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Abstract
Geomorphological and archaeological indicators of former sea levels along the coast of Paros enabled
us to determine and date six distinct sea level stands and the relative sea level (rsl) changes between
them, as well as plot the rsl curve for the last 6,300 years.
The Late Holocene history of the rsl change in Paros began with the sea level at 4.90 ± 0.10 m below
mean sea level (bmsl) dated to the Late Neolithic period (4300 BC-3700 BC). The next sea level at 3.50
± 0.20 m bmsl is dated to the Geometric and Archaic period of the Cyclades (1050 BC-490 BC) and most
probably lasted during the Hellenistic period (323-146 BC). The sea level at 2.40 ± 0.25 m bmsl is
dated to the Roman period (146-400 AD) and the next sea level at 1.35 ± 0.20 m bmsl to the Venetian
period of the Cyclades (1207-1537). The sea level at 0.80 ± 0.10 m bmsl is dated to after the Venetian
period, during the Ottoman rule of the island (1537-1821). The youngest sea level stand at 0.45 ± 0.10
m is attributed to the recent change in the sea level after the late 19th c. onward. The separation
between glacio-hydro-isostatic signals and the observed rsl change on Paros Island, in an area of
seismic quiescence, demonstrates a significant tectonic component in the rsl changes. Moreover, the
sea level stands deduced from Paros in comparison with those from the northern Cyclades indicate a
uniform tectonic behaviour of the entire northern and central section of the Cyclades plateau.

Keywords: Paros Island; Cyclades; Greece; Relative sea level change; Archaeological sea level
indicators; Geomorphological sea level indicators; Palaeogeographic reconstruction.

1. Introduction
Relative sea level (rsl) changes in the Mediterranean Sea are complex and variable, due to crustal dynamics,
volcanism and glacio-isostatic adjustment [e.g. Benjamin et al., 2017]. The deglaciation of the two great northern
hemisphere ice sheets over northern Europe and North America resulted in the sea level rising from the onset of
deglaciation up until the present, as mantle materials continue to flow towards the region beneath the decaying ice
sheets. At the same time, the water load in the Mediterranean basin has increased, depressing the sea floor and
adjacent margins regionally according to its distribution. These two contributions result in a regional variation in
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the Last Glacial Maximum (LGM) sea levels (~20,000 years ago) from 100 m to 135 m below present, with associated
strong gradients in the load stresses in the lithosphere and crust across the continental margins [Lambeck, 2014].
This glacio-hydro-isostatic adjustment model is combined with the active tectonics of the Mediterranean region
driven by the long-lasting convergence of the African and Eurasian tectonic plates running along an east–west
boundary [Anzidei et al., 2014].
The enhanced rates of the sea level rise after the “Younger Dryas” cold event, between 11000 and 8800 BP,
including a probable peak rate of rise of 13-15 mm/yr at around 9500 BP [Stanford et al., 2011], abruptly decreased
to 1-1.50 mm/yr after 6800 BP [Lambeck et al., 2011]. Data collected from tectonically stable regions for the last 4000
years indicate that the sea level was close to present levels [e.g. Galili et al., 2005; Galili and Sharvit, 1998; Porat et
al., 2008]. Furthermore, the Industrial Revolution and the accelerated climate change from the eighteenth century
onward have brought about a global rise in sea level of 0.25 ± 0.05 m [Church et al., 2011; Cazenave et al., 2014;
Jevrejeva et al., 2014].
Rsl change curves for the last 6,000 years have been constructed in Italy, Croatia and Slovenia, southern France
and Corsica, Turkey, Greece, Tunisia and Libya, Israel and Lebanon [e.g. Benjamin et al., 2017 and related references
therein], integrating data from precise - in terms of the timing and rate of the rsl change - geomorphological and
archaeological indicators.
A series of publications on the rsl changes of the central Aegean [Mendoni and Mourtzas, 1990; Mourtzas and
Kolaiti, 1998; Mourtzas, 2007; Baika, 2008; Poulos et al., 2008; Desruelles et al., 2009; Kapsimalis et al., 2009;
Pavlopoulos et al., 2011; Mourtzas, 2010, 2012, 2018; Evelpidou et al., 2012a, b, 2014, 2018; Mourtzas and Kolaiti
2016; Karkani et al., 2017, 2018, 2019], suggesting a gradual subsidence of the Cyclades plateau during the Late
Holocene period, nevertheless present different results in terms of the former sea level stands and estimated rates
of rsl change.
In this study, reliable geomorphological and archaeological rsl indicators from the Late Neolithic to Modern
Times found on Paros Island were used, with the aim of collecting new data on the rsl changes that have occurred
along the coast of Paros during the last 6,300 years. The geoarchaeological interpretation of ancient maritime and
coastal installations plays a decisive role in the estimation of the intervening rsl changes along the coast of Paros.
The determination of the former sea level stands enables the estimation of the trend and rates of vertical tectonic
movements for both Paros Island and the northern Cyclades area. The results of this study, coupled with
geomorphological markers and archaeological interpretations of ancient submerged remains throughout the
northern Cyclades, and compared with the suggested sea level predictive models for the central Aegean [Lambeck,
1996; Lambeck and Purcell, 2005; Peltier et al., 2015; Roy and Peltier, 2018; Stocchi et al., 2010], contribute to the
validation of both sea level predictions and the estimation of the rsl rise during the Late Holocene period, as well
as the tectonic component included in it.

2. Regional setting
Paros is located in the central part of the Cyclades between Naxos and Antiparos and is the fourth largest island
in the central Aegean (Figures 1a, b). It is almost ellipsoidal in shape, decreasing towards the North and its major
axis oriented NE-SW. It occupies an area of 193.31 km2 and its coastline has a length of 118.5 km. The low coastal
relief gradually turns to mountainous inland terrain, with the central mass reaching 771 m. The rugged coastal
landscape with small bays and capes is dominated by the gulfs of Naoussa on the north and Paroikia on the west
side of the island, whereas cliffs prevail on the NW shores (Figure 1c).
Paros Island forms a NE–SW trending dome bounded by a low-angle inactive normal fault to the east and
northeast [Bargnesi et al., 2013] within the Cycladic metamorphic complex, composed of four lithostratigraphic
units [Papanikolaou, 1977, 1980; Robert, 1982; Gautier et al., 1993; Brichau et al., 2006; Bargnesi et al., 2013;
Malandri et al., 2016] (Figure 1d). The Marmara Unit is the upper tectonostratigraphic unit consisting of
serpentinised peridotites, clastic sedimentary formations, Cretaceous limestones and Miocene conglomerates,
sandstones, and sandy marls, intensely deformed with faults and folds, juxtaposed against the underlying Marathi
and pre-Alpine basement units by a detachment, showing in general a top-to-the-N sense of shear [Malandri et al.,
2016]. The Molasse of Paros of Burdigalian age is the upper formation of the Marmara nappe, dominated by
sandstones and conglomerates, rare marls and unconformable travertines on top [Dermitzakis and Papanikolaou,
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1980]. The Drios Unit overlies the Marathi Unit and consists of metabasites, meta-calcareous rocks, phyllites, and
schists, highly schistosed and folded, having undergone low-to-medium grade metamorphism, up to greenschist
facies [Robert, 1982; Malandri et al., 2016]. The Marathi Unit is considered to be the Cycladic Blueschist Unit and
consists of intensely folded amphibolites, amphibolitic schists intercalated with thin layers of impure marbles,
metabauxite-bearing marbles, quartzofeldspathic rocks and mica schists. [Robert, 1982; Gautier et al., 1993; Bargnesi
et al., 2013]. The pre-Alpine basement consisting of deformed orthogneisses is characterised by a gneissic foliation
[Malandri et al., 2016]. Numerous granitic intrusions, associated with the migmatitic dome and aplitic and pegmatitic
dikes, are observed in the northern part of the island [Malandri et al., 2016]. Pliocene travertine limestones and
breccias, usually silicified, correspond to a marine terrace with gradual transition to terrestrial. Quaternary deposits
mainly develop in the lower topographic areas on the NE and SE sides of the island.
Located between the two recently thinned regions of the North Aegean and the Cretan Sea, the Cyclades domain
– in the centre of which lies Paros Island – with an average crustal thickness of 25 km moved as a rigid block towards
the South and does not seem to have accommodated any additional extension since the Late Miocene period. Strain
rates and GPS velocities in the Cyclades show a relative motion towards SW at a rate of 33-34 mm/yr during the
Holocene period [Le Pichon et al., 1995; Kahle et al., 1998; Kreemer and Chamot-Rooke, 2004] and scarce and
scattered seismicity [Engdahl et al., 1998].

Figure 1. Location maps of: (a) the Cyclades; (b) Paros Island in the Cycladic archipelago; (c) the geomorphological and
archaeological indicators along the coast of Paros; (d) simplified geological map of Paros Island (modified after
Malandri et al., [2016]).
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A large portion of the seismic activity within the upper crust is associated with the presence of islands
representing horst structures that were generated during the major Oligocene extensional phase. In contrast, the
central part of the Cycladic metamorphic core, which today represents the major part of the Cyclades insular group,
remains aseismic [Bohnhoff et al., 2006]. Lykousis [2009] noted continuous and gradual subsidence of the Aegean
margins during the last 400 kyr. The lowest subsidence values (0.34–0.60 mm/yr) are related to the low tectonic and
seismic activity of the Cyclades plateau, with a gradual decrease in the intensity of the extensional tectonic regime
and a decreased isostatic rebound after the Early Pleistocene compressional phase in the Aegean domain [Lykousis,
2009]. The highest seismic activity was identified along the SW–NE striking Santorini–Amorgos zone. The two
largest earthquakes in the entire Aegean Sea in the 20th century occurred in 1956, both striking within a period of
only 13 minutes, and with magnitudes of Ms=7.8 and 7.2, respectively, on the Richter scale [Papadopoulos and
Pavlides, 1992; Papazachos et al., 2000; Okal et al., 2009].

3. Methodology approach
The determination of the several sea level stands along the coast of Paros was based on geomorphological
indicators, i.e. marine tidal notches and various beachrock generations. Marine notches are deep undercuts in rocky,
mainly carbonate, cliffs. They are formed in the intertidal zone during a period of rsl stability through a complex
biological, physicochemical and mechanical erosional process [e.g. Carobene, 1972, 2015; Higgins, 1980; Pirazzoli,
1986; Kelletat, 1997, 2005; Antonioli et al., 2015; Trenhaile, 2015; Kolaiti, 2019]. In microtidal protected coastal
environments such as that of the Aegean (mean tidal range 0.13 m, tide-gauge station of Syros port), marine notches
show an asymmetrical profile with an elongated and almost horizontal base, maximum inward depth close to the
base, and roof usually dipping inwards, depending on their exposure. The mean sea level is slightly below or at the
same elevation as the notch base, which statistically during much of the tidal pattern is submerged and only slightly
protrudes from the mean low water [Kolaiti, 2019]. The inward depth depends on the duration of the rsl stability
period and its maximum is at the mean high water [e.g. Antonioli et al., 2015; Kolaiti, 2019].
Beachrocks are formed by the cementation of coastal sediments, including anthropogenic deposits, during
periods of rsl stability [e.g. Hopley, 1986; Strasser et al., 1989; Bernier et al., 1997; Plomaritis, 1999; Turner, 2005;
Vousdoukas et al., 2007; Erginal and Öztürk, 2012; Mauz et al., 2015; Avcioğlu et al., 2016]. Cementation takes place
in the coastal zone that is bounded on the seaward end by the mean low water and on the landward end by the
uppermost limit of the swash and backwash zone [e.g. Bernier and Dalongenville, 1996; Vousdoukas et al., 2007;
Desruelles et al., 2009; Vacchi, 2012; Mauz et al., 2015]. Diagenetic cements in the Aegean area are characterised by
high Magnesian calcite (HMC), often characteristic of the marine phreatic (saturated) zone which extends over the
entire swash area [e.g. Vousdoukas et al., 2007; Desruelles et al., 2009; Vacchi, 2012]. The seaward base of a beachrock
slab, in its well-preserved parts that have not undergone erosion or fragmentation, represents the mean low tide of
a former sea level [Kolaiti, 2019]. Different sea level stands form distinct beachrock slabs at various elevations that
correspond to different generations of a fossilized palaeoshoreline [e.g. Vousdoukas et al., 2007; Desruelles et al.,
2009; Vacchi, 2012; Mauz et al., 2015]. The loose, unconsolidated, sandy/sandy-gravel sediments laid on the sea
bottom between two different beachrock generations represent a period of rsl change [e.g. Desruelles et al., 2009].
Determination of the cementation environment and dating of various beachrock generations makes beachrocks a
reliable geomorphological indicator of the rsl change [e.g. Vousdoukas et al., 2007; Desruelles et al., 2009; Vacchi,
2012; Mauz et al., 2015; Kolaiti, 2019]. To determine the former sea level stands, the depth of the seaward base of
each beachrock generation representing the low tide of a former sea level is used [Kolaiti, 2019]. Fossils, organic
material or archaeological remains embedded in a beachrock are a terminus post quem for the beachrock formation,
postdating the embedded material [Kolaiti, 2019].
Various ancient coastal constructions, dated from the late Neolithic to Modern Times, although now submerged,
were strictly related to the sea level at the time they were in use and can therefore be used as precise archaeological
indicators for the determination and dating of the former sea level stands inferred along the coast of Paros. The
detailed description of the coastal landscape, including the recording of the functional features, first presented in
this study, of the ancient installations that it hosted, aims at the correct interpretation of the ancient remains. Thus,
it is possible to determine their relationship with the sea level at the period they were in use as well as the time limits
between their construction and abandonment or destruction.
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An underwater snorkelling geological survey along the coast of Paros revealed many geomorphological and
archaeological indicators of the past sea levels. During this survey, their features were recorded and depths at selected
points were collected. In particular, the surveying and recording of marine notches was carried out during the
GEOSWIM – Paros 2017 project, the aim of which was to survey the coastal landforms around the rocky coast of Paros
[Furlani, 2012]. The depth of the base, the inward depth and opening of each marine notch were measured. A detailed
mapping of the distinct beachrock generations throughout the shore of Paros Island was conducted in the present
survey, using satellite images (Google Earth Pro, v. 7.3.2) and high-resolution orthophotos at a scale of 1:500
(Κtimatologio S.A.). Most of the beachrock generations recorded along the coast of Paros are intact and well-preserved
in terms of erosion and fragmentation. The length, width and thickness, as well as the depth of the top and base of
the seaward and landward end of each beachrock generation were measured. The average depth of repeated
measurements in the same beachrock generation was used in the analysis and interpretation of data. Schematic
representations of previously reported or new ancient structures were made using satellite images (Google Earth
Pro, v. 7.3.2) and high-resolution orthophotos at a scale of 1:500 (Κtimatologio S.A.). The depths/elevations of
particular functional features of the ancient installations were measured at selected points on the best preserved
parts of the ancient structures and led us to the determination of their functional elevation with sufficient accuracy.
All measurements of depths were collected during calm sea conditions using mechanical methods (namely: a tape
measure equipped with a stabilizer system on the measurement surface and a circular metallic ranging rod with
conical shoe fitted at bottom and fully painted with 10 cm long colour bands in red and white and centimeter
division) and were recorded using a PVC slate. An accuracy of ±1 cm along the vertical is estimated [e.g. Antonioli
et al., 2018]. Measurements were repeated in three different survey periods (June 1992, May 1993, May 2017-marine
notches) and were updated in October 2018. To account for tides, observational data have been reduced for tide
values at the time of surveys with respect to mean sea level, using tidal data from the Hellenic Navy Hydrographic
Service for the closest tide-gauge station of Syros port. The effect of atmospheric pressure on the sea level was
corrected using the meteorological data for the site at the time of the surveys (www.meteo.gr). Therefore, all depths
reported herein correspond to depths below mean sea level (bmsl).
Error bar for depths represents deviation from the average values of multiple measurements at the same
geomorphological feature. Error bar for former sea level stands refers to uncertainties in depth as estimated from
marine tidal notches and beachrocks formed during the same sea level. The elevation/depth of specific features of
an ancient structure with respect to the inferred mean sea level at the time when it was constructed or in use was
estimated. It depends on the kind, typology and use of the archaeological sea level marker and the local tidal range
[e.g. Auriemma and Solinas, 2009; Benjamin et al., 2017; Kolaiti, 2019]. Error bar for time is provided when the
archaeological interpretation has not been able to determine the precise age of the ancient structure or the period
that it was in use.

4. Late Holocene sea level indicators
4.1 Geomorphological indicators
4.1.1 Marine notches
Submerged marine tidal notches have been found on the NW coast of Paros, at Aspra Chomata near Ampelas
village, and on the SW cliff of Gaidouronisi, a rocky islet a short distance off the NE coast of Paros (Figure 1c).
Two marine notches were cut into the sandstones of the molassic bedrock on Aspra Chomata coast, today both
submerged. The deepest notch has an opening of 1 m, inward depth 1.10 m and a base at 2.15 m to 2.20 m bmsl. The
shallowest notch has an opening of 0.30 m, inward depth 0.45 m and a base at 0.55 m to 0.60 m bmsl (Figure 2a).
Two submerged marine notches are also observed along the SW carbonate cliff of Gaidouronisi Islet. The base
of the deepest notch is at 2.10 m to 2.13 m bmsl, has an opening of 0.59 m to 0.90 m and inward depth 0.33 to 0.53
m. The shallowest notch has an opening of 0.30 m to 0.59 m, inward depth 0.19 m to 0.53 m and a base at 0.37 m to
0.55 m bmsl (Figure 2b).
In summary, two marine tidal notches were identified along the rocky coast of Paros: the base of the deepest
notch is at an average depth of 2.15 ± 0.05 and of the shallowest at 0.45 ± 0.10 m bmsl (Figure 4a).
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Figure 2. Submerged marine notches on the rocky coast of: (a) Aspra Chomata and (b) Gaidouronisi Islet (NE Paros)
GEOSWIM - Paros 2017 project (photo from GEOSWIM - Paros 2017 project). Submerged beachrocks: (c) Logaras
Bay (generation I) and (d) Martselo coast (generation IV).

4.1.2 Beachrocks
The systematic measurement and mapping of beachrocks at four locations along the coast of Paros (Figure 1c)
enabled us to define five distinct beachrock generations (Ι, ΙΙ, ΙΙΙ, IV and V) that were formed during five different sea
level stands. Three distinct beachrock generations were also identified at a fifth location (Tsoukalia) on the eastern
coast of Paros (Figure 1c). Since the beachrocks are highy fragmented, poorly preserved and shifted from their original
position, their depths are not representative and therefore were not taken into consideration.
The earliest beachrock generation (Ι) was found in Logaras Bay at 4.90 ± 0.10 m bmsl. It is a slab 113 m long, 20 m
wide and 0.85 m thick (Figures 2c, 3b). The next beachrock generation (II) was found in the bays of Logaras and Molos
and on the Martselo coast at 3.50 ± 0.20 m bmsl. The length of the beachrock slabs varies between 108 m and 262 m,
with a width of between 17 m and 30 m and thickness between 0.30 m and 1.50 m (Figures 3a, b, c). The subsequent
beachrock generation (III) develops along the Martselo coast for a total length of 100 m, with a width of 8 m and a
thickness of 0.65 m. Its seaward base was measured at 2.55 ± 0.15 m bmsl (Figure 3c). The following beachrock
generation (IV) was found in the bays of Logaras and Molos and on the Martselo coast at 1.35 ± 0.20 m bmsl. The
length of the beachrock slabs varies between 130 m and 203 m, with a width of between 14 m and 30 m and thickness
between 0.20 m and 0.60 m (Figures 2d, 3a, b, c). The most recent beachrock generation (V) was found on the coast of
Pounda at 0.80 ± 0.10 m bmsl. It has a length of 42 m, with a width of 3.50 m and thickness of 0.30 m (Figure 3d).
The cements of the beachrocks of Paros reflect diagenesis within the intertidal environment. Microscopic studies
of thin sections of samples from the submerged beachrocks [Karkani et al., 2017] revealed well-rounded grains,
bioclasts (forams and gastropods) and early intertidal cement between grains. The early intertidal cements were
mainly characterised by isopachous radiaxial ﬁbrous high magnesian calcite (HMC) crystals or small bladed isopachous
fringe of limpid and contiguous HMC crystals. Evidence of micritic ﬁlling including internal sediments and peloidal
cement was also observed, generally following a ﬁrst fringe of early intertidal cement [Karkani et al., 2017].
Data on each beachrock generation surveyed along the coast of Paros Island are presented in Table 1 and plans
of the submerged beachrocks are shown in Figure 3. In Figure 4a, the average depths of the base of the seaward end
of each beachrock generation and the base of tidal notches for each survey location are shown. Error bars refer to
the uncertainties in depths as estimated from multiple measurements at the same geomorphological feature.
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Figure 3. Beachrock generations: (a) Molos Bay, (b) Logaras Bay, (c) Martselo coast, (d) Pounda coast.

Figure 4. (a) Average depths of the seaward base of each beachrock generation and the base of marine notches identified
along the coast of Paros. (b) Sea level stands deduced from the depths of the geomorphological indicators.
(msl: mean sea level).
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Elevation bmsl (m) of beachrock generations
Location

Coordinates

(I)

top

(II)

base

top

(III)

base

top

(IV)

base

top

(V)

base

37°02'21.25"N

Pounta

25°06'09.96"E

37°01'56.48"N

Logaras

25°15'16.66"E

4.15 ± 0.15 4.90 ± 0.10 2.85 ± 0.10 3.30 ± 0.10

37°03'05.72"N

Molos

25°16'02.53"E

Martselo

37°05'48.14"N
25°08'31.24"E

Mean elevation bmsl (m)

4.90 ± 0.10

2.20

3.55 ± 0.15

3.40

3.70 ± 0.10

3.50 ± 0.20

top

base

0.70

0.80 ± 0.10

0.55 ± 0.05 1.30 ± 0.10

2.40

2.55 ± 0.15

2.55 ± 0.15

0.95

1.20 ± 0.10

1.00

1.65 ± 0.15

1.35 ± 0.20

0.80 ± 0.10

Table 1. Elevations of the seaward top and base of each beachrock generation along the coast of Paros. All elevations are
corrected for tide and pressure at the time of survey (bmsl: below mean sea level).

4.2 Archaeological indicators
4.2.1 The Late Neolithic settlement of Saliagos
The Neolithic settlement of Saliagos lies on the western part of the Saliagos Islet. The rocky islet is located at
the northern end of the Paros-Antiparos Strait and is the intermediate of three small islands that almost form a
straight line: Magrines Island ~400 m to the north, and Revmatonisi ~200 m to the south (Figure 1c). Saliagos
covers an area of 8,000 m2, rises to a height of less than 5 m above the present sea level and, on its NW side, is
bordered by a 3 m-high sheer cliff falling to the sea. The depth of the rocky seabed between Saliagos and
Revmatonisi, and that in the Paros-Antiparos Strait, just to the south of Revmatonisi, does not exceed 5 m (Figures
1c, 5a). There is no source of fresh water on Saliagos [Morrison, 1968], but there is an undersea fresh-water spring
off the west side of Revmatonisi whose location would then have been above sea level [Evans and Renfrew, 1968].
It is remarkable that there is almost no soil-cover left on the three islands, the exception being the southern part
of Saliagos where soil is preserved to a depth sometimes exceeding 2 m [Evans and Renfrew, 1968].
The study of the pottery and other small finds places the Saliagos culture in the transition from Middle to Late
Neolithic in mainland Greece, within the range of 4300 BC to 3700 BC [Zafeiropoulos, 1960; Evans and Renfrew,
1968]. Five radiocarbon datings (one of soil rich in organic matter and four from shells of the large bivalve Spondylus
gaederopus) fall within this time range (4408 ± 76 BC ÷ 3766 ± 85 BC) [Evans and Renfrew, 1968]. The sequence of
dates is in conformity with the Saliagos stratigraphy, as revealed by the archaeological excavations [Evans and
Renfrew, 1968].
No evidence of burials has been found in Saliagos and it is very possible that some sort of cemetery, perhaps on
the slopes of the promontory, has been destroyed or submerged [Evans and Renfrew, 1968]. Abundant remains of
sheep, goats, cattle and pigs show clearly that mixed farming consituted the basis of life here, while no convincing
evidence of hunting has been found. Large quantities of fishbones, mainly of tunny and shellfish but even a cuttlefish
guard, offered a remarkable insight into the diet of the prehistoric islanders. No fish-hooks have been found in
Saliagos. The shallow and narrow configuration of the bays at Saliagos may have been favourable for fishing by
driving fish ashore with nets and boats and then spearing them with obsidian points [Evans and Renfrew, 1968].
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An important ancient technical work is the submerged elongate rockfill, located about 800 m south of the
northern insular complex of Paros-Antiparos Strait and 200 m south of the pier of Antiparos. Starting at a distance
of 37 m off the contemporary coast is directed NNW-SSE towards the coast of Paros (Figure 5a). The rockfill has a
total length of about 700 m and appears to be continouous for some 250 m from its beginning on Antiparos coast,
while for about 450 m towards Paros is distinguished in parts. It has a width of 3-4 m and a maximum height of 2
m. It’s top and base are at a maximum depth of 3 m and 5.20 m bmsl, respectively (Figure 5a).
The extensive farming and craft activity at Saliagos during its short occupation of 200 to 400 years, as the
archaeological survey has revealed [Evans and Renfrew, 1968], could not be limited to such a small islet, lacking
planation, fresh water and vegetation. A wider area to the south, as the bathymetry of the northern part of ParosAntiparos Strait implies, which included Revmatonisi to the south and was joined to the coast of the two islands
on either side, forming a “transit corridor”, could justify the establishment and development of the Late Neolithic
settlement (Figure 5b). According to the palaeogeographic reconstruction of the coast (Figure 5b), the ancient
rockfill, today submerged, was placed at the southernmost edge of the then land.

Figure 5. (a) Bathymetric map of the northern section of the Paros-Antiparos Strait (depths from H.N.H.S). (b)
Palaeogeographic reconstruction of the northern section of the Paros-Antiparos Strait when the sea level was
at 4.90 ± 0.10 m bmsl.

4.2.2 The Geometric breakwater of Agios Ioannis Detis
At the NW end of Naoussa Gulf, on the hill west of the Monastery of Agios Ioannis Detis (Figure 1c), rectangular
buildings of the Geometric period (8th c. BC) have been revealed [Kourayos, 2015]. A rubble mound breakwater,
today submerged, begins at the sharp seaward edge of the rocky hill (Figure 6). This has also been reported by
Papathanassopoulos and Schilardi [1981]. The breakwater develops in an E-W direction for a length of 78.50 m and
its width reaches 14 m. It consists of stones ranging from 0.20 m to 0.60 m in size. Its top surface has a width of 4
m in the western part and widens in the eastern part, reaching 9 m. The surface of the breakwater in the western
section is from 1.20 m to 1.35 m bmsl while the eastern section gradually sinks from 1.65 m to 2.35 m bmsl at its
seaward end. The depth of the sea bottom at the base of the breakwater increases from west (2.68 m) to east (6.05
m). In the central part of the breakwater, a hollow was observed, the bottom of which is at 2.60 m bmsl. It occupies
an area of 11 m2 and has an internal depth of about 1 m (Figure 6). It probably served for accumulating fuel to light
a fire to signal the position of the breakwater and hence the settlement.

9

Eleni Kolaiti and Nikos Mourtzas

Figure 6. Plan of the rubble mound breakwater of Agios Ioannis Detis.

4.2.3 Lighthouses, paved road, tombs and piles of stones of the Geometric or Archaic period in Zoodochos Pigi Bay
Oikonomou Island (“Nisi Oikonomou”), in truth an islet, is located at the eastern end of Naoussa Gulf (Figure
1c) and is connected to the coast of Paros opposite through a narrow sandy strip of land, forming two small bays on
both north and south sides of the strip (Figure 8a). On the SE part of Oikonomou Island, a fortified settlement,
probably dated to the Geometric and Archaic period, is preserved up to the level of its foundations [Schilardi, 1973;
Kourayos, 2015] (Figures 7, 8a). In the north bay (Zoodochos Pigi Bay) the depths do not exceed 3 m, the seabed is
sandy and an elongate reef of a maximum elevation of 0.50 m protrudes from the sea bottom only on its west side.
The reef, 250 m long and 25 m wide, is located within a distance of 100 m from the NE coast of Oikonomou Island
and follows its configuration. Two large cairn-like piles of stones lay on the reef within 42 m of each other. They have
also been reported by Fotiou [1973], who interpreted them as maritime structures. The southern pile of stones, 1.40
m high and 280 m3 in volume, has an ellipsoidal base occupying an area of 290 m2. The sea bottom on its western
side is at 2.55 m bmsl and on its eastern and southern sides between 3.10 m and 3.20 m bmsl. Its top surface, of an
area of 105 m2, is from 1.20 m to 1.80 m bmsl. In the NW part, a hollow of an area of 14 m2 and internal depth 0.40
m is observed, with its bottom at 1.60 m bmsl. The northern pile of stones, 1.70 m high and 370 m3 in volume, has
an elongate oval base occupying an area of 350 m2 at the depth of 2.90 m bmsl. Its top surface, covering an area of
140 m2, is at 1.30 m to 1.40 m bmsl. A 17 m2 hollow with internal depth of 0.20 m is also observed on the northern
side of the top surface, with its bottom at 1.40 m bmsl. The two large piles of stones were probably lighthouses,
signaling the NE coast of Oikonomou Island, with the hollows in their surface serving to accumulate fuel for lighting
fires to signal the position of the shoreline. Between the two piles of stones, rectangular carvings, most likely graves,
were observed at 3 m bmsl. Another rectangular carving – also likely to have been a grave – was found at 3.25 m bmsl
between the reef and the opposite coast, where the small church of Zoodochos Pigi is situated (Figures 7, 8a).

10

RSL change on Paros, N Cyclades

Figure 7. Plan of the northern end of Zoodochos Pigi Bay, in which the submerged structures are indicated.

Figure 8. (a) Bathymetric map of Oikonomou Island (depths from H.N.H.S.). (b) Palaeogeographic reconstruction of
Oikonomou Island when the sea level was at 3.50 ± 0.20 m bmsl.
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Further south, within 32 m of the southern end of the reef, 37 large slabs, measuring from 5.50 m x 2 m to 1.50
m x 1 m and 0.20 m to 0.30 m thick, are laid on the sandy bottom in a row oriented E-W. They form a paved road that,
at some time, seems to have provided communication between the two opposite shores. The slabs have been extracted
from the hard crust of the marly molasse, south of Zoodochos Pigi church. They are at a maximum depth of 3 m bmsl
with their top surface at 2.75 m bmsl. About 20 m from the easternmost end of the paved road, two rockfills
transversally positioned with reference to the coastline were observed at about 1.50 m bmsl (Figures 7, 8a). On the
northern part of Oikonomou Island, Fotiou [1973] observed an uphill road, which starting from the coast leads to an
artificial plateau full of ceramics. The road is 40 m long and 8 m wide and was cut into the rock, as evidenced by the
visible cutting traces on the rocky coast. This is probably the on land extension of the today submerged paved road.
Schilardi [1973] and Papathanassopoulos and Schilardi [1981], have identified ancient submerged rectangular
tombs, measuring about 2 m x 2 m, made with slabs, and a short projecting entrance sealed with stones. During the
present survey, we found these tombs on the SE side of the south bay of Oikonomou Island, 17 m offshore, at a
depth of 1.80 m to 2.50 m bmsl (Figure 8a).

4.2.4 Ancient rock-cut trenches
Extensive series of elongate rock-cut trenches and parallel rows of rectangular cuttings have been identified at
25 locations on and off the coast of Paros, Revmatonisi, Diplo, Antiparos and Despotiko (Figure 1c). The rock-cut
trenches of Paros were first reported by Graves [1842] and Rubensohn (1901) and those on the eastern coast of
Antiparos and on Revmatonisi by Evans and Renfrew [1968] and Morrison [1968]. Fotiou [1973] has described the
cuttings found in Naoussa Gulf and Draganits (2009) as well as those on the northern coast of Despotiko. The
cuttings in Filizi Bay and the Santa Maria area, Naoussa Gulf, Zoodochos Pigi and Lageri Bays, the areas of Pounda,
Kampos, Agios Nikolaos and Voutakos in the Paros-Antiparos Strait and in the bay of Despotiko were surveyed by
the Ephorate of Underwater Antiquities in 2001 [Kraounaki, 2012].
Most of the rock-cut trenches are located on the NE side of Paros, on the eastern coast of Naoussa Gulf (8
locations) and in Santa Maria Bay (2 locations) and Filizi Bay (3 locations). Others can be found on the northern part
of the Paros-Antiparos Strait on the coast of both islands (3 locations on the SW coast of Paros and 2 locations on
the eastern coast of Antiparos), between them on the coast of Revmatonisi Island (3 locations), and to the north of
Antiparos on the coast of Diplo Island (2 locations). On the eastern coast of Paros, in Drios, only one group of
elongate cuttings was identified. Additionally, on the NE coast of Despotiko Island, there is a system of rock-cut
parallel trenches (Figure 1c).
The trenches were usually cut parallel to each other at a distance of 1 m to 8 m, with a length ranging from 13
m to 140 m and a width of 1 m to 2 m. Their orientation is mainly NE-SW (17 locations) but also NW-SE (8 locations,
either parallely (22 locations) or transversally (3 locations) with reference to the palaeoshoreline. The rectangular
cuttings, measuring 1.50 m x 1 m, have been identified at 4 locations, either in one row (2 locations) or in two to
three parallel rows (2 locations) within 3 m to 4.50 m of each other. In some cases (3 locations), rectangular cuttings
in rows were observed between the rock-cut trenches. Most of the trenches have been carved into the hard, 2 mthick, reddish, calcitic-clayey crust of the molassic clastic sequence of Paros.
There is still speculation among researchers about the use and the dating of these impressive rock-cut
constructions. From the 19th c. onward, several views have been expressed on their use. Graves [1842], who first
produced a bythometric map of the central Cyclades, and Rubensohn [1901] suggested that the trenches served as
salt-pans. Evans and Renfrew [1968] and Morrison [1968] assumed that they represent a Hellenistic field-system of
vine trenches for systematic viticulture. Fotiou [1973] interpreted the cuttings in Naoussa Gulf as harbour
installations and shipsheds. Berranger-Auserve [1992] suggested that the cuttings in Santa Maria were shipyards and
boat installations for marble export, because the ancient roads that start from the quarries end up at the coast there.
Auffray [2002], after presenting several hypotheses for the use of trenches – as grape presses for must making, or
seawater tanks for immersing wine amphorae to accelerate wine ageing, or quarries, or even shipyards – finally
adopted the last interpretation, despite the horizontal position of the trench floor. Kraounaki [2012] suggested that,
apart from shipyards and harbour installations, all other interpretations should have been considered: buildings
related to naval installations, transport systems for heavy materials (e.g. marble, wood, statues, architectural
members), fish-tanks or salt-pans, viticulture systems or even rainwater drainage systems.
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Figure 9. (a) General plan of the submerged rock-cut trenches on the Kampos coast and on the Agios Nikolaos coast (West
Paros). (b) Plan of the submerged rock-cut trenches, building and graves on the Kampos coast. (c) Plan of the
submerged rock-cut trenches on the Agios Nikolaos coast.
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The proposed interpretation that the rock-cut trenches were used in antiquity for systematic viticulture would
appear to be the most plausible. The natural environment of Paros favoured, and still favours, the cultivation of vine.
The technique of planting vines by digging trenches in soil or cutting them in rock during antiquity is mentioned
by ancient writers, e.g. Pliny, Strabo, Theophrastus, Xenophon, Palladius, Palladius (II.10.1), Columella (De re
Rustica, III, 13) and is reported by findings from archaeological excavations [e.g. Amouretti, 1988, 1992; Karali and
Mavrides, 1998; Lilimpaki-Akamati, 1998; Brun, 2003; Scarlatidou, 2004; Vordos, 2005]. The depth of trenches would
have been 0.70 m and a path – 3 m to 5.50 m wide - would have been left between them to allow carriages to pass.
Concerning the orientation of the vineyard, Columella (De re Rustica, III, 12, 5-6) suggested that, in very hot areas
such as Egypt, it is advisable for them to be oriented only to the north. On coastal vineyards, the favourable effect
of the sea is due to the high thermal inertia of seawater, i.e. its capacity for heat storage. Therefore, the vineyard’s
proximity to the sea blunts the daytime temperature peaks, thus creating gentler mesoclimate conditions than
those of continental areas located at the same geographical latitude and altitude. On the other hand, the constant
fresh and humid sea breeze blowing through coastal terroirs during the hot hours of the day mitigates the ambient
temperature and improves lighting conditions, thus serving the gentle ripening of grapes [Coastal-terroirs].
Evans and Renfrew [1968] and Morrison [1968] dated the trenches to the Hellenistic period. Specifically for the
area of Voutakos, the Hellenistic dating could be related to the concentration of Classical/Hellenistic ceramics found
north and west of the church of Agios Georgios [Vionis, 2006]. Auffray [2002] associated them with activities of the
Geometric period around Oikonomou Island. Kraounaki [2012], points out that their dating – in the absence of
ceramics or evidence of any type of masonry – remains problematic, and hence their use may or may not be
simultaneous, thus implying that they might belong to different periods.
With the exception of three locations, where the rock-cut trenches today are on land, they are all submerged from
the contemporary coastline up to a depth of 2.50 m. Most of them are of considerable length and found on the WSW
side of Paros, on the coast of Voutakos, Agios Nikolaos and Kampos (Figures 1c, 9a).
Three groups of trenches were found on the coast of Kampos (Figure 9b). The southernmost group, some 50 m
to the north of the small fishing port of Kampos, consists of 8 parallel trenches 3 m to 3.50 m apart, 30 m long and
3m wide each, located between the depths of 0.95 m and 1.35 m bmsl. At a distance of 200 m to the north, the second
group, consisting of 17 parallel trenches, stretches for 135 m in a NNE-SSW direction from the contemporary
coastline to 90 m offshore at the depth of 2.20 m bmsl. They are 1 m to 2.50 m wide and have an internal depth of
0.50 m. At the south end of this group of trenches, the ruins of a large building were identified, occupying an area
of 1500 m2, with abundant potsherds on its floor mixed with the collapsed masonry. The building probably served
craft and storage needs associated with the use of the rock-cut trenches. It was most likely a warehouse, where large
pithoi were placed for wine fermentation and storage [e.g. Nikolantonakis and Amoiridou, 2011]. The last and
deepest visible trace of the building is at 2.40 m bmsl, while to the northwest a large number of rectangular cuttings
with a slab cover on the top, probably graves, measuring about 1.50 m x 0.70 m each, were tracked up to a depth of
2.75 m. The third group is located some 30 m further north and consists of at least 11 trenches (Figure 9b).
At a distance of about 300 m to the south of Kampos, on the south coast of the promontory where the chapel of
Agios Nikolaos is situated (Figure 9c), a group of 20 parallel trenches 1 m to 3 m apart was found. They stretch in a
NNW-SSE direction, with a length ranging from 27 m to 70 m, a width of 1.50 m and an internal depth of 0.50 m,
with their floor dipping 1° southward. In the southern part, they reach a depth of 2.20 m bmsl. Some 20 m west of
these, there is a group of crossed trenches, with their deepest trace at 2.48 m bmsl.

4.2.5 Roman building complex in Paroikia Gulf
This is a building complex submerged 15 m offshore the SE coast of Paroikia Gulf, 80 m SE of the Paroikia marina
(yacht port) (Figure 1c). It was first reported by Rubensohn [1901, 1949] and later by Papathanassopoulos and
Schilardi [1981]. It occupies an area of at least 800 m2 (Figure 10). It runs for 35 m at an angle to the contemporary
shoreline, with its central axis in a NE-SW direction. A transversal NW-SE corridor, 15 m long and 2 m wide, divides
the building into two separate sections: NE and SW. The latter consists of 11 rectangular rooms, varying in area from
4 m2 to 17 m2. On their floor, ceramic tiles are preserved in-situ. A square tank of side 1.70 m, coated with hydraulic
mortar, was identified on the northern side of the SW section. The NE section consists of at least 7 rooms of different
size, the largest of which is 60 m2. All along the seaward – preserved - side of the building, there is a 40 m-long
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corridor 1.50 m wide. The most impressive finding is a preserved marble frame with ceramic conduits, part of the
tank’s drainage system. The walls have a thickness of 0.40 m to 1.30 m and in large parts of the building stand up
to 0.30 m in height. They are built of rough stones, ceramic tiles and bricks, bound with mortar. It shows the same
typology as those of other residences, workshops or farmhouses found on Paros [e.g. Floga site, Kourayos, 2015]
that date back to the Roman period (146 BC – 4th c. AD).
The building complex is now completely submerged, with sections of the paved floor at 1.20 m bmsl and external
masonry at 1.60 m. The last trace of paving and foundations was identified 65 m offshore at 1.75 m bmsl and either
belongs to the building or is a remnant of the road that passed in front of it (Figure 10). Furthermore, the positioning
of the building with respect to the palaeoshoreline (Figure 10) implies that here may have been the coastal section
of the Roman road, which started from the Ekatontapyliani area, passing through the Roman cemetery
[Zafeiropoulou, 1998; Kourayos, 2015] and ending in the workshops area (called “Magazakia”), to which the building
complex most likely belongs.
Two large piles of stones, of circular base about 6 m in diameter, were found submerged on the seafloor some
30 m SW of the building complex. They were constructed along the shoreline on the exposed seafront of the
workshops either to protect it against the waves (protective rockfills) or to signal the then shoreline (cairn-like
landmark). Whatever the case, their current position defines the coastline of the period in which they were
constructed [Kolaiti, 2019]. The seaward base of the northern pile of stones is at 2.35 m bmsl and its top at 1.70 m
bmsl (Figure 10).

Figure 10. Plan of the submerged building complex in Paroikia Gulf.
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4.2.6 Roman breakwater on Krotiri coast
The ancient rubble mound breakwater on Krotiri coast, on the NW side of Paroikia Gulf (Figure 1c), was first
shown in the map made by Roux [1804], in which a depth of 6 ft (~1.83 m) is also noted just to the west of the
breakwater. The ancient breakwater was later reported by Schilardi [1981] and Papathanassopoulos and Schilardi
[1981]. Much later, Evelpidou et al. [2018], ignoring Roux’s map [1804], doubted whether the mole was ancient and
reiterated the speculations of “the locals that the breakwater is a work of Nazis during the German occupation of the
island in World War II”.
The breakwater starts about 7 m from the sandy-gravely coast and runs SE for 102 m (Figure 11). Its maximum
breadth reaches 19 m at the base, while at the top surface this does not exceed 9 m. In the central part of the
breakwater, a hollow measuring 9 m x 3 m and approximately 1 m deep was observed. The size of the rubblestones,
carefully set forming the breakwater, ranges from 0.20 m to 0.60 m. The depth of the top of the breakwater varies
between 1.10 m and 1.35 m, with the exception of its approximately 20 m long seaward end, where it increases to
1.60 m. Correspondingly, the depth at the base of the breakwater gradually increases from 1.40 m near the coast up
to 4.10 m at its seaward end (Figure 11).

Figure 11. Plan of the rubble mound breakwater of Krotiri in Paroikia Gulf.

4.2.7 Quarry on Tigani Islet
The quarryscape is located at the southernmost tip of Tigani Islet, in the middle of the Tigani-Panteronisi Strait
(Figures 1c, 12). The quarry has been excavated out of aeolianites, applying the typical timeless quarrying technique
that has been used during antiquity. Remains of systematic quarrying activity are still visible there, such as: the
quarry face and floor, steps, trenching and undercuts, blocks left in place, stoneworking toolmarks, etc. The main
quarry face is located near the shore, occupying an area of about 300 m2. Its floor is at 0.80 m bmsl. Quarrying traces
can be seen in two more sections now under the sea; the furthest one is located 20 m from the shore and its floor
is at 1.50 m bmsl (Figure 12).
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Figure 12. Plan of the submerged quarry on the south coast of Tigani Islet.

4.2.8 The Venetian castle of Naoussa
The castle of Naoussa (Figure 1c) was built in the late 13th to the early 14th c. A circular tower with firing apertures
(“Castelli”) was added at the entrance of the port for defensive purposes around 1500 [Christopoulou, 1984; Vionis,
2006]. Arranged around a small bay, the fortified town of Naoussa with its small harbour sheltered by moles-seawalls
already existed in the 15th c., according to the description of Buondelmonti (1420 [1897]).
The Castelli was founded on a rocky outcrop, 115 m long and 75 m wide, that develops in a NE-SW direction. Its
top surface occupies an area of 2,350 m2 and, apart from a section of the northern part that protrudes from the sea,
seems to have been flattened (Figures 13a, b). At its northern end, it is bordered by a 2 m-high sheer cliff. The
foundations and part of the superstructure of the Castelli, apparently built on land, are currently at 0.66 m to 0.78
m bmsl (Figures 13a, b). The seawall, attached to the eastern side of the Castelli and built with stones bonded with
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mortar, was founded on land and today its foundation level is at 0.95 m bmsl (Figure 13a). In addition, the
foundations of an enclosure seawall, also built on land on the SW end of the rocky outcrop, now bounding on the
north side the shallow (max depth 1.80 m) picturesque fishing harbour formed between it and the modern docks,
have been submerged at 1 m bmsl (Figures 13a, b).

Figure 13. (a) Plan of the Venetian castle of Naoussa. (b) SW-NE cross-section of the castle area.
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4.2.9 Threshing floor and protective rockfill
The coastal plain on the NE side of Lageri Bay (Figure 1c) was an area of intense agricultural activity in the recent
past, as evidenced by at least five threshing floors preserved to date (Figure 14). According to Vionis [2006], it seems
that during the Middle Byzantine period the settled landscape was transferred from the bay of Paroikia to that of
Naoussa in the north, whereas small peasant communities made use of the fertile land surrounding rural settlements
and the safe anchorage of bays around the island.
The easternmost out of five preserved threshing floors was founded on the surface of a rocky reef, which now
forms a small submarine promontory developing in a SW direction. It has a diameter of 8 m, a perimeter wall built
of rectangular blocks, hard floor paved with slabs, of which few are currently preserved, and in its centre three large
blocks among which a wooden pole may be placed. The preserved parts of the paved floor are submerged at 0.80 m
bmsl and the foundation of the slabs at 1 m bmsl (Figure 14). The large amount of ceramic fragments around the
submerged threshing floor, some of them glazed, indicate that the area was in use either during the Venetian
domination (1207 - 1537) or possibly later during the Ottoman rule (1537-1821).
At the southern end of the lowland, within 13 m from the shoreline, three more threshing floors were found on
land, at an elevation not exceeding 1.50 m. All along the seafront, where the farmhouse and the three threshing
floors are located, a protective rockfill has been found about 7 m offshore (Figure 14). It is 172 m long and 3 m to 3.50
m wide and is made of rubblestones up to 0.40 m in size. The seaward and landward base of the rockfill is at 0.90 m
to 1 m bmsl and its top at 0.60 m to 0.65 m bmsl.

Figure 14. Plan of the Lageri coast.
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5. Discussion
Marine transgressions that occurred throughout the Late Holocene have radically changed the palaeogeography
of the coast of Paros, by submerging below sea level the coastal landscape and the maritime and other coastal
constructions from the Late Neolithic to the present.
The deepest sea level stand (I) at 4.90 ± 0.10 m bmsl is determined by the deepest beachrock generation (I) in
Logaras Bay (Figures 4b, 15a). The dating of this sea level has been indirectly achieved taking into consideration the
prerequisites for the Neolithic settlement of Saliagos to flourish between 4300 BC and 3700 BC: the intense farming
activity on Saliagos, despite the small size of the islet and its lack of fresh water and arable land and pastures
[Morrison, 1968], goes beyond the limits of the present rocky islet and implies a broader terrestrial area associated
with it, one which today is inundated by the sea. Given that the morphology of the rocky seabed has not changed
since it sunk and the maximum depth between the two islands and at Paros-Antiparos Strait to the south does not
exceed 5 m, the use and flourishing of the Saliagos site can be associated with the sea level stand at 4.90 ± 0.10 m
bmsl found on the coast of Paros (Figure 15a). The contemporary depth (at 5 m bmsl) of the rockfill, probably placed
during the same period for defence purposes at the southern edge of the then terrestrial part of Paros-Antiparos
Strait, provides further evidence on the dating of the deepest sea level stand (I).

Figure 15. (a) The functional height of the dated archaeological rsl indicators in relation to the six sea level stands
determined for Paros Island. (b) The rsl curve for Paros during the last 6,300 years with respect to the rsl
curve of the northern and central Cyclades. Important historical and geodynamic events are highlighted. (msl:
mean sea level).

The next sea level stand (II) at 3.50 ± 0.20 m bmsl (Figures 4b, 15a) is determined by the beachrock generation
(II) that has been identified in Logaras and Molos Bays and on the Martselo coast. The sea level when the harbour
installations and constructions of the Geometric and Archaic periods (1050 - 490 BC) were in use appears to coincide
with this sea level stand, which is therefore dated to this historical period. In particular:
• The maximum depth of the top surface of the breakwater at Agios Ioannis Detis, below the Geometric
settlement, is between 2.35 m and 2.60 m bmsl. Auriemma and Solinas [2009], after studying many
archaeological remains from the Tyrrhenian and Adriatic coast, suggested for the Adriatic coast a
“functional height” for a breakwater of 0.60-0.70 ± 0.23 m above mean sea level (amsl) during the period
that it was in use. Benjamin et al. [2017] set the basis, and subsequently, based on many case studies
from the Aegean, Kolaiti [2019] accomplished the protocol for the use of ancient maritime installations
as archaeological rsl indicators and suggested that a mean elevation of the top surface of a dock, jetty
or breakwater of 0.60 ± 0.30 m amsl during the period it was in use could “safely” be adopted. Such an
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assumption, in this case, could refer to a mean sea level of 3.20 m bmsl or a maximum sea level of 3.50
m bmsl.
• The large piles of stones, interpreted as lighthouses at the NW end of Zoodochos Pigi Bay and probably
associated with the Geometric and Archaic habitation of Oikonomou Island [Schilardi, 1973; Kourayos, 2015],
were founded on the then rocky outcrop in dry conditions, as evidenced by the carvings – probably graves –
on the surface of the contemporary reef. The surface of the reef where the piles of stones are laid is today
submerged at up to 3.20 m bmsl, the grave between Oikonomou Island and the Zoodochos Pigi coast is at
3.25 m bmsl, and the paved road south of the reef at 3 m bmsl (Figure 15a). The palaeogeographic
reconstruction of Oikonomou Island when the sea level was at 3.50 ± 0.20 m bmsl is shown in Figure 8b.
In addition, the interpretation that we have adopted for the rock-cut trenches that were intended for vine
cultivation presupposes a difference in elevation of 1-2 m with reference to the sea level, as is observed in modern
coastal vineyards along the coastal zone of the Voutakos area. Given that the last trace of trenches was identified
at 2.48 m bmsl on the Agios Nikolaos coast (Figure 9c) and at 2.20 m bmsl on the Kampos coast (Figure 9b), and
taking into consideration the depths of the building complex and the rock-cut tombs on the Kampos coast at 2.40
m and 2.75 m bmsl, respectively (Figure 9b), human activities could have been accomplished there with sea level
3.50 ± 0.20 m (sea level stand II) lower than at present. The hypothesis of Evans and Renfrew [1968] and Morrison
[1968] that the partially submerged system of trenches on Paros, Antiparos and Revmatonisi was cut in Hellenistic
times, which means in the period between 323 and 146 BC, but also the widespread Classical/Hellenistic ceramics
in the area of Voutakos [Vionis, 2006], allow us to suggest that the sea level stand (II) could have lasted even during
the Hellenistic period (Figuure 15a).
The beachrock generation (IIΙ) identified on the Martselo coast at 2.55 ± 0.15 m bmsl and the deepest marine
notch on Gaidouronisi Islet, as well as on the NW coast of Paros at a depth of 2.15 m to 2.20 m bmsl, determine a
sea level stand (III) at 2.40 ± 0.25 m bmsl during the Roman period of Paros (146 BC - 4th c. AD) (Figs. 4b, 15a). From
the last visible trace of the foundations of the Roman building complex on the Paroikia coast, found at 1.75 m bmsl,
and by adding at least 0.50 m for a stone foundation course, given that the foundation was (then) constructed on
land, we can infer that the foundation level should be at 2.25 m bmsl (Figure 10). Also, the piles of stones - either
protective rockfills or cairn-like landmarks - constructed along the then shoreline in front of the building, with
their base at 2.35 m bmsl, are linked to the sea level (III) at 2.40 ± 0.25 m found on the coast of Paros (Figure 15a).
Evidence is provided for the age of the breakwater on the Krotiri coast, which has not been (archaeologically)
dated so far. Taking into account the functional height of a breakwater, as presented above, the contemporary depth
of the ancient breakwater at Krotiri (Figure 11) could refer to the sea level stand (III) of 2.40 ± 0.25 m bmsl that has
been identified as the Roman sea level on the coast of Paros (Figure 15a).
The ancient quarry on Tigani Islet operated right next to the shore so that the extracted blocks could be
transported by sea. The age of an ancient quarrying site as well as any rock-cut remains is uncertain and is usually
indirectly approached. For a submerged quarryscape, it is assumed a minimum elevation of the original quarrying
floor at 0.30 m above high tide in order for it to be kept dry, which suggests a minimum “functional height” of 0.60
m with respect to the msl of the period in which it was in use [Auriemma and Solinas, 2009; Scicchitano et al., 2018;
Kolaiti, 2019]. Since the deepest trace of exploitation was found at 1.50 m bmsl (Figure 12), the period of use of the
quarrying site probably falls within the Roman sea level at 2.40 ± 0.25 m bmsl (Figure 15a).
The next sea level stand (IV) is determined by the beachrock generation (IV) found in Logaras and Molos Bays
and on the Martselo coast at 1.35 ± 0.20 m bmsl. The castle of Naoussa, founded on the flattened surface of a rocky
outcrop, is today submerged at 0.78 m bmsl, while the foundations of the enclosure wall and the seawall are at 1 m
bmsl (Figure 13), thus dating the sea level stand (IV) to the Venetian period. The threshing floor on the Lageri coast,
today at 0.80 m bmsl, which was probably in operation during the Venetian occupation of Paros, could also be linked
to the Venetian sea level stand (IV) (Figure 15a).
The following sea level stand (V) is determined by the youngest beachrock generation (V) found on Pounda coast
at 0.80 ± 0.10 m bmsl (Figures 4b, 15a). The rockfill on the Lageri coast was constructed along the then coastline
after the flooding of the threshing floor to protect the building and the three threshing floors against sea erosion
(Figure 14). The measured depths of the top and base of the rockfill at 0.60 m and 1 m bmsl, respectively, indicate
that it was placed there when the sea level was between those depths after the Venetian period and during the
Ottoman rule of the island (1537-1821). Consequently, the rockfill is related to the sea level stand (V) (Figure 15a).
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Τhe most recent sea level stand (VΙ), determined by the shallowest marine notch on Gaidouronisi Islet and at
Aspra Chomata at 0.45 ± 0.10 m (Figures 4b, 15a), is dated to the recent change in the sea level from the late 19th
c. onward. Although we have reservations about the accuracy of the depth (6 ft) given in Roux’s map [1804], a
comparison with the current average depth of the Roman breakwater on Krotiri coast roughly suggests a rsl rise of
0.45 m during the last 215 years, which matches the most recent sea level stand (VI).
Conflicting views on the rsl changes in the Cyclades have been expressed in a series of papers since 2012.
Evelpidou et al. [2012b] suggested that the rsl reached ∼-2.00 m ± 0.50 at about ∼4000 BP in the adjacent western
Naxos [Karkani et al., 2019]. In a subsequent publication, Evelpidou et al. [2014] stated that the sea level was at 2.90 m before the period 3350–4200 yr BP, ‐2.30 m around 3100 yr BP, above -1.78 ± 0.50 m around 1752 ± 40 yr BP,
at -1.00 ± 0.10 m around 941 ± 40 yr BP, -0.75 ± 0.10 m about 900 BP and -0.35 ± 0.05 m around 232 ± 35 yr BP.
Karkani et al. [2017] determined three sea level stands along the coast of Paros: the shallowest between -0.80 ± 0.20
and -1.80 ± 0.20 m yielded an age between 1500 ± 70 yr BP and 1000 ± 160 yr BP and the deepest sea level at -5.60
± 0.50 m between 1720 ± 80 yr BP and 1390 ± 190 yr BP, although the authors admitted that the latter age “does
not seem credible for such a deep shoreline”. Subsequently, Karkani et al. [2018] suggested for Paros that between
3100 and 3300 yr BP the sea level was between -1.50 m and -2.50 m. Recently, however, Karkani et al. [2019] rejected
the previous ages and stated that the rsl had risen by ∼2 m over the previous 2000 years and by at least ∼3.90 m since
∼4500 yr BP. Apart from the difficulty in following such contradictory views, the reader would have the impression
that the coastal human activities on Paros from the Late Neolithic to Modern Times had taken place underwater.
For example, if the sea level had been at -2 m to -2.50 m between 3300 yr BP [Karkani et al., 2018] and 2000 yr BP
[Karkani et al., 2019], the graves found in both the north and south bays of Oikonomou Island would have been
constructed under the sea, whereas the rock-cut trenches on the coast of Voutakos and Kampos, would have been
mostly below sea level. If the sea level had been between -0.75 m and -1 m around 1000 AD [Evelpidou et al., 2014],
the flattened surface and the foundation of the Naoussa Castle would have been on an inundated area and the
threshing would have been carried out underwater on the Lageri coast.
In a recent publication, Bechor et al. [2019] suggested for the entire Cyclades plateau a Medieval sea level at 1.20 ± 0.26 m in 1300 ± 30 climbing to -0.70 ± 0.26 m in 1500 ± 30, based only on two measurements from the castle
of Naoussa (Paros). However, they did not take into consideration that (a) both constructions were founded on a
rocky outcrop with uneven elevations and with a sea level lower than its surface (Figure 13), and (b) the seawall and
the enclosure wall, which were built in different periods (13th-14th c. and 15th c., respectively), are today at the same
depth (-0.95 m and -1 m, respectively).

6. Late Holocene rsl changes in the northern and central Cyclades
Geomorphological, archaeological and historical evidence of past sea levels on the islands of Keos, Andros,
Kythnos, Syros and Paros, and the insular group of Mykonos, Rhenia and Delos, enabled us to determine six distinct
sea level stands in the northern and central Cyclades and draw the rsl curve for the last 6,300 years [Desruelles et
al., 2009; Mourtzas and Kolaiti, 2016; Mourtzas, 2018] (Figure 15b).
The Late Holocene history of the rsl changes begins with the sea level at 5.00 ± 0.10 m bmsl. Little evidence of
this earliest sea level is provided and is mainly limited to the deepest beachrock generation in the bays of Poles (SE
Keos, 5.15 ± 0.20 m bmsl), Kavia (Koundouros, SW Keos, 4.50 ± 0.20 m bmsl), Mesa Steno (S Andros, 4.97 m bmsl),
Kalafati (S Mykonos, 4.80 m bmsl) and Paros (Logaras, 4.90 ± 0.10 m bmsl) [Mourtzas, 2010, 2018; this study]. This
sea level appears to be associated with a time interval between the Late Neolithic and the end of the Early Bronze
Age, from 4300 BC to 2000 BC. The earliest traces of habitation in the bays of Mikres and Megales Poles (SE Keos)
found in the depth of 3.10 m to 4.12 m bmsl between the two deeper beachrock generations [Mourtzas, 2010] and
the sudden abandonment around 2000 BC - with no trace of violence - of the Early Bronze Age settlement of Agia
Irini (NW Keos) (3300 BC to 2000 BC), are most likely related to this sea level stand and its abrupt change to the
following stand [Mourtzas and Kolaiti, 2016]. The flourishing of the Neolithic settlement of Saliagos in the ParosAntiparos Strait (4300 to 3700 BC) is related to the sea level stand at 4.90 ± 0.10 m bmsl, which enabled
communication by land with the surrounding area [Morrison 1968; this study] (Figure 15b).
The next sea level stand is detected throughout the area of the northern and central Cyclades at 3.60 ± 0.20
m bmsl. Many beachrock formations have been found on SE Keos (Poles Bay, 3.80 ± 0.45 m bmsl) and SW Keos
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(Kavia and Ligia Bays, 3.35 m to 3.45 m bmsl), in the insular group of Mykonos (Agios Ioannis, Paradise, Agrari,
Agia Anna, Kalafati, Panormos, Agios Sostis, 3.60 m to 3.90 m bmsl), Rhenia (Kormou Ammos, Steni and Lazaret,
3.60 m to 4 m bmsl) and Delos (Fourni, 3.60 m bmsl), and on Paros (Logaras and Molos Bays and the Martselo
coast, 3.30 m to 3.70 m bmsl) [Mourtzas and Kolaiti, 1998; Desruelles et al., 2009; Mourtzas, 2007, 2010, 2012,
2018; this study]. This sea level stand is dated to between the end of the Early Bronze Age (~2000 BC) and 180
BC. The dating was indirectly made, by comparison with characteristic elevations from the prehistoric settlement
of Agia Irini on NW Keos (2000 -1300 BC) (Mourtzas and Kolaiti, 2016), the harbour structure in Otzias Bay (4th
c. BC) on N Keos and the extensive harbour installations of ancient Karthaia on SE Keos (8th c. BC to the end of
prosperity around 180 BC) [Mourtzas and Kolaiti, 1998; Mourtzas, 2010], the coastal fortification of Classical
Palaeopolis (5th to 3rd c. BC) in W Andros [Mourtzas, 2007, 2018], the Classical archaeological layers at 3.65 m to
3.85 m bmsl in the ancient harbour of Vryokastro in Mandraki Bay in W Kythnos (Kythnos Excavation Project 19902014), the Geometric breakwater of Agios Ioannis Detis (N Paros), the submerged Geometric or Archaic
lighthouses, tombs and paved road in Zoodochos Pigi Bay (N Paros), and the rock-cut trenches found all around
the coast of Paros (this study). According to Mourtzas [2012], this sea level stand probably lasted until 30 BC
(Figure 15b).
The sea level stand at 2.40 ± 0.20 m bmsl was evidenced by the marine notches in three locations along the
eastern coast of Paros and on the western cliff of Gaidouronisi Islet (2.10 m to 2.20 m bmsl) (this study) and the
beachrock formations on Keos (Agios Nikolaos Gulf, Orkos and Poles Bays, the coves south of Koundouros, 2.20m
to 2.60 m bmsl), SE Andros (Korthi and Exo Steno Gulfs, 2.30 m bmsl), NW Delos (seafront of ancient Delos and
Fourni, 2.20 m to 2.60 m bmsl), SW Mykonos (Mykonos new port, Agios Ioannis, Paraga, Paradise, Agia Anna,
Kalafati, Ftelia, Panormos, Agios Sostis, 2.15 m to 2.50 m bmsl), E Rhenia (Lazaret, 2.20 m bmsl) and W Paros
(Martselo, 2.55 ± 0.15 m bmsl) [Mourtzas and Kolaiti, 1998; Desruelles et al., 2009; Mourtzas, 2010, 2012, 2018;
this study]. This sea level stand has been established as being sometime between 30 BC (ancient Delos) and 41
AD (Palaeopolis, W Andros) and has been dated by the functional height of the Roman shipshed in Poises Bay
(W Keos), the submerged Roman structure in Exo Steno Gulf (S Andros), the Roman harbour of ancient
Palaeopolis (W Andros) [Mourtzas and Kolaiti, 1998; Mourtzas, 2010, 2012, 2018], the submerged Roman harbour
installations in Mandraki Bay (W Kythnos, 2.45 m bmsl) (Kythnos Excavation Project 1990-2014), the Roman
building complex, the protective rockfill and the rubble mound breakwater in Paroikia Gulf (W Paros), and the
submerged ancient quarry on Tigani Islet (SW Paros) (this study). Based on radiocarbon ages that provide an age
of 960 BP (Desruelles et al., 2009), this sea level stand could be prolonged until about 1000 AD (Figure 15b).
The next sea level stand at 1.50 ± 0.20 m bmsl is dated to the period of the Venetian occupation of the Cyclades
(1207-1566 AD). It is evidenced by the marine notches in Poles Bay (SE Keos, 1.30 ± 0.05 m bmsl) and Plaka Bay
(W Andros, 1.35 ± 0.05 m bmsl) [Mourtzas and Kolaiti, 1998; Mourtzas, 2010] and the beachrocks throughout
the coast of Keos (bays of Spathi, Agia Irini, Orkos, Kavia, Ligia and Kampi, 1.10 m to 1.65 m bmsl), Andros
(Vlychadia, Agios Petros, Anerousa, Palaeopolis, Gyalia, Kremmydes, Mesa Steno bays, 1.30 m to 1.65 m bmsl),
Mykonos (Agios Ioannis, Platis Gialos, Paraga, Super Paradise, Agios Sostis, 1.15 m to 1.75 m bmsl), Delos (Fourni,
1.20 m bmsl), Rhenia (Kormou Ammos and Steni coast, 1.50 m to 1.70 m bmsl) and Paros (Logaras and Molos Bays,
the Martselo coast, 1.20 m to 1.55 m bmsl). The dating was attained by comparison with the functional height of
a seawall for coastal defense and a shipshed of the Venetian period (AD 1207-1566) on the coast of Nimporio
(Chora, E Andros) and the Venetian castles of Mykonos (Chora) and Paros (Naoussa) (this study). This sea level
stand could extend to the period between 1649 and 1735, which witnessed a series of strong seismic events,
including the explosion of the Kolumbo submarine volcano (NE Santorini) in 1650 (Figure 15b).
The sea level stand at 0.90 ± 0.20 m bmsl was evidenced by the beachrock generations found on Keos (0.65
m to 0.90 m bmsl), Syros (0.95 ± 0.05 m bmsl), Andros (0.58 m to 1.05 m bmsl), Delos (0.90 m bmsl) and Paros
(Pounda coast at 0.80 ± 0.10 m bmsl) [Mourtzas and Kolaiti, 1998; Mourtzas, 2010, 2012, 2018]. There is a little
evidence for the dating of this sea level, only that arising from the rockfill on the Lageri coast (N Paros), which
dates it to after the Venetian period and during the Ottoman rule of Cyclades. The change to the next sea level
stand could be linked to the strong seismic sequence that struck Kythnos Island between 29.4.1891 and 11.5.1891
(Figure 15b).
Finally, the latest sea level stand in the area of the northern Cyclades at -0.45 ± 0.15 m was deduced from
the depth of the well-formed marine notches in Poles Bay (SE Keos, 0.50 ± 0.05 m bmsl), along the eastern coast
of Paros Island and on the western cliff of Gaidouronisi Islet (0.38 m to 0.45 m bmsl) [Mourtzas, 2010, 2012, 2018;
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present study]. This deduction is supported by the most recent beachrock generations found on W Andros (Agios
Petros and Pissolimnionas, 0.60 ± 0.05 m bmsl) and NW Keos (Ayia Irini, 0.65 m bmsl) [Mourtzas, 2010, 2012,
2018; Mourtzas and Kolaiti, 2016; present study]. It can be attributed to the recent change in the sea level after
the late 19th c. onward, as evidenced by the submerged foundations and part of the superstructure of the coastal
buildings at “Little Venice” in Chora (Mykonos) at 0.50 bmsl (Figure 15b).

7. The rsl curve for the northern and central Cyclades
The rsl curve for the northern and central Cyclades during the last 6,300 years is shown in Figure 15b. The
diagram collates the six successive periods of rsl stability for Paros and the relevant periods for the northern and
central Cyclades, their probable duration and the intervening periods of rsl change. Milestones such as important
events from the prehistory and history of the northern Cyclades (e.g. period of prosperity or abrupt abandonment
of a settlement), and significant geodynamic events, such as volcanic eruptions and strong earthquakes, that play
a key role in dating the former sea levels and their changes, are also indicated. The mean rsl curve represents the
mean rate of the rsl change during the Late Holocene for the northern and central Cyclades (Figure 15b).
The mean rate of rsl change, as deduced from the rsl curve for Paros and the northern and central Cyclades
(Figure 15b), increases from 0.63 mm/yr (3200-1050 BC) to 0.78 mm/yr (1050 BC-430 AD), 1.09 mm/yr (430-1390
AD), 1.54 mm/yr (1390-1780) and 2.35 mm/yr (1780 to date). It is noticeable that the rsl change rates are accelerating
and this is mainly attributed to glacio-istostacy, since the tectonic component is being redused over time. The mean
inferred rsl change rate of 0.96 mm/yr during the Late Holocene for the northern and central Cyclades is significantly
lower than that suggested by Lykousis [2009] at 1.38 mm/yr for the eastern Cyclades plateau for the time span
between ~425 ka BP and 13 ka BP.
The separation between tectonics and glacio-hydro-isostatic signals from the observed rsl curves allow us to
define the amount of tectonic contribution to the rsl change, and obtain the vertical tectonic rates [e.g. Lambeck,
1995; Lambeck et al., 2004; Antonioli et al., 2011; Anzidei et al., 2011, 2013, 2014]. Lambeck’s model [1996] predicts
a rising sea level for the Cyclades since 6,000 yr BP, which appears to be consistent with the observed rsl stand (I)
deduced from this study (Figure 15b). However, for the following observed rsl stands, a strong tectonic component
with respect to Lambeck’s (1996) prediction is extracted, ranging from 0.45 m to 1.06 m [sea level stand (II): 0.95
m, (III): 1.06 m, (IV): 0.84 m, (V): 0.62 m, (VI): 0.45 m]. The tectonic component that results from the model of Roy
and Peltier [2018] since 2 ka BP for the Cyclades is higher by 1 m than that of Lambeck [1996] for the same time span.
Excessively higher values than those of Lambeck [1996] – by 4 m for 5,000 yr BP to 1.50 m for 3,000 yr BP – are
suggested by Stocchi et al. [2010], by comparing two different ice chronologies: ANU [Lambeck et al., 2004] and
ICE–5G [Peltier, 2004]. Although the seismic quiescence in the Cyclades archipelago, amid the intense seismic
activity of the Hellenic area [Jackson and McKenzie, 1984; Taymaz et al., 1991], projects the image of a
neotectonically inactive portion of the crust during the Late Holocene, the contribution of the tectonic component
to the rsl changes plays a decisive role in the post-glacial sea-level rise.
The main differentiation from all of the suggested glacio-hydro-isostatic models [Lambeck,1996; Lambeck and
Purcell, 2005; Peltier et al., 2015; Roy and Peltier, 2018; Stocchi et al., 2010] consists in the long periods of rsl
stability, which signify long periods of tectonic quiescence and abrupt changes in the sea level, which are obviously
associated with strong deformation events. The “aseismically deformed” area of the northern and central Cyclades
is probably the result of the existence of a very closely spaced geometric fracture framework within the metamorphic
rocks, preventing strain accumulation. Thus, energy release manifests itself in continuous deformations creeping
along the fracture planes [Papanikolaou et al., 1981].

Conclusions
In the present study, we attempted to track the rate, timing and location of the successive marine transgressions along
the coast of Paros island during the Late Holocene. Geomorphological and archaeological rsl indicators surveyed
throughout the coastline of Paros contributed to the estimation of the rsl rise, the plotting of the rsl curve for Paros and
the definition of the tectonic contribution to the rsl change, in an apparently stable, aseismic region of the crust of the

24

RSL change on Paros, N Cyclades
Aegean microplate. The correlation between the sea level stands determined for Paros and those for the northern and
central Cyclades revealed a uniform tectonic behaviour of the entire northern and central part of the Cyclades plateau.
The application of a geoarchaeological method of approaching the geomorphological and archaeological rsl
markers, including systematic observation, multiple and accurate measurements of depths/elevations and data
correction for tide and pressure effects, and also the deep understanding of the functionality of the ancient maritime
and coastal installations with respect to a past sea level, can enable us to determine and date the former sea level
stands, estimate the trends, magnitude and frequency of the vertical tectonic movements, and validate the proposed
geophysical models with greater accuracy.
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