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Abstract

Underwater reconnaissance work in front of
the early site of Aspros on the west coast of
Cyprus has led to the recovery of lithic arte-
facts that date to the Final Palaeolithic. Survey
work on Cyprus was initially focused on the
search for pre-Neolithic archaeology on land,
resulting in the discovery of sites on forma-
tions of aeolianite along the modern coastline.
Given their inferred pre-Neolithic age at a
time when sea levels were significantly lower
than present, their geomorphological setting
was used to predict targets for underwater sur-
vey offshore, resulting in the discovery of
Dive Site C. In the eastern Mediterranean, no
other site of this age has been found in a sub-
merged context so far. At the end of the
Pleistocene, this place stood at the foot of an
aeolianite cliff that once formed part of the
north bank of the Aspros River. Detailed anal-
ysis of the lithics at Dive Site C has identified
diagnostic chipped stone tools in a hyper-
microlithic tradition. This chapter sets out the
steps that led to the underwater discovery,
describes the lithic industries, presents the
resulting gains in new knowledge and high-
lights the contribution that underwater archae-
ology is making to a better understanding of
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the Epipalaeolithic on Cyprus. Of particular
interest are the close parallels between the
reduction technology and the stone tool types
at Aspros Dive Cite C and those from the lev-
els of the Okiizini Cave in southern Turkey,
which date to the time of the Younger Dryas.
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22.1 Introduction

One of the challenges in the study of voyaging
foragers in the Mediterranean is that sea levels
were appreciably lower in the time before the
Neolithic period. In the case of the site of Aspros
on land (Figs. 22.1, and 22.2), which dates to the
Late Palaeolithic or the Epipalaeolithic as it is
called locally on Cyprus and in the Levant
(Ammerman 2013, 2014a; Kaczanowska et al.
2014; see also Knapp 2013), the distance from
the shoreline today to the one 12,000 years ago
was around 1.4 km (Fig. 22.3). In turn this raises
the question of whether what one finds when one
does a survey on land provides a good guide to
what was happening on the coastline at the end of
the Pleistocene. This has been an open question
for some time. One way to address this is by con-

429

G. Bailey et al. (eds.), The Archaeology of Europe’s Drowned Landscapes,
Coastal Research Library 35, https://doi.org/10.1007/978-3-030-37367-2_22


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-37367-2_22&domain=pdf
https://doi.org/10.1007/978-3-030-37367-2_22
mailto:aammerman@colgate.edu

430

A.J. Ammerman

Fig. 22.1 Map showing the location of seven sites that date to the time of the Younger Dryas (c. 10,800-
9500 cal BC) in the eastern Mediterranean: Abu Hureyra, Aetokremnos, Aspros, Direkli Cave, Okiizini Cave,
Ouriakos and Franchthi (red dots). Black dots give the location of two sites that date to the first half of the ninth

millennium cal BC: Nissi Beach and Maroulas
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Fig. 22.2 Location of underwater sites on Cyprus. Sites
in the west are at Aspros, the site in the east is Nissi Beach.
Site information from the SPLASHCOS Viewer http://
splashcos-viewer.eu. Drawing by Moritz Mennenga

ducting reconnaissance work on the seafloor.
While a good case can be made in the context of
method and theory in archaeology for engaging
with submerged prehistory (e.g., Bailey 2013 and
references therein), archaeologists on Cyprus

have been hesitant to attempt this kind of work.
There were practical considerations that kept
them from getting their feet wet. To begin with, it
takes time, effort and money to put together the
team and equipment to do underwater archaeol-
ogy. Moreover, the sizes of the lithics that one is
attempting to find are quite small, the pieces of
chipped stone are often less than 1 cm in length,
and their visibility on the seafloor is even lower
than it is on land. For many years it was hard
enough for archaeologists working on land to
find pre-Neolithic sites on the islands in the east-
ern Mediterranean (Ammerman 2010). Given the
risks involved—the chances of returning home
empty-handed—it was understandable that
archaeologists on Cyprus held back from taking
the plunge. Dive Site C was discovered in July
2007 on the west coast of Cyprus at a depth of
12 m in the water, at a place that once stood on
the north bank of the Aspros River when sea level
was lower than today (Ammerman et al. 2008,
2011).

It is worth underscoring two things by way of
introduction. First, what was undertaken at Dive
Site C was not a routine piece of work in the field.
None of us had ever worked at a Palaeolithic site
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Fig. 22.3 Map showing the site of Aspros on land (A), located above the confluence of the Avgas and Aspros Rivers,
with their approximate courses to three shorelines: (1) c. 12,000 years BP (10,000 cal BC) at ¢.70 m below sea level
today; (2) c. 6000 BP (c. 4000 cal BC) at c. 8 m below sea level today, dashed line; and (3) the present day, 0 m, solid
line. For land above sea level today, the contour lines are at 20 m intervals

in a submerged context before, and underwater
archaeology was not part of my own training. In
retrospect, one can see it as the logical thing to
do. Perhaps ‘pioneering venture’ is the best term
to use in describing what we were setting out to
do. Second, we had great good fortune to find
Dive Site C, given the limited time and resources
that were available to us. In addition, doing
underwater archaeology in a hot summer month
led fortuitously to the important discovery of sea
salt in shallow basins in the aeolianite bedrock on
the coast (Fig. 22.4; Ammerman et al. 2008,
Fig. 10; Ammerman 2014a, Fig. 19). As an annu-
ally renewing resource that occurs right on the
shoreline, salt might be a good reason for forag-
ers based on the mainland to voyage out to
Cyprus in the summer months.

On the other hand, we failed to appreciate the
full significance of the lithic finds in our two pre-
liminary reports (Ammerman et al. 2008, p 19;
Ammerman et al. 2011, p 266-267), and it was
only when Janusz Kozlowski and Malgorzata
Kaczanowska, leading lithic specialists from
Poland, agreed to step in and re-examine all of
the lithics found at the sites of Aspros and Nissi

Beach including the material from Dive Site C
that we were able to appreciate their full signifi-
cance (Kaczanowska and Kozlowski 2014a), in
particular the close parallels between the chipped
stone tools and reduction technology at Dive Site
C and those found in the upper levels at the
Okiizini Cave in southern Turkey (Yalcinkaya
et al. 2002).

This chapter outlines the steps that led to
underwater work at Aspros in 2007, sets out the
predictive strategy used to locate underwater
sites, and summarizes the results of underwater
reconnaissance with particular attention to the
analysis of the lithics at Aspros Dive Sie C (for
further detail see Ammerman 2013, 2014a).

22.2 Stepsin the Fieldwork
on Land

When I first went out to Cyprus in 2003 to find
the missing pre-Neolithic sites on the island, the
notion of doing underwater archaeology was the
last thing that I had in mind. As late as 2003,
there was only one reliable pre-Neolithic site on
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Fig. 22.4 Sea salt on the shoreline at Aspros. The salt forms when spray from the sea collects in shallow depressions
in the aeolianite rock and the water dries out in the sun during the summer months. The sea salt there was a resource

that renewed itself each year. Photo by Albert Ammerman

the island of Cyprus, the much-debated rock
shelter known as Aetokremnos on the Akrotiri
Peninsula (Simmons 1999; Ammermans and
Noller 2005; Zazzo et al. 2015). Even as late as
2007, there was in the literature no site of
Mesolithic or Palaeolithic age that was known on
the island of Crete. In short, the whole question
of early voyaging to offshore islands in the
Mediterranean Sea—Cyprus, Crete, Corsica,
Sardinia and the Balearic Islands—was still up in
the air at the time.

On Cyprus we took a new approach—one that
focused on the location of sites on or near the
coast and the visibility of early sites on the mod-
ern land surface (Ammerman et al. 2006). We
soon found Nissi Beach at Agia Napa in January
of 2004 and then Aspros in the Akamas in
December of the same year (Fig. 22.1;

Ammerman 2010). By the end of 2005, the
reconnaissance work on land had led to the dis-
covery of ten sites on formations of aeolianite on
the coasts of Cyprus, all of them with pebble-
and-flake-based lithic reduction technologies
quite different from the blade-oriented traditions
found at Neolithic sites on the island and there-
fore inferred to be pre-Neolithic in date. This
challenged conventional wisdom at the time,
namely, that hunter-gatherers were reluctant sea-
farers in the Mediterranean and that pre-Neo-
lithic sites were difficult to find on its islands
(Cherry 1990). We now had good evidence for
crossing the sea to the offshore island of Cyprus
in the time before the Neolithic period. In light
of the heightened mobility of Natufian hunter-
foragers in the Levant during the late
Epipalaeolithic (Bar-Yosef 1998; Boyd 2006),
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one could also put forward the working hypoth-
esis that, in response to the cold snap of the
Younger Dryas (dated to the period 12,800—
11,500 cal BP), voyaging to Cyprus now made it
possible for populations in the Levant to cope
with a climatic downturn by enlarging even fur-
ther their territorial range (Broodbank 2006;
Ammerman 2010).

The next step in the fieldwork was to place the
early sites at Aspros and Nissi Beach into their
environmental context. Jay Noller, a soil scientist
and coastal geologist, took the lead in this line of
investigation. He studied first the aeolianite rock
(old lithified sand dunes) and then examined the
thin palaeosols that had formed on top of this
bedrock during the closing years of the
Pleistocene. The palaeosols at both sites were
found to have very low productivity in ecological
terms. In short, the soils are of little or no use for
purposes of agriculture either today or in prehis-
toric times. Noller also mapped the geomorphol-
ogy of the area in the vicinity of Aspros. Of
particular interest for our present purposes, he
also produced a map that shows the confluence of
the Avgas and Aspros Rivers with the approxi-
mate positions of the shorelines at 6000 and
12,000 years ago (Fig. 22.3; Ammerman et al.
2007, Fig. 3). In the case of the earlier shoreline,
it was taken to stand at c. 70 m below modern sea
level. This reconstruction stands up quite well
today in the context of the slightly lower value
for sea level at the end of the Younger Dryas (c.
60 m) recently proposed by Lambeck and co-
workers (Lambeck et al. 2014). The distance
from the west side of the site of Aspros on land to
the shoreline at c. 10,000 cal BC is just over
1.4 km.

The third step was to excavate six small trial
trenches at Aspros in 2007 and 2008 (for their
locations, see Ammerman et al. 2008, Fig. 4).
While the excavations of the palaeosols did yield
a certain number of lithics in each case (ones
similar to those on the site’s surface), none of the
trenches produced a good feature or concentra-

tion of lithics. The counts of the lithics recovered
from each of the first four trenches are given in
our third report on early sites on Cyprus
(Ammerman et al. 2008, Table 4). In turn this
now led to the realization that the trial trenches
were all made in a place that was too far from the
coast at the time of interest. If we wished to work
at sites closer to the shoreline in late Palaeolithic
times, we would have to look for them offshore
and under water (Ammerman et al. 2011, p 269).

22.3 Underwater Reconnaissance
Work at Dive Site C

Alan Blum, a geologist at Cornell University,
first drew my attention to the effect of ‘case hard-
ening’ of the aeolianite bedrock that occurs on
the north side of the Aspros River. As shown in
Fig. 22.5, the aeolianite has a hard, upper cara-
pace, but it is easy for the lower part of the cliff to
become undercut when it is exposed to the ele-
ments over time, due to a lesser degree of lithifi-
cation with depth in this rock. Shallow rock
shelters can even form in some places along this
cliff, which is 4-5 m high. In addition, the case
hardening of the aeolianite in the valley, as men-
tioned before, creates a more resistant place on
the coast, one that has a much better chance of
surviving a marine transgression. Accordingly,
we chose to focus our underwater searches on the
submerged north bank of the palacochannel, and
this was the key decision behind the success of
the work at Dive Site C.

Dive Site C is located some 130 m from the
present-day coastline (Fig. 22.6). The foot of the
aeolianite cliff on the river’s north bank stands at
about 12 m below sea level today, and the top of
the cliff stands some 4 m above the foot of this
cliff. Six dives were made in this place during the
field season. On the whole, visibility was more
limited in the upper part of Dive Site C (the flat
area at the top of the cliff). For this reason, less
effort was put into coverage of the seabed there.
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Fig. 22.5 View of the aeolianite cliff on the south side of the site of Aspros on land with members of the dive team in
the foreground. Note the collapse of the overhanging upper part of the aeolianite cliff on the left. No archaeology is
observed in the rock shelter to the right since local shepherds have removed all the deposits down to the bedrock over

the centuries. Photo by Albert Ammerman

The dives were made using standard SCUBA
equipment, and each one lasted for less than an
hour. Once a good potential place such as Dive
Site C was identified by means of wider cover-
age, two or three divers working together as a
‘lithic recovery’ team were then assigned to
cover it more intensively (Figs. 22.7, and 22.8),
while a supervisor kept an eye on the work in
progress and recorded the area. Professional
underwater cinematography was also used to
document each dive site. Those working on a
lithic recovery team were asked to collect every-
thing they encountered, including pieces of very
small size, and not to be selective in what they
picked up. Later, the materials would be sorted
and studied. During a given dive, each person
collected his or her own pieces and put them in a
separate labelled bag. In terms of methodology, it
was of interest to see whether or not there were
patterns of difference in recovery from one diver
to the next. This turned out to be the case: two of

the divers were consistently better at finding the
smaller pieces.

22.4 The Study of the Lithics

Only 38 lithic artefacts were identified in the
original study of the material from Dive Site C,
but the later analysis by Kaczanowska and
Kozlowski (2014a) identified a total of 60 lithic
artefacts from the same set of material. This came
as a complete surprise to us. We were expecting
to see some degree of difference to emerge from
the re-examination of the material but not such a
big one. Kaczanowska and Kozlowski were now
able to identify 17 retouched tools, 1 core, 2 core
fragments and 4 blade fragments (see Figs. 22.9,
and 22.10; Table 22.1). Even for them the study
of the lithics at Dive Site C was far from easy
given the microlithic character of the material.
They also analyzed all the lithic materials recov-
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Fig. 22.6 View from the south showing the location of Dive Site C and the landscape of the Akamas to the north. The
RIB boat is underlined in red and the site of Aspros on land is just visible on the far right. Photo by Albert Ammerman

ered at the site of Aspros on land (Kaczanowska
et al. 2014) as well as those found on land at the
site of Nissi Beach (Kaczanowska and Kozlowski
2014b).

One of the striking features of the raw material
used for making the lithics at Dive Site C is their
diversity. Three basic classes of raw materials are
observed: flints and cherts, radiolarites, and
coarse-grained quartzite. Macroscopically the
flints comprise the most diverse group, dividing
into 13 variants on the basis of colour, translu-
cency and inclusions. In all there are 16 different
raw materials that were recognized by
Kaczanowska and Kozlowski (2014a; see also
the last column in Table 22.1). There are two
main inferences to draw from this. First, it is fair
to say that the hunter-gatherers were not all that
selective in the pebbles they chose to work.
Second, what one appears to be dealing with at

Dive Site C are people who were on the move and
who went to sea from time to time as part of their
mobile way of life.

For the lithics recovered on land at Aspros,
Kozlowski believes that all of the chipped stone
there (more than 1700 pieces) dates to the time
of the Epipalaeolithic. He finds no evidence for
cores or stone tool types associated with either
the PPNA or the PPNB on Cyprus. This holds for
Dive Site C as well. This result makes good
sense since most of the landscape at Aspros
consists of formations of aeolianite, which
were poor for early forms of agro-pastoralism.
On the other hand, there are clear differences
between the lithics found at Aspros (on land) and
those recovered at Dive Site C. In short, the lithic
tradition at the latter can be described as a hyper-
microlithic one. The chipped stone pieces there
are consistently of small size, including the core
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Fig. 22.7 Work in progress at Dive Site C: note the base of the cliff on the left of the diver on the left side of the pho-
tograph. Photo by Albert Ammerman

and two core fragments (Fig. 22.9:1-3), and
there is a much higher proportion of backed
pieces and segments (Fig. 22.10: 1-5). There are
interestingly close parallels between the chipped
stone tools at Dive Site C and those found in the
upper levels of the Okuzini Cave in Turkey
(Kaczanowska and Kozlowski 2014a, p 63).
Here it is worth adding that the upper level at
Okiizini has been radiocarbon dated to the time
of the Younger Dryas (Yal¢inkaya et al. 2002).
This is why the lithics at Dive Site C can be
firmly attributed to the Final Palaeolithic. At the
same time, what is found at Dive Site C now
offers a new face of the Epipalaeolithic on
Cyprus—the assemblages of this age that occur
at other early sites on the island all have a more

generic character and lack close parallels with
lithic traditions on the mainland.

22.5 Discussion

At all the pre-Neolithic sites found on forma-
tions of aeolianite on Cyprus, one finds much
the same pebble-and-flake-based tradition of
lithic reduction technology. While it was defi-
nitely rewarding to find the missing pre-Neo-
lithic sites on the island, we initially tended to
discount what appeared to be a rough and expe-
dient way of making chipped stone tools. Most
of the archaeologists working on our project
came from a background in Neolithic studies,
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Fig. 22.8 Work in progress at Dive Site C: note that the diver on the left is using a slow hand-waving technique to
increase the visibility of small chipped stone tools. Photo by Albert Ammerman

where the lithic traditions are commonly ori-
ented toward the production of blades and not
flakes. It took us a number of years to get over
this bias and see the lithics at Aspros (through
the eyes of Kozlowski) in a more positive light.
Thus, far from this being a makeshift and expe-
dient lithic technology, it is better described as a
sophisticated and demanding one. For instance,
the small segments are quite difficult to make.
This reduction technology in combination with
the use of the wide range of raw materials
observed at Dive Site C makes good sense for
mobile hunter-gatherers. For voyaging foragers
on the move, this meant that they did not have to
stop and search for an outcrop of flint or chert.
Instead it was easier to look on the beach or in

shallow water for suitable pebbles that were
more immediately at hand. Here it is of interest
to recall the standardized, or the so-called sim-
ple, lithic tradition that was widely used by
early voyaging foragers in the case of Australia
(Balme and O’Connor 2014). Finally, the best
way to reach the island of Cyprus by means of a
small boat or watercraft in the summer months
(when sea salt could be collected on the shore-
line) was by voyaging from the west (Bar-Yosef
Mayer et al. 2015), that is, from the south coast
of Turkey where the Okiizini Cave is located.
In closing, it is worth remembering that many
prehistoric archaeologists who work on Cyprus
had serious doubts that anything of interest would
come out of the underwater reconnaissance work
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Fig. 22.9 Drawings of the chipped stone artefacts recovered from Dive Site C at Aspros. From Kaczanowska and
Kozlowski (2014a: Plate 1). See Table 22.1 for the description of the respective pieces. Drawings by Janusz Kozlowski

that we were planning to do in front of Aspros in
2007. This was fully understandable since we
were trying to do something new on the island. In
fact, there was the risk that our pioneering ven-
ture would fail. Now we know that it is not only
possible to do this kind of work on Cyprus but
that it can be organized by an archaeologist who
had almost no previous experience in the field of
underwater archaeology.

The existence of submerged sites of late
Palaeolithic age on Cyprus is no longer just an
idea. It is a reality. In turn this now changes our
perspective on where and on how we should
conduct fieldwork in research on voyaging forag-

ers in the eastern Mediterrancan (Ammerman
2014b).

We are, of course, just at the very beginning
of research on submerged prehistoric sites on
Cyprus. If we now look forward to what needs
to be done next at Dive Site C, it is useful to
consider three lines of work. First, there is the
need to return to the site and enlarge in spatial
terms the collection of lithics at the foot of the
cliff and also in the area at the top of it where
four pieces were recovered in 2007 (see the last
column in Table 22.1). Here it would be helpful
to bring out to Cyprus mechanical sieving
equipment of the kind used in Denmark for this
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Fig. 22.10 Drawings of the chipped stone artefacts recovered from Dive Site C at Aspros. From Kaczanowska and
Kozlowski (2014a: Plate II). See Table 22.1 for the description of the respective pieces. Drawings by Janusz Koztowski

purpose to put the recovery of lithics on a more
systematic basis (See Bailey et al. Chap. 3, this
volume). Second, there is the need to produce a
high definition bathymetry of Dive Site C and
the areas adjacent to it. Third, it would be pro-
ductive to conduct acoustic seafloor mapping
along the foot of the cliff on the north bank of
the submerged river valley by using side-scan
sonar and multibeam echo sounders. Work of
this kind might even lead to the discovery of a
submerged rock shelter in the aeolianite cliff.
Taking the long view, one would also like to
extend the reconnaissance work out to selected
places closer to where the shoreline once stood
some 12,000 years ago, which will call for more

technical dives going down to greater depths in
the water.

Our work has demonstrated two important
outcomes: first that it is possible to engage in pur-
poseful and successful discovery of underwater
sites using a predictive approach based on the
location and geomorphology of known archaeo-
logical sites on dry land and secondly that it is
possible for divers to identify and recover even
the smallest types of lithic artefacts from the sea-
bed. Both outcomes hold out the prospect of
successful future discoveries of underwater
archaeological material.
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Table 22.1 This table lists some of the lithic artefacts recovered at Dive Site C and shown in Figs. 22.9 and 22.10 (after
Kaczanowska and Kozlowski 2014a), with details of artefact type and raw material. Numbers in the raw material col-
umn refer to different types of flint

Number Catalogue number Artefact type Raw material Comments

I:1 24 Core Flint 7

1:2 9 Core fragment Flint 9

1:3 11 Core fragment Flint 7

I:4 8 Fragment of splintered piece Flint 10

I:5 21 Blade fragment Flint 4

I:6 31 Flake Flint 5

1.7 34 Flake Burnt Top of the cliff
1:8 35 Flake Patinated Top of the cliff
I:9 25 Flake Flint 11

1:10 10 Blade fragment Flint 1

I:11 2 Chip Flint 9

I:12 3 Chip Flint 9

I:13 1 Chip Quartzite

1:14 23 Blade fragment Flint 8

1L:1 26 Backed piece Flint 12

1I:2 50 Backed piece Patinated

1I:3 51 Backed piece Flint 8

1:4 20 Segment Flint 4

1L:5 29 Segment Flint 8

1I:6 44 Segment Flint 1

11:7 33 Sub-crested retouched blade Flint 2 Top of the cliff
1I:8 32 Retouched flake Burnt Top of the cliff
11:9 6 Retouched flake Flint 3

II:10 36 Retouched flake Radiolarite 1

IL:11 37 Retouched blade Patinated

I:12 38 Retouched blade Flint 5

1:13 19 Bec Flint 7

1I:14 7 Bec on splintered piece Flint 5

II:15 30 Retouched chip Flint 1

1I:16 22 Retouched chip Flint 7

1:17 28 Retouched chip Flint 2

The finds were recovered from the base of the underwater cliff except where indicated in the final comments column,
where ‘top of cliff’ refers to the top of the underwater cliff. The numbers in column 1 correspond to the drawings in
Figs. 22.9 and 22.10
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