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This paper summarises the current development in the southern Ionian Islands (Kefallinia and Zakyn-
thos) prehistory and places it within the context of seafaring. Archaeological data from the southern
Ionian Islands show human habitation since Middle Palaeolithic going back to 110 ka BP yet bathymetry,
sea-level changes and the Late Quaternary geology, show that Kefallinia and Zakynthos were insular at
that time. Hence, human presence in these islands indicates inter island-mainland seafaring. Seafaring
most likely started some time between 110 and 35 ka BP and the seafarers were the Neanderthals.
Seafaring was encouraged by the coastal configuration, which offered the right conditions for developing
seafaring skills according to the “voyaging nurseries” and “autocatalysis” concepts.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

One of the key issues in current research on human maritime
activity is focused on the questions of when seafaring started in the
Mediterranean Sea and, what was the logic behind it.

Convincing evidence regarding the sea-going ability of homi-
nins in the Mediterranean Sea comes from Sicily, Sardinia, Cyprus
and recently from Crete. The presence of Aurignacian stone-tools in
Sicily dated at around 30 ka BP (Mussi, 2001), Upper Palaeolithic
tools in Sardinia, dated at between 22 and 18 ka BP (Melis and
Mussi, 2002) and the Kebaran/Natufian industry in Cyprus, dated
at between 13 and 11 ka BP (Ammerman, 2010), together with the
proven insularity of these islands at the relevant time (Shacketon,
1987; van Andel, 1989) indicate without any doubt, the sea-going
ability of Homo sapiens (Broodbank, 2006). Recently, the
discovery of stone-tools in Crete, found in a flight of uplifted
terraces and alluvial fans dated between 130 and 45 ka BP and, the
likely insulation of Crete from the surrounding land masses since
the Miocene, suggests that sea-going in the Mediterranean was
started much earlier by pre-Sapiens hominins (Strasse et al., 2011).

Cherry (1990, 1984, 1981) and Patton (1997) examined the
colonization of the Mediterranean Islands in the light of their
palaeo-geography and biogeography. Broodbank (2006, 2002,
1999) discussed the colonization of the Aegean Sea islands in
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relation to the configuration of the islands and of the surrounding
mainland.

The presence of human occupation from Middle Palaeolithic to
Mesolithic in Epirus and in Peloponnesus on the western Greek
mainland (Higgs and Vita- Finzi, 1966; Chavaillon et al., 1969, 1967;
Darlas, 1999, 1995, 1994; Bailey, 1999; Bailey et al., 1992; Runnels
et al.,, 1999; Runnels and van Andel, 2003 and Tourloukis, 2010)
(Fig. 1) and in the southern lonian Islands of Lefkada (Dousougli,
1999), Kefallinia (Kavvadias, 1984; Foss, 2002) and Zakynthos
(Sordinas, 2003, 1970, 1968; Kourtessi-Philipaki, 1999) (Fig. 1)
suggests that there was mobility between the Greek mainland and
these islands during this period. However, before attempting to
presume evidence of sea crossings to the islands, or discussing any
seafaring ability from Middle Palaeolithic to Mesolithic, the insu-
larity of these islands from the Greek mainland at the time in
question, has to be proven.

The aim of this paper is to examine the insularity of the southern
Ionian Islands (Fig. 2) and to present a detailed reconstruction of
palaeo-shoreline migration and configuration from Middle Palae-
olithic to Mesolithic, where evidence of human occupation occurs,
so as to provide a framework for discussing the impacts of such
changes in stimulating seafaring activity.

2. Geomorphological-geological setting

The southern Ionian Island chain includes four large islands:
Lefkada, Kefallinia, Ithaka and Zakynthos, which lie at the shelf-
edge bordering western continental Greece (Fig. 2). On the map,
the four islands appear as an arc-like string of islands, separated
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Fig. 1. Lower Palaeolithic to Mesolithic sites in the Ionian Islands and Greek mainland. Inset: Map of the Mediterranean Sea showing the study area.

from each other by straits of between 8.5 and 15 km wide,
encompassing the mainland, thereby creating an almost land-
locked sea about 100 km long and 45 km wide between the
islands and the mainland (Fig. 2).

The land geology and seismic profiles show that the shelf is
affected by ENE-WSW and N-S trending compressional and
extensional stresses respectively, from Pliocene to present
(Monopolis and Bruneton, 1982; Brooks and Ferentinos, 1984;
Kokinou et al., 2005; Kokkalas et al., 2006). The compressional
stresses have resulted in the formation of two elongated en-
echelon synclinal basins oriented in an NNW—SSE direction, the
Zakynthos, and Kefallinia basins, which lie along the longitudinal
axis of the shelf (Fig. 2) and the extensional stresses have resulted
in the formation of an E—W oriented direction basin, the Lefkada
basin, which cuts across the Kefallinia and Lefkada islands (Fig. 2).

3. Palaeolithic and Mesolithic human presence in the western
Greek mainland and Ionian Islands

Middle and Upper Palaeolithic as well as Mesolithic sites have
been found all around the western Greek mainland and in the Ionian
Islands (Fig. 1). The sites discussed here are based on a variety of
published sources (Higgs and Vita- Finzi, 1966; Chavaillon et al.,
1969, 1967; Sordinas, 2003, 1970, 1968; Kavvadias, 1984; Darlas,
1999, 1994; Bailey, 1999; Bailey et al., 1992; Runnels et al., 1999;
Kourtessi-Philipaki, 1999; Dousougli, 1999; Foss, 2002; Runnels and
van Andel, 2003; and Tourloukis, 2010). A few sites are rockshelters
with well stratified and precise relative chronologies but the
majority is open-air non-stratified and/or poorly stratified sites
lacking precise dating. The stone-tools age in the aforementioned
sites have been identified on the basis of: (i) typological analysis, (ii)
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Fig. 2. Structural map of the southern lonian Islands shelf showing the major tectonic features and their control on the bathymetry. ZB: Zakynthos Basin, KB: Kefallinia Basin, LB:
Lefkada Basin. Thick lines with numbers indicate seismic lines shown in Figs. 4—6. Inset: Map of the Mediterranean Sea showing the study area.

chronostratigraphic criteria and (iii) radiometric dating using C,
Thermal Luminesence (TL) and Infrared Stimulated Luminesence
(IRSL).

The Middle Palaeolithic sites in Epirus are open-air sites (eg.
Kokkinopilos, Anavatis, Alonaki, Rodaki, Ayia, Loutsa) only one is
a rockshelter (Asprochaliko) (Fig. 1) (Higgs and Vita- Finzi, 1966;
Bailey et al., 1992; Runnels et al., 1999; Runnels and van Andel, 2003
and Tourloukis, 2010). The artefacts found in the sites are charac-
terized by a typical Middle Paleolithic Mousterian industry
(Runnels et al., 1999; Runnels and van Andel, 2003). The artefacts
found in Rodaki are a special variant of Mousterian, resembling the
Pontinian Mousterian in Italy (Runnels and van Andel, 2003), which
is dated between 110 and 35 ka (Kuhn, 1995).

The Mousterian industry in Epirus dates from about 98 to 30 ka
BP based on radiometric and chronostratigraphic dating (Bailey,
1999; Runnels and van Andel, 2003).

The Upper Paleolithic sites in Epirus are mainly related to
rockshelters (Klithi, Asprochaliko, Kastritsa, Boila etc) (Fig. 1). The
artefacts found in the sites based on their typology, are assigned
to Aurignacian, Gravettian and Epigravettian industry and their
age, measured by 'C, is between 29 and 10 ka BP (Bailey et al,,
1992; Huxtable et al, 1992; Bailey, 1999; Runnels and van
Andel, 2003).

Mesolithic sites in Epirus are open-air sites (Fig. 1). The Meso-
lithic artefacts found are similar to those found at Corfu and
Franchthi in Greece and at Konispol in Albania (Runnels and van
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Andel, 2003). The Mesolithic in Epirus is dated by Thermal Lumi-
nencence between 10.5 and 9.4 ka BP (Runnels and van Andel,
2003) whereas in the nearby Corfu and Konispol, the Mesolithic
is dated between 8.5 and 8 ka BP.

Middle and Upper Paleolithic sites in Elis and Achaia in the
Peloponnesus are open-air sites. Middle Paleolithic sites are more
abundant than those of Upper Palaeolithic. The Middle Palaeolithic
artefacts are characterized by a typical Mousterian industry
(Chavaillon et al., 1969, 1967; Darlas, 1999, 1994). The artefacts were
found in marine terraces, but in two sites Katakolo and Killini
(Fig. 1) they are found embedded in marine sediments dated ca
125 ka BP (Tyrrhenian) and 75 ka BP (Neo-Tyrrhenian) (Kowalczyk
and Winter, 1979).

In the southern Ionian Islands, Lefkada, Kefallinia and Zakythos
a total number of fifteen (15) Middle Palaeolithic to Mesolithic
open-air sites have been detected (Sordinas, 2003, 1970, 1968;
Kavvadias, 1984; Kourtessi-Philipaki, 1999; Dousougli, 1999; Foss,
2002) (Fig. 1.). Based on the stone-tool typology, ten (10) sites
were assigned to Middle Palaeolithic: four (4) sites in Leflada
(Dousougli, 1999); three (3) sites in Kefallinia (Kavvadias, 1984) and
three (3) sites in Zakythos (Kourtessi-Philipaki, 1999). All Middle
Paleolithic sites were open-air ones and related to a typical
Mousterian industry. Furthermore, Runnels et al. (1999) and
Kourtessi-Philipaki (1999) suggest that the Middle Palaeolithic
stone-tools found in Vassilikos Peninsula (Aghios Nikolaos and
Gerakas) in the island of Zakynthos and at Rodaki in Epirus have the
same typological characteristics and resemble the littoral Mouste-
rian (Pontinian) in Italy, which is dated at between 110 and 35 ka BP
(Kuhn, 1995).

Mesolithic was found in one site in Kefallinia and in one site in
Zakynthos (Sordinas, 2003). Both sites were open-air sites.
According to Sordinas (1970) the stone-tools found in Zakynthos
resemble the stone-tools found in Corfu and their age based on '4C
dating is assigned to 7770 + 340 ka BP.

4. Methodology

The insularity of the southern Ionian Islands from the Greek
mainland and the palaeo-shoreline migration and configuration
from Middle Palaeolithic to Mesolithic was examined with the use
of the hydrographic charts and by plotting the palaeo-sea-levels,
as inferred by the sea-level curve mathematically modelled by
Lambeck (1996) for the Aegean Sea (Fig. 3), which takes into
consideration the glacio-hydrostatic effect on the earth’s crust but
does not compensate for regional and local vertical tectonic
movements. Furthermore, changes in the palaeo-bathymetry by
geological processes on the seafloor between the islands and the
Greek mainland which occurred during this time interval have
also been examined by studying the late Quaternary geological
evolution of the area (Brooks and Ferentinos, 1984; Hasiotis et al.,
2005).

The reconstruction of the palaeo-shoreline position and
configuration was compiled for the following time windows of
human cultural evolution:

1. The Lower/Middle Palaeolithic transition

2. The Middle/Upper Palaeolithic transition

3. The Upper Palaeolithic/Mesolithic transition and
4. The Mesolithic/Neolithic transition

The first transition took place at around 100 ka BP, the second
transition took place at around 30 ka BP, the third transition at
around 10 ka BP, and the fourth transition at around 8.0 and 7.5 ka
BP (Runnels, 2001). These dates are considered as a good average
approximation of the time that all the cultural transitions
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Fig. 3. Predicted relative sea-level curve (dashed line) in central Aegean Sea compared
to eustatic sea-level curve (solid line). Modified from Lambeck (1996).

mentioned above occurred, since these transitions did not take
place simultaneously in the Balkans and the Eastern Mediterra-
nean (Runnels, 2001). According to Lambeck’s sea-level curve
(Fig. 3) at the above mentioned time-slices, the sea level was
standing at —20, —60, —50 and —20 m below the present one,
respectively. Furthermore, the palaeo-shoreline configuration was
compiled at: (i) the Tyrrhenian Interglacial at 125 ka BP when the
sea level was standing at approximately the same level as at
present, (ii) towards the termination the First Glacial Maximum
when the sea level was at —80 m, of and (iii) the Last Glacial
Maximum at 18 ka BP when the sea level was at —120 m (Fig. 3).
This curve was chosen as the best available as there is not a sea-
level curve within the area under examination, compiled by
geological and archaeological data going back to Middle
Palaeolithic.

5. Data presentation
5.1. Island insularity

The insularity of the southern lonian Islands from the Greek
mainland during the Middle Palaeolithic, Upper Palaeolithic and
Mesolithic period is examined by studying the overall late
Quaternary geological evolution of the Zakynthos Kefallinia and
Lefkada basins. The overall configuration of the Zakynthos and
Kefallinia basins, the water depth, the sediments thickness
and the basin fill architecture, as appeared in the seismic
profile shown in Fig. 4 in this paper and in the seismic
profiles of Figs. 7, 8 and 11 of Brooks and Ferentinos (1984) and
Fig. 4 of Hasiotis et al. (2005), indicate that the basin floor was
continuously subsiding and, during the time concerned
submerged.

The Lefkada basin is bounded on both sides by faults with
a total throw of at least 200 m on each side (Fig. 5). The seafloor
is at a water depth between 250 and 350 m, is flat and covered
by a sedimentary sequence consisting of well layered and parallel
reflectors with a thickness of more than 50 m (Fig. 5). This is
indicative of continuous marine sedimentation. The time length
needed for the 50 m thick sequence to deposit is estimated to be
between 100 and 500 ka, based on sedimentation rates between
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Fig. 4. Air-gun profile S5 across the Kefallinia basin showing the basin controlled by
monoclines and underlain by a sedimentary succession made up of successive
inclined and axially diverging layers. The upper part of the succession in the axial
part of the basin is interspersed with debris flows. Shaded blue are layers of turbiditic
and/or hemipelagic origin. Shaded green are debris flows. See Fig. 2 for location.
P—Q: Plio-Quaternary, M: Seafloor multiple, D: Diapir. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of
this article.)

0.04 and 0.22 mmy/year that have been observed in most of the
shelf basins of the Aegean and lonian Seas (Geraga et al., 2000,
2005, 2008; Piper and Perissoratis, 2003; Giresse et al., 2003;
Rousakis et al., 2004). Therefore the Lefkada basin was
submerged during the time concerned. However, for higher
sedimentation rates like those observed in the nearby Corinth
and Patras basins, which are between 1 and 2—3 mm/year
(Chronis et al., 1991; Lykousis et al., 2007; Bell et al., 2009), the
time length for the 50 m thick sedimentary sequence to deposit
is between 16.6 and 50 ka. This time length is less than the time
length under consideration. In this case and in the absence of
seismic profiles with penetration deeper than 50 m, the palaeo-
depth (palaeo-bathymetry) in the Lefkada basin is estimated by
examining the palaeo-seafloor level in relation to palaeo-sea level
over the last 100 ka at the time windows of 8, 10, 20, 30, 59 and

N S
"
i 75m
500m
LEFKADA BASIN 150m
NORTHERN MARGIN
225m

100 ka. The palaeo-seafloor level in the basin must be adjusted in
relation to the present day depth, taking into consideration the
subsidence of the seafloor due to the vertical movement along
the bounding faults and the sediment accumulation at the
aforementioned time windows. In the former case the palaeo-
seafloor level was standing at higher levels than at present day
seafloor level and in the latter case was standing at lower levels.
The expected slip rate on the faults bounding the Lefkada basin,
based on estimated slip rates on faults bounding the nearby
tectonically active Patras and Corinth basins, is between 1 and
5 mmy/year for the late Pleistocene and Holocene (Chronis et al.,
1991; Lykousis et al., 2007; Bell et al., 2009). The sedimentation
rate in the basin for the same time period is between 1 and
2—3 mmy/year, as mentioned above.

The palaeo-depth (paleo-bathymetry), based on the above
mentioned, is expressed by the equation:

Py = D —Pg — Tgyp + St

where Py is the palaeo-depth, D is the present day depth, Py is the
palaeo-sea level, Ty, is the seafloor subsidence due to the fault
activity over the last 125 ka and Sy, is the thickness of the accu-
mulated sediment over the same period. Ty, is a function of the
fault slip rate and is given by Tsyp = 2/3S;*t where Sj; is the slip in
mm/year and ‘t’ is the time from present, in ka. The coefficient 2/3 is
based on an uplift to subsidence ratio of 1: 2, observed in the Patras
and Corinth basins (Bell et al., 2009). Sy, is a function of the sedi-
mentation rate and is given by Sy, = S;*t where S, is the sedimen-
tation rate in mmy/year and ‘t’ the time from present, in ka. The
palaeo-depth and the palaeo-seafloor levels are estimated at the
aforementioned time windows for low (1 mmy/year), medium
(2 mm/year) and high (5 mm/year) slip rates and high sedimen-
tation rates of 1 and 3 mm/year (Table 1). The estimated palaeo-
depths (Pg) over the Lefkada basin range from 19 to 601.7 m
(Table 1) suggesting that the Kefallinia Island was insular at the
aforementioned time windows and therefore all over the last
125 ka.

5.2. Palaeo-shoreline migration and configuration

The study of the Last Glacial Maximum (LGM) transgression
surface and isotopic stage 2 delta over the shelf shows that they
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75m /
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Fig. 5. 3.5 kH profiles S8A, B across the Lefkada basin showing the fault controlled margins and the basin fill sedimentary succession. F: Fault. See Fig. 2 for location.
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Fig. 6. 3.5 kH profiles S10A, S10B and S10C across the Zakynthos, Killini and Kefallinia shelf, respectively, showing the Last Glacial Maximum Transgression surface lying at different
depths below present day. See Fig. 2 for location.
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Fig. 7. 3-D time—space models of palaeo-shoreline configuration in the southern Ionian Islands at 100, 60, 30, 18, 10 and 8 ka BP when the sea-level was
at —20, —80, —60, —120, —50 and —20 m below present, respectively. The perspective views are from a point in Peloponnesos marked by a solid square and from a height of 500 m.
P: Peloponnesos, AA: Aetolo-Akarnania, IZ: Zakynthos Island, IK: Kefallinia Island, IL: Lefkada Island.
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6. Discussion

The presence of Middle and Upper Palaeolithic sites in Kefallinia
and Zakynthos, which were insular during this period, suggests that
the hunter-gatherers were able to travel to these islands from the
Greek mainland by crossing the straits, which were less than 12 km
wide. The time-space models of the palaeo-shoreline configuration
of the southern Ionian Islands and the western Greek mainland
(Fig. 7) show that during the Middle and Upper Palaeolithic periods,
access to the islands could have been achieved via two routes. One
route was from the southernmost extremity of the present day island
of Lefkada, which at that time was a peninsula, and involved two sea
crossings of between 5 and 7.5 km with intervening islets (Fig. 8).
The other route was from the Greek mainland and involved three
crossings with a width of between 5 and 12 km (Fig. 8).

Having in mind that: (i) the sites found on the western Greek
mainland are dated at between 98 and 30 ka BP (Runnels et al.,
1999; Runnels and van Andel, 2003) and are characterized by
Mousterian technology (Runnels et al., 1999; Runnels and van
Andel, 2003) produced by the Neanderthals (Mellars, 1996) and
(ii) the lithic industry found in the Zakynthos island (Vassilikos
Peninsula) resembles that found in Rodaki in Epirus and both are
like the Mousterian (Pontinian) in Italy, which is dated between 110
and 35 ka BP (Kuhn, 1995), the most plausible suggestion is that the
sea-goers were the Neanderthals. Hints of maritime crossings in the
Mediterranean Sea by the Neanderthals are also given by
Broodbank (2006). Taking into consideration (i) and (ii) above and,
given that seafaring in the south-east Asian Islands and greater
Australia started at around between 50 and 40 ka BP (Mellars,
2006; Balter, 2007) it can be suggested that seafaring in the
southern Ionian islands started at about the same time or even
earlier, by about 60 ka, but the crossing lengths were on a much
smaller scale. The extended Neanderthal seafaring activity in the
Ionian Islands further supports the view, accepted by many
scholars, of the cognitive learning ability of the Neanderthals
(Broodbank, 2006).

The presence of undated Upper Palaeolithic industry in Kefallinia,
similar to the Aurignacian industry of the Upper Palaeolithic in
Epirus (Runnels et al., 1999) and in Elis and Achaia (Chavaillon et al.,
1969, 1967; Darlas, 1999, 1995, 1994) suggests that the maritime
activity between the mainland and the islands continued throughout

21°00°E _Som

the Upper Palaeolithic and was probably carried out by behaviourally
modern humans.

Human presence in the Mesolithic period is concentrated along
the Greek mainland coastline but is also found on the island of
Zakynthos (Runnels and van Andel, 2003). The lithic industry of all
the coastal sites is identical and points not only to hunting as the
main activity, but also to the repair and maintenance of hunting
equipment or, to the building of simple reed-boats (Runnels and
van Andel, 2003).

The regional palaeo-shoreline configuration was the major
factor that motivated the Middle and Upper Palaeolithic hunter-
gatherers to develop seafaring capabilities in order to reach the
islands. The configuration of the Greek mainland and Ionian Islands
coast, gives the impression of an almost continuous landscape
interrupted by short water gaps, which provides the perception of
easy accessibility, thus creating ideal maritime “nursery” condi-
tions for experimentational seafaring (Irwin, 1992; Broodbank,
2006). Additional factors that motivated the hunter-gatherers to
seafaring were: (i) the short distances between the mainland and
the islands involving one-day crossings, (ii) the inter-visibility and
the stepping stone islets, which all promised a safe return voyage
(Keegan and Diamond, 1987) and (iii) the short fetch.

Recently, the presence in Crete of Acheulean type (sensu lato)
lithics in a marine terrace of an estimated age of ca 107 ka BP and in
an alluvial fan of an indicative age of ca 130 ka BP, based on the
palaeosol pedogenic maturity, motivated Strasse et al. (2011) to
suggest that pre-sapiens hominins were able to reach Crete from
Greece and Turkey by crossing open bodies of water as far back as
ca 107 and 130 ka BP. Similarly, it can be argued in this paper that
seafaring could have started in the southern Ionian Islands as early
as it started in Crete, at ca 107 to 130 ka BP and probably further
back at ca 150—200 ka BP, considering: (i) the presence of Lower
Palaeolithic: in four sites in Epirus (Kokkinopilos, Ormos Odysseos,
Alonaki and Aghios Thomas peninsula (Fig. 1) with an Acheulean
and/or early Mousterian typology lithic industry of an estimated
age of between 200 and 150 ka BP (Runnels and van Andel 2003;
Tourloukis, 2010) and (ii) the presence of Lower Palaeolithic in
Kefallinia island (Nea Skala) (Fig. 1) with an Acheulean lithic
industry, which is dated at ca 125 ka BP as it was found in an
uplifted marine terrace of assumed Tyrrhenian age (Cubuk, 1976;
Tourloukis, 2010).
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Fig. 8. Palaeoshoreline reconstruction when the sea level was at —80 and —120 m showing the most likely used short range route crossings to the islands from Middle Palaeolithic
to Mesolithic. P: Peloponnesos, AA: Aetolo-Akarnania, 1Z: Zakynthos Island, IK: Kefallinia Island, IL: Lefkada Island.
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7. Conclusions

Drawing together the evidence set out above, certain general
conclusions emerge:

(i) Seafaring activity in the southern Ionian Islands in the Medi-
terranean Sea started in Middle Palaeolithic. An exact date
from the present available data cannot be given, but most
likely started some time between 110 and 35 ka BP. However,
earlier beginning of seafaring activity as far back as 200 ka BP
can not be excluded.

Seafaring in the southern Ionian Islands started at around the
same time as in the south-east Asian Islands and greater
Australia (Mellars, 2006; Balter, 2007) and probably much
earlier at around 110 ka BP or even further back at 200 ka BP.
(iii) The first voyagers who travelled to the Ionian Islands were the
Neanderthal hunter- gatherers, who occupied the Greek
mainland at that time, whereas those that travelled to the
south-east Asian Islands and greater Australia were biological
and behaviourially modern humans. However, pre- Neander-
thal hominins seafaring can not be excluded in the case of
seafaring in the southern lonian Islands had started at ca
200 ka BP.

Seafaring activity was encouraged by the prevailing favourable
regional coastal configuration in the Middle and Upper
Palaeolithic, which played an important role in the develop-
ment of seafaring technology and navigation, according to the
concepts of ‘voyaging nursery’ and ‘autocatalysis’ put forward
for island colonization, by Irwin (1992) and Keegan and
Diamond (1987), respectively.

(ii

=

(iv

~
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