal y sis was per formed by means of a Leica DME
op ti cal light mi cro scope un der 400´ mag ni fi ca tion. In each sam -
ple, con sist ing of two 22 ´ 22 mm mi cro scopic slides, about 300
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Fig. 1. Study area

Ar chi val pro files taken from stud ies of Dobracki and Zachowicz (1997 – Bh 4T) 
and the HYDRO Data Bank (Bh 780062 and 780143)



pol len grains and spores were counted. The ba sis for the quan ti -
ta tive cal cu la tion was the sum of all the iden ti fied pol len grains of
trees and shrubs (AP) as well as herbs (NAP). Fur ther more,
Pediastrum al gae and small pieces of char coal were ob served.
Re sults were pre sented in a per cent age di a gram pre pared with
the POLPAL ap pli ca tion (Nalepka and Walanus, 2003).

RADIOCARBON DATING (14C)

Five bulk sam ples from O4 and O8 bore holes were dated.
The dat ing was per formed at the Lab o ra tory of Ab so lute Dat ing
in Cianowice. Be cause there is no data from the coastal lakes in 
the south ern Bal tic Sea area, we de cided not to use the res er -
voir ef fect cor rec tion. All the ra dio car bon dates were cal i brated
in the OxCal v. 4.2.3. pro gram us ing the Intcal13 ra dio car bon
age cal i bra tion curve (Reimer et al., 2013). An age-depth model 
was also con structed for O4, O8 and 4T bore holes. 

In some of the cited pub li ca tions (Prusinkiewicz and Nory -
śkiewicz, 1966; Kopczyńska-Lamparska, 1976; Brykczyńska,
1978; Cieśla and Marciniak, 1982; Kopczyńska-Lamparska et
al., 1984; Ralska-Jasiewiczowa and Rzętkowska, 1987; Kra -
ma rska et al., 1995; Kramarska, 1999; Rotnicki, 1999; Witko -
wski et al., 2004; Cedro, 2004, 2005; Borówka et al., 2005a;
Luty ńska, 2008; Mazurek et al., 2008; Miotk-Szpiganowicz et
al., 2008) only con ven tional ra dio car bon age (14C years BP)
was used. This may dis turb the dis cus sion of the re sults. There -
fore, the dis cus sion be low in volves the cal i brated age (cal BP).
In the brack ets, we re fer to con ven tional ra dio car bon age and
lab o ra tory code of the sam ple.

RESULTS

SEDIMENTOLOGICAL ANALYSIS

Five lithofacies types (L1–L5) have been dis tin guished in the
sandy de pos its (Figs. 2 and 3) based on changes in grain size,
tex tural pa ram e ters and their re la tion ships, type and lo ca tion of
cu mu la tive curves and fre quency curves, ad mix ture of car bon ate 
rocks as well as round ing and frost ing of quartz grains.

Lithofacies L1. This lithofacies was iden ti fied in O8 bore -
hole at depths be low 8.03 m. The de pos its rep re sent coarse,
me dium and fine sand, mostly mod er ately sorted. They are
char ac ter ized by the great est share of the coarse frac tion
among all de scribed lithofacies. Sand and gravel of car bon ate
rocks are quite abun dant. Skew ness rep re sents neg a tively
skewed and nearly sym met ri cal curves. Kurtosis is typ i cal for
mesokurtic and leptokurtic curves (Figs. 3, 4 and 5Ba).

The anal y sis of the cu mu la tive curves shows that litho -
facies L1 is char ac ter ized by two types of curves: con cave -
-con vex (KV-KX type) and ini tially mod er ately in clined pass ing 
into con vex-curved (MG-KX type) (Fig. 5Aa). Fre quency
curves show multimodal dis tri bu tions. For most sam ples of
this se ries, five modes are dis tin guish able, which are fo cused
chiefly within the fol low ing par ti cle sizes: 0.25, 1.0, 1.5, 2.25
and 3.25 phi (Fig. 5Ba).

The re la tion ship be tween the mean size (Mz) and the stan -
dard de vi a tion (sI) shows a trend where the in crease of par ti cle
size di am e ter is ac com pa nied by the de crease in sort ing (Fig.
6A). Such a sit u a tion is typ i cal for river-chan nel de pos its – sys -
tem 1 ac cord ing to Mycielska-Dowgiałło (2007), with high vari -
abil ity of trans port en ergy (Ludwikowska-Kędzia, 2000; Myciel -
ska -Dowgiałło, 2007; Mycielska-Dowgiałło and Ludwikowska-
 Kędzia, 2011). For the pair of stan dard de vi a tion (sI) and skew -

ness (SkI), it can be seen that the points clus ter in two loose
groups char ac ter ized by an in crease in de posit sort ing with the
in creas ing skew ness (Fig. 6B). The re la tion ship of skew ness
(SkI) and mean size (Mz) shows a loose point group char ac ter -
ized by a vari able ten dency – the de crease in par ti cle size di am e -
ter and the de crease in skew ness is fol lowed by the skew ness in -
crease (Fig. 6C). 

The anal y sis of round ing and frost ing of quartz grains shows 
the dom i nance of two types of grains: EM/EL and NU. De spite
the mi nor ten dency of the up ward in crease in its pro por tion, the
EM/RM type shows con sid er able fluc tu a tions within the se ries.
The in creas ing ten dency is also shown by the RM type. The
share of other types of grains is low (Fig. 3).

Lithofacies L2. The lithofacies was iden ti fied in O4 bore -
hole at depths be low 7.93 m and in O8 bore hole at a depth of
7.57–8.03 m. It con sists of me dium and fine sand (Figs. 2 and
3) char ac ter ized by mod er ate sort ing. Skew ness is typ i cal of
neg a tively skewed and nearly sym met ri cal cur ves. Kurtosis for
most sam ples of this lithofacies is typ i cal of mesokurtic curves.
Un like lithofacies L1, these de pos its are finer, better sorted and
do not con tain ad mix ture of car bon ate rocks (Figs. 2–4 and
5Bb).  

Cu mu la tive curves of lithofacies L2 rep re sent the KV-MG
type (con cave-con vex pass ing into mod er ately in clined in the
mid dle and at the end) and the MG type (mod er ately in clined
curves) (Fig. 5Ab). Fre quency curves, as for the pre vi ous
lithofacies, are multimodal with modes fo cused in the fol low ing
frac tions: 0.5, 1.0, 1.5, 2.25 and 3.0 phi (Fig. 5Bb).

The re la tion ships of Folk and Ward pa ram e ters (Mz-sI,
sI-SkI and Mz-SkI) show the same trends as in the case of
lithofacies L1 (Fig. 6).

The anal y sis of round ing and frost ing of quartz grains im -
plies that NU and EM/EL grains are the most com mon in these
lithofacies. Sim i larly to lithofacies L1, sig nif i cant share fluc tu a -
tions in the EM/RM type is ob served. In com par i son to
lithofacies L1, the share of the EL and RM types is slightly
greater. The small est share is char ac ter is tic of C-type grains
(Figs. 2 and 3).

Lithofacies L3. This lithofacies was iden ti fied at depths of
6.85–7.0 and 7.45–7.9 m in O4 bore hole and 6.65–7.45 m in
O8 bore hole. The litho facies is rep re sented mainly by very fine
sand with ad mix ture of silt. The O8 bore hole con tains interbeds
of fine sand. Their thick ness does not ex ceed 10 cm. The de -
pos its are char ac ter ized by mod er ate sort ing. These are the fin -
est and most poorly sorted de pos its of all the lithofacies dis -
cussed here, and show the pre dom i nance of nearly sym met ri -
cal curves with a con sid er able share of neg a tively skewed
curves. Kurtosis is typ i cal for leptokurtic, mesokurtic and
platykurtic curves (Figs. 2–4 and 5Bc).

Cu mu la tive curves rep re sent the MG-KV type – ini tially mod -
er ately in clined curves pass ing into con cave ones (Fig. 5Ac).
Fre quency curves are multimodal with 4 to 5 modes (Fig. 5Bc). 

The re la tion ship be tween the mean size and stan dard de vi -
a tion shows a loose group of points with out a clear trend (Fig.
6A). The stan dard de vi a tion-skew ness re la tion ship shows a
skew ness in crease with in creas ing sort ing (i.e. de creas ing
stan dard de vi a tion val ues; Fig. 6B). The third re la tion ship, be -
tween the skew ness and mean size, shows a trend of de creas -
ing skew ness and mean size (Fig. 6C).

The anal y sis of round ing and frost ing of quartz grains shows 
the great est share of EM/EL and NU grains. The lithofacies
shows a topward in crease of the share of the EM/RM type and a 
de crease in the share of the NU type (Figs. 2 and 3).

Lithofacies L4. The lithofacies was iden ti fied in O4 bore -
hole at a depth of 2.8–5.47 m and in O8 bore hole at 0.0–4.8 m.
De pos its of this lithofacies are rep re sented mainly by
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well-sorted fine and me dium sand. The skew ness is typ i cal of
very neg a tively skewed curves. Kurtosis is rep re sented by
mesokurtic curves (Figs. 2–4 and 5Bd).

Cu mu la tive curves are of the SG-FG type – ini tially steeply
in clined curves (for larger grains) pass into flat-in clined (Fig.
5Ad). Fre quency curves are bi modal with the mode in the frac -
tions 2.25 and 2.75 phi (Fig. 5Bd).

The mean size-stan dard de vi a tion re la tion ship shows a
cloud of densely con cen trated points with a trend of de creas ing
de posit sort ing along with the in crease in mean size (trend no. 1 
ac cord ing to Mycielska-Dowgia³³o, 2007 as well as Mycielska -
-Dowgia³³o and Ludwikowska-Kêdzia, 2011; Fig. 6A). The re la -
tion ship be tween the stan dard de vi a tion and skew ness shows a 
cloud of scat tered points form ing the shape of a flat tened let ter

“U”. Ini tially, one can ob serve a slight in crease in de posit sort -
ing, and then a slight de crease with a con stant in crease in
skew ness (Fig. 6B). The skew ness-mean size re la tion ship
shows a cloud of points char ac ter ized by sim i lar val ues of mean 
size and dif fer ent val ues of skew ness (Fig. 6C).

The anal y sis of round ing and frost ing of quartz grains shows 
the con tin ued dom i nance of the NU and EM/EL types. The EL
type is the most com mon (as in the case of lithofacies E) within
the se ries. Com pared to the other lithofacies, the share of the
EM/RM, RM, NU and C types (Fig. 3) is at a sim i lar level.

Lithofacies L5. The lithofacies was iden ti fied only in O4
bore hole at a depth of 0.0–2.75 m. It con sist of very well-sorted
fine sand. This de posit is char ac ter ized by neg a tively skewed
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Fig. 2. Lithostratigraphic pro file of the O4 bore hole, re sults of 14C anal y sis, vari abil ity of sed i ment grain-size dis tri bu tion, 
its main sta tis ti cal pa ram e ters, round ing and frost ing of quartz grains, and sub di vi sion into lithofacies

C – bro ken grains, EL – shiny grains, EM/EL – tran si tional shiny grains, 
EM/RM – tran si tional frosted grains, NU – an gu lar grains, RM – frosted grains
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Fig. 3. Lithostratigraphic pro file of the O8 bore hole, re sults of 14C anal y sis, vari abil ity of sed i ment grain-size dis tri bu tion, 
its main sta tis ti cal pa ram e ters, round ing and frost ing of quartz grains, and sub di vi sion into lithofacies

Sym bol HCl+++ means long and in tense re ac tion with 10% hy dro chlo ric acid; for li thol ogy ex pla na tion see Fig ure 2



curves and mesokurtic curves. Within this se ries, the de pos its
of lithofacies L5 are char ac ter ized by the best sort ing.

Cu mu la tive curves of the se ries rep re sent type SG-FG. Fre -
quency curves are bi modal with their modes in 2.25 and
2.75 phi (Fig. 5Be).

The re la tion ship be tween the mean size and stan dard de vi -
a tion is rep re sented by a very dense cloud of points (Fig. 6A).
This is the re sult of small dy namic changes of the en vi ron ment.
The stan dard de vi a tion-skew ness re la tion ship shows a trend of
in creas ing sed i ment sort ing with the skew ness in crease (Fig.
6B). In the case of a pair of skew ness mean size, skew ness
fluc tu a tions that ac com pany small changes of the mean grain
size can be ob served (Fig. 6C).

The anal y sis of round ing and frost ing of quartz grains
shows the dom i nance of two types of grains: EM/EL and NU.
The share of type EL is the great est among all the dis cussed
lithofacies. There is a no tice able in crease to wards the top of the 
se ries in the share of EL, EM/EL, RM and EM/RM types, and a
de crease in NU and C types (Fig. 2).

OSTRACOD AND MOLLUSC ANALYSIS

In O4 bore hole ostracods and molluscs were found at depth 
5.50–6.37 m, in O8 bore hole at depth 4.70–5.90 m. In the other
in ter vals (both cores) there were no ostracods and molluscs. In
O4 bore hole 11 mol lusc spe cies (8 fresh wa ter and 3 ma rine),
and 4 ostracod spe cies (2 fresh wa ter and 2 ma rine) were iden ti -
fied, in O8 bore hole – 10 mol lusc spe cies (7 fresh wa ter and 3
ma rine), and 10 ostracod spe cies (8 fresh wa ter and 2 ma rine).

In the lower part of O4 pro file (depth 6.15–6.37 m; Fig. 7)
fresh wa ter molluscs such as: Bithynia tentaculata (operculum),
Theodoxus fluviatilis, Valvata cristata, V. piscinalis were found
with a pres ence of ma rine fauna (Hydrobia ulvae, Cerasto -
derma glaucum, Mytilus edulis). The dom i nant spe cies is the
ma rine ostracod Cyprideis torosa. In the mid dle part of the pro -
file (5.85–6.15 m) fauna was not ob served. In the up per part
(5.50–5.85 m) there was a mixed fauna (fresh wa ter and ma rine) 
with a high share of Cyprideis torosa. The pres ence of mol lusc
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Fig. 5. Cu mu la tive curves (A) and fre quency curves (B) of the lithofacies



spe cies such as Theodoxus fluviatilis, Valvata
piscinalis, Pisidium casertanum, Unio sp. f. pon -
der osa may be in dic a tive of riv er bank.

In O8 bore hole at a depth 4.70–5.90 m (Fig.
8) mixed fauna (fresh wa ter and ma rine) was
found. There were fresh wa ter ostracods such as
Can dona neglecta, Cyclocypris laevis, Darwinula
ste vensoni, Fabaeformiscandona caudata, Ilyo -
cypris decipiens, I. lacustris, Limnocythere inopi -
nata and Limnocytherina sanctipatricii and col lat -
er ally molluscs Valvata cristata, V. piscinalis, V.
piscinalis f. antiqua, Theodoxus fluviatilis, Pisi -
dium casertanum f. pon der osa. The dom i nant
spe cies was ma rine ostracod Cyprideis torosa.

In the stud ied bore hole sec tions (O4 and O8), 
we found both fresh wa ter and ma rine forms.
Fresh wa ter forms in cluded lake and flu vial spe -
cies. Among the typ i cal lake forms the gas tro pod
spe cies Valvata piscinalis f. an tique was iden ti -
fied. Typ i cal flu vial forms in cluded the gas tro pod
Theodoxus fluviatilis that lived on rocky bot tom of
rivers and lakes as well as a bi valve of the taxa
Unio and Pisidium casertanum f. pon der osa
which oc cupy silty bot tom of the riv er bank.

The pres ence of ma rine molluscs (Hydrobia
ulvae, Cerastoderma glaucum, Macoma baltica
and Mytilus edulis) and ostracods as well as high
abun dance of ostracod Cyprideis torosa and the
pres ence of Cytheromorpha fuscata in di cate a
short-lived con nec tion with the sea (in flow of ma -
rine wa ters). 

DIATOM ANALYSIS

In O4 bore hole, di a tom valves were found at a
depth of 2.50–6.54 m, in O8 bore hole at
4.16–6.00 m. No di a tom valves oc cur in the other
in ter vals.

O4 bore hole. The di a tom anal y sis was per -
formed on 24 sam ples. Di a toms were found in the 
fol low ing depth in ter vals: 2.50–3.20, 4.00–5.50
and 6.25–6.54 m. A to tal of 135 taxa have been
iden ti fied. Based on the spe cies com po si tion and
eco log i cal data, 3 di a tom as sem blage zones
(DAZ I-O4, DAZ II-O4, DAZ III-O4) have been
dis tin guished (Fig. 9). 

DAZ I-O4 cov ers a depth range of 6.25–6.54
m. De posit rep re sent ing this level is a dark grey
gyttja with frag ments of shells. At the bot tom of this 
di a tom zone, ben thic di a toms are dom i nant, mai -
nly Staurosira construens Ehrenberg and Stauro -
sira binodis (Ehrenberg) Lan ge - Bertalot. At the
depth of 6.44 m, there is an in crease in the per -
cent age of plank tonic di a toms (up to 69%) rep re -
sented mainly by Aulacoseira ambigua (Grunow)
Simonsen (55.9% of the en tire com mu nity). In the
other sam ples of this level, plank ton proper does not ex ceed
38%. DAZ I-O4 is char ac ter ized by the dom i nance of fresh wa ter
di a toms, such as: Aulacoseira ambigua (Grunow) Simo n sen, A.
granulata (Ehrenberg) Simo nsen, Pseudostaurosira brevistriata
(Gru n ow) Wil liams and Round and Staurosira con struens Ehren -
berg. In ad di tion there are also halophilous [Pseudostaurosira
para sitica (Smith) Mo rales], brack ish-wa ter [Pseudo staurosiro -
psis geocollegarum (Witkowski) Mo rales and Pseudostaurosira
sub salina (Hustedt) Mo rales], and ma rine di a toms [Cocconeis

peltoides Hustedt, Catenula adhaerens (Mereschkowsky) Mere -
schko wsky].

DAZ II-O4 is lo cated at a depth of 4.00–5.50 m (sand with
hu mus pass ing into grey fine sand). This level shows the great -
est vari abil ity of di a toms with the dom i nant fresh wa ter ben thic
flora rep re sented mainly by Am phora pediculus (Kützing) Gru -
now ex Schmidt, Staurosira construens Ehrenberg, Pseudo -
staurosira brevistriata (Grunow) Wil liams and Round, Am phora
copulata (Kützing) Schoe man and Archibald and Karayevia
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Fig. 6. Re la tion ships of Folk and Ward tex tural pa ram e ters
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Fig. 7. Spe cies com po si tion and per cent age con tent of ostracods and molluscs in O4 borehole

For li thol ogy ex pla na tion see Fig ure 2

Fig. 8. Spe cies com po si tion and per cent age con tent of ostracods and molluscs in O8 borehole

For li thol ogy ex pla na tion see Fig ure 2



clevei (Grunow) Round and Bukhtiya -
rova. This pha se is rep re sented by many
brack ish-wa ter  taxa – about 20% [Pseu -
do staurosiropsis geocolle garum (Witko -
wski) Mo rales, Fragilaria sopo tensis Wit -
ko wski and Lange-Bertalot, Cocco neis
hauniensis Witkowski] and ma rine taxa
(up to 22% of the com mu nity at a depth of 
5.40 m). Ma rine di a toms are rep re sented 
by Cate nula adhaerens (Meres chko -
wsky) Mereschko wsky and Cocco neis
peltoides Hustedt.

DAZ III-O4 (2.50–3.20 m) is rep re -
sented by grey fine sand pass ing to wards 
the top into sand with hu mus fol lowed by
peat and peat with fine sand interbeds.
The 3.20 m depth sam ple dif fers from the 
other sam ples within the zone. The pre -
vail ing spe cies is Aula coseira crenulata
(Ehrenberg) Thwaites, a fresh wa ter plan -
k tonic spe cies that com monly oc curs in
clean and cal cium-rich wa ters, usu ally in
small wa ter bas ins, less fre quently in the
lit to ral zone of lakes (Krammer and
Lange- Bertalot, 2008b; Pliñski and Wit -
kowski, 2009). In the in ter val of 2.50 to
3.00 m, ben thic spe cies are dom i nant
(above 80%), ac com pa nied by plank -
tonic taxa such as Aulacoseira ambigua
(Gru now) Simonsen and A. granulata
(Ehren berg). Both spe cies are typ i cal for
eu tro phic lake wa ter (Krammer and Lan -
ge - Bertalot 2008b; Pliñski and Witko -
wski, 2009). In terms of sa lin ity, pre dom i -
nance of fresh wa ter taxa is no ticed. To -
wards the top of the zone, an in crease in
the share of brack ish-wa ter di a toms is
ob served (Pseudostaurosira sub salina
(Hus tedt) Mo rales, Opephora muta bilis
(Gru now) Sabbe and Wyverman, Fra gi -
laria sopotensis Witkowski and Lange-
 Berta lot). Sin gle ma rine taxa have also
been found [Catenula adhaerens (Mere -
schko wsky) Mereschkowsky and Cocco -
neis pelto ides Hustedt].

O8 bore hole. The di a tom anal y sis
was per formed on 16 sam ples with 103
taxa iden ti fied. Di a toms were found in the 
in ter vals 4.16–4.65 and 5.60–6.00 m.
The spe cies com po si tion and dif fer ences 
in eco log i cal groups were used as a ba -
sis for dis tin guish ing 4 di a tom as sem -
blage zones (DAZ I-O8, DAZ II-O8, DAZ
III-O8, DAZ IV-O8; Fig. 10).

DAZ I-O8 is lo cated at a depth of
5.90–6.00 m (dark grey gyttja with frag -
ments of shells). Most com mon are fresh -
wa ter ben thic spe cies, such as Pseudo -
staurosira brevistriata (Grunow) Wil liams
and Round and Staurosira con struens
Ehrenberg, Staurosirella pinnata (Ehren -
berg) Wil liams and Round. More over,
they are ac com pa nied by bra ck ish -wa ter
spe cies (about 20%): Fragi laria sopo -
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Fig. 9. Per cent age con tent of var i ous eco log i cal groups and main di a tom taxa
 in the sed i ments of O4 borehole

For li thol ogy ex pla na tion see Fig ure 2



tensis Witkowski and Lange- Bertalot, Pseudo -
staurosira subsalina (Hus tedt) Mo rales.

DAZ II-O8 (5.60–5.80 m) is rep re sented by
dark grey gyttja with frag ments of shells. Ben -
thic fresh wa ter di a toms con tinue to dom i nate in
this zone [e.g., Pseudostaurosira brevis triata
(Grunow) Wil liams and Round, Staurosira
construens Ehrenberg, Stauro sirella pinnata
(Ehrenberg) Wil liams and Round]. 

DAZ III-O8 cov ers a depth range of
4.40–4.65 m rep re sented by fine sand with hu -
mus con tain ing shell frag ments. The dom i nant 
fresh wa ter ben thic flora (80–90%) is rep re -
sented by Pseudostaurosira brevistriata (Gru -
now) Wil liams and Round, Staurosira constru -
ens Ehrenberg, S. binodis (Ehrenberg) Lange -
- Bertalot and Staurosirella pinnata (Ehren -
berg) Wil liams and Round. An other group
(10–20%) is brack ish-wa ter di a toms, mainly
Fragilaria sopotensis Witkowski and Lange -
-Bertalot and Pseudostaurosira subsalina
(Hus tedt)  Mo rales. Iso lated valves of ma rine
di a toms have been iden ti fied in DAZ III-O8
[Catenula adhaerens (Mereschkowsky) Mere -
schkowsky, Cocconeis peltoides Hustedt].

DAZ IV-O8 is lo cated at a depth of
4.14–4.30 m (grey me dium sand). Fresh wa ter
di a toms still pre vail in this in ter val, in clud ing
mainly Pseudostaurosira brevistriata (Gru -
now) Wil liams and Round, Staurosira constru -
ens Ehrenberg, S. binodis (Ehrenberg) Lange -
- Bertalot and Staurosirella pinnata (Ehren -
berg) Wil liams and Round, but also halophi -
lous, brack ish-wa ter spec i mens (about 20%,
Navicula menisculus Schumann, Rhoicosphe -
nia abbreviata (C. Agardh) Lange - Bertalot) as
well as ma rine spe cies [about 10%; e.g., Cate -
nula adhaerens (Mere schko wsky) Mereschko -
wsky, Cocconeis pel to ides Hustedt] have been 
found.

POLLEN ANALYSIS

The pol len anal y sis on O8 bore hole shows
that pol len grains oc cur only at a depth of 5.84
to 6.29 m (Fig. 11). The lower part of this in ter -
val con tains strongly dried peat. Dry ing could
have had a de struc tive im pact on pol len and
spores. Gyttja sed i men ta tion in the up per part
of the in ter val was prob a bly too slow for the
pol len grains and spores to be pre served in
good con di tion.

The study re sulted in sep a ra tion of 33 taxa
and taxa groups within two lo cal pol len as sem -
blage zones (LPAZ 1 and LPAZ 2) dis tin -
guished ac cord ing to the method pro posed by
Jañczyk- Kopikowa (1987), which cor re spond
with the Ho lo cene lo cal veg e ta tion and cli ma tic 
changes.

LPAZ 1 (depth 6.24–6.29 m) is rep re -
sented by rel a tively well-pre served ma te rial
with the dom i nance of pine (Pinus sylvestris 
>50%) and an in creas ing per cent age of al der
(Alnus glutinosa type >20%). A large num ber
of pine pol len can plau si bly be at trib ut able to
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Fig. 10. Per cent age con tent of var i ous eco log i cal groups and main di a tom
taxa in the sed i ments of O8 borehole

For li thol ogy ex pla na tion see Fig ure 2
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dis tant trans port. The per cent age of other trees like oak
(Quercus), elm (Ulmus) and ha zel (Corylus avellana) in the
LPAZ 1 is low and does not ex ceed 5%. The only ex cep tion is
Tilia, whose share ex ceeds 6%. The other pol len grain as sem -
blages dem on strate no dis tinct veg e ta tion pat tern. Very low
per cent age of the char coal as sem blage in di cates in fre quent
fire events in the study re gion.

LPAZ 2 (depth 5.84–6.24 m) is char ac ter ized by a de crease 
in the share of pine to ap prox i mately 30%. The share of birch
(Betula alba type) reaches a value of 20%. There is also a high
share of oak, ha zel and elm. Fraxinus ex cel sior can be clearly
seen only in the mid dle of the LPAZ 2. Wa ter plants of
Myriophyllum verticillatum, Typha latifolia and Sparganiaceae
oc cur through out the whole study in ter val at a rel a tively low per -
cent age. The high est amount of char coal was found at a depth
of 5.99 m and cor re sponds to the max i mum oc cur rence of
Filicales (>40%).

RADIOCARBON DATING (14C)

To de ter mine the age of the de pos its, 3 sam ples of gyttja
and 2 sam ples of peat were taken for 14C dat ing. The sam ples
were col lected from the top and the bot tom of the lac us trine
sed i ments and from the peat lay ers in sands ly ing be low and
above the lac us trine sed i ments. 

Fur ther more, two ra dio car bon dates from peat in 4T bore -
hole (Dobracki and Zachowicz, 1997; Krzymiñska et al., 2003)
were also used along with one ra dio car bon date (fos sil soil)
from O4 bore hole made for the study “Geo log i cal pros pect ing
and stud ies of fos sil tsu nami de pos its on the Pol ish Coast of
Bal tic Sea” (Piotrowski et al., pers. comm., 2014). 

Ta ble 1 shows the re sults of datings. Be sides the con ven -
tional 14C dates, the Ta ble shows cal i brated years (cal BP). Fig -
ure 12 pres ents an age-depth model for O4, O8 and 4T bore -
holes.

In O4 bore hole, one sam ple yielded an in cor rect age. We
think that sam ple MKL-1502 (gyttja, Ta ble 1) is “older” than the
de po si tion time. Or ganic mat ter might have orig i nated from
redeposition of older sed i ments.

DISCUSSION

The anal y sis of col lected data has al lowed us to re con struct
palaeoenvironmental his tory of the Resko Przymorskie Lake
spit. The de pos its were di vided into nine sed i men tary se ries
(Figs. 13 and 14). The old est se ries (I–III) in the study area were 
ac cu mu lated in the Late Gla cial. Se ries I rep re sents till ac cu mu -
lated dur ing the Vistulian Gla ci ation (Dobracka, 1992). In the
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Fig. 11. Pol len di a gram of de pos its in the O8 bore hole

For li thol ogy ex pla na tion see Fig ure 2



east ern part of the study area, a de pres sion formed, filled with
flu vio gla cial sand (se ries II). 

As a re sult of the ice sheet deglaciation, the flu vio gla cial ac -
cu mu la tion (rich in frag ments of car bon ate rocks) was re placed
by flu vial sand (se ries III). The ra dio car bon date from the peat
layer that cov ers the sand sug gests that flu vial ac cu mu la tion
ended in the AllerÝd 13,144 cal BP (14C 11,280 ± 130 BP, sam -
ple MKL-1498). At that time, flu vial sand was de pos ited in many 
places in the south ern Bal tic Sea area. In the Gardno-Łeba
Coastal Plain area, sim i lar de pos its have been de scribed as, for 

in stance, Late Vistulian flu vial sand cov ered with a thin peat
layer. The top of the layer is at an el e va tion of –7 to –10 m a.s.l.
(Rotnicki, 1999, 2009; Rotnicki et al., 2009). In the Zalew
Szczeciński (Szczecin La goon), it has been re ported as flu vial
de pos its with a thin in ter ca la tion of limnic-swampy de pos its
dated to the AllerÝd. Their or i gin is re lated to the de vel op ment
of the Odra River val ley from the end of the last gla ci ation to the
AllerÝd. The top of the se ries is lo cated at an el e va tion rang ing
from –11 m a.s.l. in the  Zalew Wielki (Great La goon) to –6 m
a.s.l. along the west ern coast of the Szczecin La goon
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T a  b l e  1

Ra dio car bon dates of sam ples from the spit of Resko Przymorskie Lake

Bore hole
num ber

Lab o ra tory
code

Depth 
[m]

Metres
[a.s.l.]

Dated 
ma te rial

14C age 
[year BP]

68.2% prob a bil ity
[cal BP]

Mean
[cal BP]

O4* Poz-57665 1.85 0.25 hu mus
(soil) 305 ± 25

429–375 (48.9%)

365–360 (3.1%)

325–306 (16.2%)
389

O4 MKL-1501 2.75 –0.65 peat 5890 ± 90

6848–6814 (7.0%)

6802–6627 (57.6%)

6586–6568 (3.6%)

6713

O4 MKL-1502 5.50 –3.40 gyttja 7970 ± 150
9010–8626 (67.0%)

8619–8610 (1.2%)
8838

O4 MKL-1503 6.60 –4.50 gyttja 6570 ± 100 7574–7418 (68.2%) 7473

O8 MKL-1497 4.80 –3.05 gyttja 4380 ± 110

5270–5184 (14.4%)

5119–5113 (1.1%)

5064–4844 (52.7%)
5008

O8 MKL-1498 7.57 –5.82 peat 11,280 ± 130 13,284–13,035 (68.2%) 13,144

4T** Gd-7846 3.53 –3.28 peat 6210 ± 60

7240–7216 (7.4%)

7178–7143 (13.2%)

7130–7010 (47.6%)
7106

4T** Gd-7845 4.00 –3.75 peat 6480 ± 60 7435–7323 (68.2%) 7383

* hu mus dat ing ac cord ing to Piotrowski et al. (pers. comm., 2014); ** li thol ogy and dat ing ac cord ing to Dobracki and Zachowicz
(1997) and Krzymińska et al. (2003)

Fig. 12. Age-depth model for O4, O8 and 4T borehole

Late Pleis to cene and Ho lo cene sub di vi sion af ter Mangerund et al. (1974) and Latałowa (2003)
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Fig. 13. Com pi la tion of the re sults of sedimentological
and biostratigraphical anal y sis from O4 and O8
boreholes, with the sed i men tary se ries shown

For li thol ogy ex pla na tion see Fig ure 2



(Borówkaet al., 2001a, b, 2002, 2003, 2005a, b). In Usedom Is -
land (Pudagla Low land and Peenemünde Lowand) and Rügen
Is land (Mönchgut Pen in sula), Hoffman et al. (2005) found fine
and me dium sand with a peat layer whose ra dio car bon age is
14C 11,500 ± 65 BP. The top of the layer is lo cated at an el e va -
tion rang ing from –14 m a.s.l. in the Mönchgut Pen in sula to
–5 m a.s.l. in the Peenemünde Lowand.

From the AllerÝd to Mid dle At lan tic, the study area was cov -
ered by a shal low lake (se ries IV). The lack of di a tom valves in
the de pos its sug gests (acc. to Bradshaw et al., 2000) tur bid
con di tions in the lake. At that time, the whole re gion was cov -
ered by lakes. Fos sil lakes of sim i lar age have been de scribed
in the stud ies on the Pom er a nian Bay area be tween the Oder
Bank and the Pol ish coast by Kramarska et al. (1995) and
Kramarska (1999). On shore, fos sil lakes have been found in
the Niechorze area – fos sil lakes of Niechorze I and II (Kop -
czyñska -Lamparska, 1976; Brykczyñska, 1978; Cieœla and
Marciniak, 1982; Kopczyñska-Lamparska et al., 1984; Ralska -
-Jasiewiczowa and Rzêtkowska, 1987), as well as in the Rega
River val ley (Cedro, 2004, 2005). The pre vail ing en vi ron ment of 
the Szczecin La goon area was limnic-swampy in char ac ter
(Borówka et al., 2001a, b, 2002, 2003, 2005a, b; Witkowski et
al., 2003a, b, 2004; Woziñski et al., 2003).

In the Mid dle At lan tic 7473 cal BP (14C 6570 ± 100 BP, sam -
ple MKL-1503), the lake started to shal low and over grow (se -
ries V). The pres ence of whorled wa ter milfoil, Typha latifolia
and Sparganiaceae im plies the ex is tence of a swampy area
(Fig. 11). A change of en vi ron men tal con di tions oc curred dur -
ing the Mid dle At lan tic. Al der was re placed by birch, oak, elm,
ha zel and ash. Such changes in veg e ta tion may be in dic a tive of 
a much lower wa ter level.

In the Mid dle At lan tic dur ing the Littorina trans gres sion, the
wa ter level in the south ern Bal tic Sea rose (de pend ing pri mar ily
on glacio-eustatic sea level changes) at a rate of about
11 mm/yr (Uœcinowicz, 2003). As a re sult of this in crease, a wa -
ter ba sin de vel oped in the study area, in which gyttja with shells
and silt (se ries VI) was ac cu mu lated. The anal y sis of molluscs,
ostracods and di a toms dem on strated that a va ri ety of spe cies
(fresh wa ter, brack ish and ma rine) in hab ited the ba sin. This type 
of as so ci a tion may im ply the ex is tence of a shal low-wa ter la -
goon in this area. A sig nif i cant pro por tion of di a toms Aulaco -
seira ambigua (Grunow) Simonsen and A. gran u late (Ehren -
berg) Simonsen in the lower part of se ries VI (DAZ I-O4 – Fig. 9) 
may in di cate a small wa ter ba sin with alkalophilous eutrophic
con di tions, and wa ter level fluc tu a tions (Korhola, 1990; Sirviö
and Kajander, 2003). La goonal con di tions sug gest that the lake
was sep a rated from the Bal tic Sea by a spit that had al ready
formed, but it must have been lo cated to the north of its cur rent
po si tion. From time to time, the spit was bro ken by storms.
Interbeds of fine sand are the rem nants of those ep i sodes. The
ac cu mu la tion of se ries VI was as so ci ated with the Mid dle Ho lo -
cene sea level rise called the Littorina trans gres sion (Uœcino -
wicz, 2003). The first traces of the Bal tic Sea in flu ence in the
study area took place in the west ern part of the spit – 7473 cal
BP (14C 6570 ± 100 BP, sam ple MKL-1503). At that time, the
sea level in the study area reached –4.5 m a.s.l. In the mid dle
part of the spit, the sea in flu ence oc curred slightly later – at
7106 cal BP (14C 6210 ± 60 BP, sam ple Gd-7846). It cor re -
sponded with the sea level rise re ported for SE Rügen/Usedom
Is land (Hoffman et al., 2009), the Gardno-£eba Coastal Plain (i2 
trans gres sion; Rotnicki, 2009), Vistula La goon (Uœcino wicz and 
Miotk-Szpiganowicz, 2013) and Lith u a nian Mar i time Re gion (L2 
Littorina Sea trans gres sion; Bitinas and DamušytÅ, 2004). Fur -
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Fig. 14. Geo log i cal cross-sec tion along the spit of Resko Przymorskie Lake

Ro man nu mer als mark the sed i men tary se ries; lo ca tion of cross-sec tion shown in Fig ure 1 
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ther more, a ma rine in flu ence (in crease in sa lin ity) of sim i lar age
(de ter mined by means of  biostratigraphic anal y ses and ra dio -
car bon datings) was marked in the de pos its from Jamno Lake
(Miotk-Szpiganowicz et al., 2008), Szczecin La goon (Borówka
et al., 2001a, b, 2002, 2003, 2005a, b; Witkowski et al. 2003a,
b, 2004; Woziński et al., 2003; Miotk-Szpiganowicz et al., 2008;
Borówka and Cedro, 2011) and Curonian La goon (KabailienÅ,
1999). In the case of the Rega River val ley, which is di rectly ad -
ja cent to the study area, traces of the sea ingression were
marked ear lier (14C 7680 ± 40 BP – Cedro, 2004; Borówka and
Cedro, 2011) than in the study area, by fine sand with ma rine
mol lusc shells (e.g., Cerastoderma glaucum). The base of
these de pos its was at –8 m a.s.l. (Cedro, 2004).

Along with an in creas ing sea level, the spit of Resko
Przymorskie (se ries VII) mi grated to wards the south and cov -
ered the la goon de pos its. Ini tially, the spit de pos its oc curred
only in the west ern part of the study area. The lower part of the
spit de pos its con tain fresh wa ter, brack ish and ma rine di a tom
taxa. The pres ence of di a toms in these de pos its im plies that the 
ini tial phase of ac cu mu la tion of se ries VII took place at the bot -
tom of the la goon. In the Late At lan tic, 6713 cal BP (14C 5890 ±
90 BP, sam ple MKL-1501), the sea level in the study area rose
to –0.75 m a.s.l. The west ern part of the spit sta bi lized and the
ac cu mu la tion of peat (se ries VIII) started. The pres ence of
brack ish and ma rine di a toms in the peat in di cates in flows of
ma rine wa ters (Lutyńska, 2005, 2008; Janczak-Kostecka and
Kostecki, 2008; Mazurek et al., 2008). 

In the Late At lan tic and Early Subboreal (6–5 ka BP), the
rate of sea-level rise slowed down to about 2.5 mm/yr (Uści -
nowicz, 2003). In the Early Subboreal, 5008 cal BP (14C 4380 ±
110 BP, sam ple MKL-1497), the spit sand (se ries VII) cov ered
the la goon de pos its in the east ern part of the study area.

Peat and spit sand are cov ered by ae olian sand (se ries IX).
The sand form dunes of a height of up to 8 m. Based on the ra -
dio car bon date of fos sil soil (Fig. 13 and Ta ble 1), we can con -
clude that they are white dunes that de vel oped over the last 400 
years. It has been the time of in ten si fied ae olian pro cesses re -
corded in other places of the south ern Bal tic Sea coast such as
the Świna Gate (Keilhack, 1912, 1914; Prusinkiewicz and
Noryśkiewicz, 1966; Borówka, 2001; Osadczuk, 2004, 2005;
Reimann et al., 2011), the Curonian Spit (Bitinas, 2004; Moe et
al., 2005) and the Vistula Spit (Fedorowicz et al., 2009, 2012).

This in ten si fi ca tion was prob a bly de ter mined by a change of cli -
ma tic con di tions to LIA-type, ex pressed mainly by a de crease in 
mean tem per a ture and an in crease in the num ber of storms
(Clemmensen et al., 2001a, b; Bitinas, 2004; Moe et al., 2005;
Reimann et al., 2011; Fedorowicz et al., 2012).

CONCLUSIONS

The stud ies al lowed us to rec og nize the geo log i cal struc ture 
of the spit and its base, as well as the palaeoenivronmental
changes in the area of the Resko Przymorskie Lake spit.

The old est sed i ments in the study area are Late Gla cial de -
pos its rep re sented by the Vistulian Gla ci ation till, and flu vio gla -
cial and flu vial sands. In the AllerÝd (13.1 ka cal BP), a shal low
wa ter body was formed, which was re placed by a swamp in the
Mid dle At lan tic (7.3 ka cal BP). In the Mid dle At lan tic (ca. 7.5 ka
cal BP), the wa ter level was grad u ally ris ing (Littorina trans gres -
sion), a lake de vel oped at that time. Biostratigraphical anal y sis
has shown the in flu ence of ma rine wa ters (with brack ish and
ma rine spe cies), but the lake never had a di rect con tact with the 
Bal tic Sea. It was sep a rated from the sea by a spit.

In the At lan tic, the spit mi grated to the south.  Spit de pos its
were ac cu mu lated upon la goonal sed i ments. In the west ern
part the spit, sand is cov ered by peat de pos ited in the Late At -
lan tic (6.7 ka cal BP). The youn gest se ries in the study area is
fine-grained ae olian sand com pos ing white dunes that de vel -
oped over the last 400 years.

The anal y sis of the sed i men tary se ries and their spa tial
dis tri bu tion in the study area al lows us to draw a con clu sion
that the spit of Resko Przymorskie Lake be longs to the trans -
gress ing bar ri ers en ter ing the la goons in their hin ter land
(Uścinowicz, 2003).
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