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BRIDGING THE GAP: BONE TOOLS 
AS MARKERS OF CONTINUITY BETWEEN 
ACERAMIC (KHIROKITIA CULTURE) 
AND CERAMIC NEOLITHIC 
(SOTIRA CULTURE) IN CYPRUS 
(7th-5th MILLENNIA CAL. BC)

A. LEGRAND-PINEAU

Abstract: Recent advances in the study of the Prehistory of Cyprus have greatly increased our knowledge of the beginning of the 
Neolithic in the island. However, we still have little understanding of the origin of the Ceramic Neolithic—a period separated from the 
Aceramic by a gap of a thousand years. New evidence yielded by the technological study of the bone industry from the site of Khirokitia 
suggests a chronological continuity across both occupations. The Cypriot Ceramic Neolithic period may well be the results of a local 
evolution, as has already been proposed.

Résumé : Les recherches conduites à Chypre ces dernières années ont renouvelé la connaissance sur les débuts du Néolithique 
dans l’île. Toutefois, l’origine du Néolithique céramique qui y apparaît au cours du Ve millénaire av. J.-C., après un hiatus d’environ 
1 000 ans, pose encore bien des interrogations. L’étude technologique de l’industrie osseuse de Khirokitia fournit des éléments nou-
veaux en faveur d’une continuité chronologique entre le Néolithique pré-céramique et le Néolithique céramique. L’origine du Néo-
lithique céramique à Chypre pourrait résulter d’une évolution locale comme cela avait été proposé précédemment.

Keywords: Cyprus; Aceramic Neolithic; Ceramic Neolithic; Bone Industry.
Mots-clés : Chypre ; Néolithique pré-céramique ; Néolithique céramique ; Industrie osseuse.
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CHRONOLOGICAL AND CULTURAL 
CONTEXT

The Aceramic Neolithic period, or Khirokitia Culture in 

Cyprus (7th-fi rst half of the 6th millennia BC), is found in 

several villages, which included Khirokitia, Cape Andreas-

Kastros, Klepini-Troulli, Kholetria-Ortos, Petra tou Limniti, 

and Kataliondas-Kourvellos (fi g. 1, table 1). Extensive archae-

ological research conducted on these sites has uncovered cer-

tain features that can now be considered characteristic of this 

period.1 For example, most of these settlements are located on 

hills and promontories, while others are naturally protected. 

Consideration of the domestic architecture indicates that the 

architectural units have a circular ground plan and not a rect-

angular one as seen in most contemporary villages in the Near 

East. Small stone objects such as beads, pendants, and stone 

vessels (these can be divided into two categories—coarse or 

fi ne), are particularly characteristic of the Khirokitia culture. 

1.  LE BRUN, 1981, 1984, 1989 and 1994.
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Fig. 1 – Map of Cyprus (adapted from GOMEZ and PEASE, 1992). 

The economy is based on the exploitation of four main species 

of large mammals: fallow deer, sheep, goats, and pigs, and the 

anthracological data indicate a broad-based exploitation of the 

environment.

For reasons that are not completely understood, the Khi-

rokitia Culture collapsed during the fi rst half of the 6th mil-

lennium. Several hypotheses have been proposed to explain its 

demise: some of the causes that have been suggested include 

a signifi cant decrease in the island’s population, a shift from 

a largely sedentary farming and herding subsistence base 

towards a more mobile way of life that relied on hunting deer,2 

or very dry environmental conditions that developed around 

5600 BC, which may have had a negative impact on sedentary 

farming communities.3 

In the fi rst half of the 5th millennium, the Ceramic Neo-

lithic period (Sotira Culture), which was characterized by the 

emergence of pottery, appeared on the island (table 2). A time 

2.  STANLEY-PRICE, 1977.

3.  HELD, 1992 and 1993.

period from 500 to 1,000 years separates this era from the 

Aceramic Neolithic period.4 J. Clarke,5 refers to this gap as: 

“largely a problem in chrono-typological sequence, caused 

in the main by three factors: 1/ site visibility; 2/ an apparent 

absence of cultural material from this period and 3/ the very 

small number of radiocarbon determinations6 (…) for the very 

end of the Khirokitian or the very beginning of the Late Neo-

lithic period.” 

This lack of data is part of the debate on the origin of the 

Ceramic Neolithic period. Some authors suggest that this pop-

ulation was the result of a second colonization from the main-

land, while others support a local evolution.7 Archaeological 

data provided by the study of some Aceramic Neolithic sites that 

4.  CLARKE et al., 2007: 34; KNAPP et al., 1994: 407; PELTENBURG et al., 
2003: 86.

5.  CLARKE et al., 2007: 34.

6.  The controversial site of Dhali-Agridhi provides a radiometric date of 

5287 ± 399 BC (5600-4950 BC) which partly fi lls the gap (CLARKE, 2001; 

LEHAVY, 1989).

7.  KNAPP et al., 1994; STANLEY-PRICE, 1977; TODD, 1985; WATKINS, 1973.
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Table 2 – Ceramic Neolithic sites—Radiocarbon dating (from CLARKE et al., 2007: fi g. 2.3, 18).

Site Lab-Ref Age BP Material Deposit/Phasing 1σ 2σ

Vrysi 1 BM-847 5389 ± 53 charcoal House 7 fl oor  4b (Early) 4340-4080 BC 4350-4050 BC

Vrysi 2 BM-846 5372 ± 92 charcoal House 4B fl oor 8 (Early) 4330-4060 BC 4360-3980 BC

Vrysi 3 BM-845 5360 ± 57 charcoal House 4A fl oor 5 (Ea/Mid) 4330-4070 BC 4330-4040 BC

Vrysi 4 Birm-182 5825 ± 145 charcoal (Middle) 4850-4500 BC 5050-4350 BC

Vrysi 5 Birm-337 5740 ± 140 charcoal (Middle) 4770-4440 BC 4950-4300 BC

Vrysi 6 GU-522 5420 ± 80 charcoal House 2A fl oor 3 (Middle) 4350-4150 BC 4460-4040 BC

Vrysi 7 BM-843 5355 ± 67 charcoal House 2A fl oor 4 (Middle) 4320-4040 BC 4340-4000 BC

Vrysi 8 GU-523 5340 ± 95 charcoal House 2A fl oor 4 (Middle) 4320-4050 BC 4350-3970 BC

Vrysi 9 BM-848 5330 ± 57 charcoal Passage B east 3.4 (Middle) 4240-4050 BC 4330-3990 BC

Vrysi 10 BM-844 5275 ± 47 charcoal House 2B fl oor 8 (Middle) 4230-3990 BC 4240-3980 BC

Vrysi 11 GU-524 5255 ± 120 charcoal House 1 fl oor 2 (Middle) 4240-3960 BC 4350-3750 BC

Vrysi 12 GU-1459 5210 ± 85 charcoal (Middle) 4230-3950 BC 4260-3790 BC

Vrysi 13 BM-1908R 5360 ± 110 charcoal (Middle) 4330-4050 BC 4450-3960 BC

Vrysi 14 GU-521 3105 ± 130 charcoal Passage A fl oor 5 (Middle) 1520-1130 BC 1700-1000 BC

Vrysi 15 BM-849 5224 ± 78 charcoal Area 5D (Mid/Late) 4220-3960 BC 4250-3800 BC

Vrysi 16 BM-1907R 5290 ± 100 charcoal (Late) 4240-3990 BC 4350-3800 BC

Vrysi 17 BM-1906R 5360 ± 120 charcoal (Late) 4330-4050 BC 4450-3950 BC

Dhali 1 GX-2847A 6415 ± 310 charred bone Concentration A 5650-5000 BC 6000-4600 BC

Dhali 2 P-2769 5700 ± 100 charred bone Concentration A 4690-4450 BC 4780-4340 BC

Sotira St-337 5460 ± 110 charcoal Hut 29 (Phase 1) 4450-4080 BC 4550-4000 BC

Sotira St-350 5150 ± 130 charcoal Hut 12 (Unknown) 4230-3780 BC 4350-3650 BC

Kantou 6270 ± 60 charcoal Phase 1 5320-5070 BC 5360-5050 BC

Kantou  5135 ± 60 charcoal Phase IV 4040-3800 BC 4060-3770 BC

Philia Birm-72 5720 ± 100 carbon Phase 3 4690-4460 BC 4780-4360 BC

Table 1 – Aceramic Neolithic sites—Radiocarbon dating (from CLARKE et al., 2007: fi g. 2.2, 17).

Site Lab-Ref Age BP Material Deposit/Phasing 1σ 2σ

K-Tenta 21 P-2975 6970 ± 310 charcoal F11C P3 or later 6250-5550 BC 6500-5300 BC

K-Tenta 23 P-2977 6580 ± 290 charcoal Fill of a pit (P2) 5800-5200 BC 6100-4800 BC

K-Tenta 11 P-2781 6300 ± 80 charcoal Hearth in open area 5470-5080 BC 5470-5050 BC

K-Tenta 1 P-2549 5630 ± 260 charcoal Fill of a pit 4800-4150 BC 5300-3800 BC

C. Andreas Paris? 6760 ± 140 5790-5530 BC 6000-5450 BC

C. Andreas Paris? 6275 ± 105 5370-5050 BC 5480-4990 BC

C. Andreas MC-803 6140 ± 200 charcoal Level V 5310-4840 BC 5500-4600 BC

Khirokitia Ly-3716 7000 ± 150 charcoal Level C 6010-5730 BC 6250-5600 BC

Khirokitia Ly-4306 6310 ± 170 charcoal Level F 5470-5060 BC 5650-4800 BC

Khirokitia Ly-4309 6230 ± 160 charcoal Level G 5370-4490 BC 5500-4750 BC

K-Ortos Beta-56889 6450 ± 230 bone  5650-5050 BC 5800-4800 BC
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were reoccupied during the Ceramic Neolithic period, includ-

ing Parekklisha-Shillourokambos, Kalavasos-Tenta, Philia-

Drakos, and Khirokitia, as well as new settlements like Ayios 

Epiktitos-Vrysi, Sotira-Teppes, Kantou-Kouphovounos, and 

Paralimni-Nissia, provide us with a more precise idea of the 

transition. Thus, several similarities between the Aceramic and 

Ceramic Neolithic periods stand out. For example, the same 

features in site location and in the construction of walls as vil-

lage borders have been observed in both Aceramic and Ceramic 

Neolithic sites. The economy is based on the exploitation of the 

same animal species, and the chipped and ground stone indus-

tries as well as the manufacture of the stone vessels have the 

same features.8 Therefore, it is more likely that the Ceramic 

Neolithic period could represent a local transition as argued by 

T. Watkins, even if changes are noticeable in the complexity of 

architectural arrangements and burial practices.

The bone tool industry has not yet been examined with 

regard to the question of chronological continuity. How did 

the bone tool production evolve within the Aceramic Neolithic 

occupation? How does the development or the introduction to 

the island of a new culture appear in the bone-tool industry? Do 

the bone tools show evidence of a technical tradition? Or are 

they based on a dynamic evolution punctuated by innovations? 

In order to gather new data on the transition between the 6th 

and the 5th millennia and to examine the question of chrono-

logical continuity versus discontinuity in the bone industry, the 

Khirokitia bone-tool industry was studied.9 Indeed, it offers a 

good starting point for this research since both occupations 

are identifi ed in the site, and it has the richest industry of the 

Neolithic period in Cyprus. A total of 2,317 bone and antler 

artifacts and specially pointed tools (96% of points and nee-

dles) have been excavated. 

The village of Khirokitia is 6 kilometers north of the 

southern coastline. Approximately 4,000 m2 of the site were 

excavated out of a total surface area estimated to be 2.5 hect-

ares10 (fi g. 5a). A fi rst occupation (eastern sector) with nine 

architectural levels (from Level J to Level A),11 and a second 

occupation (western sector) with three levels (from Level III to 

Level I) have been identifi ed (fi g. 5b-c). Both occupations are 

8.  DIKAIOS, 1961; KARAGEORGHIS, 1990; LE BRUN, 1996 and 2000; 

LEGGE, 1982; PELTENBURG, 1979 and 1982; ŞEVKETOĞLU, 2000; 

STANLEY-PRICE, 1979; WATKINS, 1971.

9.  LEGRAND, 2007.

10.  HESSE et RENIMEL, 1978; LE BRUN et DAUNE-LE BRUN, 2003. Cf. LE 

BRUN et DAUNE-LE BRUN in this volume, p. 69-78.

11.  The excavation campaign of 2005 has revealed two additional levels 

(Levels J and H) earlier than Level G considered as the earliest one. The 

material collected in these levels has not been studied in this work.

Table 3 – Bone tools distribution by levels.

 Sectors Levels N %

Aceramic 
Neolithic

Eastern sector
G/F/E 50 4

B 455 36

Western sector II 684 55

Ceramic Neolithic  2 66 5

TOTAL   1,255 100

dated to the Aceramic Neolithic period. The excavated area is 

partly covered by a layer—Layer 2—that contains architec-

tural elements and ceramic sherds, and evidence of the reoccu-

pation of the site during the Ceramic Neolithic period.12 Most 

of the bone tools derive from the Aceramic Neolithic levels; 

with only 6% being derived from the Ceramic Neolithic occu-

pation (Layer 2). Within the Aceramic Neolithic occupation, 

the bone-tool industry is homogeneously distributed between 

the eastern sector (45%) and the western sector (48%), despite 

the different excavated surfaces: 470 m2 and 800 m2 respec-

tively. However, a differential distribution of industry by archi-

tectural levels is observed. Indeed, Levels B (eastern sector) 

and II (western sector) are the richest in bone tools. This can 

be explained by the fact that the excavated zone is larger than 

in the other levels: 200 m2 excavated from Level B and 400 m2 

from Level II. Thus, the chronological study is based on these 

levels. However, the earliest Aceramic Neolithic Levels G, F 

and E and the Ceramic Neolithic level, Layer 2, have also been 

considered in order to follow the development of the bone-tool 

industry throughout the site’s occupation. A total of 1,255 of 

the 2,317 excavated bone artifacts have been taken into account 

(table 3).

THE BONE-TOOL INDUSTRY 
OF THE KHIROKITIA ACERAMIC NEOLITHIC 

RAW MATERIAL

One of the main features of this industry is the consider-

able exploitation of fallow deer (Dama mesopotamica) long 

bones, particularly metapodials (63% of identifi ed long bones) 

(fi g. 2); the use of fallow deer antler is very rare (4%). The 

selection of the metapodials as raw material for manufacturing 

12.  DIKAIOS and STEWART, 1962; LE BRUN et DAUNE-LE BRUN, 2003.
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tools appears throughout the Aceramic Neolithic occupation. 

This choice is not surprising since the bone presents several 

particularities that are suitable to its transformation: a recti-

linear morphology, a dense structure and a rounded distal end, 

which is useful to hold the tool in the hand. For those reasons, 

metapodials were widely used during the Neolithic in many 

cultural contexts.

Fallow deer was largely exploited from Level G to Level I 

(fi g. 3). This is very interesting, since a different pattern is 

observed in the faunal remains. Indeed, the proportion of fal-

low deer decreases from 39% in Level G to 10% in Level I, 

while the proportion of caprines increases in the same levels, 

from 35% to 81%13 (fi g. 4). The decrease of fallow deer in the 

fauna does not seem to be refl ected in the selection of this spe-

cies for tool production. No arguments are put forward here to 

explain the importance of fallow deer as raw material, but it 

seems that fallow deer played a major role in the economy of 

Cypriot communities.14 On the basis of the data currently avail-

able, either technical or symbolic hypotheses could explain 

this choice. Indeed, the bones of fallow deer and caprines are 

almost equal in size,15 and the status of this species—wild or 

domestic—is a matter of debate. As S.J.M. Davis16 showed, the 

proportion of females and young is quite high among the deer 

remains at Khirokitia, which suggests a possible semi-captivity

of these animals. However, as argued by J.-D. Vigne,17 the 

opening of the landscape that occurred between Levels F 

and B, could have divided the population of fallow deer into 

two groups, a small group of males and a larger group of 

females and young, which are probably easier to hunt. That 

may explain the frequency of females and young in the Khi-

rokitia faunal remains. 

TYPES OF TOOLS AND MANUFACTURING 
TECHNIQUES

The two main categories of tools found throughout the Ace-

ramic Neolithic occupation are points and needles. Chronologi-

cal changes in the morphology of the tools are more noticeable. 

The typology of Khirokitia bone tools was established according 

to the way bones were broken into blanks, and to the presence 

or transformation of anatomical characters. With the exception 

of tools made from whole bones (for which no segmentation

13.  DAVIS, 2003: 262, fi g. 6.

14.  RONEN, 1995: 187.

15.  DAVIS, 1984: tables 5-6 and tables 10-11, 1994: 308 and 2003: 264.

16. Ibid., 2003.

17.  VIGNE et al., 2003: 245.
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was applied), longitudinal and transverse blanks were distin-

guished. Tools made from splinters (that is made on longitudi-

nal segments of long bone without epiphyses) are predominant 

in Levels F, E and B, and decrease in Level II (fi g. 6). Tools 

made on longitudinal blanks of long bone with the epiphysis 

preserved (obtained by indirect percussion, grooving, or by a 

combination of both techniques), appear in Level B and then 

increase up to Level II. Lastly, tools made from whole bones 

(such as those made from ulnae) are present only in Levels F 

and E. These results show that during the earliest Aceramic 

Neolithic levels studied, expedient techniques dominate, and 

over time they are replaced by more elaborate techniques, such 

as indirect percussion, which imply more diversifi ed tools and 

a specifi c knowledge to put to better use the whole material 

(fi g. 7). The desire to develop a morphological or metrical stan-

dard, and an assertion of Aceramic Neolithic technical knowl-

edge are probable reasons for this change.

All needles found in the Aceramic Neolithic levels have 

a rectilinear head. In the course of time, this type decreases 

signifi cantly while other types of needle heads appear (fi g. 8). 

Functional parameters do not seem to be the cause of this 

change; the use-wear analysis performed on Khirokitia nee-

dles shows that the same wear patterns, mostly attributed to 

working plant fi bres, are observed on different types of needle 

heads.18 However, could needle variation in head morphology 

be related to individual variability (a greater number of artisan 

made needles) or to the identity of the artisan? 

18.  LEGRAND, 2007 and 2008.
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Fig. 8 – Chronological evolution of needles head shape.

TECHNICAL CONTINUITY AS A MARKER 
OF TRADITION BETWEEN ACERAMIC 
AND CERAMIC NEOLITHIC BONE-TOOL 
INDUSTRIES

RAW MATERIAL

What happens during the Ceramic Neolithic occupation? 

Few changes were noticed between both occupations concern-

ing the raw material and species exploited; bone is still the 

main raw material used (96%). More interesting however is the 

preference for fallow deer metapodials as raw material. This 

remains strong during the Ceramic Neolithic occupation (60% 

of the exploited species are fallow deer, 40% are caprines). 

This choice may refl ect the existence of a strong tradition in 

the selection of species for bone tool manufacturing, which 

continues during the Neolithic in Cyprus. At Cape Andreas-

Kastros, fallow deer is also the most commonly exploited 

species for bone-tool production.19 If we compare it to the 

PPNB succession in the Levant, where fallow deer bones are 

used far less than gazelle bones,20 we can suggest that this pref-

erence could be specifi c to Cypriot Neolithic settlements. 

19.  LE BRUN, 1981; LEGRAND, 2007.

20.  LE DOSSEUR, 2006 and 2008.
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0

2 cm

Fig. 9 – Object made from perforated proximal tibiae 
characteristic of the Layer 2.

TYPES OF TOOLS AND MANUFACTURING 
TECHNIQUES

Pointed tools are still predominant in Layer 2. The tendency 

observed in types of blanks used to manufacture tools in the 

Aceramic Neolithic occupation is confi rmed in Layer 2. Indeed, 

the use of splinters continues to decrease in this layer, and the 

longitudinal blanks of long bones with epiphyses become pre-

dominant. Furthermore, the use of grooving and indirect per-

cussion increase in Layer 2 (33% and 19% respectively).

The same phenomenon is observed if we consider needles. 

Needles with a rounded or ogival head, which are widely man-

ufactured from Level III, are still present in Layer 2, while 

needles with a rectilinear head disappear at the end of the Ace-

ramic Neolithic occupation and are absent from Layer 2. Thus, 

the most common shapes within the latest Aceramic Neolithic 

levels continue to be manufactured during the Ceramic Neo-

lithic. This continuity in tool morphology and manufacturing 

techniques could be interpreted as a reinforcement of a techni-

cal tradition that began in the Aceramic Neolithic at Khiroki-

tia. Despite this continuity, we found a new type of object made 

from perforated proximal tibiae in Layer 2 (fi g. 9). These arti-

facts are absent from the Aceramic Neolithic levels and could 

be, if they spread to other Cypriot industries, characteristic of 

bone tool production during the Ceramic Neolithic period.

CONCLUSION

If we examine the main characteristics of the Khirokitia 

bone-tool industry in a chronological view, we can see that the 

main features that began in the Aceramic Neolithic occupa-

tion continue during the Ceramic Neolithic occupation, despite 

some technical changes and morphological innovations, which 

could possibly be attributed to a new social and cultural con-

text (fi g. 10). Some technical behaviours in raw material 

exploitation, in tool morphology and in the use of manufactur-

ing techniques have been observed throughout the Khirokitia 

occupation. These fi rst results have to be considered as prelim-

inary, since this research is only based on one site, and there 

are far fewer of bone tools coming from the Ceramic Neolithic 

occupation of Khirokitia than from the Aceramic Neolithic 

levels. In conclusion, the continuity between Aceramic and 

Ceramic Neolithic periods observed in the bone-tool industry, 

but also in the exploitation of animal species and plants, could 

be another argument in support of a local evolution to explain 

the origin of the Ceramic Neolithic period in Cyprus. 

Raw materials Types/Blanks/Techniques

Raw materials Types/Blanks/Techniques

Raw materials Types/Blanks/Techniques

Levels from G to A

Levels from III to I

Layer 2

ACERAMIC NEOLITHIC CERAMIC NEOLITHIC

g
a
p

Fig. 10 – Chronological evolution of the main Khirokitia bone industry features.
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