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The first evidence for the reconnection of the Black Sea with the Mediterranean Sea are euryhaline
mollusc species that appear in the bottom sediments. Lacustrine conditions existed over the larger part
of study area at the beginning of the Holocene. Early Holocene beds are characterized by a wide dis-
tribution of continental facies (e.g. lacustrine-marshy and alluvial). The lacustrine phase was followed by
a marine phase and the transition occurred around ca. 8.9—8.5 ka BP. The Holocene was marked by a
gradual increase of Mytilus sp. shells in sediments. Reconstructions of coastline positions during the
Holocene in the Northwestern Black Sea shelf are presented. Extensive sampling of the study area during
several decades allowed the acquisition of a comprehensive data base for paleogeographic re-
constructions. Positions of ancient coastlines are discussed. Analysis of relief features, lithological
composition and bottom sediments distribution and faunal complexes allowed identification of pale-
ofacies in the northwestern part of the Black Sea. Facial and paloegeographic maps of the Holocene
discrete time intervals such as the Bugazian (from ca. 10.5—10 to 8.9—8.5 ka BP), the Vityazevian (from ca.
8.9—8.5 to 7.1—6.2 ka BP), the Kalamitian (from ca. 7.1—6.2 to 4.1—4.0 ka BP), and the Dzhemetinian (from
ca. 41-4.0 to present) are presented. Dating of the sediments is based on uncalibrated radiocarbon
determinations. Study of the granulometry of sediments provided evidence that supports the proposed
ancient coastline positions. The samples from the cores recovered from different facial zones enabled the
characterization of sedimentological environments for each time interval. The position of the early
Holocene coastal sediments is marked out on the level of modern isobaths approximately from —25 to
—35 m. In the range of time from ca. 8.9—8.5 to 7.1—6.2 ka BP, the coastline was located at depths from 20
to 25 m. The position of the coastline which existed from ca. 7.1—6.2 to 4.1—4 ka BP is allocated on the
level of modern isobaths from —0 to —15 m. Comparison of the various positions of the coastline and
their facies changes through time indicates that the Holocene transgression had a progressively and
oscillatory course.

© 2013 Elsevier Ltd and INQUA. All rights reserved.

1. Introduction

The history of the geological development of the shelf of the
Northwestern Black Sea during the Holocene was studied for more
than 100 years, but discussion still persists concerning the course of
the Holocene transgression. Investigations on the coastal areas of
the Black Sea have been carried out by many scientists such as
Zenkovich (1962), Nevesskiy (1967), Ishenko (1971), Sherbakov and
Morgunov (1975), Pazyuk et al. (1977), Barkovskaya (1982),
Molodikh et al. (1984), Shnyukov et al. (1985, 1998), Emelianov
et al. (2004), Chepalyga (2006), Mitropolskiy et al. (2006),
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Ivanova et al. (2007), Konikov (2007), Lericolais et al. (2007),
Yanko-Hombach (2007), Yanko-Hombach et al. (2011), and Giosan
et al. (2009).

The first biostratification of late Pleistocene and Holocene bot-
tom sediments was carried out by Andrusov (1926). Later, the bio-
stratification by Andrusov was revised by Arkhangelsky and
Strakhov (1938), who marked out the Chernomorian horizon with
such mollusc species as Mytilus sp. and Modiolus sp. Nevesskaya and
Nevesskiy (1961) established the subdivision of the Drevnecher-
nomorian subhorizon into the Bugazian-Vityazevian and Kalamitian
layers, and the subdivision of the Novochernomorian subhorizon
into the Dzhemetinian layer. Gozhik et al. (2006) associated the
Bugazian-Vityazevian layers to the Drevnechernomorian sub-
horizon, the Kalamitian layers to the Novochernomorian subhorizon
and the Dzhemetinian layers to the present subhorizon.
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Nevesskaya (1965), Tsereteli (1975), Fedorov (1978) made
extensive researches of sedimentation features in the inner parts of
the Black Sea shelf. Later, Balabanov and Izmailov (1988), Chepalyga
(2002), Yanko-Hombach (2007), supplemented notions of this area
with new data which allowed to mark out transgressive and
regressive phases in the curse of the Holocene sea level changes.
Transgressive and regressive (underlined) phases were clearly
indentified in the study area in the following subsequence: Buga-
zian, Kolkhidian, Vityazevian, Pontian, Kalamitian, Eggrisian,
Dzhemetinian, Phanagorian, Nymphaean, Korsunian, and Recent.
According to Yanko (1989, 1990) the rise of the sea level was
gradual with halts and regressive phases and was not rapid.

During the few last decades, notions about Late Pleistocene-
Holocene paleogeography were extended, new data about Black
Sea level fluctuation appeared, and the interpretations were
commonly conflicting. Some investigators suggested that the
transition from brackish to marine environment in the Black Sea
was abrupt (Ryan et al., 1997, 2003, 2013) while others deny any
catastrophic events and suggested that the process lasted several
thousand years (Aksu et al., 2002).

Recent studies of the paleontology and the sedimentology of the
NW Black Sea shelf enabled revision of the history of geological
development, and illumination of the sedimentation environments
and the alterations of the position of the coastline in the study area.
The changes in these elements are regarded as integral parts of the
ecosystem of the Black Sea and indicate the environmental varia-
tions that shaped it.

Table 1
Regional stratigraphy of the Holocene marine sediments (Sibirchenko et al., 1983).

investigation are based on extensive sampling of bottom sedi-
ments, analyzing more than 3000 gravity and piston cores and 250
boreholes. These data are the results of previous geological sur-
veys which were carried out by Prichernomorskoe State Regional
Geological Enterprise “Prichernomor GRGP” (Odessa, Ukraine) and
Odessa L.LMechnikov National University. The grain size analysis
was carried out in the laboratories of these establishments and the
data base with the results of particle size analysis was used to
determine granulometric coefficients. Sediment particle sizes
were determined by means of standard methods (Petelin, 1967;
Chapovsky, 1975) which included dry and wet sieve analysis. For
the particle sizes of less than 0.05 mm, the method is based on
Stokes’ law describing the rate of sedimentation of particles sus-
pended in water was applied.

Holocene transgression features were studied by means of
reconstruction the position of coastlines in discrete time intervals:
from ca. 10.5—10 to 8.9—8.5 ka BP (Bugazian beds), from ca. 8.9—-8.5
to 7.1-6.2 ka BP (Vityazevian beds), from ca. 7.1—6.2 to 4.1—4 ka BP
(Kalamitian beds) and from ca. 4.1—4 to present (Dzhemetinian
beds). The regional subdivision for the Holocene sediments of the
NW part of the Black Sea charted by Sibirchenko et al. (1983)
(Table 1) was used. The determinations of sediment ages are
based also on the results of the bulk, uncalibrated radiocarbon
dating of Sibirchenko et al. (1983). The results of radiocarbon dating
are not corrected according to the reservoir effect due to the un-
certainty in the correction. That is why the precision may vary over
wide ranges (Major et al., 2006).

Marine formation

Section Horizon Subhorizon Layer Age of stratigraphic
base (ky BP)
Holocene H Chernomorian, ¢m Novochernomorian, ¢mj; Dzhemetinian dz ca.4.1-4
Kalamitian kl ca.7.1-6.2
Drevnechernomorian, ¢my Vityazevian vz ca. 89-8.5
Bugazian bz ca. 10.5-10

The aim of this work is the paleogeographical reconstructions
within the northwestern Black Sea shelf during the Holocene on
the basis of lithological characteristics of the Bugazian (from ca.
10.5—10 to 8.9—8.5 ka BP), Vityazevian (from ca. 8.9—8.5 to 7.1—6.2
ka BP), Kalamitian (from ca. 7.1—6.2 to 4.1—4 ka BP) and Dzhe-
metinian (from ca. 4.1—4 to present) layers of the Holocene sedi-
ments, the names of which correspond to transgressive phase
names.

2. Regional setting

The study area is the northwestern Black Sea shelf (Fig. 1). The
northern boundary of the area is the modern coastline, and its
southern boundary is the modern isobaths of 50—55 m. The
northwestern Black Sea shelf’s recent underwater landscapes were
formed during the Holocene transgression, when subaerial flats
were flooded. Recent submarine relief is inherited and was
smoothed in the course of the transgression (Shnyukov et al., 1998;
Fesyunov, 2000; Sorokin and Kuprin, 2007).

3. Materials and methods
Many cores were collected in the study area during the period

from 1976 to 2006 across the whole northwestern continental
shelf of the Black Sea (Fig. 1). The results of the present

4. Results and discussion

The presented reconstructions of the positions of coastline of
the NW Black Sea during Holocene were based on the following
indicators: presence or absence of bottom sediments, the lithology
of bottom sediments, changes of facies, and pre-Holocene and
recent relief features. Facies and subfacies of bottom sediments of
the studied time intervals were also marked out. Furthermore, re-
sults of investigation, previously obtained by authors (Tyuleneva,
2010; Tyuleneva and Suchkov, 2011) were used.

4.1. Bugazian beds (from ca. 10.5—10 to 8.9—8.5 ka BP)

The beginning of the early Holocene transgression was dated to
ca.10.5—10 ka BP by Sibirchenko et al. (1983). Bottom sediments of
this sub-stage are characterized by a wide granulometric spectrum
ranging from silt and clayey mud to sands and shell sediments,
which show irregular and mosaic distribution within the study area
(Fig. 2).

The marine facies are represented by sands, shell sediments, silt,
and mud. These sediments include first euryhaline immigrants
such as Mytilus galloprovincialis, Cardium edule (Linne), Cardium
exiguum, Abra ovata (Phil.), Hydrobia ventrosa (Mont.) and Rissoa sp.
A few shells of these species are encountered only in a few cores
recovered in a water depth between —30 and —40 m.
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Fig.1. (A). Location map of the Northwestern Black Sea shelf. Circles are gravity and piston cores; bold circles are discussed cores in this paper. (B), (C) Location maps of the cores for

constructed sections. Isobaths are in meters.



80 N. Tyuleneva et al. / Quaternary International 345 (2014) 77—87

30°00’

30°50° 31°00°

31°50’ 32°00° 32°50°

46°504

46°00 -

45°504

-46°50’

=1 46°00’

-45°50

35

U L) )
30°00°’ 30°50° 31° 00’
55 3| . 4 5

T
32°50

T T
31° 50’ 32° 00

6 7

Fig. 2. Map of the early Holocene facies (Bugazian beds). 1. ancient coastline of the appropriate period of time; 2. facies borders; 3. modern isobaths are in meters; marine facies: 4.
coastal sands; 5. coastal shell detritus; 6. pelitic mud of the outer shelf; 7. brackish-marine facies; 8. brackish facies; 9. lacustrine-marshy facies; 10. Pre-Holocene continental facies;

11. Pre-Quaternary sediments.

The marine facies can be subdivided into three subfacies —
coastal sands, coastal shell detritus, and pelitic mud of the outer
shelf. Brackish-marine sediments are represented mostly by silt
and pelitic mud in the central part of the study area.

The brackish facies is represented by sands with addition of
shells, shell detritus, silt; and also by shell sediments with addition
of sand, silt and clay; also abundant are silt and clayey mud. Lake
sediments contain brackish water mollusc assemblages typical for
Neoeuxinian beds such as Dreissena polymorpha (Pallas), Dreissena
rostriformis bugensis (Andr.), Monodacna caspia pontica (Nev.), Cles-
siniola variabilis (Eichw.), Turricaspia caspia lincta (Mil.), Turricaspia
variabilis (Eichw.), with numerous limnetic species Lithoglyphus
naticoides (C. Pff.), Viviparus viviparus (L.), Viviparus fasciatus (Miill.).
The lacustrine-marsh facies is represented by peat, silt, and clay,
with plant residues. Rare species of molluscs such as Lithoglyphus
naticoides (C.Pff.), D. polymorpha (Pallas), D. rostriformis (Desh.) and
Viviparus viviparus (Linne) can be found.

The coastline during this period was indented with broad bays
and limans. This configuration of the early Holocene coastline is
indicated by the paleofacies reconstruction (Fig. 2) and geology
(Fig. 3). The section shows that the Holocene sediments fill a
paleoriver valley.

The distribution of the marine bottom sediments is marked out
on the level of modern isobaths approximately from —25 to —35 m
(Fig. 2). The position of the coastline was confirmed by the results of
granulometric composition analysis, and also by the presence of
brackish, brackish-marine and lacustrine-marsh facies sediments.

To determine the coastline position, the granulometric co-
efficients were calculated. The samples from core 776 (45 50.483’
N — 31°35.967' E, water depth — 24.3 m) and 334 (position 46 00’
N — 32°48.701" E, water depth — 12.5 m) were studied. The cores
were recovered from the coastal sands zone. The sediments are
characterized by low sorting coefficients (Sp = 1.28 and Sy = 1.44,
respectively) which means that the sediments had undergone
mechanical separation within the paleocoastal zone. Another
pattern far from the coastal zone can be noted in deeper water.
Cores 907 (45°20.801’ N — 31°18.162’ E, water depth — 47.6 m) and

919 (45726.143' N — 31729.893' E, water depth — 47.4 m) in the
clayey mud facies zone of the outer shelf were studied. The samples
have high sorting coefficients (So = 3.53 and Sp = 3.23, respec-
tively). The appearance of admixtures of whole shells or of their
detritus in sand and mud cause increments of sorting coefficients,
and therefore the sediments are less sorted.

At the end of Bugazian time, a slight regression happened, and
its marks are visible in the structure and the lithology of the bottom
sediments along the ancient coastline at a water depth of 30 m. The
Bugazian beds in core 819 (core length 120 cm, 45°37.297 N —
30°59.418' E) are represented by two layers (Fig. 4). From the bot-
tom to top, the first layer consists of shell sediments with mollusc
shells without marks of erosion. These sediments can be encoun-
tered in modern conditions on the shelf away from the coastal zone.
The second layer is formed mostly by well-sorted sands, and ad-
mixtures of shell detritus. This layer could have accumulated close
to shore under conditions of high wave energy.

4.2. Vityazevian beds (from ca. 8.9—8.5 to 7.1-6.2 ka BP)

Bottom sediments are represented by marine, brackish-marine
and brackish facies (Fig. 5). The marine facies of this age can be
divided into two subfacies — marine mud, and marine sand-and-
shell sediments. The typical fauna for these sediments are Car-
dium edule, Corbula mediterranea and Abra ovata. Mud sediments
with addition of silt, sand, and shells in places are distributed
within the Dnieper and Dniester depressions. The location of relief
forms on the shelf is shown in Fig. 6. On the slopes of Western
Tendrovskaya, the SE part of the Dniester and Odessa elevations,
coarse sand and shell sediments are distributed. On the coastal
part the contemporaneous sediments are represented by medium
and fine grained sand and by mud and silt in the bays and the
limans.

The sediments distributed in the brackish-marine facies are silt,
mud with addition of mollusc shells, shell sediments and sands,
and plant residues are present. The brackish facies consists of silt,
with rare addition of shells and sand. These sediments contain
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Fig. 4. Core 819 (position 45 37.297'N — 30°59.418 E, water depth 30 m).

mollusc species such as Hypanis angusticostata angusticostata
(Borrea), Hypanis plicata relicta (Mil.), D. polymorpha (Pall.), D. ros-
triformis bugensis (Andr.), Adacna vitrea euxinica (Nev.) and Valvata
piscinalis (Miill.). Species encountered within mostly desalinated
areas were: Turricaspia caspia lincta (Mil.), Turricaspia variabilis
(Eichw.), Turricaspia pseudotriton (Eichw.), Lithoglyphus naticoides (C.
Pff.), Viviparus viviparus (L.), Viviparus fasciatus (Miill.), and Theo-
doxus pallasi (Lindholm).

The Vityazevian coastline is located at depths from 20 to 25 m,
and its outline is characterized by the presence of bays and limans
(Fig. 5). The sediments from cores 7/245 (46°5.275 N — 31" 41.952'E,
water depth — 14.5 m) and core 7/246 (position 46 5.237N —
31°43.242'E, water depth — 14.5 m) are well sorted (Sp = 1.8 and
So = 1.45, respectively) indicating the vicinity of the coastline. These
sediments were formed under the influence of high hydrodynamic
activity. On the outer shelf in the sample from core 919 (position
45°26.143'N — 31°29.893' E, water depth — 47.4 m) sorting co-
efficients become higher (Sp = 3).

At the end of Vityazevian time, indications of alteration of water
depth can be found. The lithology and structure of core 17/320 (core
length 220 cm, 45°38.386' N — 30°54.629 E, water depth — 31.1 m) is
shown in Fig. 7. The Vityazevian beds consist of three layers which
have different lithological composition. From the bottom to the top,
the first layer is represented by shell sediments with admixed sand.
The second layer is formed by shelly sand, and the third by clayey
shell sediments and admixtures of sand. The first and the third
layers could be formed when the coast was situated farther to the
north in currently deeper marine environments. The sediments
from the second layer, according to its composition, could have
formed close to the shore area.

Vityazevian beds are absent in core 21/320 (core length
150 cm, 45°35.933' N — 30°59.650'E, water depth — 38 m) (Fig. 8).
Probably, they were eroded and destroyed in the course of the
regression before Kalamitian time. The sediments in the upper
part of the Vityazevian beds from core 9/321 (core length 130 cm,
45'34.500' N — 30'59.493' E, water depth — 39.1 m) (Fig. 9) bear
marks of erosion processes. We assume that presence of scour
surface can indicate alternating water depth, possibly caused by
regression.
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Fig. 7. Core 17/320 (position 45 38.386 N — 30°54.629'E, water depth 31.1 m).

4.3. Kalamitian beds (from ca. 7.1-6.2 to 4.1—4 ka BP)

The Kalamitian bottom sediments are represented by marine,
brackish-marine and brackish facies (Fig. 10). The marine facies,
from south to north, can be subdivided into three subfacies units —
marine shell sediments, marine mud, and marine coastal shell
sediments and sand. The subfacies of marine shell sediments is
widespread beneath the 15 m isobath, but in several areas (for
example Dniester liman area, the limans of Tuzlov’s group (Fig. 6))
sediments of this subfacies are situated within the coastal zone.
Shell sediments are medium to fine grained, grey with olive hue,

21/320
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40
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Fig. 8. Core 21/320 (position 45°35.933'N — 30°59.650'E, water depth 38 m).
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Fig. 9. Core 9/321 (position 45 34.500'N — 30°59.493'E, water depth 39.1 m).

with silt and sand, and contain mollusc species such as M. gallo-
provincialis, Cardium exiguum, Cardium edule, Rissoa parva, Rissoa
membranacea, Bittium reticulatum and Mytilaster lineatus. The
subfacies of marine mud is distributed in the Dnieper depression,
and also in a small area near the Dniester liman and Dzharilgach
island. Clayey and silt mud sediments are distributed within the
Dnieper depression (Fig. 6). The subfacies of marine coastal shell
sediments and sand is distributed within the western part of the
Dniester elevation and on the slopes of the Tendra elevation (Fig. 6).
The brackish-marine facies is distributed above —25 m in the
Dnieper depression. These facies consist of clayey mud with ad-
mixtures of shell detritus material. Sand and shell sediments are
distributed on the slopes of Odessa sandbank and between Kin-
burnskaya and Tendra spits. The brackish facies of the Kalamitian
beds is distributed mostly within recent limans. In the Dnieper-
Bugsky liman, this facies is consists of silt and clayey mud, but on
the coastal part it is built of sand with addition of shell detritus. The
mollusc assemblages contain marine and brackish water species.

The data indicate the position of the Kalamitian coastline from
—10 to —15 m (Fig. 10). Outlines of the coastline are smoother in
comparison to the older coastlines, but small bays still existed along
the shore. In the area of Dniester liman, Tendra spit and the
northern part of the study area, there are places of erosion where
the Drevnechernomorian sediments are exposed. It seems that af-
ter Kalamitian stage of the transgression, a slight drop (about 10 m)
of sea level occurred.

4.4. Dzhemetinian beds (from ca. 4.1—4 ka BP to present)

The present coastline was formed at this time. Limans were
separated from the sea by sand spits, and transformed into
enclosed lakes. The Odessa sandbank and bench became flooded by
the sea and as a result, erosion became more active. The Dzheme-
tinian beds have transgressive overlap on the Kalamitian marine
and liman sediments below isobaths 8—15 m. They are represented
by sand and shell sediments in the coastline area and on the ele-
vations and by silt in the depressions and the limans. Dzhemetinian
facies presented by the brackish and the marine sediments are
shown in Fig. 11.

Marine sediments can be divided into two subfacies: marine silt
and clayey mud with shells and marine shell sediments and sand.
The subfacies of silt and clayey mud with shells is distributed in
depressions and is represented by grey mud with mollusc shells:
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Fig. 12. Section across study area. See Fig. 3 for captions.

Mytilus sp., Cardium exiguum, Cardium edule, Spisula sp., Rissoa sp.
and Chione sp. The subfacies of shell sediments and sand is
distributed on higher points (Fig. 6) and consists of coarse-grained
sediments, shells with sand, medium fine grained quartz sands
with silt, and detritus. Mollusc assemblages contain stenohaline
species such as Divaricella divaricata, Pitar rudis, Gafrarium mini-
mum and Modiolus phaseolinus. The brackish facies are represented
by quartz sands with shell detritus, dark gray, as well as by silt and
clayey mud, dark gray with greenish hue. The sequence and dis-
tribution of the discrete Holocene beds is represented in Fig. 12.

Analysis of the vast data base enabled the reconstruction of the
history of geological development in the northwestern Black Sea
shelf during the Holocene. The early Holocene coastline was
formed in the course of the ingressive pattern of the transgression,
supported by the paleofacies reconstruction. Bugazian beds fill
paleoriver valleys (Fig. 2). In the section across the paleo-Dnieper
valley (Fig. 3), the Holocene sediment thickness is increased.

Sea level oscillation is reflected in changes in the mollusc as-
semblages and the bottom sediment composition. Sorokin and
Kuprin (2007) described a transitional layer in the sequence of
the Holocene bottom sediments. The layer contains mixed Caspian
and Mediterranean mollusc fauna assemblages in the northwestern
Black Sea and in the Bulgarian, Crimean and Kerch shelf areas. The
deposition of this layer lasted 1.6—1.7 ky. The long period of time
which was necessary to form such transitional sediments precludes
a catastrophic character of the Holocene transgression in the Black
Sea. Within the study area, the strong influence of the largest rivers
systems such as the Danube, Dniester, Dnieper, and Southern Bug
caused a strong refreshing effect which could cause a gradual and
slow transition of the composition of mollusc fauna from brackish
water species to marine.

Study of distribution and lithology of the Holocene bottom
sediments types reveals several regressive phases between trans-
gressions. According to the lithological changes in the cores
recovered in the vicinity of the ancient coastline, changes of sedi-
mentation environments are visible in the Bugazian beds. Marks of
erosion can be encountered also in sediments which were formed
from ca. 8.9—8.5 to 7.1—6.2 ka BP. In the area of Dniester liman and

Tendra spit, erosion is evident where the Drevnechernomorian
sediments are exposed. After the Kalamitian (dated from ca. 7.1-6.2
to 4.1—4 ka BP) stage of the transgression, a slight drop of sea level
(regression phase) occurred. The Bugazian (from ca. 10.5—10 to
8.9—8.5 ka BP) and Vityazevian (from 8.9 to 8.5 to 7.1-6.2 ka BP)
beds underlie the Dzhemetinian (4.1—4 ka BP — present) sediments
in these areas.

Each stage of the Black Sea transgression is characterized by
gradual change of the bottom facies, although the whole sequences
of facies were not preserved not everywhere in the shelf. Gran-
ulometric characteristics of bottom sediments denote the course of
the transgression with the marks of short regressions and stops in
the course of sea level rise. From the analogy of the modern sedi-
mentation environments, the following patterns can be recognized:
high hydrodynamic activity in the vicinity of the coastal zone
resulted in shell detritus and well-sorted sands. In contrast, shell
sediments without marks of erosion, silt and mud can be encoun-
tered far from the shoreline.

5. Conclusions

This study carried on the Holocene sediments on the North-
western Black Sea shelf suggests that the Black Sea reconnection
with the Mediterranean Sea happened ca. 10.5—10 ka BP. From this
time, the first euryhaline mollusc species in the bottom sediments
can be encountered. Lacustrine conditions existed over the larger
part of study area in the beginning of the Holocene. Brackish water
mollusc assemblages typical for Neoeuxinian beds such as Dreis-
sena sp. and Monodacna sp., and numerous limnetic species such as
Lithoglyphus sp. and Viviparu sp. occur in the area from the recent
coastline to water depths 25—35 m. Early Holocene beds are char-
acterized by a wide distribution of continental facies (e.g.
lacustrine-marshy and alluvial). The lacustrine phase was followed
by a marine phase and the transition occurred around ca. 8.9—8.5
ka BP. After this time, more recent Vityazevian beds are charac-
terized by the dominance of marine facies and mollusc species
including Cardium edule, Corbula mediterranea and Abra ovata.
Kalamitian beds are characterized by abundance of such marine
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species as M. galloprovincialis, Cardium exiguum, Cardium edule,
Rissoa parva, Rissoa membranacea, Bittium reticulatum, and M. lin-
eatus. Recent beds (ca. 4.1—4 ka BP to present) contain stenohaline
species such as M. phaseolinus, Divaricella divaricata, Pitar rudis, and
Gafrarium minimum. Closer to the shoreline, molluscs such as
Mytilus sp., Cardium exiguum, Cardium edule, Spisula sp., Rissoa sp.
and Chione sp. are abundant. The coastline changed its shape from
indented at the beginning of the Holocene, to straighter in recent
times.
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