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Abstract. The alongshore sediment transport
plays a key role in the development of the
coastal zone of the Sambia Peninsula, the
Curonian, and Vistula (Baltic) spits of the
South-Eastern Baltic Sea. One of the
considerable indicators of the general direction
of sediment transport is natural
minerals-tracers, for example, glauconite. The
distribution of glauconite in the upper layer of
sediments marks the direction and intensity of
the transport of suspended sediments, and,
consequently, determines the boundary of the
coastal lithodynamic system. Paleogene
deposits are the only known source of glauconite
on the coast of the Kaliningrad region which
outcrops at the Sambia Peninsula. The grain
size, morphological and mineralogical analyses
of the bottom sediments were done.
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Introduction

The alongshore sediment transport plays a key role in
the development of the coastal zone of the Sambia
Peninsula, the Curonian, and Vistula spits [Zenkovich,
[1962]. Existing approaches in assessing the direction of
the alongshore sediment transport are based on the cal-
culation of the characteristics of active hydrodynamic
factors against the background of the morphology of
the coastal zone [Bogdanov et al., [1989 Boynagryan,
[1966] Knaps, 1952 Kirlys, [1971] Krek et al., 2016}
Leont'yev, 2015} Leont'yev et al.,[I989} Shuisky, [1969}
Shuisky et al.,[1970} Soomere and Viska, 2014].

In most studies, calculations of bed load migration
are based on the data of the network of the meteoro-
logical stations or simulated wind fields over different
time intervals. This leads to a significant discrepancy
in the results. The approach based on grain size distri-
butions in sands [Gao and Collins, 001} Kovaleva et
al., 2016} Mc Laren and Bowles, [1985} Poizot et al.,
usually is used to reveal the general direction of
sediment transport. However, some authors agree in
part or disagree with the sediment trend analysis tech-
nique [Mc Laren et al.,2007]. The study of numerically
simulated potential alongshore sediment transport was



done for the eastern Baltic Sea [Viska and Soomere,
2013]. The stationary measurements of bottom cur-
rents also provide data on sediment transport [Babakov
and Chubarenko, 2019).

Indisputable indicator of the general direction of sed-
iment transport is natural minerals-tracers, for exam-
ple, glauconite. Some authors use the term “glaucony”
[Banerjee et al., ; Odin and Létolle, mﬂ or “glau-
conitic minerals” [Odin and Matter, [1981]. In this pa-
per, we will use the term “glauconite” only. Glauconite
is a potassium- and iron-rich dioctahedral sheet silicate
with the general formula of (K,Na,Ca)(Fe, Al,Mg,Mn)
(Si,Al1)4010(OH)2. The glauconite occurs on the coasts
of the Baltic Sea: the Bornholm island [Clemmensen

et al., 2011], Lithuania [Kairyté et al., [2005], west
Estonian islands and western Estonia mainland [Mens

et al., [1999), Kaliningrad region (Russia) [Emelyanov
and Trimonis, [1981]. The distribution of glauconite
on the surface of the bottom (in the upper layer of
sediments) marks the direction and intensity of the
transport of suspended sediments, and, consequently,
determines the boundary of the coastal lithodynamic
system. In previous studies, the coastal zone, namely,
the underwater coastal slope of the Sambia Peninsula
and the root of the Curonian Spit, was taken as the




source of the receipt of glauconite into the sediments
of the Gdansk Basin [Blazhchishin and Usonis, 1970}

Emelyanov, [199§].

Due to climate change, there is a redistribution of
sediment transport forces [Babakov, 2003} Krek et al.,
and changes in the alongshore transport of the
material. Previous mineralogical studies for the region
date back to the second half of the 20th century (no
later than the 90s) and do not reflect the changing
modern lithodynamic processes. A feature of this study
is the sediment sampling under hydrometeorological
conditions common for the entire coast, which avoids
the imposition of the effects of changing wave condi-
tions on the distribution of the tracer within the same
lithodynamic system. Such work in this region has not
been carried out. The presence of glauconite in sedi-
ments indicates their lithodynamic relationship with the
source of the mineral, and a change in its concentration
in the morphological elements of the coast shows the
features of the last significant hydrodynamic activity,
provided there are no additional sources. The study
aimed to determine the spatial boundaries of the litho-
dynamic system using the mineral tracer (glauconite)
of the alongshore transport of sediment.



Study Area

The research area included the South-Eastern Baltic
Sea coast (Russian part) from the shoreline to a depth
of 15 m and is divided to three geographical objects:
the Sambia Peninsula (74 km long), the northern part
of the Vistula Spit (35 km long) and the southern part
Curonian Spit (49 km long) (Figure 1] see also the sup-
plement data [Krek, Ulyanova, 2020, Table 1]). The
Sambia Peninsula is a practically rectangular ledge of
the land in the sea. The main dynamic process within
the coastal zone of the Sambia Peninsula is the ero-
sion with rate ranges from 0.1 to 0.7 m/year at capes
to 0.6-1.5 m/year [Zhindarev et al., 2012]. The Curo-
nian and Vistula spits are large accumulative bodies.
The Curonian Spit is the longest (98 km) coastal bar-
rier of the Baltic Sea. The coastline at the root of
the Curonian Spit retreats at an average of 1.7 m/year
[Badyukova and Solovjeva, 2019], in the central part
the coast becomes stable [Petrov, . In the north-
ern part of the Vistula Spit erosion processes also pre-
dominate, changing to accumulative ones in the middle
part.

Southwestern and western winds dominate in the
wind field in the Southeastern Baltic Sea; their veloc-
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Figure 1. Study area and location of the sampling
profiles. Each profile (point) included 4 samples at 0,
5, 10, and 15 m depth. The coordinates of the points
are given in the supplement data [Krek, Ulyanova,

2020| Table 1].
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ity increases in cold seasons as determined by general
atmospheric circulation and the geographic properties
of the region [Bobykina and Stont, 2015]. The aver-
age monthly wind speed in the period from October
to April exceeds 5-7 m/s, from May to September de-
creases to 3-5 m/s [Dubravin and Stont, 2012]. The
average height of the coastal wave is 0.65 m [Pupienis
et al., 2013], reaching 5 m during strong storms [Am-
brosimov et al., . The rates of storm currents are
sufficient for the massive movement of gravel-pebble
material in the near shoreline zone and quartz sands
seaward the underwater bars (up to 3.5 m/s). The
maximal transport effect has a wave height of 2 m.
The emerged part of the beach is occasionally flooded
under the influence of swell-induced conditions, espe-
cially during storm surges, which typically rise to 1-2 m
above the annual mean sea level on the southern Baltic
coast [Kapiriski and Ostrowski, [2012].

Geological Setting

The underwater coastal slope of the Kaliningrad re-
gion is almost everywhere composed of Quaternary sed-
iments of various glacial stages as well as fluvioglacial,
with a maximum thickness of 50-60 m. Quaternary



formations occur on a strongly eroded pre-Quaternary
surface [Blazhchishin, ; Emelyanov, ; Petrov,
2010]. Moraine deposits are represented by sandy loam
and loam with gravel and pebble inclusions, interglacial
by various grained sands, often with gravel-pebble in-
terlayers.

Quaternary sediments within the Russian area of the
south-eastern Baltic Sea are underlain mainly by the
Mesozoic rocks, especially the Cretaceous. Around
Sambia Peninsula these Cretaceous bedrocks are some-
times outcropped at the bottom surface and accord-
ingly can be a source of detrital material. Sediments in
the southeastern part of the Baltic Sea consist mainly of
quartz, feldspars, mica, and carbonates. Fine-grained
fractions also contain glauconite and other clay miner-

als [Blazhchishin, [1976].

The Glauconitic Deposits

The outcrops of pre-Quaternary deposits on the ero-
sion surface are rather limited and localized within the
coastal bench and underwater coastal slope of the Sam-
bia Peninsula [Dodonov et al., [L976]. Eocene deposits
are represented by a stratum of different-grained glauco-
nitic-quartz sands cemented with iron hydroxides ( “krant’



facies). The Neogene formations, lying on the Eocene
deposits, are represented by different grain size sands
with interlayers of clays [Blazhchishin et al., .

Paleogene deposits are the only known source of
glauconite on the coast of the Kaliningrad region, which
outcrops at the Sambia Peninsula. The absolute age of
glauconite by the Palvesk Formation was 34.6 + 3 Ma
[Kaplan et al.,[L977], in later studies the range is 38.1+
1.4 and 38.8 = 1.2 Ma, which is much older than the
dating obtained earlier [Ritzkowski, [1997]. The “Blue
earth” of amber mining quarry at Yantarny on the Sam-
bia Peninsula has glauconite concentrations up to 48%
and 42% of the fine-sand and coarse-silt fractions, re-
spectively [Blazhchishin, ; Blazhchishin and Uso-
nis, [1970]. Earlier studies of the southeastern Baltic
Sea [Stauskaite, show that the concentration of
this mineral reaches its maximum at the Sambia Penin-
sula. The detrital origin of glauconite is consistent with
the assumption that authigenic marine glauconite re-
quires slow rates of sediment accumulation [Pettijohn,
1975], usually at depths more than 30 m.

On the north coast, eastward the city of Svetlogorsk
(see [Figure 1)), glacial and modern marine deposits,
composed mainly of well-sorted sands, are subjected to
wave processing. Dense clay, located on the bottom




surface offshore the Curonian Spit, is transformed mud
of the relic lagoon (Curonian Lagoon) [Dorokhov et al.,

2017} Zhamojda et al., [2009].

Materials and Methods

Sampling

Bottom sediments (66 samples) from the underwater
coastal slope were sampled by the Van Veen grab on
transverse profiles at depths of 5, 10 and 15 m, as well
as from the swash zone ([Figure 1], see also the supple-
ment data [Krek, Ulyanova, 2020 Table 1]). Sampling
was done in the same hydrometeorological situations
(long-term domination of anticyclonic conditions with
moderate winds of eastern rhumb) for the western and
northern coasts on 27 September 2017, and 1 Octo-
ber 2017, respectively. This lets to avoid imposing a
mutually directed influence on the distribution of sed-
iments of significant coastal hydrodynamic processes.
Samples 37005 and 37007 were taken on 24 October
2017 (eastern rhumb breeze) at depth of 13 and 17 m,
respectively, during the 37th cruise of R/V Akademik
Nikolaj Strakhov [Krek et al., [2019).




Laboratory Analysis
Mineralogical analysis.

The weights were divided into heavy and light subfrac-
tions by immersing the detrital grains in the bromoform
(liquid with a density of 2.899 g/cm3). Minerals with a
density higher than the bromoform’s precipitated, and
minerals with a density less than the density of the lig-
uid floated to the surface. After the separation, the
minerals were washed with a solvent and dried.

The selection of the main fraction was confirmed by
counting the percentage of glauconite in bulk samples
without grain-size separation and a similar calculation
for the main fraction. The main fraction was a fraction
of 0.063 mm [Skiba et al., 2014].

Mineral composition analysis in gross samples with-
out division into subfractions was done for 18 samples,
with division into heavy and light subfractions — 27
samples, selective comparison of the content of glau-
conite in the gross sample and in the fractions — for 15
samples, see also the supplement data [Krek, Ulyanova,

2020, Table 1].
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Grain size, form, and roundness.

The grain-size analysis (66 samples) was carried out by
the sieve scattering method using vibratory sieve shaker
Analysette 3 (Fritsch, Germany). When sieving, the
Krumbein phi scale [Krumbein, was used with
the following sieves: 4.0; 2.8; 2.0; 1.4; 1.0; 0.71; 0.5;
0.355; 0.25; 0.18; 0.125; 0.09; and 0.063 mm. The
fraction of 0.063—0.09 mm was taken for the miner-
alogical analysis; in case of its absence, especially in
well-sorted beach sands, the lowest sieved fraction (as
usually 0.125 or 0.18 mm) was used.

Morphological characteristics were studied by the 2D
image analysis and a visual assessment of the round-
ness using polarizing microscope LEICA DM 2500 P.
162 grains from 29 samples were analyzed: 127 grains
from the fraction 0.063-0.09 mm, 23 grains from the
fraction 0.125-0.18 mm, 12 grains from fraction 0.18—
0.25 mm. In 2D image analysis the particle is assumed
to lay over its more stable axis (the longest axis lies
more or less parallel to the surface while the shortest

axis is perpendicular [Figure 2p) [Hawkins, {1993]. For

heavy minerals was the assessment of the grain round-
ness by [Rodriguez et al., [2013)].



Figure 2. A - Morphometric characteristics of
glauconite grain: a — longitudinal section (the ma-
jor axis), b — cross-section (intermediate axis); B —
glauconite in the heavy subfraction of the in bottom
sediments in the fraction 0.063 mm on the profile 5,
at depth 15 m; C — glauconite in the light subfrac-

tion of the in bottom sediments in the fraction 0.063
mm on the profile 5, at depth 15 m; D — glauconite

in heavy subfraction 0.355 mm fraction on profile 1,
depth 15 m (yield of heavy subfraction 1.2%, glau-
conite content 35.7%, with its content in the light
fraction 2.1%).



Results

Grain Size and Mineralogical Composition of Sed-
iments

Bottom sediments were mainly represented by fine- and
medium-grained sands with a decrease in grain size in
the direction towards the Curonian and Vistula spits.
Coarse-grained sediments and boulders were adjacent
to the erosion areas of the underwater coastal slope
of the Sambia Peninsula and the root of the Curonian
Spit. The sandy material of the beaches was char-
acterized by good sorting and almost no fraction <
0.063 mm. The grain size analysis data is given in ([Fig-]
ure 1] see also the supplement data [Krek, Ulyanova,
2020, Table 2]).

The result of mineralogical analysis in different frac-
tions revealed a very high correlation for minerals with
the main grain size of < 0.063 mm and minerals in the
total sample (r = 0.99) both for heavy and light sub-
fractions. For larger grains, the correlation coefficient
was still very high for light subfraction and decreased
with increasing grain for heavy one (< 0.18 mm: r =
0.97; < 0.355 mm: r = 0.90).

Quartz (73%), feldspars (7.1%), glauconite (6.4%)




Table 2. The Roundness of Glauconite Grains by Depth

Depth, m/ 0 5 10 15
Morphometry

a/b  min 1.05 1.04 0.89 1
max 2.16 1.93 3 3.63
mean 1.54 1.39 1.42 1.55
o) 0.31 034 0.35 0.48

prevailed among light minerals, and black ore (6.3%)
among heavy ones. (|Figure 1], see also the supplement
data [Krek, Ulyanova, M Table 3]). As admixtures
there were garnet, zircon, carbonates, amphibole, epi-
dote, zoisite, leucoxene, rutile, disthene, pyroxene, ap-
atite, clay aggregates and mica (all less than 2%; are
listed in descending order). Sphen was discovered only
once. Glauconite presented in almost all samples of
bed load sediment and was typical for light subfraction,
although it was found in heavy one ([Figure 2p, [Fig]
). The crystalline bedrocks of the Scandinavian
Peninsula are the initial source of some minerals of sand
which came to the recent sediments from the eroded
glacial deposits [Petrov, R010]. However, glauconite
comes from the Paleogene and Neogene-Paleogene lo-




cal deposits of Sambia Peninsula.

Another feature of the glauconite distribution was its
higher content in larger fractions of heavy subfraction.
The samples of grain size 0.18-0.355 mm contained
18-79% glauconite, but the yield of heavy subfraction
from the total sample was about 1%. Together with
the homogeneous distribution in the light subfraction
it did not make any appreciable deviations in its total

content for the sample ([Figure 24d).

Morphometry of Glauconite Grains

The ratio of the grain's major/intermediate axes in dif-
ferent lithodynamic areas was higher for the abrasive
part of the coast (Sambia Peninsula). On the spits
the grains were more rounded, which was due to higher
erosion due to a longer stay in the processing zone
(Table 1)). Significant differences in the morphology of
grains were observed along with profile from the beach
to the depth. The grains were more rounded at depths

of 5-10 m ([Table 2)).



Distribution of Glauconite Along the Coast of the
Kaliningrad Region

Western coast.

The band of the high content of glauconite (more than
5%) extends along the western coast of the Sambia
Peninsula, snuggling up to the shore. The maximum
bulk glauconite content was revealed on the profile 6
to the south of the Yantarny settlement (21.8%) (Fig-
ure 3p). This profile is characterized by a sharp change
in lithodynamic conditions, where sand material from
the beach, bypassing the depths of 5-10 m, is deposited
in the area of 15 m isobaths. In general, the content
of glauconite decreased with distance from the source,
reaching a minimum at a depth of 15 m of profile 1
(1.6%). In the middle part of the Vistula Spit the tracer
content significantly decreases and does not exceed the
maximum value of 3.4% (profile 1, depth 5 m).

Northern coast.

The maximum content of glauconite was found near its
source on profile 9 in the Filinskaya Bay and in the bay
near the port of Pionersky (profile 11), where accumu-
lative conditions arise, including those related to the
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operation of jetties. High content was obtained in the
bays adjacent to the largest cape of the northern coast
— Gvardeisky Cape. Partial discharge of the alongshore
sediment flow takes place here. The capes were char-
acterized by much lower levels. In general, the content
of glauconite decreased in the direction of the middle

of the Curonian Spit (Figure 3p).

Discussion

The main mechanism for the spreading of sedimentary
material (including glauconite) along the coast is the
energy that occurs during the wave activity [Aybula-
tov, [1990} Knaps, [1952, Kos'yan and Pykhov, [1991}
Leont'yev, 1987} Longo et al., 2002 Zaromskis and
Gulbinskas, 2010]. The maximum energy of the wave
action occurs in the wave breaking zone, to which the
maximum velocities of the currents are associated, mo-
bilizing the sedimentary material [Tokpohozin et al.,
015]. According to full-scale measurements of cur-
rents and wave heights on the coast of the Sambia
Peninsula in 1987-1991 [Babakov, such a zone
with strong waves (wave height 3 m) corresponded to
a 5 m isobath. The roundness of the grains at similar

depths (see [Table 2) marks this zone. Differentiation




of grains occurs by depth.

As glauconite is an unstable mineral [Blazhchish-
in and Usonis, [L970} Berger, it has been sug-
gested that grain’s morphology changes moving along
the shore in the sediment flow off its source. However,
such a relationship was not revealed. The absence of
significant shape changes (mean 0.09 mm — the ma-
jor axis, 0.06 mm — intermediate axis for each of the
sites), no debris and the identical roundness of grains
along the coast, is probably due to the similar time
of grain exist in the corresponding hydrodynamic sit-
uation. Migration of grains along the coast can be
multidirectional and multiphase, and the presence of
glauconite in remote areas indicates the final deposit
of sediments. The main factor in the differentiation
and destruction of grains is the transverse shifts of the
deposits in the surf zone.

Western Coast

A feature of the western coast is the activity of the am-
ber combine. Overburden rocks, including glauconite-
rich Paleogene sands, are discharged to the beach [Krek

et al., [2018]. Being subjected to wave processing,
sandy material is carried along the coast by coastal cur-



rents, forming wide beaches [Sivkov and Chubarenko,
[1997]. Both with the outcropped Neogene-Paleogene
deposits of the Sambia Peninsula, the economic activ-
ities make a key contribution to the delivery of glau-
conite on the west coast. There is also the possibility
of an alongshore supply of technogenic material from
the pulp discharge (originated by amber mining) [Krek
et al., 2018]. The presence of boulder blind in the
top of the underwater coastal slope marks the active
development of erosion processes. Similar zones of in-
tensive bottom erosion were defined to the north of
the Yantarny settlement (depths of 5 and 15 m) and
near Cape Taran (depths of 10-15 m). The alongshore
sediment flow is depleted, and only traces of the pre-
dominant alongshore migration of the sediment appear
here. The strong alongshore drift offshore Yantarny
settlement and its' decreasing in approx. 5 times near
Baltiysk was observed in a previous study [Ostrowski et
al., .

Special attention should be paid to the variability
of the glauconite distribution near the jetties of the
Baltiysk port. Transverse to the shore constructions
usually make special hydrodynamic conditions (vortices)
and interrupt single alongshore sediment flow [Pupienis
et al., @l} passing the sediment seaward [Zvaromskis




and Gulbinskas, 2010]. The cessation of sediments sup-
ply for upcoast induces beach erosion downcoast of har-
bors [Komar, [1983], and thus bay formation [Lausman
et al., [2010]. However, both on the source side and on
the “leeward” side of the jetties, the difference in glau-
conite content did not exceed 1.5% (6-7.5% northward
and 5-6% southward of the jetties). The decrease in
glauconite content to the south of the jetty was typical
for the coastal region, which is located in the wind-
wave shadow (up to 3.7% of glauconite at a depth of
5 m). Jetties impede alongshore sediment migration,
initiating sediment accumulation on each side of the
jetties [Babakov and Chubarenko, 2019]. A similar in-
fluence of hydro-engineering constructions at sediment
transport is observed in the shady areas near the port
facilities in Lithuania [Zvaromskis and Gulbinskas, [2010
Jarmalavicius et al., 2012} Kriauciuniene et al., @ .

Nevertheless, the mechanism for overcoming the sed-
iment transport of fairway and near-channel depression
(depths of 1820 m), adjacent to the jetties end, is
not clear now. The rounding of grains near the Vistula
spit is higher than on the Western coast of the Sam-
bia peninsula, which implies their longer presence in
the wave-breaking zone. During storms, as a rule, the
transverse transport of sediments predominates, which,




apparently, carry sedimentary material to deeper areas
and allow it to bend around bottom depression and
piers deeper (at depths of 13-15 m) [Petrov, 2010].
The return of the material to the wave-surf zone takes
a longer time, which is reflected in the roundness of the
grains at the Vistula spit.

Northern Coast

On the northern coast the alongshore sediment flow
starts from Cape Taran and can be traced to the Ry-
bachy settlement, where it becomes noticeably weaker
(glauconite content is 1.1 to 3.5% at depths of 5 and
10 m, respectively). The increase in the content of
glauconite in the bay westward the Cape Gvardeisky
is caused by the deviation of the alongshore transport
from the shore. This process is facilitated by the con-
figuration of the bay shoreline and Pionersky port fa-
cilities. The direction of the northern jetty creates a
deficit of sediment on the beaches of the middle part
of the bay, where intensive erosion processes develop.
On the contrary, a large accumulative body is develop-
ing more than 5 m isobaths and the fairway is sanding
up.

A specific situation develops in the area of the Lesnoy



settlement, where the anomaly of glauconite content
arises at a depth of 10 m against the background of an
obvious decrease in glauconite. Perhaps the transverse
outflow of material plays a key role here as a result
of the emergence of a local convergence zone of two
counterflows of sediment [Krek et al.,[2016]. In the de-
scriptions of geological wells of the region, glauconite
is noted in Paleogene and Upper Cretaceous deposits,
as well as in marine deposits of the Middle Pleistocene
[Dodonov et al., [1976]. The thickness of the Qua-
ternary sediments overlapping in the area of the village
Lesnoy deposits of the Middle Pleistocene is up to 40 m.
Thus, the supply of glauconite from these deposits is
unlikely.

Further, along the Lithuanian border, the alongshore
component again prevails, down to the depletion of the
current. In the coastal zone at profile 16 the miner-
alogical composition changes noticeably and ore black
minerals (40.8%), quartz (28%), zircon (9.9%), garnet
(7.5%) and grothite (1.1%) dominate in the bulk frac-
tion. The spit slope's sediments are characterized by
an increase in the heavy subfraction of up to 22% (with
an average for the coast of 10%). For the coast of the
Curonian Spit the areas for the formation of heavy min-
eral deposits were identified in previous studies [Boy-



nagryan, [1966], as a result of prolonged wave process-
ing of sediments in accumulation sites. A change in
the composition of bottom sediments can be caused
by both a change in the underlying surface and the
result of prolonged wave processing and depletion of
the sediment flow. On the underwater coastal slope
of the spit, hydrodynamic processes transform and re-
distribute mainly only surface deposits. In the area of
the village Rybachy (profile 16) peat layer outcrops on
the underwater coastal slope, where, being destroyed
by waves, it forms a ledge about 0.5 m high [Sergeev,
015]. Separate outcrops of the roof of the layer are
recorded in shallow water. The roof of the peat for-
mation has a terraced surface, the steps of which are
partially covered by sand deposits. In the basement
of the underwater coastal ledge, moraine loams, un-
derlying the peat layer, are exposed. These loams may
contain only a small amount of glauconite, so these de-
posits cannot be considered as a source of glauconite.

In the Lithuanian underwater slope the glauconite is
present from O until 30 m water depth. It was found
in 20 of 37 samples of the fraction < 0.01 mm ranges
from 0.7% to 4.7% (average 2.8%) and once (1.2%) in
17 samples of the fraction 0.01-0.063 mm [Kairyté et
al., [2005]. It was interpreted as derived from the Sam-



bia Peninsula sediments. The direction of glauconite
transport is similar to the alongshore sediment trans-
port [Trimonis and Stryuk, and glauconite has
been observed up to 200 km north of Sambia Penin-
sula, indicating sediment transport along the coasts of
the southeastern Baltic Sea [Blazhchishin, [1976]. This
leads to the conclusion that glauconite accumulates in
the bottom sediment almost exclusively from the north-
ward sediment supply from the abraded shores of the
Sambia Peninsula to the south.

The background offshore points at depths of 45 and
30 m deserve special attention. The presence of glau-
conite in surface sediments (4.3 and 5.8% of the bulk
sample, accordingly), as well as a similar mineralogical
composition with the coastal zone, indicates lithody-
namic activity.

Borders of Alongshore Transport

Reducing of the glauconite content in the sediments
of the middle parts of the Vistula and Curonian spits
does not indicate the boundary of the lithodynamic sys-
tem functioning. Apparently, here, far from the source,
the processes of wave processing and differentiation of
sand deposits come to the fore, as evidenced by an



increase in the content of heavy subfraction. Taking
into account the receipt of additional sedimentary ma-
terial as a result of the erosion of accumulative bodies
and longer wave processing, minerals are sorted by their
specific weight. Also, the total content of quartz in the
sediments decreases in the middle parts of the spits, but
this is an indirect tracer that only emphasizes the effect
of wave processing of the sediments. Lighter minerals
are carried further along the shore or to a depth. Such a
process occurs with glauconite, as evidenced by studies
on the underwater coastal slope of the Lithuanian area
(on average, glauconite content of about 8% and a de-
crease in the quartz content) [Gaigalas et al., and
mineralogical analysis of the deeper part of the shelf.

Conclusion

Glauconite in bottom sediments was discovered along
the entire coast of the Kaliningrad region. The study of
this mineral tracer distribution along the coast allowed
us to determine the spatial boundaries of the alongshore
transport of sediment. The maximum concentration of
glauconite is naturally located near the source, i.e. near
the Yantarny settlement. Tracking glauconite along the
spits revealed the recharge alongshore transport from



the Sambia Peninsula. Moreover, a noticeable decrease
in the heavy subfraction in the spits sediments relative
to the source (6.4% on the Baltic Spit at 15.9% in the
west of the Sambia Peninsula and 1.9% on the Curo-
nian Spit at 3.4% in the north of the Sambia Peninsula)
shows a relatively longer time that glauconite was lo-
cated on the Baltic Spit outside the source. Such a
process is associated with the action of jetties near
Baltiysk located perpendicular to the coast. The re-
ceipt of material on the Baltic Spit is likely to occur
much less frequently, but in a larger volume and is of
a pulsed nature during extreme storms.

Local increases in the content of glauconite, appar-
ently, are formed in zones of weakening sediment flow
in the bays, or with local sediment transport. The with-
drawal of material from the coastal zone is carried out
in the emerging local storm zones of convergence due
to the near-bottom compensation outflow. An exam-
ple of such an outflow zone is the northern jetty of
Baltiysk, where due to the construction the content
of glauconite marks the outflow of material from the
coast.
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