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Abstract: This paper deals with the mapping of shorelines through existing maps. Its main purpose
is not to give an accurate change of sea level and shoreline in general, but to give guidelines to a
more general mapping of shorelines. Geographic Information System (GIS) and paleoenvironmen-
tal analysis are powerful tools for archaeology and environmental researches and contributes in
such a direction. Furthermore, this essay will present an analysis of the shoreline changes and the
resultant geomorphologies during the prehistoric eras, especially the Mesolithic, Neolithic, and the
Helladic eras of the area. The study area which was selected concerns the west part of Messenia
Prefecture in Greece. More specifically it concerns the wider area of Pylos and the Navarino bay.
The Navarino bay is located near the ancient city of Pylos and the kingdom and palace of Nestor
during the Mycenaean period
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1. Introduction

Following the Last Glacial Maximum (LGM), the glacio-eustatic sea level increase
resulted in worldwide flooding and the emergence of marine embayment. The significant
slowdown in the mid-Holocene resulted in overcompensation by sediment yields and
shoreline propagation in many regions. Many scientists have studied the coastal areas of
the Eastern Mediterranean, due to the rapid geomorphological changes throw the eras,
and also for archaeological interest. In this essay the case study that is examined is the
southwestern part of the Peloponnese, more specifically the Navarino bay with the shal-
low coastal lagoon of Yialova “Osmanaga” near Pylos and the surrounding area. Geomor-
phologists, archaeologists, and sedimentologists have all expressed interest in the area.
During the Mycenaean period, the Navarino bay was near the ancient city of Pylos, as
well as the kingdom and palace of Nestor (Figure 1). Furthermore, this essay will present
an analysis of the shoreline changes and the resultant geomorphologies during the pre-
historic eras, especially the Mesolithic, Neolithic, and the Helladic eras of the area and the
Bay of Navarino [1,2].

The region of Pylia in the southwestern Peloponnese is considered both tectonically
and seismically as one of the most active areas in Greece due to the proximity of the Hel-
lenic trench, which represent a major subduction zone. Its exhibits a composite mor-
photectonic structure, due to the existence of numerous small morphological units of var-
ious directions. The dominant mountains of the region is the Lykodemo (960m) at the
north east section which has a conical shape, and Mavrovouni (518m) at the south eastern
part of the area [3,4].
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Figure 1. The different locations where Pylos was placed over the years. However, especially
Pylos in prehistoric era is intertwined with the whole wider area. The placement of the red pin
refers to the so-called palace of Nestor.

The Navarino embayment and the surrounding area were habited by humans during
Prehistory and onward [5-7]. In the northern part of the area Bronze Age settlements have
been discovered, as well as Classical, Hellenistic, and Roman sites have been identified
between the Yialova Lagoon and Navarino bay [8,9]. Agriculture is intensive across the
low-lying plain, which was presumably drained in the Helladic age after the Amoudheri
River was diverted at the plain's northern edge [10].

1.1. Structure of the Area

The Navarino embayment is about 4 km broad and 10 km long, and it is located on
the west side of the Messenia prefecture, along the Ionian Sea, in the southwest of Pelo-
ponnese, Greece, north of the modern town of Pylos. At the north of the embayment is the
Yialova also referred as “Osmanaga” lagoon and a low-lying plain. Three narrow lime-
stone sharp ridges from the Eocene creates a boundary between the embayment and the
Ionian Sea, with the Sphakteria island being the physical boundary which drop off more
than 200m in depth 2 km west of the offshore, while the east part of the island lying
sharply into the bay. The north of the bay, at the Quaternary period has been uplifted over
400 meters by Pliocene sediments and form a plain or in Greek “Kampos” with a surface
of degradation to southwest. The northeastern plain was steeply fragmented by a stream's
erosion, during the Quaternary period. Miocene flysch can be found in the east and south-
east of the area. The terrain distorted from an Eu-Tyrrenthian (last interglacial) terrace up
to 40 m above sea level in the region to a Neo-Tyrrhenian (last glacial interstadial) terrace
roughly 4 m above present sea level in the coastal area due to high rates of uplifting. Nav-
arino is a very active region of tectonic movement with an estimate subsiding of the south-
west of 2 meters per thousand years, and of the northwest of 0-5 meters per thousand
years. The region depression was a combination of upward, erosion, and incision of a
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deep valley into the Neogene sediments, which on the west were bordered with the lime-
stone cliffs of the Eocene. The erosional and tectonic events took place during the glacial
and interstadial stages of the late Quaternary [10].

Today morphology of Navarino is correlated to Post-Pliocene tectonic and erosional-
depositional events. Earlier Quaternary and Pliocene sediments border the shoreline to
the north of “Profitis Ilias” ridge, where erosion was faster and coastal sand sediments
developed a sandy beach with a shape of an arc for about 4 km.

The depth of Navarino bay is more than 60 meters to the south end and about 40
meters 1 km south of the northern sand barriers. Sand barriers was developed from the
wave process of the Ionian Sea, entering the bay from southwest, whereas other waves
from the delta of “Xerias river” help for the creation of a sand barrier north of the bay of
Navarino. The barrier is a broad arch looking northward with a wide of 4 km and approx-
imately 3 km long and where the beach accretion is visible, while a low- lying dune field
creates a slope to the north near Yialova “Osmanaga” lagoon. The sandy barrier has been
sheltered since Hellenistic times, as of the existence of a Hellenistic cemetery, and other
archaeological sites, as for example Roman mosaics or walls. The top of the Hellenistic
cemetery is situated 2 meters below present sea level and are a clear evidence of habitation
and sea level [10].

The “Yialova” or "Osmanaga" lagoon is located to the north of the barrier. Environ-
mentally sensitive places produced behind sand and gravel barrier shorelines, at the ter-
minal area of coastal alluvial plains, or at river mouths are known as coastal lagoons.
They're shallow, with essential ecosystems that exist between the coastal and marine en-
vironments, and they might be permanently open or sporadically closed. The “Tyflomytis”
alluvial plain was formed by Pliocene marls and conglomerates, and “Yialova” lagoon is
located inside it. This lagoon is a typical swallow Mediterranean lagoon with a maximum
depth of 1 meter, with the sediments of the lagoon having a concentration up to 50% of
calcium carbonate (CaCO3). To the north, the lagoon is bordered by a low lying fluvial
fertile plain, and to the east a swamp is located in the delta of the Yialova River being
drained today and used for agriculture. To the west is a channel, where the waves drop
off the sand sediments. This process has led to the development of a small embayment
called “Voidokoilia”. The lagoon was blocked off from the sea by the southern barrier, a
process that may have occurred during Classical times due to the presence of sites on the
barrier [2,10].

The sediments pass the plain through the “Typhlomitis Creek” running from east
northeast which now have been altered into an east-west channel moving the water to the
“Voidokoilia” bay, in order to avoid the flooding of the lower and southern parts of the
plain. The “Amoudheri River”, which is located north of the “Typhlomitis Creek” and
flows through a deep incised valley before changing its course to the west, via a gorge
leading to the Ionian Sea, is the main source of drainage for the plain from the north and
east. Scientists consider that man divert the river by cutting a gap north of Romano village
and eliminate the flood problems, and increase the possibilities of habitation of the plain.
Because of extensive Neogene uplift and subsidence processes, as well as local fault tec-
tonics, today's geomorphology has evolved (Figure 2). In order to understand all these
geological processes geomorphological mapping is a useful tool for reconstructing the
evolution of the area [2,10].
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Figure 2. Geology and present sedimentary environments of the Navarino area [Source: Kraft,
1980].

2. Materials and Methods

Geographical mapping is a useful tool to understand and interpret the data of an area
in order to reconstruct the evolution and the development of a site [11]. Geographic Infor-
mation System (GIS) is a system to store, capture, manipulate, analyze, manage, and pre-
sent the geographic or spatial data. It is an important tool for archaeology as it is fast,
interactive and easy to operate [12, 13]. Digitization is the most common method for the
creation of data, where a topographic map is transferred into a digital through suitable
software [14]. Using images from satellites, aircrafts, etc. and digitizing the data, it can be
extracted into geographical [15,16].

For this essay the software that was used to digitize the area of our study was the
ArcGIS 10.0. The Greek Grid Reference System of 1987 (EGSA ’87) coordinate system
which offers a reference scale of all Greece was used. The topographic map that was dig-
itized (Figure 3) during this study was initially published by Kraft and his team [10].
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Figure 3. Shoreline changes of Navarino Bay. Late Helladic palaeogeographic reconstructions
of the Navarino embayment, roughly 3500 years before the present. The map depicts known  Hel-
ladic archaeological sites. Ancient sea cliffs are linked to Neolithic (5000 B.P.) and Mesolithic (9000
B.P.) shoreline reconstructions. On the north flank of Coryphasium, one neolithic site is indicated
[Source: Kraft, 1980].

The shoreline of the bay of Navarino was digitized using a set of coordinate Polylines.
The archaeological sites of the different historic periods were marked into the thematic
map with points. The aim of this research was to present the four different phases, from
Mesolithic to Present, of the shoreline of Navarino bay (Figure 4).
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Figure 4. Shoreline changes of Navarino Bay.

The four phases of the visualized map were created using autonomous shapefiles:
Mesolithic shoreline 9.000 B.C, Neolithic shoreline 5.000 BC, Helladic shoreline and Pre-
sent shoreline (Figure 4). For the completion of the thematic map the following elements
were added: scale, north arrow, legend and the information that was processed. Also, the
title “Navarino Shoreline Changes” was given (Figure 5).
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Figure 5. The four different changes of Navarino Bay shoreline, (a) the Mesolithic shoreline, (b) the
Neolithic shoreline, (c) Helladic shoreline, (d) Present shoreline.

The methodology followed was based on existing maps and the purpose is not to
give with absolute accuracy the change of shorelines through different time periods, as to
present the methodological approach of creating multilevel information in GIS environ-
ment and also, the conditions of digitization of shorelines in a more general way.
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3. Analysis and Results

In order to understand the morphology of the area and the changes during different
periods, Kraft and his team, examines the sedimentation processes of the surface and sub-
surface [17]. Subsurface sedimentation was interpreted using core logs from drill holes, as
well as radiocarbon dating and pollen analyses. Paleogeographic reconstructions can be
made based on the information from drill cores. The pollen data support the geological
transition hypothesis by demonstrating the relative effects of the sedimentary environ-
ment on the pollen record.

According to radiocarbon dating drill-core sediments, 2.5 km north of the present
sandy barrier of the coast, were dated at the Mesolithic time, where the north part of the
area was a marine embayment dated back at 9.584 B.P. Swallow marine sediments were
deposited at that time. Then, fluvial sedimentation of gravels, silts and stream sand from
the “Amoudheri River”, “Yialova River” and “Typhlomitis Creek” deposited their sedi-
ments, as well as “Xerias River” through sea transfer. Major early Holocene transgression
have taken place during this time and was followed by a regression and ended at 8.951
BP. A late Holocene retreat followed a third transgression at 6983 BP and a fourth at 4508
BP. The most recent regression begins after 4508 BP, with the filling of the lagoon and the
formation of the sea's sand barrier at 2745 BP, which still exists today. Radiocarbon sedi-
ment dating of the barrier implies a marine environment at 2745 BP, and that was an im-
portant factor for the reconstruction of the geography of the area of the Neolithic and
Helladic times [10]. The last transgression is the sedimentation of the “Yialova lagoon”,
with the dating and elevation of the sediments showing Helladic inhabitation of the area.
At the lagoon's edge, there are a number of Helladic sites that were utilized for semi-hab-
itation and agricultural uses. At that time, “Sykia” channel was an open deep bay and
“Voidokoilia” was an open channel at the north of the bay allowing a third marine en-
trance to the embayment. The northwest sand coast with the dunes was also present dur-
ing the Helladic era. In addition, two Neolithic sites at the southeast edge of “Profitis Ilias”
ridge, indicates habitation of the area. The east side wave-cut sea cliffs of Navarino bay
were cut during this period. With variations in sea level and minor shoreline movements,
the sand barrier existed by the time it was built and has survived to ourdays [10,18].

4. Conclusion

Morphological and geological surface studies and subsurface stratigraphic analysis
of the Holocene sediments were useful tools for the environmental reconstruction of the
area. Significant changes occurred at the morphology of Navarino and the Ionian Sea over
the past 9000 years. Sea regression started at 9500- 8900 BP., while people occupied the
area without the presence of alluvial plain at the time. During Helladic era humans shel-
tered south of the plain and drainage it for agricultural purposes. Sand was moved along
the Ionian Sea's shoreline, forming a sandy beach with dune fields.

In conclusion, the Yialova lagoon has 3 different phases of geomorphological evolu-
tion. The first phase, which lasted from 6500 to 6100 BC, was characterized by a swallow
marine environment with a shoreline to the north. At the second phase, 6100-5800 years
BP, an alteration from a marine to a lagoon environment took place as a consequence to
sand deposition and freshwater inflow from “Xerolagkados River”. During the last phase,
from 5800 to 3300 BP, the area is characterized as a Mediterranean lagoon that it is occur-
ring until today [2,10].

Geographic Information System (GIS) and paleoenvironmental analysis are powerful
tools for archaeology and environmental researches. The case of Navarino bay in south-
west Peloponnese and the lonian Sea attracted the scientific attention through the mor-
phological and geological changes during all known historical periods. A number of sci-
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entific articles are concerned about the area, and interdisciplinary approaches of the Nav-
arino should be applied in order to exact new information and for a better understanding
and interpretation of the area.
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