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The influence of natural and anthropogenic factors on the distribution of sand grain size along sandy beaches is assessed,
based on study of three spits of the southeastern Baltic Sea: the Curonian, Vistula and the Hel. 330 sand samples were col-
lected from the beach and foredune at 1 km intervals. Our findings show that although the three spits have some characteris-
tics in common, e.g. a predominance of fine- and medium-grained marine sand on their beaches and foredunes, the grain
size distribution patterns of the recent sediments along these spits differ significantly. The key factors determining the grain
size distribution include the dominant hydrometeorological regime, anthropogenic activity and geological framework. Trends
in the mean grain size differentiation along the Vistula and Curonian spits directly correlate with the direction of the longshore
sediment transport: as the distance from sources of the longshore sediment transport increases, the size of sand particles,
both on the beach and the foredune, decreases. By contrast, on the Hel Spit, this pattern is disturbed in areas of
hydrotechnical construction and artificial beach nourishment. Sand differentiation along the beach can also be predeter-
mined by the geological framework, particularly in lithologically anomalous sections, such as the Juodkranté settlement on
the Curonian Spit.

=

Key words: longshore sediment transport, human activity, geological framework, lithological anomalies, shift regime detec-

tion.

INTRODUCTION

Studies of beach sediment grain size provide information
about sediment properties, depositional environment (Visher,
1969; Edwards, 2001; Alsharhan and El-Sammak, 2004; Fen-
steret al., 2016; Pupienis et al., 2017) as well as the nature and
energy flux of the factors influencing sediment transport (Nord-
strom, 1975; Gao et al., 1994; Cheng et al., 2004; Barusseau
and Braud, 2014; Du et al., 2015).

In the 20th century, many authors used different methods
based on grain size parameters to define beach sediment
transport patterns and pathways (Stapor and Tanner, 1975;
Self, 1977; McCave, 1978; McLaren, 1984; McLaren and
Bowles, 1985; Nordstrom, 1989; Pedreros et al., 1996; van
Lancker et al., 2004). Different authors (McLaren and Bowles,
1985; Gao and Collins, 1992; Le Roux, 1994; Asselman, 1999)
used various methods for the analysis of grain size trends. The
two most often distinguished dominant trend types depend on
the sedimentary environment and specific sediment transport
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processes (Le Roux and Rojas, 2007). MclLaren (1981) pro-
posed a simple one-dimensional method for the analysis of
sediment transport trends, which was later modified by Gao and
Collins (1992, 1994) and Asselman (1999). These methods
have been widely used to determine sediment transport in dif-
ferent sedimentary environments and are in agreement with di-
rect measurements of processes and numerical modelling re-
sults (Mallet et al., 2000; Rios et al., 2002; van Lancker et al.,
2004; Hequette et al., 2008; Maillet et al., 2011; Poizot et al.,
2013). Sediment trend analysis methods (McLaren and Bowles,
1985; Gao and Collins, 1992) were used to determine patterns
of the longshore and cross-shore sediment transport in the Pol-
ish, Lithuanian and Russian nearshore zone of the Baltic Sea
by Baraniecki and Racinowski (1996), Kairyté and Stevens
(2015) and Kovaleva et al. (2016). However, when applying the
above-mentioned methods for the determination of sediment
transport vectors, researchers often come across unexpected
circumstances, e.g. anomalies in lithology or depositional envi-
ronment and anthropogenic activity, which might be interpreted
as divergence or convergence zones of sediment fluxes (Viska
and Soomere, 2013; Ostrowski et al., 2014; Kovaleva et al.,
2016; Krek et al., 2016). The distribution of beach sand grain
size along the Baltic Sea coast on three spits (the Hel, Vistula
and the Curonian) has been investigated in part (Zilinskas et al.,
2001; Jarmalavi¢ius and Zilinskas, 2006; Kobelyanskaya et al.,
2009, 2011; Zhamoida et al., 2009; Rucihska-Zjadacz and
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Rudowski, 2015; Kovaleva et al., 2016; Rudowski et al., 2016;
Pupienis et al., 2017). It was found that sand differentiation on
the beach is affected by hydrometeorological factors (Kobe-
lyanskaya et al., 2011; JarmalaviCius et al., 2012a; Furman-
czyk, 2013; Jarmalavicius et al., 2015; Rucinska-Zjadacz and
Rudowski, 2015; Kovaleva et al., 2016), anthropogenic activity
(Furmanczyk, 1995; Blazhchishin, 1998; JarmalaviCius and
Zilinskas, 2006; Zilinskas et al., 2010; Pupienis et al., 201 7)and
the geological framework (Furmanczyk and Musielak, 2015;
Zilinskas et al., 2016b; Jarmalavi¢ius et al., 2017a). In order to
avoid ambiguous interpretations of longshore sediment trans-
port, itis recommended to use several different sediment trans-
port analysis methods and take into consideration statistical va-
lidity (Le Roux and Rojas, 2007) when assessing trends.

This paper examines the impact of natural and anthro-
pogenic factors on the distribution of sands of different grain
size distribution along beaches based on study of three spits in
the southeastern Baltic Sea: Hel, Vistula and Curonian. The
aim of the paper is to determine the impact of natural and
anthropogenic factors on the distribution of sand of different
grain size distributions and to identify lithological anomalies in-
terrupting the continuous longshore sediment transport along
the southeastern Baltic Sea spits using sequential grain size
data analysis and the regime shift detection method.

STUDY AREA

The main recent geological geomorphological features of
the spits (Curonian, Vistula and Hel) in the southeastern Baltic
Sea formed almost simultaneously (~6.7-6.0 ky), i.e. at the end
of the maximal Litorina Sea transgression and during the sub-
sequent period of its regression (Pazdro, 1948; Rosa and
Wypych, 1979; Tomczak, 1995; Gudelis, 1998; Badyukova et
al., 2007; Damusyte, 2011; Sergeev, 2015). These spits devel-
oped from transgression bars (Badyukova et al., 2008, 2017;
Furmanczyk and Musielak, 2015), formed by the Holocene sea
level fluctuations at the mouths of the historic Baltic Sea rivers
(Palaeo-Vistula, Palaeo-Pregolya and Palaeo-Nemunas), and
the tops of the eroded historic morainic ridges (between
Zelenogradsk-Lesnoy and Rybachy-Venté Cape) on the Curo-
nian Spit (Gudelis, 1998; Sergeev, 2015). The recent litho-
logical and morphological conditions of these spits are also
comparable. The beach predominantly consists of quartzose
sand (enriched with heavy minerals) which is related to the
Litorina Sea and the Post-Litorina Sea stage (Kobelyanskaya et
al., 2009, 2011; Damusyté, 2011; Furmanczyk and Musielak,
2015). On all the spits, the beach is backed by the vegetated
foredune. As the tide-ebb amplitude at the southeastern Baltic
coasts reaches only 3.5 cm (Hupfer, 1979), wind-generated
waves and aeolian processes are the main beach-forming fac-
tors on the Hel, Vistula and Curonian spits (Furmanczyk and
Musielak, 1999, 2015; Kobelanskya et al., 2009; Jarmalavicius
et al., 2017Db).

The 36 km long Hel Spit is situated in the western part of
Gdansk Bay in the southern Baltic (Fig. 1). The beach width
ranges from 25 to 65 m. The elevation of the foredune varies
from 2 to 10 m (Boniecka and Kazmierczak, 2015), and in
some places, reaches 13 m above sea level (Szmytkiewicz et
al., 1999).

The 55 km long Vistula Spit is separated from the Sambia
Peninsula by the Baltiysk Strait (Fig. 1). The northern, 25 km
long part of the spit belongs to Russia and the southern part
(30 km long) to Poland. The beach width varies from 10 min the

northeastern part to 43—45 m in the central and southwestern
parts. The beach is backed by one or two foredune ridges. The
relative foredune height varies from 4 to 14 m (Kobelyanskaya
etal., 2011).

The Curonian Spit (98 km long) is located between the
Sambia Peninsula and the Klaipéda Strait (Fig. 1). Its northern
part (51 km long) belongs to Lithuania and the southern part
(47 km) is within the territory of Russia. The beach width varies
from 20-35 m in the southern to 35-50 m in the central and
60-80 m in the northern parts of the Curonian Spit. The eleva-
tion of the foredune varies from 4—6 m in the southernto 7-10 m
in the central and 14—16 m in the northern parts of the spit. The
recent abundance of sand on the northern part of the Curonian
Spit is explained by the impact of the Klaipéda port jetties, which
intercept longshore sediment drift (Jarmalavicius et al., 2012b).

MATERIAL AND METHODS

Surface sand samples were collected from the sea shore of
the Curonian Spit in the spring of 2014 (196 sand samples),
from the Hel Spit of Poland in the summer of 2014 (74 sand
samples), and from the Vistula Spit in Poland (60 sand sam-
ples) in the autumn of 2014. The sand samples were collected
from the middle of the beach (thereinafter referred to as the
beach) and the foredune toe (thereinafter referred to as the
foredune) at equal 1 km long intervals (Fig. 2). The methodol-
ogy of sand sample collection is described in Pupienis et al.
(2013) and Jarmalavicius et al. (2015, 2017a). However, sand
surface samples were not taken from the Russian part of the
Vistula Spit. The sand samples were collected in calm weather
conditions (wind speed <5 m/s). They were dried and then
sieved using a “Fritsch Analysette 3 Spartan Pulverisette 0”
electric shaker. The grain size statistics were calculated using
the GRADISTAT 8.0 interpreter (Blott and Pye, 2001).

The patterns of sand grain size distribution along the beach
and the foredune were determined based on the mean sand
grain diameter (d) and sorting (So) coefficient. Unlike in previ-
ous studies, sand samples were collected at equal distance in-
tervals. Therefore, in data analysis, we could employ the sedi-
ment trend analysis method proposed by MclLaren (1981) and
McLaren and Bowles (1985). According to McLaren and Bowen
(1985), sediments should be finer and better-sorted (due to win-
nowing and selective sand transport) down the transport direc-
tion. For the determination of possible discontinuities in series
of data on sand grain size variation along the coast, we used the
sequential analysis method of regime shift detection (Rodionov,
2004). Although this method is most often employed in time se-
ries analysis, it can be adapted to the analysis of spatial data if
measurements were carried out at equal distances. It is worth
noting that this method may not work if transition from one re-
gime to another is more gradual. In other words, this method is
suitable for the identification of abrupt changes (anomalies) in
the data series analysed. The analysis was carried out using the
regime shift index, where the cut-off length is 5 and the signifi-
cance level p = 0.05, which means that all regime shifts with the
magnitude of one standard deviation or less will be filtered out if
they cover <5 km (Radionov, 2004). The 2-3 km long small-
-scale erosional-accretionary cells formed along sandy coasts,
which are mainly affected by wave processes, reflect the impact
of short-term changes in hydrometeorological conditions on
sedimentation processes (Homma and Sonu, 1963; Walton,
1999; Pupienis et al., 2016). Since one of the aims of this study
was to assess the impact of large-scale longshore sediment
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Fig. 1. Location of the study area (A, B); surface sand sample collection sites (dashes)

on the Hel (C), Vistula (D) and Curonian (E) spits
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Fig. 2. Longshore variation in mean grain size (1) and sorting
(2) on the Hel (A), Vistula (B) and Curonian (C) spits

The longshore distance (0 km) is shown from spit roots

transport on the distribution of sand particles, in our research
we chose the 5 km cut-off length, i.e. double the averaged ero-
sional-accretionary cell length, to smooth small-scale noise.

RESULTS

Analysis of the data collected showed that on all the three
spits, the coarsest sand accumulates on the beach, and the fin-
est sand on the foredune (Table 1). The beach sand was found
to be mainly composed of medium-sized grains. The coarsest
sand with a mean grain size (d) of 0.34 mm dominated the en-
tire Curonian Spit, and the finest sand (mean grain size d =
0.30 mm) the Hel Spit. The beach sand on the Polish part of the
Vistula Spit was composed of fine-to medium-sized grains with
a mean grain size of 0.32 mm. The greatest change in grain

Table 1

Variation in the sand mean grain size (d, mm) and sorting (So)
on the southeastern Baltic spits coast

Hel Vistula Curonian

Spit d | So| d | So| d | so

min | 023 | 1.18 | 0.24 | 1.22 | 0.18 | 1.24

Beach max | 0.45 | 1.50 | 0.55 | 1.48 | 0.78 | 2.07
mean | 0.30 | 1.33 | 0.32 | 1.33 | 0.34 | 1.39

min | 020 | 1.17 | 0.22 | 1.21 | 0.18 | 1.18

Foredune | max | 0.31 | 1.51 | 0.40 | 1.45 | 0.49 | 1.52
mean | 0.26 | 1.26 | 0.27 | 1.29 | 0.30 | 1.32

size (o = 0.08) along the coast was recorded on the Curonian
Spit, and the lowest on the Hel Spit (c = 0.04).

On all the spits, beaches were dominated by well (1.27< So
<1.41) and moderately well-sorted sand (1.41< So <1.62); while
the most poorly sorted sand was found on beaches of the
Curonian Spit (mean So = 1.39). The moderately (1.62< So
<2.00) and poorly (2.00< So <4.00) sorted sands were confined
to Juodkranté beach stretches with the coarsest fraction. The
coarse sand (d > 0.50 mm) on the Vistula Spit was well-sorted
(1.27< So <1.41) at the 19th km and moderately well (1.41< So
<1.62) at the 25th km of the beach (Fig. 2).

On the all spits, the variety of foredune sands was low with
no coarse sand found. On the Vistula Spit, the finest sand (d <
0.25 mm) dominated the beach stretch between Katy Rybackie
and Krynica Morska (between 0 and the 12th km) and the
beach stretch between the 79th km and the distal end (Kop-
galis) of the Curonian Spit. Very well (So <1.27), well (1.27< So
<1.41) and moderately well (1.41< So <1.62) sorted sand domi-
nated the foredune on all the spits studied (Fig. 2). The smallest
variation in the foredune sand grain size was recorded on the
Hel Spit (c = 0.04), slightly greater (c = 0.06) on the Curonian
Spit.

No correlation (r = 0.00) and very weak (r = 0.22) insignifi-
cant correlation were determined between mean grain sizes of
beach and foredune sands on the Hel and Vistula spits (Fig. 3).
However, a statistically significant, strong positive (r = 0.67;
p<0.05) correlation was revealed between mean grain sizes of
beach and foredune sands on the Curonian Spit. A significant,
moderate positive correlation (r=0.43; p<0.05) was determined
between the beach and foredune sortings on the Curonian Spit.
Meanwhile, on the Hel and Vistula spits, this correlation was
very weak and weak positive insignificant. A strong positive sig-
nificant (r = 0.69; p<0.05) correlative relationship was detected
between the beach mean grain size and the sorting on the Hel
and Curonian spits. A very weak positive (r = 0.12) correlation
between the beach mean grain size and the sorting on the
Vistula Spit was not significant at p<0.05 (Fig. 3).

The very weak correlative relationship revealed between all
the parameters analysed of sand on the Vistula Spit could be
explained by a relatively short sampling stretch, because only
the Polish part of the spit was surveyed. A weak relationship be-
tween the distribution of the foredune and beach sand d (mean
grain size) along the Hel and Vistula spit coasts is explained by
differences in factors responsible for sand differentiation on the
foredune and on the beach. The primary sand grain sorting
takes place during the process of sand exchange between the
sea and the shore, which is conditioned by the hydrodynamic
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Fig. 3. Relationships between beach and foredune grain size parameters (mean grain size, d and sorting coeficient, So)

regime in the nearshore. Secondary sorting of sand takes place
when beach sand is transported by the wind to the foredune. It
should be noted that the size of wind-carried sand grains de-
pends on the strength of the winds prevailing in the region and
their fetch distance. Therefore, on all the spits investigated, the
variety of beach sands and the mean grain diameter were found
to be greater than those on the foredune (Table 1). As a result,
two environments characterized by different sand compositions
are formed on the seashore. Different beach sands are prod-
ucts of the action of hydrodynamic factors (waves, set-up and
run-up), while different sands on the foredune are the outcome
of aeolian processes. Being products of aeolian differentiation,
foredune sands are more homogeneous than beach sands.
Consequently, the impacts of the longshore flow, anthropo-
genic factor and geological framework on the longshore fore-
dune sand differentiation may be not recorded. Therefore, our
further analysis is focused on the longshore grain size variation
of the beach sand.

The mean grain size of the beach sand on the Curonian Spit
tends to become finer in the northern direction and this trend is
statistically significant (p<0.05). The linear trend of the beach
sand sorting for the entire Curonian Spit coast is statistically in-
significant (p>0.05). The same trends were determined for the

mean sand grain size and the sorting on the Vistula Spit. How-
ever, on the Vistula Spit, these trends follow the opposite direc-
tion compared to those on the Curonian Spit, i.e. the sand grain
size becomes finer and better sorted in the southwestern direc-
tion (Fig. 2). The linear trend of the beach mean grain size is
statistically significant (p<0.05) for the entire Hel Spit coast,
therefore the sand sorting is statistically insignificant (p > 0.05).

The regime shift analysis revealed evident break points in
the trend of the mean grain size distribution along the Hel and
Curonian spits (Fig. 4). The mean sand grain size on the Hel
Spit beach stretch between Wtadystawowo and the 8th km is
0.29 mm. Within a short distance (between the 8th and the12th
km), the beach sand becomes coarser, and the mean grain size
significantly increases to 0.38 mm. However, on the beach
stretch extending from the 12th km to the distal end of the spit,
the mean grain size decreases to 0.29 mm. Hence, all signifi-
cant abrupt changes in the mean grain size distribution along
the Hel Spit were determined (Fig. 4).

Along the Curonian Spit, we determined three break points
in the trend in the mean grain size distribution. We carried out
the regime schift analysis and detected significant changes in
the mean grain size on the beach stretch between Zeleno-
gradsk (0 km) and Pervalka (62th km). The average of the
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mean grain size values on the beach stretch between Zeleno-
gradsk (0 km) and Pervalka (62th km) is 0.35 mm, and it de-
creases by ~70% (the average grain size is 0.25 mm) within a

62-68 km distance. A significant increase of 52% in the beach
mean grain size (from 0.25 to 0.48 mm) was recorded on the
beach stretch between the 68th and the 77th km at Juodkranté
(Fig. 4). The last abrupt changes in the mean grain size distribu-
tion trend were determined on the beach stretch between the
78th km and the distal end of the Curonian Spit, where the aver-
age mean grain size was finer. Over the length of the last sur-
veyed beach stretches, the mean grain size proved to have de-
creased from 0.48 to 0.24 mm. Hence, no significant changes
were determined along the Polish part of the Vistula Spit.

DISCUSSION

The grain size distribution is a function of hydrometeorologi-
cal conditions (Sallenger, 1979; Komar and Wang, 1984; Mc-
Laren and Bowles, 1985), geological framework (Musielak,
1989; Harris et al., 2005; Badyukova et al., 2007; Damusyte,
2011; Furmanczyk and Musielak, 2015; Sergeev, 2015; Jarma-
lavicius et al., 2015, 2017b) and recent human activity (Zawa-
dzka, 1996; Ostrowski et al., 2012; JarmalavicCius et al., 2012b;
Pupienis et al., 2017). Generally, beach sands tend to become
finer and better sorted in the direction of longshore sediment
transport (i.e. Vistula and Curonian spits). Coarser sands pre-
vailed on eroded coastal stretches and fine-grained sands on
accumulative coastal stretches (Komar and Wang, 1984;
Basinski, 1995; Ostrowski and Skaja, 2011; JarmalaviCius et
al., 2012a; Pupienis et al., 2017). The dominant hydrometeoro-
logical regime is one of the key causative factors in the differen-
tiation of sand grains on the spits during longshore sediment
transport (Fig. 5), which depends on prevailing winds and wave
direction (Gorecka, 1995; Subotowicz, 1995; Babakov, 2010;
Ostrowski et al., 2010, 2014; Krek et al., 2016). The insignificant
mean grain size trend along the Hel Spit is not indicative of the
existing longshore sediment transport because it is affected by
human activity. Although the trend in the mean sand grain size
distribution along the Hel Spit coast is insignificant, longshore
sediment transport was dominant on all the spits investigated.
Therefore, according to Subotowicz (1995), the direction of the
longshore sediment transport along the Hel Spit is from NW to
SE (from the cliffs NW of Wiadystawowo to the distal end of the
Hel Spit). Sediments washed away from the Hel Spit itself and
from the respective coastal moraine cliffs act as the source of
longshore sediment transport on the Hel Spit (Subotowicz,
1995). The significant trends determined in the mean grain size
distribution along the Curonian and Vistula spit coasts coincide
with the directions of the longshore sediment transport. Ostro-
wski et al. (2014) suggest that longshore sediment transport
goes in two opposite directions from Cape Taran (the first one
southwards from Cape Taran along the Vistula Spit; Fig. 5), the
other one northwards from Cape Taran to the distal end of the
Curonian Spit (Ostrowski et al., 2014; Krek et al., 2016). Sedi-
ments from the eroded western coast of the Sambia Peninsula
and the huge sand deposits, accumulated in the 20th century,
during the multi-year operation period of the amber mining fac-
tory at Yantarny (Boldyrev and Bobykina, 2008), represent
sources of southwards sediment transport along the Vistula
Spit coast. It should be pointed out that the data presented on
the distribution of the mean sand grain size on the Vistula Spit
refer only to its southern part (the Polish—Russian border zone).
However, the data on the mean sand grain size distribution
along the Russian part of the Vistula Spit (Kobelyanskaya et al.,
2011) are sufficient to conclude that on this stretch (between
the Strait of Baltiysk and the Polish-Russian border zone), the
relatively even decrease in sand grain size coincides with the di-
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Fig. 5. Direction of alongshore sediment transport

1 —longshore sediment transport according to Knaps (1965), Subotowicz (1995), Jednorat (1996), Ulsts (1998), Zawadzka-
-Kahlau (1999), Ostrowski et al. (2014), Krek et al. (2016); 2 — longshore sediment transport according to Bogdanov et al.
(1986), Bogdanov (2008); 3 — longshore sediment transport according to Kirlys (1968), Gudelis et al. (1977); 4 — longshore
sediment transport according to Viska and Soomere (2013)

rection of the longshore sediment transport. According to
Ostrowski et al. (2014) and Krek et al. (2016), the sediments
washed away from the northern part of the Sambia Peninsula
coastal zone represent the source of the northwards longshore
sediment transport to the distal end of the Curonian Spit (Fig.
5). Therefore, there is another opinion that there are two oppos-
ing sediment flows moving along the Curonian Spit, which, in
accordance with the data reported by various authors (Kirlys,
1968; Gudelis et al., 1977; Bogdanov et al., 1986; Viska and
Soomere, 2013), converge in the area between Nida and
Juodkranté (Fig. 5).

To prove or reject the existence of flux convergence and di-
vergence on the spits under analysis, we investigated regime
shift. The Vistula Spit trend continuity was found to be undis-
turbed. On the one hand, this pattern suggests a continuous
grain size increase along the Vistula Spit. On the other hand, it
may indicate that abrupt shifts in trends were not detected be-
cause of the Vistula Spit data sample size was too small. How-
ever, the Polish researchers Jednorat (1996), Zawadzka-
-Kahlau (1999) and Ostrowski et al. (2014 ) stated that the area
between Krynica Morska and Katy Rybackie settlements is a

place of convergence of two opposing longshore sediment
fluxes (Fig. 5). Bogdanov (2008) argued that the convergence
zone along the Vistula Spit occurs near the Polish-Russian bor-
der (Fig. 5), but this hypotesis has not been not verified due to a
lack of data.

The shift in trend recorded on the Hel Spit on the beach
stretch between the 8th and the 12th km coincides with the end
of the groynes field (Fig. 4). On the Hel Spit, groynes stretch
from the Wiadystawowo port to the 12th km. The impact of in-
tense human activity (reinforcement of the coast) is a distinctive
feature of the Hel Spit (Basinski, 1995; Zawadzka, 1996; Ostro-
wski and Skaja, 2011). Moreover, since the 1980s, consider-
able nourishment of the shore and offshore sediments has
been carried out (Zawadzka, 1996; Ostrowski and Skaja,
2011). During the 1989-2010 period, different sectors of the Hel
Spit beach were nourished with ~15.4 million m® of sand
(Ostrowski and Skaja, 2011). As the sand for beach nourish-
ment was dug out from different basins — the Wiadystawowo
port, the Puck Bay and the Baltic Sea (Basinski, 1995), itis obvi-
ous that its granular composition was varied and differed from
that of the natural sand on the Hel Spit coast. In accordance
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with Zawadzka (1996), the sand obtained from the Puck Bay
was well or moderately sorted fine- and medium grain-sized
(the mean diameter — d in the range of 0.14-0.24 mm), while
the sand dug from the Baltic Sea was moderately sorted, but
coarser (d =0.29 mm). Sand grain size differentiation along the
coast is impeded by hydrotechnical coastal protection construc-
tions. Meanwhile, the artificial beach nourishment with sedi-
ments of inequigranular composition have changed the granu-
lar composition of sand in different coastal sectors (Zawadzka,
1996). For instance, at the beginning of the Curonian Spit, on
the coastal stretch between Zelenogradsk and the 6th km,
there are groynes installed, which do not stop coastal erosion
processes. Besides, beach nourishment is not carried out there
either (Pupienis et al., 2017). Therefore, unlike on the Hel Spit,
the sand there is coarser.

Three trend shifts were determined on the Curonian Spit
coastal stretches between the 62-67th, 68—-78th and the
79-98th km. Since the longshore sediment transport is often
discontinuous, the sediment flux starts unloading and sedi-
ments (fine-grained sand) have accumulated on the coastal
stretch extending from Pervalka (62—-68th km) to the Klaipéda
port jetties (Knaps, 1965; Ulsts, 1998). Impact of human activity
on the grain size distribution was observed in the adjacent sec-
tor of the Klaipéda port jetty. The finest sands on the Curonian
Spit (between the 78-97th km) concentrate in the southern
(windward) part of the Klaipéda port jetty, which is character-
ized by dominant intense sand accumulation processes
(JarmalaviCius et al., 2017a; Pupienis et al., 2017). However,
the process of sediment accumulation on the Curonian Spit is
interrupted by the geological framework-related lithological
anomaly (68—78th km). The previous investigations carried out
on the Hel, Vistula and Curonian spits (Zilinskas et al., 2016a)
established that there exists a geological heritage-induced
lithological anomaly on the Curonian Spit. The coarse sand
found in the shore section between the 68th and the 78th km
accumulated in the paleo-strait that existed in the Post-Littorina
(3.7-2.5 ka BP) period (Zilinskas et al., 2016b; Jarmalavicius et

al., 2017a). Coarser sand between Pervalka and Juodkranté
was also found during the investigations conducted in 1994 and
2011 (JarmalaviCius et al., 2017a).

CONCLUSIONS

The data obtained show that on the three spits analysed
(Curonian, Hel and the Vistula), the coarsest sand tends to ac-
cumulate in the beach and the finest on the foredune.

The dominant hydrometeorological regime is the determin-
ing factor in sand grain differentiation along the coast. On the
spits analysed, the trends in mean grain size differentiation
along the coasts coincide with the directions of the flongshore
sediment transport: farther from the source of the longshore
sediment transport (due to winnowing and selective sand trans-
port), the sand grain size tends to be finer (Vistula and Curonian
spits). The relatively even decrease in sand grains farther from
the source of longshore sediment transport may be disturbed by
hydrotechnical (port jetties) and coastal reinforcement (seawall
and bulkhead or revetment) constructions and artificial beach
nourishment (Hel Spit). Sand differentiation along the spits may
be influenced by the geological framework. The impact of the
geological framework is especially noticeable in the coastal
zones of lithological anomalies (Juodkranté settlement on the
Curonian Spit).

The method of regime shift index can be employed for the
determination of lithological anomalies in sand grain size distri-
bution along the coast.
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