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ARCHAEOTECHNOLOGY: STUDYING TECHNOLOGY FROM PREHISTORY TO THE MIDDLE AGES Technology is a fascinating material expression of human culture, commonly regarded as an evidence of human triumph over nature. The human past was seen as a constant progress from “primitive” to “technologically advanced”, and even classiied after what is thought to be a dominating technique in a given period (e. g. Childe 1944, see also Greene 2006). Technological innovations were considered the main, if not the only driving forces that shape societies and cultures (cf. Pfaffenberger 1988). Technology, as a conceptual approach to material culture studies, derived from the Greek word τέχνη, meaning skill, implies all human actions upon a matter (Inizan et al. 1995: 13). Everything is technological around us, and this includes not only artefacts, but all structures, buildings, and even nature modiied by human hand (cf. Lemonnier 1992b, Greene 2006). The term technology includes a full range of topics from those related to individual level (body gestures, embodied knowledge in crafting) to social and cultural settings of production. Archaeological studies are indistinguishable from studies of technology; material remains constitute the core of archaeological evidence, regardless of the period, region, methodological approaches or theoretical frameworks, and even studies in beliefs, religion, etc., rely on analyses of diverse artefacts. Artefacts represent our source for “reading” past lives – by studying them, we can make conclusion about people who made them and used them, what their meaning and value were, how they were used, reused and discarded. They may have both functional and symbolic roles, and a special meaning for the society or individuals within it, that may change and/or became more complex over time. During its lifetime, an object can be used in many different contexts and have diverse, even contradictory meanings and values. Objects can also be rare and luxury, or occasional, craft-produced objects, or common, functional, mass-produced industrial objects; furthermore, one class of artefacts may have examples of rare, crafted and mass-produced specimens (cf. Caple 2006, Miller 2007). Ideas from social anthropology had an important inluence on the theoretical advances in studies of technology. The work of Malinowski and Radcliffe-Brown, for example, showed that a complex social structure was invariably relected within objects (cf. Caple 2006). Theories of a French anthropologist Marcel Mauss, who was interested in how culture (as opposed to nature) inluences and shapes human behaviour, are particularly important as well. His starting point was that something generally per-



7–12.



Archaeotechnology: studying technology from prehistory to the Middle Ages



ceived as natural (for example, body posture, way of walking, etc.), was in fact cultural. The way a person eats, walks, sleeps, even holds and uses tools, differs, depends on their culture, age and sex. The accent of these studies is on the impact of a group on individuals, their relationships, as well as the questioning of the cultural and the natural in human behaviour (Deliège 2012 [2006]: 82-84, Lévi-Strauss 1982 [1973]: 13-15, cf. also Inizan et al. 1995: 14). A wider concept of technology, which goes beyond artefact analyses, which regards technology as a practice, as ways of doing or making something, which also includes social and cultural components into the studies, is more and more accepted by many researchers. Henry Hodges (1976) distinguished technology from the study of stylistic details of artefacts, implying that technology was about the process of production rather than the endpoint (objects). Ursula Franklin (1992) understood technology as ways of doing something rather than simply ways of making (creating) something (an object), so that there are technologies of prayer and of storytelling as well as of pottery production and weaving, while for Robert Merrill (1977: vi) technology is “the culture surrounding the actions or activities involved in making or doing things”. For M.-A. Dobres and C. Hoffman (1999) technology is “an ever unfolding process”, and their view of technology “stresses the dynamic, ongoing and socially constituted nature of sociotechnical activities” (Dobres & Hoffman 1999: 3). Heather Miller, in her book dealing with archaeological approaches to technology, deined it as a “set of actions and relationships: from production itself, to the organization of the production process, to the entire cultural system of processes and practices associated with production and consumption” (Miller 2007: 4). Furthermore, she deines the production as “the actual process of fabrication or creation, including both the material objects and the techniques and gestures used”, organization of production as “the organizational arrangement within which production takes place”, and the technological system as an active system of interconnections between people and objects during the creation of an object, its distribution, and to some extent its use and disposal. In other words, technology or technological systems can be roughly described as processes and practices associated with production and consumption, from design to discard (Miller 2007: 5). Diverse concepts have been developed, and probably the most important contribution to the study of technology was the work of André Leroi-Gourhan (1964, 1965, 1971), who created the concept of chaîne opéra-
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toire (see also Lemonnier 1992a). This is an analytical tool for studying the mode of creating, using and discarding an artefact, starting with raw material acquisition, mode of manufacture, inal form, use (including caching, breaking and repairing) up to inal discarding, with the main goal of reconstructing the organization of a technological system and of describing and understanding all cultural transformations that a speciic raw material had had to go through. It is a chronological segmentation of actions and mental processes required in the manufacture of an artefact and its maintenance in the technical system of a prehistoric group (Inizan et al. 1995: 14, cf. also Sellet 1993). The concept is not only about reconstructing the algorithmic sequence of operations in creating one object, but it is a complex analysis of operational chain within one society, which includes the analysis of technological choices. The analyses of technologies today include a variety of different approaches, most of them putting the emphasis on cultural and social aspects of technology. Methodology also went through signiicant changes, especially in the ield of interdisciplinary and experimental work. Studies of diverse artefacts, such as stone, lint or metal, cannot be imagined without careful identiication and detailed analyses of raw material origin. Interdisciplinary researches became particularly emphasized by the processual archaeology since the 1960s, and today they constitute an integral part of almost every archaeological research, regardless of the chronological period. They are irreplaceable for the determination of raw material origins and can also contribute to identifying diverse transformative processes certain raw material had undergone. Experimental and ethnoarchaeological studies also constitute a very important segment of technological studies. Although present in archaeological research since its early days (e.g., Martin 1910), they are more diverse, more common and more scientiically based since the mid-20th century. Again, processual archaeology and its demands for scientiic rigor contributed greatly in developing new methods, but the work of soviet archaeologist Sergei A. Semenov has the most prominent place in the history of experimental archaeology, due to the diversity of research questions he dealt with and the wide range of chronological periods and materials he covered (Семенов 1957, 1968, Semenov 1976; cf. Korobkova 2008 for an overview, also Skakun & Longo eds. 2008 for an overview of current research in this ield). Most archaeological technology studies focus on an individual technology – lint knapping, metallurgy, etc. Archaeologists usually classify technologies into “crafts” or “industries” based on material or end-product
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type: clay (pottery) production, metal working, basket making, stone object (lithics) production, woodworking, textile manufacture. Such material groupings are very useful from both the theoretical as well as a practical perspective, however, they may be counterproductive sometimes (cf. Miller 2007), or better put, the study should not end with analyses of a single technology only. Although this is necessary for a deeper understanding of particular technologies, given the complexity of the topics, a wider approach is needed, namely a multiple technologies perspective (Lemonnier 1992b, 1993, see also Inizan et al. 1995). All techniques in a given society refer to one another – they can share the same resources, same knowledge, same tools, same actors. Moreover, some techniques use the products of others, as well as the existence of operational sequences or technical principles in common, creating multiple relations of interdependence, which gives them a systemic character. All technologies have systemic aspects, and we can talk about technological systems in the same way as, for example, ethnologists talk about kinship systems. Technological systems can be analysed on three levels. Firstly, we can discuss how these ive components interact with each other to form a technology. Secondly, if we consider all the technologies of a given society, we can analyse how they are interrelated. And inally, the third level of discussion is the relation between technologies and other social phenomena. Analyses of multiple technologies, therefore, can expand the range of studied cultural phenomena and at the same time provide a better understanding of a given culture and society (Lemonnier 1992b, 1993).



*** This book is a result of a session organized at the XXXVI Annual meeting of the Serbian Archaeological Society, held in Novi Sad, from 30th May to 1st June 2013. The aim of the session was to promote the technological perspective on different aspects of material culture and to encourage multiple technology studies. Papers include studies on artefacts from stone (M. Lopičić, D. Antonović, D. Rajković et al., V. Dimitrovska), bone (C. Beldiman et al., D.-M. Sztancs et al., S. Vitezović), clay (I. Atanasova, J. Vuković, V. Bikić) and metal (M. Radivojević et al.), but also include more complex technologies, such as constructions of thermic structures (A. Đuričić), the making of mosaic substructures (G. Jeremić) and water supply systems (T. Mihailović). Also, studies cover a large time span, from Late Palaeolithic/ Mesolithic to the Middle Ages.
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EXAMINATION METHODOLOGY FOR GROUND STONE ARTEFACTS Dragana Antonović Institute of Archaeology, Belgrade Abstract: The basis for studying ground stone industry was given by the material from numerous sites in Serbia, but most prominently by that from Vinča. The material can be subjected to a petrologic, typological and trassological analysis. Only through such an examination can we establish the development level of the ground stone industry, possible trading contacts between settlements and culture groups, and even point out certain processes taking place within a culture, not registered by other material remnants. Through a statistical analysis we can reach very interesting data on the ground stone industry from one site, but also from the territory of an entire culture. This processing method is certainly convenient for large series of systematically excavated sites and in cases when we can be certain that we are dealing with mass production of stone tools. The analysis of ground stone industry performed according to the system practised in Serbia can yield useful results about existence of standards for making ground stone tools, type of raw material (pebble or a block of rocks taken from a primary ore deposit), whether there was an organized system for obtaining raw material etc. Ground stone tools had a large scale of application in prehistory, so by studying them, we help reconstruct the lives of people who lived at those times, which is, essentially, the inal goal of archaeology. Key words: ground stone tools, analysis, methodology, Neolithic, Eneolithic. Apstrakt: Osnovu za proučavanje industrije glačanog kamena pružio je materijal sa mnogih lokaliteta iz Srbije, ali ponajpre onaj iz Vinče. Materijal se analizira petrološki, tipološki i trasološki. Samo ovakvim načinom ispitivanja može da se ustanovi stepen razvijenosti industrije glačanog kamena, mogući trgovački kontakti između naselja i kulturnih grupa, pa i da se ukaže na procese koji se odvijaju u okviru neke kulture, a koje ostali materijalni ostaci ne registruju. Statističkom analizom moguće je doći do veoma zanimljivih podataka o industriji glačanog kamena sa jednog lokaliteta, ali isto tako i sa teritorije cele kulture. Takav način obrade svakako je pogodan kada se radi o velikim serijama sa sistematski iskopavanih lokaliteta i kada smo sigurni da je reč o masovnoj proizvodnji kamenog oruđa. Analiza industrije glačanog kamena po sistemu koji se praktikuje u Srbiji može dati korisne rezultate o postojanju standarda u izradi oruđa od glačanog kamena, tipu sirovine (oblutak ili komad stene uzete iz primarnog ležišta), o tome da li je postojao organizovan system dobavljanja sirovine itd. Oruđe od glačanog kamena je imalo široku primenu u praistoriji, pa njegovo proučavanje pomaže rekonstrukciji života ljudi tog vremena, što i jeste krajnji cilj arheologije. Ključne reči: oruđe od glačanog kamena, analiza, metodologija, neolit, eneolit.
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Introduction Ground stone tools are designated by many authors as one of the main characteristics of the Neolithic, considering them to be the oldest agricultural tools, a notion which the research performed in Serbia, in the last two decades, did not conirm. Ground stone tools analysis is performed according to the methodology established for the material from Vinča (Антоновић 1992). Until that time, ground stone tools in Serbia were usually classiied as special inds (C-inds) and were not included in statistical processing. Up to today, material of ground stone industry was analysed from many a site: Belovode, Crkvine at Mali Borak, Crkvine in Stubline, Divostin, Donja Branjevina, Grivac, Hajdučka Vodenica, Kalenić, Lepenski Vir, Ilića Brdo near Čučug, Padina at the Iron Gates, Selevac, Supska, Velesnica, Vinča, material from the Regional Museum Paraćin (Антоновић 1992; Антоновић 1997a; Антоновић 2000; Антоновић 2002; Антоновић 2003a; Antonović 2003b; Antonović 2004a; Antonović 2004b; Antonović 2005; Antonović 2006; Антоновић 2011; Antonović, ResimićŠarić, Cvetković 2006; Антоновић, Шарић 2011; Антоновић, 2013; Đokić 1998; Perišić 1984; Prinz 1988; Spears 1990; Voytek 1990; Живанић 2010). There is also a signiicantly larger group of material that has been analysed, without having the results of those analyses published as yet: Blagotin, Crnokalačka Bara, Drenovac,1 Gradac near Zlokućane, Lipovac, Mali Borak (sites of Crkvine, Masinske njive and Jarićište), Naprelje near Novi Pazar, Pavlovac, Petnica, Tečić. Those are more than 30.000 specimens of ground stone industry from the territory of Serbia2. The basis for studying ground stone industry was given by the material from all the aforementioned sites in Serbia, but most prominently by that from Vinča (Антоновић 1992). The material can be subjected to a petrologic, typological and trassological analysis. Only through such an examination can we establish the development level of the ground stone industry, possible trading contacts between settlements and culture groups, and even point out certain processes taking place within a culture, not registered by 1



As for the sites of Crnokalačka Bara, Drenovac and Pavlovac, only the material kept at the National Museum of Belgrade was used, courtesy of Duško Šljivar, curator at the National Museum. 2



The author of this paper had the opportunity of examining a sample of over 23.000 pieces of ground stone industry. For the material from Divostin and Selevac, results of other authors were used, who analysed a sample of over 9.000 objects (Prinz 1988; Spears 1990; Voytek 1990).
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other material remnants.3 Analysis of ground stone tools Many years of studying ground stone industry led to the creation of a chart (database) used today for working on this sort of material. It was made in such a way that a printed, paper version of it can be used to insert data manually (ig. 1), in cases when it is not possible to use computer on the ield to process data, or it can be used as a pattern for creating a database in a computer program it for data classiication (Excel, Access…). At the time when computer processing of data was not a common practice in Serbian archaeology, a collective chart was used, in which the data on processed objects were inserted in the form of numerical codes, so as to enable an easier manipulation with the information obtained (Антоновић 1991). This method is no longer used today. The data is classiied in three categories: general data, data on basic characteristics of the artefacts and data on special characteristics of the artefacts. General data Those are the ordinal numbers under which an artefact is catalogued, name of the site, research data, stratigraphic unit from which the artefact originates (trench, excavation layer, unit, square, coordinates etc.), inventory number, storage place, chronology of stratigraphic unit or the entire site, as well as all other data concerning the artefact in question. All these data are individual for each speciic site, so this part of the chart, i.e. database, changes according to the site in question. Basic characteristics of the artefacts After several years of practice in the research of ground stone industry (and the already mentioned slight ramble in those irsts steps; Антоновић 1991), it became clear which parameters should be taken into consideration when analyzing this type of artefacts. The following series of descriptions of different characteristics of ground stone tools was used dur3



As an example we can give the occurrence of light white stone tools, which indicated that the inhabitants of the central Balkans in late Neolithic were already familiar with tools made of metal, which they tried to imitate in a way by making white stone tools (Antonović 1997b).
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Inventarni br. Inventory No.



Lokalitet Site



Sonda/Kvadrat Trench/Square



Sloj Layer



Koordinate Coordinates



Očuvanost Preservation



Stepen obrade Processing degree



Tip alatke Typ of tool



Prepravljanje Remanufacturing



Oblik sirovine Raw material shape



Poprečni presek Cross section



Dimenzije sečice Dimensions of cutting edge



Prečnik otvora Perforation diameter



Korteks Cortex



Sirovina Raw material



Dimenzije Dimensions Deo alatke Part of tool Distalni deo Distal part Proksimalni deo Proximal part Ivice Edges Dorsalna strana Dorsal side Ventralna strana Ventral side Radna površina Working surface Otvorza držalju Perforation Smeštaj Storage place



Funkcija Function



Datovanje Chronology



Obrada Manufacturing



Crtež Sketch



Napomena Remark



Fig. 1 Form used in analysis of ground stone tools from Vinča: general data, basic characteristics of the artefact, special characteristics of the artefact. Sl. 1 Obrazac korišćen u analizi oruđa od glačanog kamena iz Vinče: opšti podaci, osnovne karakteristike artefakta, posebne karakteristike artefakta.
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ing the examination of ground stone industry for the Kolubara and Vinča projects.4 Preservation. Data inserted are those concerning the portion of the object that has been preserved and, when dealing with fragments, which part has been preserved (cutting edge, parietal part, middle part of the tool, working surface of an abrasive tool etc). Noting these data helps us form a conclusion on the fragmentation degree of the tool, which indicates indirectly how long it was used and the quality of raw material used. Dimensions. Dimensions of the object represent a sort of an identity card for the ind, but they are also important for reaching conclusions on the type and availability of different raw material used (boulders, rock fragments from a quarry) and whether there was a standard for tool manufacturing. For example, while examining the material from Vinča, it was noticed that there was a standard in the making of adzes, whose cutting edges were made with the angle of 60±50. Following measurements are taken down: length, width, height (thickness), perforation diameter (if a perforation is present on a tool) and cutting edge dimensions (its length in millimetres and angle in degrees). Precise measuring values are noted, but, depending on the requirements of the database used, groups of measuring values can be made for certain spans (for example, length 50–100 mm etc.). Shape of the tool. In the “tool shape” section, data inserted are those regarding the species of the object and the type within that species. Tools are sorted into basic groups according to their shape. A classiication according to their function is made only for certain abrasive tools: for example, whetstones differ from grindstones most prominently according to the use wear traces and the type of stone used to make them. There are two basic objects species. The irst one consists of artefacts that were shaped by grinding, which comprises ground-edge tools (axes, adzes, chisels), perforated tools (axes, adzes, hammers, picks, maces) and tools that had a hitting function (hammers, picks, mallets). The second species are abrasive tools, whose ground surfaces were obtained through use (grindstones, whetstones, pounders, querns). Those tools were shaped through knapping and ine chipping, and only exceptionally by grinding (Антоновић 2008). On the territory of Serbia, during the Neolithic and Eneolithic, following tools were used: I axes, II perforated axes, III adzes, IV perforated adzes, V chisels, VI hammers, VII perforated hammers, VIII 4



Excavation at Vinča, project of Serbian Academy of Sciences and Arts in Belgrade; rescue excavation at open coal mine Kolubar, project of the Republic Institute for Cultural Heritage Preservation in Belgrade.
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picks, IX perforated picks, X maces, XI grindstones, XII whetstones, XIII pounders, XIV querns and mortars. Within each category there are several types, determined according to their shape, and subtypes, that differ according to their cross section.5 Aside from these basic ones, the following were also found: pebble axes (“blunt axes”), mallets, weights, heavy points and implanting tools, leather scrapers, working plates, spearheads, malletssceptres, sling balls and projectile balls. Special characteristics of the artefacts Special characteristics of the tools are those referring to their manufacturing and their function. This type of analysis is rarely done in a macroscopic way, and more often with the use of a binocular microscope with several enlargement scales, up to 100x. Larger enhancement values do not yield good results for processing and use wear traces for ground stone tools industry, except in rare cases of grinding caused by the tool being used for leather burnishing or ornaments creation on ceramics. Unfortunately, this type of analysis is still performed on a small scale in Serbia, especially when it comes to use wear traces examination.6 Processing degree. This category refers to whether it is a inal product, half-inished product or raw material – an unprocessed piece of stone. Remanufacturing. A very common inding, especially in late Vinča layers, are new tools made from a fragment of a larger one, or made by repairing a damaged tool. Adzes and chisels were most often made from proximal and middle parts of larger artefacts of the same kind. Sharpening of a cutting edge is also considered remanufacturing. This manner of renewing a tool was common for tools made of light white stone. Fragments of larger abrasive tools were used as new grindstones and whetstones, and pieces of querns as pounders, i.e. mobile upper parts of querns. Raw material shape indicates which tool manufacturing technique we are dealing with – whether a tool was made from the core or on a macrolake. Raw material type represents one of the main characteristics of prehistoric cultures. Vinča culture, for example, is recognizable by its ground stone tools made of macro lakes, of two prevailing types of raw material 5



For an easier statistical examination, the basic tool species were marked in roman igures, types within them in Arabic igures, and the subtypes in alphabet. More details on the Neolithic tools typology can be found in Antonović 2003b. 6



The material from the Regional Museum Paraćin is, for the time being, the only one in Serbia with the use wear traces examined in details, based on which a classiication of artefacts was performed later (Живанић 2010).
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– ine-grained gray-green rocks and light white stone.7 Cross section. Cross section is also closely linked to the manufacturing of ground-edge tools (axes, adzes and chisels). Semicircular and ellipsoidal cross section is characteristical for tools made of stone with a conchoidal fracture (hornfels, metasiltstone, schists, magnesite etc.), ellipsoidal and circular for objects made of stone without it, square cross section for tools made of decidedly schistose rocks. The link between cross section and raw material was veriied on a sample of several thousand objects of ground stone industry in Serbia. Cortex. The presence of cortex shows whether the tool was made out of pebble. Objects made of raw material from a primary ore deposit also have the cortex sometimes, usually in cases when the stone was taken from the ore deposit surface, that was constantly exposed to atmosphere changes. Processing traces. The manufacturing techniques of tools and their use were examined by observing processing and use traces, according to the Russian trassological method (Semenov 1976: 13–142). The making of stone tools was performed by techniques of knapping, retouching, ine chipping, sawing, grinding, drilling and carving. A relatively large number of semi-fabricated tools from Neolithic settlements in Serbia allowed us to establish the order in which some of those techniques were applied when making a tool. The object would gain its basic shape by knapping, retouching and ine chipping. Knapping and retouching are technique applicable for ine-grained rocks with a conchoidal fracture. For rocks that do not have this quality, such as magmatic rocks, for example, the technique of ine chipping was applied. Sawing was noticed on a small number of tools from the Starčevo culture period, and it wasn’t noted on tools crafted after that period. Grinding is a inal working phase, performed by a variety of manual and statical grindstones and water. We may assume that organized workshops were necessary to apply this technique. Perforations were either two-sided or one-sided. Two-sided perforations (older method) gave biconic perforations. It was applied for the making of spindle whorls, weights, pearls, pendants, buttons and other decorative objects. This operation was performed most often by a perforator made of chipped stone, and it is done from both sides of the object worked upon until a hole is made (Gurova et al., 2013: 7



Author of this paper intentionally uses these two descriptional terms for rock types that were used the most during the period of Vinča culture so as to point out the principles that Vinča craftsmen were guided by while choosing raw material for their tools. On the diversity of the two mentioned rock types, more in Antonović 2003b : 37-47; Antonović, ResimićŠarić, Cvetković 2006.
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210–216). This modus operandi is easily recognized by traces made by the perforator and by the presence of a biconic hole (Семенов 1968: сл. 16/ 4, 5, 10, 11, 14; Антоновић 1992: 26). One-sided perforation, invented in late Neolithic, yields cylindrical perforations. It was used to create holes for shafts for perforated tools and it required a somewhat more complex a drilling tool. The drill itself was probably made of a tubular bone, and the perforation was performed with the constant addition of quartz sand. Small “stopples” – by-products of drilling, as well as tools with uninished perforations, found on many a Neolithic settlement in Serbia, testify that stone tools perforations were performed in the settlement itself. Statistical analysis of processing traces is important for creating an image of the amount of labour invested into making stone tools. It is known that the early and middle Neolithic ground stone tools were processed with more care; they were completely polished without visible traces of the previous knapping processing. Processing quality diminished with time, so late Neolithic and early Eneolithic tools have more noticeable primary knapping traces. It is not rare to ind a ground-edge tool made of light white stone with only its cutting edge being polished. Depending on the complexity of the analysis, data on processing of all parts of a tool are taken down (cutting edge, proximal part, edges, perforation, upper, lower and lateral surfaces). Use wear traces. By studying use traces on the material from several Neolithic settlements from Serbia, it was established that ground stone tools were used as axes, adzes, wedges, chisels, mattocks, hammers, retouchers, various grindstones, whetstones, querns, pounders, anvils. Ground-edge tools were, judging by the traces on the proximal part, embedded into shafts. Tools made of higher quality stone had a long lifespan, and they were often multifunctional, so many of them have a different variety of use traces from various utilisation phases. Ground-edge tools were used for woodworking and, after becoming blunt, as mattocks, hammers, retouchers, and even anvils. Abrasive tools were even more multifunctional, especially the fragmented pieces. That is why they have several work surfaces that were worn out in different ways. By marking use traces on all surfaces of a tool, we note a surprising fact that prehistoric tools were mostly multifunctional, and that they were used from different sides, not just the one that was intended for work when the tool was made. Raw material. During the many years of researching ground stone tools industry from many Neolithic sites in Serbia, it was noted that raw material used to make those tools can be classiied into eight basic groups. Those groups were not made according to the origin of stones and minerals,
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but on the physical-technical characteristics, precisely because that was the way Neolithic craftsmen who made stone tools chose the stone suitable for making their tools. That is why some of those groups have descriptory names such as “light white stone” and “ine-grained metamorphic and sedimentary rocks”. Both those terms were given according to the physicaltechnical characteristics of the stone, based on which the prehistoric craftsmen made their raw material choice. Stone groups marked with numbers from 1 to 8 are given according to the order in which they were represented in Neolithic material in general: the most numerous ones are stones from the 1st group – ine-grained metamorphic and sedimentary rock, second ones are light white stones (the 2nd group), followed by the 3rd sandstones, 4th conglomerate, 5th limestones, 6th magmatic rocks, 7th metamorphic rocks. Magmatic and metamorphic rocks were found in small numbers on prehistoric sites in Serbia, but they are very varied – we have granite, gabbro, diabase, andesite, dacite, syenite, granodiorite, diorite, gabbro-diorite, rhyolite, granite porphyry, aplite, basalt, peridotite, serpentinite, gneiss, gneiss-granite, amphibolite, mica schist, phyllite-mica schist, phyllite, argilloschist, talc-schist, eclogite, quartzite, marble, etc. The rarest ones are those from the 8th group, which comprehends rocks and minerals rarely found in ground stone material (calcite, marble onyx, chalcedony, jasper, jadeite, nephrite, malachite, azurite, galena etc.). Conclusion Through a statistical analysis we can reach very interesting data on the ground stone industry from one site, but also from the territory of an entire culture. This processing method is certainly convenient for large series of systematically excavated sites and in cases when we can be certain that we are dealing with mass production of stone tools. For smaller series of stone tools, this method is still valid, of course, but it is not obligatory to use it, since it is enough to have those scarce stone tools treated as C-inds. The analysis of ground stone industry performed according to the system practised in Serbia can yield useful results. The frequency of types can point out whether there is an industry in the true meaning of the word on a site, as it is the case with Vinča, Divostin, Selevac or sites in Mali Borak at the colliery of Kolubara. Actually, it is only for Vinča culture that we can talk about the existence of a ground stone industry during the Neolithic, while in Starčevo culture period we are dealing with the production of separate tools only, just to satisfy the basic needs of
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the representatives of that culture. In Vinča culture there are standards for making ground stone tools. That can be perceived from the uniformity in ground-edge tools’ length (Антоновић 1991: 58, сл. 4) and angles of cutting edges, which are 60±50. The processing degree of stone tools made of ground stone is certainly very indicative for deciding on the attitude towards stone tools. During the earlier phases of Vinča culture (Vinča-Tordoš phase) ground stone tools were very meticulously polished, so that no traces of previous processing by knapping could be noted. In the Vinča-Pločnik period, stone tools are even more carelessly manufactured. This tendency of neglectful manufacturing begins at the end of the Tordoš and the beginning of Gradac phase, to reach its peak in the inal phase of Vinča culture (Vinča-Pločnik II). Ground-edge tools, especially those made of light white stone, are so carelessly worked upon at the end of Vinča culture that they can barely be considered to be products of ground stone industry (Антоновић 1997a: 277, Т. I; Антоновић 2011: 198, 202-203, сл. 2, 4-5). Namely, in those cases only a narrow part around the cutting-edge was polished, while the rest of the tool was made by knapping and remained at that processing level. Тhis manufacturing method is quite logical, since only the cutting-edge was the working part of a ground-edge tool, while the biggest part of the rest of the tool was hidden in the sleeve, so there was no real need to work meticulously on that part as well. Through a statistical analysis of the length of tools, we can establish what type of raw material we are dealing with – pebble or a block of rocks taken from a primary deposit, which shows indirectly what type of stone deposit (primary or secondary) was used to obtain raw material. Tools made by reworking damaged ones indicate a lack in stone material, i.e. their scant accessibility. This phenomenon, a sort of prehistoric recycling, can be easily spotted in the inal phase of Vinča culture. According to the representation of certain stone types, we can determine whether there was an organized system for obtaining raw material. Thus, during the analysis of stone tools from the site at the Kolubara colliery, we reached the conclusion that sandstones were exploited from the same geological formation and during a very long period, from Neolithic to late Eneolithic. The raw material source remained the same regardless of any culture changes. By studying use traces and performing a statistical analysis of them, we can certainly gain very important data on trades practiced at a settlement. Unfortunately, this type of analysis is still at its beginnings in Serbia due to a constant lack of necessary equipment, so the statistical analysis of



22



D. Antonović



Examination Methodology for Ground Stone Artefacts



the scarce data on the use of stone tools would be pointless. It is possible to make many other correlations – whether there is a rule in using a speciic raw material for a speciic tool type, whether there are differences in the application of tools made of different stone types, etc. Ground stone tools had a large scale of application in prehistory, so by studying them, we help reconstruct the lives of people who lived at those times, which is, essentially, the inal goal of archaeology. Acknowledgements The article is the result of the projects “Archaeology of Serbia: cultural identity, integration factors, technological processes and the role of the Central Balkans in the development of European prehistory” (no 177020) and “Cultural changes and population movements in the early prehistory of the Central Balkans” (no 177023) inanced by the Ministry of Education, Science and Technological Development of the Republic of Serbia.
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Dragana Antonović Arheološki institut, Beograd METODOLOGIJA ISPITIVANJA ARTEFAKATA OD GLAČANOG KAMENA Oruđe od glačanog kamena mnogi autori označavaju kao jednu od odlika neolita smatrajući ga kao najstariji poljoprivredni alat što proučavanjima u Srbiji, u poslednje dve decenije, nije dokazano. Analiza oruđa od glačanog kamena vrši se po metodologiji koja je ustanovljena na vinčanskom materijalu. Do tog vremena su u Srbiji alatke od glačanog kamena obično evidentirane kao posebni nalazi (C-nalazi) i nisu bile predmet statističke obrade. Osnovu za proučavanje industrije glačanog kamena pružio je materijal sa mnogih lokaliteta iz Srbije, ali ponajpre iz Vinče (Антоновић 1992). Materijal se analizira petrološki, tipološki i trasološki. Samo ovakvim načinom ispitivanja može da se ustanovi stepen razvijenosti industrije glačanog kamena, mogući trgovački kontakti između naselja i kulturnih grupa, pa i da ukaže na procese koji se odvijaju u okviru neke kulture, a koje ostali materijalni ostaci ne registruju. Dugogodišnje proučavanje industrije glačanog kamena dovelo je do stvaranja kartona (baze podataka) koji se danas koristi pri obradi materijala ove vrste. Napravljen je tako da može da se koristi papirna verzija za ručno unošenje podataka (sl. 1), u slučaju da nije moguće korišćenje kompjutera na terenu pri obradi materijala, ili da se po uzoru na njega napravi baza podataka u nekom od programa pogodnom za to (Excel, Access…). Podaci su svrstani u tri grupe: opšti, podaci o osnovnim karakteristikama artefakta i podaci o posebnim karakteristikama predmeta. Opšti podaci se odnose na redni broj pod kojim se predmet vodi, naziv lokaliteta, datum istraživanja, stratigrafsku celinu iz koje artefakt potiče (sonda, otkopni sloj, unit, kvadrat, koordinate itd.), inventarni broj, smeštaj, datovanje stratigrafske jedinice ili celog lokaliteta, kao i sve druge podatke koji prate nalaz. Ovi podaci su posebni za svaki lokalitet ponaosob, pa se i karton, odnosno baza, u ovom delu menjaju prema nalazištu. Osnovnim karakteristikama artefakta smatraju se očuvanost predmeta, dimenzije i oblik alatke (I sekire, II perforirane sekire, III tesle, IV perforirane tesle, V delta, VI čekići, VII perforirani čekići, VIII pijuci, IX perforirani pijuci, X buzdovani, XI glačalice, XII brusevi, XIII rastirači, XIV žrvnjevi i stupe, sekire obluci („tupe sekire“), batovi, tegovi, probojci i sadiljke, strugači za
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kožu, radne ploče, vrhovi kopalja, batovi-skiptri, kuglice za praćku i kugle-projektili). Posebne odlike predmeta odnose sa na izradu alatke i njenu funkciju, a to su: stepen obrade, prepravljanje alatki, oblik sirovine, poprečni presek alatke, postojanje korteksa, tragovi obrade, tragovi upotrebe i vrsta sirovine. Statističkom analizom moguće je doći do veoma zanimljivih podataka o industriji glačanog kamena sa jednog lokaliteta, ali isto tako i sa teritorije cele kulture. Takav način obrade svakako je pogodan kada se radi o velikim serijama sa sistematski iskopavanih lokaliteta i kada smo sigurni da je reč o masovnoj proizvodnji kamenog oruđa. Kod malih serija kamenog oruđa ovakav način je svakako dobar, ali nije obavezan pošto je sasvim dovoljno da se malobrojne alatke od glačanog kamena tretiraju kao C-nalazi. Analiza industrije glačanog kamena po sistemu koji se praktikuje u Srbiji može dati korisne rezultate. Učestalost tipova može da ukaže da li na nekom lokalitetu postoji industrija u pravom smislu reči kao što je to slučaj na Vinči, Divostinu, Selevcu ili lokalitetima u Malom Borku na ugljenokopu Kolubara. Zapravo samo u vinčanskoj kulturi može da se govori o postojanju industrije glačanog kamena tokom neolita, dok je ona u periodu starčevačke kulture bila samo proizvodnja pojedinačnih alatki tek da se zadovolje osnovne potrebe nosilaca te kulture. U vinčanskoj kulturi već postoje standardi u izradi alata od glačanog kamena. To se ogleda u ujednačenim dužinama alatki sa sečicom (Антоновић 1991, 58, сл. 4) i uglovima sečica koji iznose 60±50. Stepen obrade kamenog oruđa od glačanog kamena svakako ukazuje kakav je bio odnos prema kamenom alatu. Tokom starije faze vinčanske kulture (faza Vinča-Tordoš) oruđe od glačanog kamena bilo je vrlo pedantno glačano tako da se na alatkama nisu mogli videti tragovi prethodne obrade okresivanjem. U periodu Vinča-Pločnik oruđe od glačanog kamena se sve nemarnije obrađuju. Ovakva tendencija nemarne obrade započinje već krajem tordoške i početkom gradačke faze, da bi kulminirala u inalnoj vinčanskoj kulturi (Vinča-Pločnik II). Oruđe sa sečicom, naročito ono izrađeno od lakih belih stena, je pred kraj vinčanske kulture toliko nemarno obrađeno da se teško može nazvati produktima industrije glačanog kamena (Антоновић 1997, 277, Т. I; Антоновић 2011, 198, 202-203, сл. 2, 4-5). Kod njih je zapravo samo uzan pojas oko sečice uglačan dok je ostatak tela, izveden okresivanjem, ostao na tom nivou obrade. Тakav način obrade je sasvim logičan pošto je kod alatki sa sečicom samo sečica bila radni deo, dok je veći deo alatke bio sakriven u usadniku i realno nije postojala potreba da se i taj deo pedantno obrađuje. Statističkom obradom dužina alatki može da se ustanovi o kakvom
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obliku sirovine se radi – o valutku ili stenskom bloku izvađenom iz primarnog ležišta, što posredno ukazuje kakva je vrsta ležišta (primarno ili sekundarno) korišćena za nabavku sirovina. Alatke nastale prepravljanjem oštećenih primeraka ukazuje na manjak kamenih sirovina, odnosno njihovu slabu dostupnost. Ova pojava, svojevrsna praistorijska reciklaža, je vrlo uočljiva u Vinči, u završnoj fazi vinčanske kulture. Prema zastupljenosti pojedinih vrsta stena može se zaključiti da li je postojalo organizovano nabavljanje sirovina. Tako je prilikom analize kamenog oruđa sa lokaliteta na ugljenokopa Kolubara zaključeno da su peščari eksploatisani iz iste geološke formacije i to tokom dugog perioda od neolita do kasnog eneolita. Izvor sirovine je ostajao isti bez obzira na kulturne promene. Proučavanje tragova upotrebe i njihova statistička obrada svakako može da pruži veoma važne podatke o zanatima koji su se obavljali u jednom naselju. Nažalost ova vrste analize u Srbiji je u povoju zbog konstantnog nedostatka opreme za nju, pa ni statistička obrada malobrojnih podataka o upotrebi kamenog alata ne bi imala nikakvog smisla. Moguće je praviti i mnoge druge korelacije – da li postoji pravilo u upotrebi određene sirovine za određenu vrstu alata, ima li razlike u upotrebljavanju oruđa izrađenog od različitih vrsta stena itd. Oruđe od glačanog kamena je imalo široku primenu u praistoriji, pa njegovo proučavanje pomaže rekonstrukciji života ljudi tog vremena, što i jeste krajnji cilj arheologije.
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WASTED SKILL: THE CHUNK PHENOMENON Milica Lopičić University of Belgrade, Faculty of Philosophy – Department of Archaeology Abstract: Skill is widely accepted as a factor impacting diversity among assemblages produced by knappers of different levels of expertise; however, its identiication in archaeological remains is related to speciic attributes and detailed analyses, usually destined to estimate abilities of pre-modern humans. This paper approaches the skill study with a broader method, cross-examining the collections to assess its suggested visibility as a formative agent. Besides skill, the raw material quality and the site function have already been acknowledged as factors inluencing the lithic assemblage structure. Lack of skill, considered an uncontrolled impact on worked material, is measured by number of irregular pieces (chunks, shatter) in the assemblage. The skillful activity is thus indirectly assessed by estimating the correlation of the quantity of chunks with variables representing the site function and the quality of raw materials. This hypothesis has been tested using published data related to the general structure of lithic assemblages and associated raw materials from the Late Upper Palaeolithic and Mesolithic sites on the Balkan Peninsula, which has led to the conclusion that identifying skill from the more general information is possible, but as of yet, still not precise. Key words: knapping, lithic artifacts, skill, chunk, shatter, Mesolithic, Late Upper Palaeolithic, the Balkan Peninsula. Apstrakt: Rаzlike u stepenu veštine osobа koje okresuju kаmene sirovine mogu se uočiti kаo jedаn od činilаcа koji utiču nа vаrijаcije među tаko nаstаlim skupovimа аrtefаkаtа. Ispitivanje veštine na osnovu arheoloških ostataka vezano je za pojedine atribute i detaljne analize, većinom sa namerom da se procene i uporede sposobnosti hominina. Ovаj rаd opštijim pristupom ispituje uticаj veštine pri stvаrаnju аrheoloških skupovа nаlаzа, mereći je zаstupljenošću otpаdаkа (neprаvilnih neretuširаnih proizvodа okresivаnjа), koji se smаtrаju rezultаtom nekonstrolisаno sprovedene sile udаrcа. Ranijim istraživanjima je potvrđeno da je struktura skupa kamenih artefakata u vezi sa stepenima veštine stvaralaca, kvalitetom sirovina, kao i funkcijom lokaliteta. Ta sаznаnjа su primenjenа u rаdu kаko bi se indirektno sаgledаo uticaj vešte aktivnosti, nа količinu otpаdаkа, ispitivаnjem dejstvа činilaca (kvaliteta sirovine i funkcije lokaliteta). Testiranje je izvršeno na objavljenim podacima o generalnim strukturama skupova nalaza i sirovinama kasnog gornjeg paleolita i mezolita sa lokaliteta na Balkanskom poluostrvu. Zaključeno je da je moguće uočiti veštinu na osnovu opštih podataka, ali se ne može interpretirati sa sigurnošću. Ključne reči: okresivanje, kamene alatke, veština, otpadak, mezolit, kasni gornji paleolit, Balkansko poluostrvo.
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Introduction Estimating skill of past people is the topic of wide interest in archaeology, involving judgment of both physical and mental abilities, giving rise to the possibility of resolving a broad series of questions. Research of skill based on the analysis of lithic artifacts is usually directed towards 1˚ assessing motor and cognitive capabilities of pre-modern humans, 2˚ isolating individuals and unique sequences of action from palimpsest of remains. Researchers have identiied and described processes and stages in acquisition of skill from the dawn of the knapping technique, which emphasized the elaborated tools and complexity of technologies of the Lower and Middle Palaeolithic, and reconstructed behavioural patterns and timing of certain evolutionary events (Delagnes, Roche 2005; Stout et al. 2009; Stout et al. 2011; Darmark 2010; Eren et al. 2011b; Geribàs et al. 2010a; Geribàs et al. 2010b; Harmand 2009; Whiten et al. 2009). Experimental studies have pointed to a number of parameters for distinguishing assemblages made by knappers of different levels of expertise (Eren et al. 2011a; Fergusson 2008; Finlay 2008; Nonaka et al. 2010; Stout 2002), and various studies have observed the signiicance of technologies existing in their social contexts, extending possibilities for the reconstruction of the past behaviour (Apel 2008; Högberg 2008; Högberg, Larsson 2011; Olausson 2008; Stout 2002; Stapert 2007). Here, I examine the presence of skill as more general variable responsible for variation among archaeological collections. It has been ascertained previously that raw materials used and also site function shape techno-typological characteristics of lithic assemblage, but the question remains to what extent we can rely on those factors for explaining the assemblage structure and if skill can be accounted for as an alternative. A View to a Skill Skill is an individual characteristic encompassing knowledge about a task and the technical ability to fulill that task. Knowledge provides a theoretical framework for actions to accomplish the aim, while technical know-how comes from practice and self-teaching (Аpel 2008; Finlay 2008). In this research, the technical component of skill is considered, assuming that the shape of inal product is predetermined in knapper’s mind, and dependent on the aim for knapping to maximize output (creating a larger tool, more practical edges, standardized tools, less waste) from processed raw material.
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Studies are mostly designed to recognize and compare two (e.g. novice-expert, Geribàs et al. 2010a, and unskilled-skilled, Stout 2002) or three levels of skill (e.g. novice-apprentice-expert, Darmark 2010, and naïve-trained-expert, Stout et al. 2011 ), while some just recognize its state as being present-absent, or as higher-lower level of performance when comparing different technologies. Various parameters for differentiating degrees of expertise examine and quantify the knapping activity, and properties of knapped products. Knapping activity requires a complex process of preparation, such as choosing the hammer and raw material, and later behavioural sequence of individual movements and decisions, mutually dependent, and oriented towards creating the desired product. Sequence of actions ceases with the knapper’s success or failure to make the desired product. Movements, gestures (manipulating the hammer and worked material, body posture, rate of knapping…) and decisions (planning the strikes, replacing hammer, abandoning worked piece) result from previous theoretical knowledge and technical dexterity and simultaneously create new knowledge and know-how. Fine changes in skill cannot be immediately assessed and realized and it usually requires years of training for one to ascend to the higher levels of expertise. Subsequent actions result in subtle improvements in skill acquisition, although not every action ends in a successful result, i.e. as a controlled impact of creating the anticipated output; however, there is an overall line of progression perceived as a midvalue of number of successes and failures during a certain period (ig. 1). This understanding of the relationship between the knapping activity, skill and the archaeological material incorporates several viewpoints (c.f. Ingold 2000; Wynn, Coolidge 2004; Roux, David 2005; Apel 2008; Tostevin 2011).



Fig. 1 Knapping skill acquisition Sl. 1 Sticanje veštine okresivanja
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Experimental studies have assessed variables and aspects of behaviour which distinguish different skill levels. An expert’s movements are more even, using smaller velocities during percussion, and they have better understanding of functional parameters of knapping, such as kinetic energy, exterior angle, angle of blow and point of percussion (Bril et al. 2010; Geribàs et al. 2010a; Rein et al. 2013). Variation of parameters in artifact characteristics and assemblage as a whole also conirms the skill level of knappers, which have been ascertained by experimental studies, and tested in archaeological assemblages, like degree of symmetry of biface (Darmark 2010), successfully detaching the primary Levallois lake (Eren et al. 2011а; Lycet, Eren 2013), less chunks, less variation in artifact dimensions, making longer tools (La Torre 2004; Аpel 2008; Bleed 2008). Additionally, ethnoarchaeological studies are very important for estimating and comprehending complex behavioural and decision-making patterns as well as contexts and the ways of transmitting knowledge (Roux et al. 1995; Stout 2002). In the analysis of archaeological remains, reitting is invaluable and irreplaceable at this point (until 3D artifact scanning and computer reit becomes a standard, widely used procedure) for discovering single knapping sequence enabling us to follow one’s actions step by step (see Stapert 2007; Delagnes, Roche 2005; Foulds 2010). Despite numerous studies of archaeological material and experimental knapping sequences which have been conducted, there is no agreement on a standardized set of parameters for evaluating skill level or its presence. Studies are designed to propose new methods, usually applicable to a narrow range of material, and results obtained in that way are rarely comparable to other studies’ results, except in a descriptive way. Knap-knap-knapping: on Master’s Floor The aim of this research was to try to detect the skill comparing general structures among assemblages. Chunks are the most suitable artifact category for quantifying the skillful activity. They are the unintended by-products of knapping, and as such, may be regarded as the products of uncontrolled impact, resulting from inexperienced performance of a knapper (Stout et al. 2009, 247). Additionally, previous experimental studies had asserted the connection between levels of expertise of an individual knapper and the amount of chunks produced (Finlay 2008; Stout et al. 2009). However, lithic assemblages discovered by archaeologists are not a product of one, but palimpsest of knapping and other activities, also including non-human. The quantity of chunks during the active, living phase of
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the site depends not only on an individual’s characteristics and behaviour during knapping sequence, but also on variety of activities which also occur at the site, and the quality of the raw material used. Statistical tests are applied to reveal those relationships; and to question the possibility of skill identiication. Chunk’s not Dead Chunk and shatter are sometimes considered and used as synonyms (Ahler et al. 2002; Stout et al. 2009), which is also true in the case of this paper. Even if deinitions of those terms may differ, researchers agree that amorphous, irregular pieces are unintentional by-products of knapping. Chunk is recognized as a piece lacking platform and a ventral side (Wickham-Jones 2004, 69), or the same as a shatter piece lacking orientable fracture propagation features (Ahler 2002, C.1). Andrefsky (2005, 84) uses the term non-lake debitage or angular shatter, for all pieces lacking recognizable dorsal and ventral sides, comprising large, blocky chunks and tiny pieces of lithic material. The term lake shatter is also used, which includes all lake debitage with no recognizable striking platform (Williams, Andrefsky 2011, 867). Authors mostly report only one category for the general structure of the assemblage, without describing its exact meaning, while all fragmented pieces are sometimes considered shatter. Previous research demonstrated that successful strike and knapping behaviour, together with morphologic, metric and stylistic artifact attributes and also assemblage structure, depended on knapping skill. Inappropriate strike leads to uncontrolled distribution of force, resulting in knapping errors, such as rough termination of lake (stepped, hinged and plunging, i.e. overshot; Andrefsky 2005, 20) and in waste, or debris (chunk, angular shatter, lake shatter)1. The analysis of types of distal endings and also negatives of endings on dorsal sides of lakes can also be employed for estimating the skill level, but the aim of this research is to use the general data and less detailed analysis of artifact assemblage. It is said that chunk is a by-product and as such the result of single action and speciic circumstances of particular moment, but actions also constitute some behavioural patterns. They can be approached via a broader set of data, in this case the quantity of chunks among diverse as1



Not all of the chunks are waste material, some might be used, reworked, but in this paper chunk is considered as waste material. Moreover, authors use diversely terms debitage, waste, debris, sometimes as synonyms. I use debitage to refer to all detached pieces that are not transformed into tools and waste to refer to pieces lacking recognizable features.
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semblages. Underlying assumptions are that experienced knappers have in mind clear form of desired product, knowledge of actions needed to make it and technical dexterity to successfully perform those actions and accomplish the desired task, and that the aim of knapping is to use raw materials to their maximum extent (i.e. minimizing the amount of waste, or making the biggest tool). Chunks in the assemblages, however, do not readily imply that this degree had not been fulilled in the past, because other causes for chunk occurrence have not yet been investigated in more detail so far. Shatter in Time Archaeological assemblages do not represent past activities realistically, there are numerous cultural and natural, both formative and transformative variables, which also affect it. Lithic remains at a site depend on quality and availability of raw materials, on the activities which take place at the site, duration of settlement and frequency of visits, the structure of the residents and their personal characteristics, social relationships and cultural setting, un-intentional accidents, instantly made decisions under speciic circumstances, non-human activities, natural settings and environmental conditions… Every factor is detectable in archaeological assemblage, but only if appropriate analyses are applied and while they are not all estimated here, their assessment is still required (ig. 2).



Fig. 2 Factors inluencing the formation of the archaeological assemblage and later interpretation of the past Sl. 2 Činioci koji utiču na stvaranje arheoloških zbirki nalaza i kasniju interpretaciju prošlosti



Human actors contributing directly to the quantity of chunks are knappers and their characteristics, personalities, virtues, here expressed by their levels of skill. It is believed that low-quality raw materials produce more chunks than high-quality (Kozłowski et al. 1994, 22; Adam 1997, 485).
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Good quality rock combines and is both distinct as well as recognizable by attributes such as elasticity, brittlenes, hardness and homogeneity, whether or not fractures are conchoidal, and possibly controlled by a knapper applying adjusted, appropriate impact. Low quality raw materials break in unpredictable ways, usually through uncontrollable split-fractures, creating irregular pieces. It should be noted that rock used for knapping may have internal cleavage planes, laws, issures, vugs or other inclusions which knapper cannot predict. They inhibit the free passage of energy, thus a skillfull impact, even on high-quality rock, can produce pieces which lack common morphological features (Andrefsky 2005, 24–30; Eren et al. 2011b, 2731; Roubet 1997, 130). Activities which took place at a site are closely related to the availability of raw-materials, whether a temporary camp or more permanent form of settlement. Workshops and sites with workshop elements are usually sited near outcrops of raw-materials. It is thought that more chunks are to be present in assemblages considered workshops, displaying the evidence on knapping activity then in assemblages more closely related to daily activities and further from raw-material outcrops. Factors which inluenced the variance in quantity of chunks during the living phase at the site that were not taken into account are non-intentional human activities (such as trampling that modify lithic remains after its formation), non-human activities (animal or environmental agencies), and the duration of the occupation of a site. The diachronic approach of assessing the complex, mutual inluence of various factors on their traces in archaeological material is important, but beyond the scope of this study. Some possible changes over time would result in different quantity of chunks, people may achieve higher skill levels, thus making less irregular pieces, outcrops could have even been over-exploited and exhausted, which would inluence the activities, and activities can change due to other causes. Post-depositional processes also inluence the assemblage structure and they might also affect the quantity of chunks. While this is incorporated, detailed evaluation of their impact is beyond the scope of this study. Additionally, animal and human activity, natural processes, may result in the dislocation of remains or else the mixing and disturbance of archaeological layers. Archaeological research, excavations as well as later analyses, also shapes the assemblage structure. Furthermore, ieldwork variables that create the assemblage are the size of excavation surface (or volume of excavated deposits), methodology of excavations, and the experience and individual characteristics of those participating (e.g. some may not recognize chunk as knapping product and keep it as ind). The very analysis of the
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techno-morphological structure of lithic assemblage affects data collecting and reporting, so too the deinition and description of artifact groups and the classiication of artifacts depend on the ‘school of analysis, tradition’ and the individual skill and characteristics of the lithic analyst. To summarize, the quantity of chunks at the site during pre-depositional phase is considered to be product of 1˚ level of the skill of knappers, 2˚ use of low-quality raw materials, 3˚ activities taking place at site (ig. 3). In order to investigate the possibility of assessing the impact of the skill, statistical tests were applied to reveal the inluences of the site function and quality of knapped raw materials.



Fig. 3 Factors inluencing the quantity of chunks in the assemblage Sl. 3 Činioci koji utiču na količinu otpadaka u skupu nalaza



Materials and methods Published data on the lithic collections originating from the Late Upper Palaeolithic and Mesolithic sites on the Balkan Peninsula was subjected to testing, dated from c. 18 000 B.C. until 7th millennium B.C. when Neolithic spread across the region. The chosen area exhibits technological and cultural uniformity during the Final Pleistocene characterized by Epigravettian. Later, during the Early Holocene, Mesolithic /Epi-Palaeolithic cultures arose in the studied territory, bearing strong Epigravettian traditions in the south and east parts of Balkan Peninsula (Kozłowski 2005).
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Results of lithic analyses have been reported in diverse publications. Only assemblages larger than 100 artifacts and for which the amount of chunks is clearly stated were considered. There are 63 assemblages ascribed to Late Upper Paleolithic and Mesolithic industries originating from 19 sites having met these criteria (ig. 6). ... Every Piece You Flake.. Every Step You Make, I’ll be Watching You… Quantifying Data Quantity of chunks is expressed as proportion of the chunks in the general structure of assemblage, by counting the number of artifacts (artifacts less than 1cm in length are excepted from the analysis, and all further calculations, because it has been shown that their number depend largely on excavation technique (c.f. Bertran et al. 2012). It is also possible to express the percentage of chunk material by weight, but that is suitable for research of skill levels as better usage of raw material processed. Counting the pieces corresponds to the measurement of skill levels as number of impacts that drive force with lack of control. Site function is assessed through technological and typological analyses of stone artifacts. Diverse activities taking places at the site are related to knapping behaviour which is determined by the availability of raw materials and procurement strategies. Initial sequences of knapping activity are closely related to extraction sites where raw material is tested and prepared as cores for later laking. Consequently, more chunks are predicted to be at the sites closer to raw-material deposits. Data on the studied assemblages were grouped into established ordinal categories, according to proposed ive functional types of the assemblages for LUP and Mesolithic periods (Kozłowski 1980). Those types involve the aspects of the past activities and the proximity of raw materials and are determined by the character of the general structure given in indices (proportions of cores, tools and debitage). Tools are poorly represented (1–4%) and debitage products strongly dominate (91–98%) at the sites qualiied as workshops (types 1 and 2: workshops at extraction sites and other workshops). Higher number of tools (4–18%) and less of the debitage (78–92%) is to be found at the living sites with workshop elements or those in the areas of raw material deposits (types 3 and 4, successively). The proportion of cores remains similar for these site types (1–5% for types 1 and 2, and 1–4% for types 3 and 4). Type 5 (18–42% of tools, 1–8% of cores and 50–72% of debitage) presents the living sites outside areas containing raw material deposits. The same standards were applied to sampled assemblages.
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Quality of raw materials cannot be assessed easily, due to the fact that data regarding detailed internal and knapping properties of raw materials are rarely reported, and are ambiguous sometimes. We had to rely on observation on quality of raw materials made by researchers and thus created two groups, of higher and of lower quality rocks and calculated their quantity. For the purpose of statistical testing, the index of the quality of raw material (Iqrm) is calculated as the ratio dividing the number of artifacts of higher-quality by the number of artifacts of lower-quality raw materials. Tests and expectations To investigate the relationship between site function and quantity of chunks in the assemblage, Kruskall-Wallis test was used to examine whether quantities of chunks (dependent variable) were diverse among groups (independent variable) deined as functional types of assemblages. Since groups are ordinal categories and the distance between each of them not precise, post-hoc Mann-Whitney tests were run to examine the differences in quantity of chunks between adjacent groups as well as between the most distant ones. Following criteria proposed by Kozłowski (1980) and allowing that one of artifact categories in the assemblage (cores, tools or debitage) omits the suggested ranges by up to 1%, it was possible to determine functional types for twenty eight assemblages: one collection matched type 1, two matched type 2, twelve matched type 3, eight matched type 4 and ive matched type 5. However, groups 1 and 2 were omitted from further testing due to the small number of cases (ig. 4; Appendix 1).



Fig. 4 Correlation between the quantity of chunks and the index of the quality of raw materials Sl. 4 Odnos količine otpadaka i indeksa kvaliteta sirovine
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The relationship between the quantity of chunks and the quality of knapped raw materials was examined by Spearman’s rank correlation test, using Iqrm and the quantity of chunks. Raw materials were reported for quality and quantiied by number of pieces only for 13 assemblages originating from two sites, Crvena stijena and Medena stijena. (ig. 5; Appendix 1). Additionally, we investigated whether more chunks is made of lower quality raw materials than of higher quality, employing Fisher’s exact test to reveal relationship between artifact categories, grouped as chunk and not-chunk, and quality of raw materials, classiied as higher and lower quality, all quantiied by number of pieces. Only 8 assemblages from a single site (Crvena stijena) had all the data needed and were subjected to testing (Appendix 2). In order to reveal skillful activity as formative factor of archaeological assemblages, there should be no statistically signiicant differences in the quantity of chunks among groups of functional types, and there should be no signiicant correlations between raw materials used and the quantity of chunks, so as between used raw materials and artifact categories. All statistical tests were made using SPSS 18.02. The alpha value for a signiicant effect was set at 0,05.



Fig. 5 Range of the quantity of chunks in different types of assemblages Sl. 5 Obim količine otpadaka prema funkcionalnim tipovima skupova nalaza 2



Statistical Package for the Social Sciences.
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Results … Just like a Skill Size of the assemblage is excluded as factor affecting the quantity of chunks, since Pearson coeficient revealed no correlation between them r2= ,216, p > ,05. (1) There was statistically signiicant difference in the quantity of chunks among groups of diverse functional types of sites H(2)=9,563, p< ,01, with a mean rank of the quantity of chunks 17,33 for type 3 (N=12), 11,00 for type 4 (N=8) and 5,80 for type 5 (N=5) (ig. 4). Post-hoc tests for pairwise comparisons were conducted using Bonferroni’s adjusted alpha levels of ,0167 per test (,05/3). Results showed statistically signiicant difference between groups 3 and 5 (U=4, p,0167, r = -,1) and between groups 4 and 5 (U=10, p>,1, r = -,11). (2) Spearman’s rank correlation coeficient did not show statistically signiicant correlation between Iqrm and the quantity of chunks ρ = - ,228, p >,1, (ig. 5). (3) Fisher’s exact tests showed signiicant association between the quality of raw materials and the artifact categories for 6 examined assemblages, p,1, indicating that chunk incidence is not related to the quality of knapped stone. Discussion and conclusions Results of statistical tests showed that quantity of chunks at the site can be explained by functional type of the assemblage, however with weak effect (1). We can consider skillful performance as formative factor
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for higher proportion of chunks at the sites that evidence more knapping activities and closer to the raw material deposits, following Apel (2008) who related the degree of theoretical knowledge and practical know-how of past individuals with higher proportions of knapping errors at sites that are close to the extraction areas. On the other hand, it is possible that functional types employed in this study aren’t distinctive enough to reveal greater statistical diversity. There were ambiguous results regarding the correlation between the quality of raw materials and the quantity of chunks (2,3), however Fisher’s exact tests run for every assemblage separately are more reliable, using the most detailed data. Greater incidence of chunks in assemblages from Medena stijena together with higher proportions of better quality raw materials might imply less skillful activity taking place (ig. 5), but not necessarily; it could evidence that raw materials were readily available, easily accessible and thus expediently used and knapped with less care. We cannot make conclusions with more certainty so far, because we do not know whether chunks are made of high quality raw materials at that site. Assemblages from Crvena stijena provided the most convincing evidence of skill of past people (3). Results revealing correlation between the raw materials quality and artifact categories are congruent with previous studies (e.g. Miller 1997). However, assemblages from layers IVa and VII show that chunk occurrence is not related to the properties of knapped material. Unskillful execution is plausible explanation, relying also on recent experimental research that has shown that properties of knapped artifacts do not depend on raw materials as much as on the knapper’s expertise (Eren et al. 2011b). Harmand (2009, 94) came to similar conclusion studying lithic artifacts from two Late Pliocene sites of Lokalalei, demonstrating that the choice of raw materials does not explain the variation among artifact collections, and suggests diversity to be a consequence of hominine activities or differences in skill levels. Another evidence which indicates that knapping products are not purely related to the raw material used is represented by the Lower Palaeolithic collection of Korolevo site. It exhibits the special reduction technology with numerous chunk-cores and chunk-lakes, which is absent in younger collections even though the same raw material is used: poor quality andesite (Koulakovska et al. 2010), Even if the presence of un-skillful activity is considered credible, this simplistic method cannot give an estimate to the number of knappers involved. Williams & Andrefsky (2011) showed that the performances of different knappers signiicantly inluence measurable debitage characteristics that are easily misinterpreted as product of different technological
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traditions, and Foulds (2010) demonstrated the dificulties in ascertaining individual knappers and their sequences in the experimental assemblage, even if reitting is applied. In other words, the assemblage resulting from the activity of both experienced and novice knappers might give a result similar to that produced by a certain number of apprentices. This complex interplay of diverse factors is acknowledged but omitted in the study that is motivated by the intention to develop a simple, broadly applicable tool for skill recognition. This research was not meant to advocate skill either as the only or the main cause of uncontrollable impacts on knapped material, there is an array of other possible explanations. This is also true for other researches of skill (e.g. greater symmetry or standardization of knapped products does not necessarily imply enhanced skill). Scale for the measurement of skill and variables for its assessment are set by researchers supposing the same present and past underlying principles for the determination of desirable properties of the end product or of the aim of knapping sequence. Modern concepts of western society are used as a starting point for investigating past activities, so other meanings and properties of the terms beautiful, usable, useful, valuable, eficient, waste etc. need to be questioned. The intentions and the choices made under speciic sets of conditions are the result of cognitive processes of an individual who is set in a cultural milieu. I believe that behavioural patterns and uniformities in the sample of appropriate size are identiiable and meaningful, revealing particularities, and combined together with detailed single-cased or individual-level studies can reveal exciting results. This research is in frame of optimal foraging theory, supposing human behaviour as oriented towards maximizing gains with minimal input effort and loss. Other approaches would, therefore, provide differing results. It is only speculation so far, but after conducting appropriate and various analyses, we may be able to approach the question e.g. whether larger number of chunks than expected results from less skillful activity or some speciic set of conditions and the sequence of events (just imagine an experienced knapper making a mistake accidently due to an external disturbance –by children, danger or purposely breaking rock because of being emotionally overwhelmed, etc.). In that case, some of the determinations need to be reconsidered, and the deinition of chunk as a ‘non-intentionally’ created product might be expanded by ‘… and sometimes purposively made’. Results are not easy to interpret, especially because of the small sample of data suitable for testing, but they are signiicant for making directions for future studies and pointing to some problems in lithic analyses.
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Tests that were run here can be applied generally, using data that does not require detailed techno-typological artifact analysis. Although numerous variables affecting the assemblage and its analysis were neglected, even if their existence and impacts had already been recognized (Driscoll 2011), some results were obtained implying the necessity of the examination of diverse factors in more detail, in order to determine the scope of their inluences and to quantify them. Methodology employed in this study, although very schematic and simplistic in form is useful due to its adjustable and lexible nature, creating opportunities to use and apply additional analytical techniques to the process of controlling results and advancing the levels of certainty and outreach. It is designed for analyzing only general data on assemblage structure, including as large a number of units as possible, allowing assemblages to be tested within every culture, time period or technological tradition, thus providing tool for making comparisons between behavioural patterns among distinct communities and groups of people. That objective was not reached, stressing the need for consensus and the standardization of archaeological reports after general assemblage analysis. General conclusions cannot be drawn, but some insights are provided. Great opportunity in applying these tests is the possibility to draw attention to unusual cases, as for layers IVa and VII at Crvena stijena and collections from Medena stijena, but the presence of un-skillful activities cannot be taken as granted. Nothing distinguishes layers IVa and VII at Crvena stijena regarding other excavated material so far (unusual or symbolic objects, or evidence of ritual activities that could be supportive for assessing the learning processes in past with more certainty), and we do not know the outcrops for the raw materials at Medena stijena. This study set a frame for further direction of LUP and Mesolithic assemblage analyses in studied area, and the next step would be to ‘go and hunt the skill down’ by means of a comprehensive study with a more standardized approach so as to make comparison with other classes of archaeological remains and detailed analysis of special attributes of lithic artifacts. There are numerous possibilities for advancing this study, either by improving understanding of diverse variables, or by introducing time variables, pairing it with a dynamic diachronic approach, or by focusing on personal stories and single events. Conclusions which arise from the results obtained via this method cannot be taken as inal, but as a starting point for further research. The standardization of assemblage analyses and data reporting would also signiicantly both improve and widen the extent of the possibilities for statistically testing these hypotheses. Dream on…
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VIII, IX, X



LUP



Harrold et al. 1999



Mesolithic



Baković et al. 2009, Mihailović 2009



IVa, IVb1, IVb2, V, VI, VII VIII, IX IV V, VI, VII, VIII, IX**, X Ia, Ib II XD, Ia, Ib 6 I, II, III I, II, III A**, B**, C**, D** A**, B**, C, D, E, F, G, H, I** I, II, III, IV C/d, C/s, C/g**, C, B/C, B/d, B/s, B/g



LUP Mesolithic LUP Mesolithic LUP Mesolithic LUP Mesolithic LUP



Mihailović 1996 Đuričić 1996, Mihailović 1998 Kozłowski et al. 1994 Whallon 2007 Vukosavljević 2012



Mesolithic LUP



Vukosavljević 2012



LUP



Vukosavljević 2012



LUP



Karavanić et al. 2013



Mesolithic



Miracle et al. 2000



Total: 19 sites and 63 assemblages (37 LUP, 1 LUP/Mesolithic, 25 Mesolithic) * not included in the analyses: Odmut – unknown quantity of chips and small pieces, Konispol – great number of shatter probably resulted of cave wall cracking as author pointed out, Šebrn Abri – lithic assemblage presented for the site as whole in spite of fact that faunal analyses pointed to at least two different settlements ** not included in the analyses due to the small size (less than 100 lithic pieces) LUP – Late Upper Palaeolithic. LUP/Mesolithic in the case of Megalakkos indicates both possibilities due to lack of absolute dates, and in the case of Climente II and Ostrovul Banului indicates that ssemblages were assigned to LUP in older literature but to the Early Mesolithic in recent literature



Fig. 6 List of sites and archaeological assemblages included in this study Sl. 6 Spisak lokaliteta i arheoloških zbirki uključenih u ovu studiju
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Appendix 1. Quantified data subjected to statistical testing site Alibeg Climente I Climente II Ostrovul Banului Padina



Boïla



Cyclope Cave Kastritsa Klissoura Klithi Megalakkos Zaimis



Crvena stijena



Medena stijena



Trebački Krš



layer



I-II A1 A2 II IIIa IIIb IV 1 II-IId 3 5 5a Q26 4 6 III VIII IX IX VIII VII VI V IVb2 IVb1 IVa X MS VIII VII VI V IV II Ib Ia



Badanj Kopačina cave



I II



assemblage size a



tools (%)



555 230 5864 3593 414 1544 1732 3063 5571 6335 179 3844 3401 699 955 2450 2854 536 996 154 159 252 852 1083 360 625 2418 760 837 516 164 244 221 1575 1242 735 161 218 362 4483 345 2362



3,20 40,87 9,18 7,48 23,67 15,16 69,23 93,57 61,77 36,57 1,68 2,63 7,41 8,87 4,82 5,35 5,78 39,55 47,69 53,90 14,47 18,25 12,91 15,05 9,17 8,96 9,68 4,34 13,98 18,60 15,85 21,72 19,91 19,24 16,59 10,88 24,22 12,39 13,26 9,15 16,52 12,49



cores debitage chunks (%) (%) (%) 8,80 0,00 5,79 3,68 15,70 22,73 0,52 0,03 0,32 0,46 0,00 2,71 4,62 5,72 4,29 3,84 1,40 7,46 20,88 7,14 0,63 4,37 5,05 5,72 3,61 4,64 5,58 3,29 7,53 6,59 10,98 3,69 1,81 2,73 3,30 1,77 5,59 4,59 2,21 1,43 10,72 13,46



88,00 59,13 85,03 88,84 60,63 62,11 30,25 6,40 37,91 62,97 98,32 94,67 87,97 85,41 90,89 90,82 92,82 52,99 31,43 38,96 84,91 77,38 82,04 79,22 87,22 86,40 84,74 92,37 78,49 74,81 73,17 74,59 78,28 78,03 80,11 87,35 70,19 83,03 84,53 89,43 72,75 74,05



22,40 7,39 40,54 64,64 17,87 18,39 0,06 0,00 0,02 0,08 0,00 0,68 48,96 32,47 58,43 56,04 13,56 0,00 0,10 5,84 6,92 5,16 9,39 8,96 5,00 4,96 3,43 8,95 5,02 1,94 6,71 5,74 1,81 2,35 2,98 5,31 0,62 1,38 0,55 4,55 20,29 25,23



type b Iqrm c



3



5 1 2 3 3 3 3 5



4 4 4 3 3



4 3 5 4 4 3



1,01 0,82 0,93 0,7 0,31 0,42 1,65 1,81 2,8 3,6 1,75 1,77 1,77
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Vela spila



Vlakno



Šandalja



a



III IV LUP-C LUP-D LUP-E LUP-F LUP-G LUP-H LUP-III LUP-II LUP-I mesolithic III mesolithic II mesolithic I C/s C/d C B/C B/d B/s B/g



3607 1508 218 487 530 1155 2734 485 1728 779 1299 556 2071 1531 118 626 286 993 1755 5183 2233



13,22 11,14 30,28 17,45 18,11 20,35 17,26 16,91 4,80 7,19 9,47 5,58 5,26 5,16 17,80 21,41 23,43 13,80 19,37 15,65 19,57



chips, undeterminable and artifacts less than 1,5cm not counted



b



assemblage type according to Kozłowski (1980)



c



Index of quality of raw materials
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14,50 17,18 7,80 7,60 9,62 10,22 12,07 9,28 1,50 3,85 7,01 5,94 3,19 1,96 5,08 3,51 3,50 3,73 3,36 4,71 4,12



72,28 71,68 61,93 74,95 72,26 69,44 70,67 73,81 93,69 88,96 83,53 88,49 91,55 92,88 77,12 75,08 73,08 82,48 77,26 79,64 76,31



25,17 24,60 4,13 26,90 24,34 17,84 22,79 32,37 15,39 25,03 25,94 18,71 18,06 16,39 9,32 8,63 9,79 10,47 12,59 19,10 19,57



5



2 3



3 3



5 4 4
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Appendix 2. Contingency tables and Fisher’s exact tests for Crvena stijena assemblages raw materials quality



layer



lower chunks



CS IX



12



61



other



314



354



668



total



363



366



729



chunks CS VIII other total chunks CS VII



9



77



403



840



505



412



917



8



8



16



168



158



326



total



176



166



342



22



3



25



other



187



213



400



total



209



216



425



4



68



chunks CS V



68 437



other chunks



CS VI



higher total



49



64



other



1446



467 1913



total



1510



471 1981



chunks CS IVa other total chunks CS IVb1 other total chunks CS IVb2 other total



4



2



6



148



273



421



152



275



427



24



12



36



265



464



729



289



476



765



45



5



50



358



164



522



403



169



572



p (two-sided) p < ,001 odds ratio* = 4,6



p < ,001 odds ratio = 6,97



p > ,5



p < ,001 odds ratio = 8,35



p < ,001 odds ratio = 5,17



p > ,1



p < ,001 odds ratio = 3,5



p < ,001 odds ratio = 4,12



*odds ratio - lower quality /higher quality raw material odds ratio for chunk occurence other – including cores, tools and debitage without chunks
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Milica Lopičić Univerzitet u Beogradu, Filozofski fakultet – Odeljenje za arheologiju PROĆERDANA VEŠTINA: FENOMEN OTPADAKA Veština obuhvata izičke i kognitivne sposobnosti pojedinca koji izrađuje predmet, i odslikava se u proizvodu. Arheološka istraživanja, analizirajući artefakte i druge materijalne ostatke iz prošlosti, razmatraju veštinu sa namerom da procene motorne i mentalne sposobnosti ljudi koji ne pripadaju savremenom čoveku, ili prepoznaju pojedince u arheološkom skupu nalaza, i rekonstruišu društvene odnose i ponašanje. Veština podrazumeva posedovanje neophodnog teorijskog znanja o zadatku kojeg treba ispuniti, i tehničke sposobnosti, odnosno spretnosti da se zadati cilj ostvari (Apel 2008; Finlay 2008). Tehničko umeće (položaj tela, gestovi, jačina udarca) razvija se uvežbavanjem pokreta, odnosno ponavljanjem aktivnosti. Tom prilikom se primenjuje teorijsko znanje o pokretima tela i ponašanju materijala, a istovremeno se ažurira i proširuje. Takve suptilne promene u veštini nisu odmah uočljive, čak i ne rezultuju uvek uspehom u izvršenju zadatka, ali se sticanje veštine može predstaviti kao progresivna linija koja izražava srednju vrednost između broja uspešnih i neuspešnih zadataka tokom određenog vremenskog perioda (sl. 1). Eksperimentalna istraživanja potvrdila su da se veština može sagledati i izraziti kroz različite merljive parametre, koji opisuju samu aktivnost (pojedinačne pokrete, donošenje odluka), ili karakterišu proizvode okresivanja; odnosno da se mogu porediti i razlikovati skupovi artefakata koje izrade pojedinci različitih ekspertskih nivoa (Bril et al. 2010; Geribàs et al. 2010a; Rein et al. 2013; Darmark 2011; Eren et al 2011a; La Torre 2004; Apel 2008). Detaljne analize pojedinih atributa arheoloških ostataka omogućavaju prepoznavanje manje i više veštih aktivnosti. Međutim, dobijeni rezultati isključuju međusobna kvantitativna poređenja, jer se najčešće svaki skup proučava posebno razvijenim metodom. Javila se potreba za primenom opštijeg metoda za procenjivanje veštine ljudi iz prošlosti, čiji je razvoj otežan usled nepoznatih efekata brojnih pre-depozicionih i post-depozicionih činilaca na formiranje arheoloških skupova nalaza. Radi ispitivanja pretpostavke da se veština može uočiti u zbirkama artefakata okresanog kamena kao stvaralački faktor, sagledani su uticaji drugih faktora na karakteristike skupova. Nedostatak veštine je, sa tehničkog aspekta, okarakterisan kao nekontrolisan udarac na komad sirovine, i kvantiikovan kao količina nepravilnih neretuširanih proizvoda okresivanja, tj. otpadaka (Ahler et al. 2005;
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Stout et al. 2009; Andrefsky 2005). Količina otpadaka u skupu nalaza zavisi i od drugih činilaca osim veštine ljudi koji su okresivali, naročito od kvaliteta sirovine i funkcije lokaliteta: više otpadaka nastaje usled upotrebe manje kvalitetne sirovine, i veću količinu otpadaka sadrže arheološki skupovi sa odlikama radioničkih aktivnosti, naročito u blizini ležišta (u odnosu na manje otpadaka na lokalitetima svakodnevnih ili specijalizovanih lovnih aktivnosti). Testirane su korelacije između ovih varijabli kako bi se indirektno razmotrila mogućnost uočavanja uticaja veštine. Korišćeni su podaci o objavljenim opštim strukturama skupova nalaza i sirovinama sa lokaliteta kasnog gornjeg paleolita i mezolita na Balkanskom poluostrvu (sl. 6). Funkcija lokaliteta određena je prema kriterijumima koje je predložio Kozłowski (1980). Sirovine su podeljene u dve kategorije, kvalitetnije i manje kvalitetne, prema komentarima istraživača koji su analizirali skupove. Izračunat je njihov odnos meren brojem artefakata i izražen kao indeks Iqrm (Appendix 1). Statistički testovi pokazali su da postoji razlika u količini otpadaka (merena brojem a ne masom artefakata) između različitih funkcionalnih tipova skupova, ali da ne postoji veza između količine otpadaka i zastupljenosti sirovine slabijeg kvaliteta u skupovima nalaza (sl. 4, 5). Sa druge strane, ispitivanje veze između nastajanja otpadaka i kvaliteta okresivane sirovine, koje je zbog prirode podataka bilo moguće izvršiti samo na objavljenim podacima o skupovima nalaza sa lokaliteta Crvena stijena (Mihailović 2009), pokazalo je da je pojava otpadaka u vezi sa upotrebom sirovine lošijeg kvaliteta (Appendix 2). Ipak, dva analizirana skupa, iz slojeva VII i IVa Crvene stijene ne pokazuju povezanost kvaliteta sirovine i nastajanja otpadaka. Rezultati analize ukazuju da se količina otpadaka u određenoj meri može objasniti funkcionalnim tipom skupa, odnosno aktivnostima koje su se odvijale na lokalitetu i njegovom ulogom u sistemu naseljavanja. Nepostojanje veze između kvaliteta sirovine u skupu nalaza i količine otpadaka može se objasniti nalazima sa lokaliteta Medena stijena (sl. 2) gde raste količina otpada sa većom zastupljenošću kvalitetnije sirovine. Takva pojava ne ukazuje nužno na nedostatak veštine osoba koje su okresivale, jer moguće je da su kvalitetne sirovine bile lako dostupne i kao takve nemarno obrađivane. Nemamo podatke o blizini ležišta, i za sada ne možemo detaljnije razmotriti skupove artefakata iz Medene stijene. Najuverljivija svedočanstva o veštini kao činiocu koji utiče na strukturu zbirke ostataka okresanih artefakata pružili su nalazi sa lokaliteta Crvena stijena. U većini skupova potvrđena je povezanost upotrebe sirovine slabijeg kvaliteta i nastanka otpadaka, međutim dva skupa pokazuju da pojava otpadaka ne zavisi od kvaliteta okresivane sirovine i pružaju mogućnost da se razmotre kao ostaci ne-veštih aktivnosti. Nedostatak veštine osoba koje su okresivale, ukazivao
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bi na njihov uzrast i na posebno mesto lokaliteta, gde se odvijalo učenje i prenošenje znanja (c.f. Apel 2008). Ipak, slojevi VII i IVa se ne razlikuju od ostalih slojeva sa lokaliteta prema drugim nalazima (neobični ili simbolički predmeti, ili svedočanstva o ritualnim aktivnostima) koji bi podržali tumačenje kamenih artefakata kao ostataka procesa podučavanja i nedostatka veštine. Zaključci dobijeni ovim istraživanjem ne mogu se smatrati konačnim, već kao osnova za dalja istraživanja i unaprađivanje testova, razumevanjem uticaja neispitanih činilaca, ili uvođenjem vremenske varijable. Ipak, predstavljeni testovi su značajni jer koriste opšte podatke o strukturama skupova artefakata okresanog kamena što dozvoljava njihovu široku primenu nezavisno od kulturne atribucije i geografskog okvira. Posebno je zanimljiva mogućnost izdvajanja neobičnih slučajeva, čime se stvaraju okviri za dalje detaljnija istraživanja. Standardizacija analize artefakata okresanog kamena i objavljivanje rezultata svakako bi proširilo i poboljšalo mogućnosti za statističke provere hipoteza.
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GROUND AND ABRASIVE STONE TOOLS FROM VINIČKO KALE Vasilka Dimitrovska Haemus – Center for scientiic research, Skopje, MK



Abstract: In this paper will be presented the results of analyses of the stone tools collected from Eneolithic layers from Viničko Kale (Vinica Fortress). Most of these artefacts come from excavations carried out in 2008, but also were included the objects from previous excavations. This is a small collection of tools, however, considering that the number of stone tools coming from Eneolithic period in Macedonica, mainly unpublished or just briely presented, the Viničko Kale collection gave importan, although preliminary data about the petrologic, technologic and typological characteristics of the stone industry in the Eneolithic period. Key words: Eneolithic, Viničko Kale, Macedonia, petrology, technology, typology, ground and abrasive stone tools.



Apstrakt: VU ovom radu su predstavljeni rezultati zbirke kamenog oruđa iz eneolitskih slojeva sa lokaliteta Viničko Kale. Radi se o predmetima otkrivenim prilikom iskopavanja 2008. godine, ali su uključeni i ranije otkriveni predmeti, danas smešteni u Gradskom muzeju u Vinici. U pitanju je mala zbirka predmeta, ali, s obzirom na inače mali broj otkrivenih kamenih predmeta iz eneolitskog perioda u Makedoniji, koji su uglavnom nepublikovani ili sumarno predstavljeni, zbirka predmeta sa Viničkog Kalea dala je značajne, mada preliminarne podatke o petrološkim, tehnološkim i tipološkim karakteristikama kamene industrije u eneolitskom periodu. Ključne reči: eneolit, Viničko Kale, Makedonija, petrologija, tehnologija, tipologija, glačano, polirano, abrazivno, oruđe.
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Location, excavation and chronology of the site Viničko Kale Viničko Kale is a late antiquity fortiied settlement located in eastern Macedonia, southwest from the town of Vinica (ig. 1). The site was situated on a hill of irregular shape at the altitude of 400 m (Археолошка карта 1996, 87-88) and was discovered during a ield survey (Грбиќ 1954, 115; Гарашанин, Гарашанин 1959, 69). However, despite its importance, the site did not attract attention of researchers before 1978, when the fragments of terracotta reliefs with iconographic representations, previously unknown in the scientiic world, were discovered (Димитрова 1993; Балабанов 1993). Since 1980, Viničko Kale has been a subject of permanent exploring, excavation and publication (Dimitrova 2012). The archaeological excavations at Viničko Kale revealed relative stratigraphy of the site, where Eneolithic period is followed by Bronze and Iron Ages. Hellenistic and Roman periods are well documented, since the fortiication of the fortress originates from 4th–6th century AD. The archaeological excavations in 2008 conirmed that the earliest cultural layer at Viničko Kale belongs to the Eneolithic period. Portable inds include complete and fragmented pottery, igurines, as well as a small assemblage of ground stone and abrasive tools, previously unpublished, which will be presented in this paper.



Fig. 1 Location of Viničko Kale in Republic of Macedonia Sl. 1 Položaj Viničkog Kalea u Republici Makedoniji



58



V. Dimitrovska



Ground and Abrasive Stone Tools from Viničko Kale



Petrological determination of the raw material The raw material of all artefacts from the site of Viničko Kale was macroscopically determined.1 Determination included the following categories: rock or mineral type, varieties, colour, structure, texture, mineral composition and possible origin. Raw material used for making ground and abrasive tools from Viničko Kale includes ten different types of rocks: gabro, andesite, diabase, basalt, sandstone, siliciied sandstone, serpentinite, amphibolite, schist, and chalcedony (ig. 2). The geological material that the stone artefacts from Viničko Kale were made of is very heterogeneous, despite the fact that very few artefacts were found in a very small trench. Raw material Gabro
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Fig. 2 Raw materials used for production of ground and abrasive stone tools from Fig. 2. Raw materials used for production of ground and abrasive stone tools Viničko Kale from Vinica Fortress Sl.Sl.2 2. Sirovine zaglačano glačanoi abrazivno i abrazivno kameno oruđe sa Viničkog Sirovineupotrebljene upotrebljene za kameno oruđe sa Viničkog Kalea Kalea



Gabro Only one specimen made of gabro with a dark green to grey colour was found at Viničko Kale. The rock is of dark green to grey colour, inegrained structure, massive texture and of local origin. 1



Analysis of the raw materials was performed by prof. Dr. Milorad Jovanovski, Faculty of civil engineering, Skopje, Republic of Macedonia.
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Andesite One sample of coarse-grained variety of andesite in the Viničko Kale assemblage has light brown colour, massive texture and porphyritic structure. It is of local origin and the area where this raw material occurs in abundance which is closest to Viničko Kale is in the Kratovo–Zletovo region. Diabase Seven artefacts were made of almost black ine-grained diabase and its varieties with albite. Diabase is of local origin and it was the stone raw material used most often by the prehistoric habitants at Viničko Kale. Basalt One fragmented artefact was made of black basalt, of ine-grained structure and massive texture. The raw material is of local origin, from the region of Saint Nicholas (east Macedonia), rich in occurrences of basalt. Sandstone The assemblage of Viničko Kale contains only one specimen of sandstone of light grey colour used for production of abrasive tool. It is a ine-grained variety, particularly suitable for grinding tools, of clastic structure and massive texture. The rock is of local origin. This type of sandstone dominates in the lysch of the Vardar Zone. Siliciied sandstone One artefact was made of siliciied sandstone. It is a rock of grey to brown colour, clastic to amorphous structure and massive multi-layered texture. It is a variety of hydrothermal altered sandstone of local origin. Serpentinite Only one specimen of the dark green serpentinite was found in the assemblage. It is of ine-grained structure, massive texture and of local origin. The nearest area around Viničko Kale where the deposits of this raw material are located is by the river of Bregalnica and its springs. The material can be found on the surface in form of small blocks (Dimitrovska 2012, 357). Sepentinite deposits also exist on Mount Bogoslovec, where this rock was used by Neolithic communities at Rug Bair (Dimitrovska, Boev 2011, 39) and Amzabegovo (Smoor 1976, 178–184).
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Amphibolite There is only one sample in the assemblage made of grey amphibolite of nematoblastic structure and massive to schistose texture. It is of local origin. Schist Two artefacts were made of green schist. These rocks show schistose texture and lepidoblastic structure. According to its composition two varieties are deined: albite-epidot-chlorite schist and albite-chlorite schist. Both varieties are of local origin. Chalcedony There are two pieces made of light to dark grey chalcedony in the assemblage from Viničko Kale. The stone is semi-transparent, cryptocrystalline to amorphous in structure. Chalcedony is one of the most widely used raw materials by the prehistoric inhabitants of Republic of Macedonia. Chalcedony from Viničko Kale is of local origin deriving from few regions in the eastern part of Macedonia. In the vicinity of the modern mine “Opalite”, where opal, agate, chalcedony and opalised wood are exploited, there are deposits of these minerals known since prehistory (Dimitrovska 2012, 355). The same case is with Kratovo region, where chalcedony abounds around prehistoric sites (Димитровска 2010, 35–36). Viničko Kale stone assemblage The subject of this article is 18 stone tools from the Eneolithic period. They were subdivided in two groups: ground and abrasive stone tools. The basic criteria for the classiication of ground stone tools was technique used in their production (grinding) and for classiication of abrasive tools it was the raw material they were made of (abrasive stone).2 Typological-technological analysis of ground tools from Viničko Kale focuses on all three types of ground-edge tools – axes, adzes and chisels, and four types of abrasive tools – manual grindstones/polishers, whetstones, a big static massive quern and retoucher which could also be used as an upper part of the quern (ig. 3).



2



To synchronize the typology of the artefacts from the Republic of Macedonia with the terminology of surrounding Balkan countries, the works of Antonović 2003 (for ground stone tools) and Antonović 2008 (for abrasive tools) were used.
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Type of tool Axe Adze Chisel Proximal part of a ground edge tool Grinding stones



Specimens 2 1 1



Complete tools 2 1 1



2



2



Whetstones



5



5



Quern Retoucher Miscellaneous Total



1 1 4 18



1 1 3 16



1



Raw material Diabase Diabase Serpentinite Basalt Amphibolite, sandstone Schist, sandstone, silicified sandstone, chalcedony Andesite Gabro Diabase



Fig. 3 Tool types and raw material of ground and abrasive stone artefacts from



Fig. 3. Tool types and raw material of Viničko groundKale and abrasive stone artefacts from Vinica Sl. 3 Tipovi oruđa i sirovina za glačano i abrazivno kameno oruđe sa Viničkog Kalea Fortress Sl. 3. Tipovi oruđa i sirovina za glačano i abrazivno kameno oruđe sa Viničkog Kalea Typological-technological analysis of the ground tools from Viničko Kale Adze Only one symmetrically modelled adze (56x35x9mm) with slanting cutting edge, made of black diabase (ig. 4), was determined in the stone assemblage from Viničko Kale. The tool was roughly trimmed, with visible traces of chipping on the dorsal side and polished afterwards. The traces of use at the distal side of the cutting edge point to the usage of the tool as adze. Later during use, one groove for modelling awls and pins was created on the ventral side of the tool (ig.11, 4). This is the only artefact in the collection with clearly deined form which was used in two entirely different operations in the same time, as an adze and grinding stone. Axe Two artefacts at Viničko Kale stone assemblage are determined as axes. One specimen is a symmetrically modelled massive axe of diabase (94х50х32mm) with slightly slanting cutting edge. Complete tool was trimmed by chipping and inished by grinding and polishing (ig.11, 1). Blunted cutting edge has traces of use typical for splintering wood. Accord-
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Fig. 4 Adze made of diabase: a. ventral side, b. groove for modeling awls (photo by V. Dimitrovska) Sl. 4 Tesla izrađena od diajabaza: a. ventralna strana, b. žleb za oblikovanje šila (snimila V. Dimitrovska)



ing to the use-wear analyses (ig. 5a), the tool was used in the process of woodworking as a wedge. The second axe (81x49x24mm) is also made of black diabase (ig.11, 3). It is a inal product, completely polished. This very heavy and massive tool has symmetrically modelled transversal sides and slanted cutting edge. The axe has a deined edge in the distal part with use-wear traces which conirm that the tool was used in the process of woodworking (ig.5b).



Fig. 5 Axes made of diabase (photo by V. Dimitrovska) Sl. 5 Sekire izrađene od dijabaza (snimila V. Dimitrovska)
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Chisel There is only one chisel (44x19x10mm) in Viničko Kale assemblage, made of dark green serpentinite, inely manufactured (ig.11, 2). It is symmetrically modelled, completely polished, without visible traces of previous chipping (ig.6a). Cutting edge bears notable traces of use in the process of woodworking (ig.6b).



Fig. 6 Chisel and use-were traces on its the cutting edge (photo by V. Dimitrovska) Sl. 6 Dleto i tragovi upotrebe na njegovoj sečici (snimila V. Dimitrovska)



Fragment of undeined tool One proximal part of a tool with cutting edge, made of black basalt, does not bear enough information for deining the tool type, i.e. whether it was an axe, adze or chisel. Typological-technological analysis of the abrasive tools from Viničko Kale There are nine abrasive tools in this collection: one manual polisher for pottery, a manual grindstone for bone awls and pins, and ive whetstones, probably also used in production of bone tools. The artefacts are made of raw material of different geological origin. Manual polisher for pottery A small object (66x33x18mm) of triangular shape made of amphibolite can be added to the group of manual polishers used for pottery (ig.7a). The ventral and dorsal sides are well polished as a result of use and some parts are abraded due to the overuse. It is possible that the tool was used for smoothing walls of pottery vessels.
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Fig. 7 Abrasive tools: a. polisher for pottery and b. grinding stone (photo by V. Dimitrovska) Sl. 7 Abrazivno oruđe: a. glačalica za keramiku i b. glačalica (snimila V. Dimitrovska)



Grindstone for bone awls and pins The artefact is made of ine-grained sandstone. The analysis of use-wear traces at the working surface of the artefact shows that the tool was primary used for ine inishing of bone tools, mostly needles and awls (ig.7b). The artefact is classiied primarily as a grindstone, on the basis of its function. The rectangular shape in the form of small tablet (134x54x16 mm) as well as the lat working surface suggest that it could be used as a whetstone (ig. 11, 6). Whetstones There are ive whetstones in the assemblage of Viničko Kale (ig. 7b, 8a; ig. 11, 6–10). They were probably used for ine inishing of bone tools. All three artefacts have a perforation at one end of the tool, suggesting that they were hung probably on the belt. They remind of modern whetstones used by reapers for the sharpening of scythes. One whetstone (ig.11, 8; ig. 8a, 2), made of siliciied sandstone, has elongated square shape (91x15x16mm) and use-were traces all over its working surface. The other two artefacts are made of chalcedony. One (ig.11, 10; ig.8a, 1) is a typical whetstone in the form of small rectangular tablets with thin cross section (108x21x11mm) and lat working surface
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with visible use-were traces. The other (ig.11, 7; ig. 8a, 3) is elongated with rounded cross section (109x18x14mm). Due to the form, it reminds of an amulet, although use-were traces of grinding are visible all over the working surface (ig.9). Two specimens in the collection are made of green schist (ig.11, 9; ig. 8b). These artefacts (130x28x16mm; 146x36x23mm) have interesting and nice elongated shape resembling to retoucher, but both artefacts have traces of use on the surface typical for grinders and whetstones.



Fig. 8 Whetstones: a. with perforation, made of chalcedony (1, 3) and siliciied sandstone (2); b. whetstones made of schist (photo by V. Dimitrovska) Sl. 8 Brusevi: a. sa perforacijom, izrađeni od kalcedona (1, 3) i siliikovanog peščara (2); b. brusevi izrađeni od škriljca (snimila V. Dimitrovska)



Quern There is only one massive quern made of andesite in the Viničko Kale assemblage (440x130x60 mm). The artefact is manufactured irstly by chipping and then by chiselling. In the middle of the quern there is a slightly concave working surface resulting from use (ig.10a). It is supposed that it was used for milling grains because traces of pigments and ceramics were not found at the working surface. Retoucher Only one stone specimen from Viničko Kale was attributed to this group, mostly on the basis of traces of use (ig. 11, 5). It is originally a lat
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Fig. 9 Use-wear traces on whetstones (photo by V. Dimitrovska): a whetstone of siliciied sandstone (ig. 8a, 2; ig. 11, ig.11, 8), b. whetstone of chalcedony (ig. 8a, 1; ig. 11, ig. 11, 10), c. whetstone of schist (ig. 8b; ig. 11, 9), d. whetstone of sandstone (ig. 7b, ig. 11, 6) Sl. 9 Tragovi upotrebe na brusevima (snimila V. Dimitirovska): a. brus od siliikovanog peščara (sl. 8a, 2; sl. 11, 8), b. brus od kalcedona (sl. 8a, 1; sl. 11, 10), c. brus od škriljca (sl. 8b; sl. 11, 9), d. brus od peščara (sl. 7b; sl. 11, 6)



pebble of black gabro of natural shape (63x83x27mm) with a lateral side used as a retoucher (ig. 10b). It its perfectly in the hand. Use-were traces characteristic for retoucher are visible in the upper part of a transversal side as well. Miscellaneous The miscellaneous category contains specimens that can’t be deined on the basis of morphological features. It includes several elongated pebbles of diabase that resemble in form to retoucher, but without traces of use on its surfaces. Hence their use by the inhabitants of the Eneolithic settlement at Viničko Kale remains unknown. We have to take in consideration the fact that prehistoric men probably possessed many new unused things, i.e. had a lot of spare tools. Probably these pieces of raw material were collected and brought to settlement to be formed in a tool, but they had never been used.
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Fig. 10 Quern (left) and retoucher (right), which could be used as an upper part of the quern (photo by V. Dimitrovska) Sl. 10 Žrvanj (levo) i retušer (desno), koji je mogao biti upotrebljen kao gornji deo žrvnja (snimila V. Dimitrovska)



Chronology Some of the researchers of the prehistoric site at Viničko Kale suggested the possibility of the presence of a Neolithic horizon, however, so far such a hypothesis was not conirmed beyond any doubt by archaeological inds from the site.3 Without doubt, axes and adzes found during excavations in 2008 campaign are dated to Eneolithic, although they have a form typical for Neolithic tools. Most of the stone artefacts in this assemblage derive from the Eneolithic layer of the site in Viničko Kale.4 Finding circumstances of the chisel are unclear, but we can assume the prehistoric provenance of the tool, possible Eneolithic or maybe Bronze Age, considering the typology and technology of the artefact. Grinding stones have the same appearance from the Neolithic onwards and they were used almost without changes until Roman times. But one specimen in the collection made of siliciied sandstone was not used, and the lack of ield notes without archaeological context could date this tool between Bronze, i.e. Iron Age and Roman period of the settlement. The massive quern is very similar to those represented at the Egyptian wall paintings of the Late Dynastic period, not only by its shape, but also by modelling technique. The form of the quern is related to Late Eneolithic, suggesting its metal ages provenance. Since the archaeological context of previous excavations is uncertain because of the lack of ield docu3



Information from Magdalena Manaskova, custodian in Municipal Museum of Vinica.



4



All stone artefacts analysed in this paper come from the Eneolithic layer. For those discovered in excavations before 2007, i.e. before the founding of the Municipal museum in Vinica, ind circumstances are unknown because of the lack of documentation. However, after the types of tools and raw material, it was assumed that they are all of Eneolithic provenance.
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mentation, the artefact can be dated, with much reserve, in the span from Metal Ages to Roman times.



Fig. 11 Stone tools from Viničko Kale: 1, 3. axes, 2. chisel, 4. adze, 5. retoucher, 6. grindstone, 7–10. whetstones (drawing by V. Dimitrovska) Sl. 11 Kameno oruđe sa Viničkog Kalea: 1, 3. sekire, 2. dleto, 4. tesla, 5. retušer, 6. glačalica, 7–10. brusevi (crtež V. Dimitrovske)
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Discussion and conclusion Besides Viničko Kale, several other Eneolithic sites along the Bregalnica River have been explored. Among them are Burilčevo (Nasteva 1989: 49, Sanev 1961), Bogoslov Kamen (Нацев 2009, 5), Grad–Delčevo (Колиштркоска Настева 2006, 38–53), St. Atanas (Атанасова 2010, 9–14. Атанасова 2012) and Cocev Kamen (Димитровска 2010). Stone tools from Eneolithic are also conirmed by ield survey at the sites of Kaleničarka (Kratovo), Baltačko Malo (Vinica) and in Vladimirovo village (Димитровска 2011, 2–3). Ground and abrasive tools from these sites have not been the topic of any scientiic analysis as yet. Macroscopical petrologic analysis conirmed that stone artefacts from Viničko Kale are made of local raw material that could have been collected from primary and secondary deposits near or in the wider surroundings of the site. Viničko Kale is located on the outskirts of Kratovo–Zletovo area. This area is very important for the prehistory of the Republic of Macedonia, since it is a region rich in minerals and rocks (especially those of volcanic origin), suitable for obtaining all kinds of stone tools. Also, these resources for stone tools were available to inhabitants of Eastern Macedonia and beyond during the proto- and historical period. The analysis of material from some Neolithic sites between Kratovo–Zletovo area and the river Bregalnica, conirmed the use of local resources for stone tools. After comparison of Neolithic stone assemblages from Rug Bair (Димитровска 2013; Dimitrovska, Boev 2012, 37–52) and Amzabegovo (Smoor 1976, 178–184; Waide 1976, 279–282), two sites very close to Viničko Kale, it is possible to recognize the use of a similar repertoire of raw material for ground stone and abrasive tools, which is relected both in technology and typology of artefacts from Viničko Kale. The analysis of ground and abrasive stone tools found at Viničko Kale conirmed the existence of a whole range of implements, as well as the raw material. The collection of 18 artefacts consists of four ground stone tools, eight abrasive tools and four miscellaneous pieces without speciic morphology. The selection of raw material was determined by usage of tools: for chisels – serpentinite was used, for axes and adzes local diabase, for grindstones and whetstones sandstone, amphibolite, schist, siliciied sandstone and chalcedony, for retoucher gabro and for the quern andesite. Concerning technology, the complete tools reveal very advanced technology of manufacture. Most of the ground edge tools were chipped and then polished without any traces of previous chipping. Because of its
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abrasive properties and types of material they were made of, the abrasive tools found at the stone assemblages are usually fragmented. This is not the case with the tools from Viničko Kale, where we can ind almost all abrasive tools complete. Regarding the typological and functional analysis of the specimens, the ground stone collection consists of six artefacts: two axes, two adzes, one chisel and a fragmented part of an axe or adze. The abrasive stone collection consists of eight artefacts: one quern, one retoucher, six grindstones and whetstones and four miscellaneous objects. The study of ground and abrasive stone industry in the archaeology of the Republic of Macedonia is a relatively new discipline. The Eneolithic stone industry did not attract the interest of local researchers so far and stone tools have not been analysed in details yet. We expect a more thorough picture regarding the raw material, technical and typological characteristics of stone industry during the Eneolithic period to be gained. Acknowledgements I would like to thank to Selena Vitezović and Dragana Antonović for the invitation to participate in the XXXVI Annual meeting of the Serbian Archaeological Society. Also, I would like to thank the Municipal Museum of Vinica for providing the material from the excavation of the site at Viničko Kale.
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Vasilka Dimitrovska HAEMUS - Centar za naučno istražuvanje i promocija na kultura, Skopje, MK GLAČANE KAMENE ALATKE I ABRAZIVNO ORUĐE SA LOKALITETA VINIČKO KALE Viničko Kale je ranoantičko utvrđeno naselje u istočnoj Makedoniji, jugozapadno od grada Vinica, smešteno na uzvišenju nepravilnog oblika, na 400 m nadmorske visine. I pored toga što je još prilikom rekognosciranja ustanovljeno da je reč o značajnom lokalitetu, istražuje se tek od 1978. godine. Od 1980. godine do sada ovaj lokalitet je predmet sistematskih istraživanja, iskopavanja i publikovanja. Na samom početku arheoloških iskopavanja nađeni su fragmenti reljefa od terakote sa ikonografskim prikazima do tada nepoznatim u nauci, po čemu je ovaj lokalitet postao poznat u svetskim razmerama. Arheološkim iskopavanjima utvrđena je relativna stratigraija naselja na Viničkom Kaleu koje nastaje u eneolitu, a na ovaj najstariji sloj sukcesivno se nadovezuju slojevi bronzanog i gvozdenog doba. Helenistički i rimski period su isto tako dobro dokmentovani, dok sama tvrđava potiče iz kasnoantičkog perioda (IV – VI vek). Tokom arheoloških iskopavanja 2008. godine eneolit je potvrđen kao najraniji horizont življenja. U sloju je nađen veliki broj celih i fragmentovanih keramičkih sudova, kao i igurine i kamene alatke. Zato je zbirka glačanog i abrazivnog oruđa, ukupno osamnaest primeraka pronađenih u eneolitskom sloju, koja do sada nije naučno publikovana, glavna tema ovog rada. Analizom kamenog materijala određene su petrološke, tehnološke i tipološke karakteristike kamene industrije. Rezultati su preliminarni, s obzirom na to da je istražen samo mali deo lokaliteta na kome je otkriveno eneolitsko naselje. U radu su prikazane i one kamene alatke sa Viničkog Kalea za koje ne postoji potrebna terenska dokumentacija, ali se pretpostavlja da potiču iz praistorijskih slojeva. Petrografska analiza sirovinskog materijala upotrebljenog za pravljenje alatki od glačanog i abrazivnog kamenog oruđa pokazala je upotrebu deset različitih vrsta kamena: gabro, andezit, dijabaz, bazalt, peščar, siliikovani peščar, serpentinit, amibolit, škriljac i kalcedon. Makroskopskom odredbom od strane geologa deinisani su tip stene ili minerala, varijetet, boja, struktura, tekstura, mineralni sastav i moguće poreklo. Geološki ma-
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terijal od koga su napravljene kamene alatke sa Viničkog Kalea je prilično raznovrstan, ali je svakako i ograničen malim obimom do sada arheološki istražene površine. Rezultati pokazuju da je poreklo sirovina lokalno. One su bile prikupljane iz primarnih i sekundarnih ležišta u okolini Vinice, tačnije u kratovsko-zletovskoj oblasti. Ovaj region je poznat po izobilju minerala i stena, posebno onih vulkanskog porekla koje su pogodne za pravljenje kamenih alatki. Izbor sirovina za eneolitsko oruđe sa ovog lokaliteta je bio povezan sa njihovom upotrebom: za dleto je bio upotrebljen serpentinit, a za tesle i sekire dijabaz. Peščar, škriljac, amibolit i siliikovani peščar su bili korišćeni za pravljenje glačalica i bruseva, gabro za retušer, a za žrvnjeve andezit. Kameni artefakati obrađeni u ovom radu su podeljeni u dve grupe: glačano i abrazivno oruđe. Osnovni kriterijum za ovu podelu bili su tehnika izrade za predmete od glačanog kamena (glačanje), nasuprot sirovini po kojoj je izvršena klasiikacija abrazivnog oruđa (kamen s abrazivnim svojstvom). Tipološko-tehnološka analiza potvrdila je raznovrsnost oruđa koja se ogleda u pet alatki od glačanog kamena i osam primeraka abrazivnog oruđa. U zbirci se nalaze i četiri kamena predmeta koji nisu bili opredeljeni ni u jednu kategoriju zbog odsustva morfoloških i tehnoloških karakteristika, kao i nedostatka tragova upotrebe. U alatke od glačanog kamena svrstane su dve sekire, tesla i dleto, kao i jedan proksimalni deo artefakta sa sečicom. Abrazivno oruđe čine ručne glačalice/polišeri, brusevi, retušer i masivni žrvanj. Obrada kamenog oruđa svedoči o visokom tehnološkom nivou. Najveći broj alatki je prvo bio okresan, a potom su svoj oblik dobili dodatnim iskucavanjem i poliranjem tako da se na njihovim površinima više ne prepoznaju tragovi pretodnih obrada. Zbog svojih abrazivnih svojstava i načina upotrebe, uobičajeno je da se abrazivno oruđe u zbirkama najčešće nalazi fragmentovano. Ovo nije slučaj sa zbirkom sa Vinčkog Kalea gde je ovaj tip alatki najčešće očuvan u celini. Pored Viničkog Kalea, uz korito reke Bregalnice u istočnoj Makedoniji, arheološkim istraživanjima je potvrđeno prisustvo kamenih artefakata na lokalitetima iz eneolitskog perioda kao što su Burilčevo, Bogoslov Kamen, Grad–Delčevo, Sv. Atanas–Spančevo i Cocev kamen. Rekognosciranjem su, isto tako, potvrđene kamene alatke iz eneolita na lokalitetima Kaleničarka (Kratovo), Baltačko Maalo (Vinica) i lokalitet u selu Vladimirovo. Ove alatke od glačanog kamena i abrazivno oruđe iz eneolita do sada nisu bili predmet detaljne naučne analize, ali na osnovu sirovinskog materijala, tehnici izrade i tipologiji, primećuje se velika sličnost sa zbirkom kamenih predmeta iz eneolitskog sloja na Viničkom Kaleu.
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Kamene alatke iz eneolitskog perioda u Republici Makedoniji do sada nisu detaljno analizirane, a proučavanje glačanog i abrazivnog kamenog oruđa je relativno nova disciplina u makedonskoj arheologiji. Nadamo se da će se u budućnosti dobiti konkretniji rezultati koji se odnose na njihovu petrološku, tehnološku i tipološku kategorizaciju, što bi omogućilo povlačenje paralele i komparacije sa istovremenim zbirkama kamenih nalaza u Makedoniji, na Balkanu i šire.
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Abstract: Vinča culture ground stone tools with cutting edge have quite distinctive appearance which owe to raw material of which they were made. Rocks which were used as raw material for their production have as a common feature conchoidal fracture which is not as clearly deined as it is on siliceous type of stone, but which allowed proper chipping. Numerous roughouts found at Neolithic sites in Serbia help in the reconstruction of process of manufacturing Vinča culture axes and adzes. Unfortunately complete workshops for their production haven’t been discovered in Serbia until now. However, places for chipping of rocks which were mostly used as raw material for Vinča culture axes and adzes were detected at several Neolithic settlements. Judging from the appearance of Vinča axes and adzes and their mass production, it is that the manufacturing of ground stone tools was undoubtly well developed and quite deined craft. Key words: ground stone tools, manufacturing technique, Neolithic, Eneolithic, Serbia



Apstrakt: Oruđe sa sečicom u vinčanskoj kulturi ima potpuno prepoznatvljiv izgled koji duguje sirovini od koje je bilo napravljeno. Stene koje su bile upotrebljene kao sirovina za njihovu izradu imaju kao zajedničku karakteristiku školjkast prelom, koji nije tako jasno deinisan kao kod silicijskih vrsta kamena, ali koji je dozvoljavao dobro okresivanje. Brojni polufabrikati otkriveni na neolitskim lokalitetima u Srbiji pomažu u rekonstrukciji procesa izrade vinčasnkih sekira i tesli. Nažalost, do sada nije otkrivena u Srbiji nijedna cela radionica. Ipak, mesta gde se vršilo okresivanje stena koje su najviše korišćene kao sirovina za vinčanske sekire i tesle, otkrivena su u nekoliko neolitskih naselja. Sudeći na osnovu izgleda vinčanskih sekira i tesli i njehove masovne proizvodnje, nema sumnje da je proizvodnja oruđa od glačanog kamena bila dobro razvijen i jasno odvojen zanat. Ključne reči: oruđe od glačanog kamena, tehnika izrade, neolit, eneolit, Srbija
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Ground stone tools represented the peak in the production of prehistoric stone tools. They were direct precursors of metal tools. Forms of some stone tools which existed in the Late Neolithic can be recognized in their metal precursors. Most likely that stone axes, adzes and hammers were used as models and perhaps even as molds in production of the irst metal tools. Some of these forms are still living in modern tool. Ground stone axes and adzes, beside pottery and domesticated plants and animals, are considered as one of the main features of the Neolithic and sedentary lifestyle.1 According to number of inds in archaeological layers it is most likely that ground stone axes and adzes were widely used in daily life of the Vinča culture inhabitants. However to researching of the manufacturing of these tools has never been given special attention. The reason for that perhaps lies in the fact that complete workshops for making axes and adzes have never been discovered at Vinča culture sites in Serbia. The manufacturing technique for production of stone axes and adzes is speciic for each culture itself. From the long axes made of lint in Northern and Eastern Europe (Klimsch 2011, 368–372), through the luxurious and beautiful adzes of jadeite from the territory of France and neighboring countries (Petrequin et al. 2012), to short and stubby tools of Bulgarian and Greek Neolithic (Todorova 1993, 179; Perles 2004, 235), axes and adzes relect technological tradition and in some way represent the hallmark of the culture to which they belong. Their shape depended directly on raw material of which they were made. Long and huge tools were made of pieces of stone extracted from primary deposit (quarry), and short and small tools indicate that the raw material probably came from secondary deposits - riverbeds and water courses. Also, each type of raw material required a special type of manufacturing technique. Chipping was applied in processing of cherts, and pecking in manufacturing of granite, amphibolite and other rocks with of granular structure. Raw materials and processing techniques directly inluenced to tool shape. Vinča culture ground stone tools with cutting edge have quite distinctive appearance which owe to raw material of which they were made. In Early Vinča culture these were ine grain gray, grayish-green and green rocks of similar technical and physical characteristics, but of different origin: ine-grained metamorphosed sandstones, crystalline shists, hornfels 1



Stone axes and adzes are very often considered as agricultural tools used like hoes and parts of primitive plows. Traces of use show that ground edge stone tools were mostly used in wood processing (Антоновић 1992, 20–21).



78



D. Antonović



Manufacturing of Stone Axes and Adzes in Vinča Culture



etc. (Antonović 2003, 16–20; Antonović et al. 2006, 55–56). During Late Vinča culture phase tools of “light white stone” (magnesite, tuff, diatomite etc.) became intensively produced. All these rocks have similar technical characteristics and one very distinctive common feature - conchoidal fracture - which is not as clearly deined as in the siliceous type of stone (chert, jasper, chalcedony, etc.), but which allow proper chipping (ig. 6–7) and production of axes and adzes on macrolakes (ig. 2). Numerous unprocessed pieces of raw material and roughouts found at Neolithic sites in Serbia allow reconstruction of process of making axes and adzes in Vinča culture.The process of production of ground edge tools began with bringing of stone into the settlement. The raw material was already pre-formed in smaller blocks or pieces of irregular form somewhere outside the settlement, probably at the source where it was extracted (ig. 1). Those places where raw material was collected haven’t been found yet although geological Fig. 1 Blocks of pre–formed raw material for formations from which stone production of ground-edge stone tools: was taken are well known. It is 1. Bataševo (Mladenovac), 2–3. Vinča, Belo most likely that pieces of ineBrdo (Beograd), Jaričište, Mali Borak grained grayish-green rock (me (Kolubara colliery) taalevrolit, hornels, crystalliSl. 1 Komadi pripremljene sirovine za izradu ne schist etc.) were equally alatki sa sečicom od glačanog kamena: extracted from primary depos1. Bataševo (Mladenovac), 2–3. Vinča, Belo its (quarries) and collected in Brdo (Beograd), 4. Jaričište, Mali Borak secondary deposits (riverbeds, (ugljenokop Kolubara) streams, etc.). Dimensions of tools point out to this conclusion. The usual length of axes and adzes in Vinča culture is from 7 to 10 cm, but there are also much longer objects with the length about 20 cm. The remains of the cortex on numerous ground edge tools also indicate that they had been made from a stone collected at the secondary deposit.
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Fig. 2 Macrolakes – the irst phase in production of roughouts of the Vinča culture axes and adzes: 1–2. Jaričište, Mali Borak (Kolubara colliery), 3. Bataševo, Mladenovac (Beograd), 4–5. Crkvine, Mali Borak (Kolubara colliery) Sl. 2 Makroodbici – prva faza u izradi polufabrikata vinčanskih sekira i tesli: 1-2. Jaričište, Mali Borak (ugljenokop Kolubara), 3. Bataševo, Mladenovac (Beograd), 4–5. Crkvine, Mali Borak (ugljenokop Kolubara)



From already prepared block of stone were deduced large lakes (macrolakes) afterwards used for the production of axes and adzes (ig. 2). The lake was cut into the shorter pieces whose side edges turned into distal and proximal ends of the future axe and adze, and the edges of fracture of macrolake became lateral sides of the future tool (ig. 3). Usually ventral side of the macrolake was minimally shaped by laking in purpose to remove bulb of fracture. Axes and adzes of ine-grained grayish-green rock (metaalevrolit, hornels, crystalline schist etc.) and light white stone (magnesite, tuff etc.) were manufactured at the same way.
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Fig. 3 Process of production of Vinča culture axes and adzes: from already prepared piece of stone (1) were deduced macrolake (2), whose lateral sides (a and b) after changing of orientation of lake become distal (a) and proximal (b) end. Dorsal side is rounded (4), and on ventral side (5) bulbus is removed with additional laking Sl. 3 Proces izrade vinčanskih sekira i tesli: okresivanjem se od pripremljenog komada kamena (1) dobija makroodbitak (2), kod koga promenom orijentacije (3) bočne strane (a i b) postaju distalni (a) i proksimalni (b) kraj. Dorsalna strana se dodatnim okresivanjem zaobljava (4), a na ventralnoj se minimalnom doradom samo uklanja bulbus (5)



Tools with cutting edge were inally shaped by grinding on massive grinding stones made of sandstone (ig. 4). During Starčevo and Early Vinča culture grinding was done very thoroughly and the surface of tool was almost perfectly polished. During the Late Vinča culture phases (the Gradac and especially Pločnik phase) devaluation in the manufacture of tools with cutting edge took place, which is relected in the choice of raw material, as well in processing of tools (ig. 5).
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Fig. 4 Masive grindstone for grinding of stone tools: Crkvine, Mali Borak (Kolubara colliery) Sl. 4 Masivna glačalica za brušenje kamenog oruđa: Crkvine, Mali Borak (ugljenokop Kolubara)



Fig. 5 Adze and axe with well grounded surfaces (1–2) and partly grounded wedge of „ligh white stone“ (3): 1–2. Jaričište, Mali Borak (Kolubara colliery), 3. Crkvine, Mali Borak (Kolubara colliery) Sl. 5 Tesla i sekira dobro uglačanih površina (1–2) i delimično glačan klin od „lakog belog kamena“ (3): 1–2. Jaričište, Mali Borak (ugljenokop Kolubara), 3. Crkvine, Mali Borak (ugljenokop Kolubara)
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Numerous tools used in manufacturing of stone objects (hammerstones, anvils, grindstones, whetstones and working plates), semi-inished products and lakes as products of chipping roughouts for ground stone tools, all found at the Neolithic and Eneolithic sites throughout the Serbia, testify about the developed and active production of stone tools inside settlements, quite rarely even inside houses. In Vinča, in Late Vinča culture layer (Unit 717, layer beneath the oven 01/03) numerous lakes of ine-grained greenish-grey crystalline shist were discovered and all of them derived from the same larger piece of stone (ig. 6.).2 I suppose that it was a part of working place or workshop for manufacturing axes and adzes. Investigation of the rest of the layer below the oven 01/03 hadn’t been undertaken since 2003 so it wasn’t possible to ascertain the size of the workshop which was located there. Places where production of tools of whitish tuff was done were recorded at Crkvine in Mali Borak (Aнтоновић 2011, 209–210). Large amount of lakes – around 1000 pieces which weight only 850 grams – indicate eficient production of roughouts of big and massive tools with cutting edge (ig. 7). Unfortunately, none of semi-inished products was found within the workplace, which, admittedly, had not been completely investigated (Aнтоновић 2011, 208).



Fig. 6 Flakes produced in chipping of stone (cristalyne schist) used for production of ground-edge tools in Vinča : Unit 17, relocation of oven 01/03 Sl. 6 Odbici nastali okresivanjem kamena (kristalasti škriljac) korišćenog za izradu alatki sa sečicom u Vinči: junit 717, izmeštanje peći 01/03 2



Documentation of the project Researching at site Belo Brdo in Vinča. The author was a partner in the project in the period 1998 – 2008.
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Fig. 7 Flakes of „light white stone“ (tuff) derived from production of ground-edge stone tools: Crkvine, Mali Borak (Kolubara colliery) Sl. 7 Odbici od „lakog belog kamena“ (tuf) nastali u proizvodnji alatki sa sečicom: Crkvine, Mali Borak (ugljenokop Kolubara)



Judging from the appearance of Vinča axes and adzes and their mass production, there is no doubt that the manufacturing of ground stone tools was well developed and quite deined craft performed in special workshops. It was not domestic production within households. The absence of traces of increased production of ground stone tools in the Vinča culture houses conirms that within households only were performed repairs and sharpening of tools which were used in everyday life. Settlements of the Vinča culture were well-organized places. Presumably, workshops for making stone tools were located further away from the residential area, in the economic area, which has not been discovered in Serbia yet. Acknowledgements The article is the result of the projects “Archaeology of Serbia: cultural identity, integration factors, technological processes and the role of the Central Balkans in the development of European prehistory” (no 177020) and “Cultural changes and population movements in the early prehistory of the Central Balkans” (no 177023) inanced by the Ministry of Science and Technological Development of the Republic of Serbia.
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Dragana Antonović Arheološki institut, Beograd IZRADA SEKIRA I TESLI U VINČANSKOJ KULTURI Oruđe od glačanog kamena predstavlja vrhunac u proizvodnji kamenog alata i preteču metalnog. Oblici koji su postojali u kasnom neolitu poslužili su kao uzor, a možda i kao kalupi, za izradu prvog metalnog oruđa, a neki od tih oblika i danas žive u savremenom alatu. Alatke sa sečicom od glačanog kamena smatraju se, pored keramike i domestiikovanih biljaka i životinja, jednim od glavnih obeležja neolita i sedelačkog života. Kamene sekire i tesle su verovatno imale široku primenu u svakodnevnom životu pripadnika vinčanske kulture, sudeći na osnovu broja nalaza u arheološkim slojevima. Ipak, načinu izrade ovog oruđa do sada nije bila posvećena posebna pažnja. Razlog tome možda leži u činjenica da do sada nije otkrivena nijedna cela radionica za izradu kamenih sekira i tesli na vinčanskim lokalitetima u Srbiji. Tehnologija izrade kamenih sekira i tesli je posebna za svaku kulturu. Od dugih sekira, izrađenih od rožnaca, u severnoj i istočnoj Evropi, preko onih luksuznih od jadeita sa teritorije Francuske i susednih zemalja, do kratkih zdepastih u Bugarskoj i Grčkoj, sekire i tesle odražavaju tehnološku tradiciju i predstavljaju obeležje jedne kulture. Njihov oblik direktno zavisi od sirovine od koje su napravljene. Dugačke i velike alatke prave se od komada kamena izvađenog iz primarnog ležišta (odvaljenog komada stene u kamenolomu), a kratke i male ukazuju na to da je sirovina najverovatnije dolazila iz sekundarnih izvora (rečni tokovi, bujice itd.). Takođe, svaka vrsta sirovine je zahtevala posebnu tehniku obrade – rožnac okresivanje, a graniti, amiboliti i druge stene sa izrazitom zrnastom strukturom ozrnjavanje. Sirovina i tehnika obrade su direktno uticali na sam oblik alatke. Alatke sa sečicom u vinčanskoj kulturi imaju sasvim poseban prepoznatljiv izgled koji duguju, pre svega, sirovini od koje su pravljene. To su inozrne sive, sivozelene i zelene stene, kao i lake bele stene, sve sličnih tehničko-izičkih karakteristika, ali različitog postanka. Svima njima je zajedničko to da imaju školjkast prelom, doduše ne tako jasno deinisan kao kod silicijskih vrsta kamena (rožnac, jaspis, kalcedon itd.). Bez obzira na to koja je vrsta stene bila upotrebljena (metamorisani inozrni peščar, kristalasti škriljac, kornit, magnezit, tuf, dijatomit itd.), školjkast prelom je dozvoljavao pravilno okresivanje (sl. 6–7) nakon čega su nastajali polufabrikati za sekire i tesle na makroodbicima prepoznatljivog izgleda (sl. 2).
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Do sada u Srbiji nije otkrivena kompletna radionica za pravljenje sekira i tesli, ali su detektovana mesta gde se vršilo okresivanje alatki od inozrnih sivozelenih i lakih belih stena. Rekonstrukciju izrade sekira i tesli u vinčanskoj kulturi moguće je izvršiti na osnovu brojnih polufabrikata nađenih na više nalazišta u Srbiji. Proces izrade ovog oruđa započinjao je donošenjem sirovine u naselje. Stizala je prethodno već oblikovana, negde van naselja, verovatno na samom izvoru gde je prikupljana, u manje komade, odnosno blokove (sl. 1). Za sada još nisu nađena mesta ili kamenolomi na kojima je sirovina za izradu alatki sa sečicom od glačanog kamena uzimana, ali je poznato iz kakvih geoloških formacija i sa kojih teritorija ona dolazi. Vrlo je verovatno da su komadi inozrnih sivozelenih stena (metaalevrolit, kornit, kristalasti škriljci) podjednako vađeni iz primarnih ležišta (kamenolomi) i uzimani iz sekundarnih ležišta (korita bujica, potoka itd.). Na to ukazuju dimenzije alatki. Uobičajena dužina sekira i tesli je 7 – 10 cm, ali ima i onih znatno dužih, oko 20 cm. Ostaci korteksa na mnogim alatkama sa sečicom isto tako ukazuju da su korišćena sekundarna ležišta kamena. Od pripremljenog bloka okresivanjem su se dobijali veliki odbici, od kojih su se daljom obradom pravile sekire i tesle (sl. 2). Odbitak je prelaman na kraće delove kod kojih su bočne strane pretvarane u sečicu i teme buduće tesle ili sekire, a ivice preloma nekadašnjeg makroodbitka postajale su bočne strane nove alatke (sl. 3). Ventralna strana makroodbitka je po pravilu imala minimalnu obradu kojom je skidan bulbus. Alatke sa sečicom su svoj inalni oblik dobijale glačanjem, odnosno brušenjem. Za tu vrstu obrade korišćene su masivne glačalice od peščara (sl. 4). Tokom starčevačke i starije faze vinčanske kulture glačanje je rađeno vrlo temeljno te su površine bile skoro savršeno uglačane. Tokom gradačke i naročito pločničke faze vinčanske kulture dolazi do devalvacije u izradi alatki sa sečicom što se ogleda kako u izboru sirovina, tako i u obradi alatke (sl. 5). Brojno oruđe za obradu kamena (retušeri, nakovnji, glačalice, brusevi i radne ploče), polufabrikati, kao i odbici nastali u procesu proizvodnje alatki od glačanog kamena, svi pronađeni na neolitskim i eneolitskim lokalitetima na celoj teritoriji Srbije, svedoče o aktivnoj izradi kamenog oruđa u okviru samih naselja, ponekad čak i unutar stambenih objekata. U Vinči je, 2005. godine, u kasnovinčanskom sloju u stratigrafskoj jedinici junit (Unit) 717, prilikom skidanja peći 01/03, otkriven veći broj odbitaka od inozrnog zelenosivog kristalastog škriljca, poteklih od istog, većeg komada kamena (sl. 6). Pretpostavljam da se radi o jednom delu radnog mesta za izradu sekira i tesli. Ovaj sloj više nije istraživan nakon podizanja i konzerviranja
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vinčanske peći pa nije mogla da se ustanovi veličina radionice koja se nalazila u sloju starijem od pomenute peći. Na lokalitetu Crkvine u Malom Borku zabeležena su mesta gde je obavljana izrada alata od beličastog tufa. Velika količina odbitaka, čak 1000 komada koji skupa teže samo 850 grama, ukazuju na kvalitetnu izradu polufabrikata velikih alatki za sečicu (sl. 7). Nažalost, nijedan polufabrikat nije nađen u okviru samog radnog mesta, koje, istini za volju, nije ni celo istraženo. Sudeći na osnovu izgleda vinčanskih sekira i tesli, i njihove masovne proizvodnje, nema sumnje da je izrada oruđa od glačanog kamena bila dobro razvijen i potpuno odvojen zanat koji se obavljao u posebnim radionicama. S obzirom da su vinčanska naselja bila dobro organizovana, verovatno da su se radionice za izradu kamenog oruđa nalazile u ekonomskom delu naselja kakav do sada nije otkriven u Srbiji.
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A CASE ANALYSIS OF THE OPERATIONAL SEQUENCE FOR THE PRODUCTION OF POLISHED STONE TOOLS AT THE SELCI ĐAKOVAČKI – KAZNICA–RUTAK SITE Dragana Rajković Museum of Slavonia in Osijek Tomislav Hršak Museum of Slavonia in Osijek



Hrvoje Posilović Croatian Geological Institute Zagreb Katarina Kos Association „Nije Mudro Slovo“ Zagreb



Abstract: In 2005 and 2006 the Museum of the Đakovo Region (Muzej Đakovštine) carried out salvage archaeological investigations at the Kaznica–Rutak site near Selci Đakovački near Đakovo. The excavations covered an area of approximately 25 000 m2, yielding the remains attributed to cultures spanning the period from prehistory to the Middle Ages. Adzes are the dominant type in the assemblage of complete tools, followed by chisels and axes. Polishers and grindstones are the leading types in the assemblage of abrasive tools, while grindstones and handstones were a little less common. The features observed on the tools included traces of primary production, use-wear traces and repairs to worn-out tools. Production and use-wear traces on the distal edge of an adze were observed and measured by the method of optical microscopy of great depth of ield and magniication. Technical and petrographic features of stone were considered in the interpretation of the tool function. The paper focuses solely on the material from the features belonging to the Sopot culture. Key words: Đakovački Selci–Kaznica–Rutak, Sopot culture, polished stone tools, abrasive tools, optical microscopy method, production traces, use-wear Apstrakt: Godine 2005. i 2006. na trasi autoceste Beli Manastir–Osijek–Svilaj, dionica Đakovo–Sredanci, Muzej Đakovštine proveo je zaštitna arheološka istraživanja na položaju Kaznica–Rutak u blizini Selaca Đakovačkih pored Đakova. Istražena je površina od oko 25 000 m2 s kulturnom pripadnošću od prapovijesti do srednjeg vijeka. Među cjelovitim nalazima sa sječivom dominiraju tesle, a slijede ih dlijeta i sjekire. Od alatki s abrazivnim svojstvima dominiraju glačalice i žrvnjevi, dok su u nešto manjem broju zastupljeni brusevi i rastirači. Na alatkama su promatrani tragovi primarne izrade, tragovi trošenja uslijed uporabe te popravka već istrošenih alatki. Metodom optičke mikroskopije velike dubinske oštrine i povećanja promatrani su i mjereni urezi na distalnom rubu tesle koji su nastali izradom i uporabom. Pri interpretaciji funkcije alatki uzete su u obzir i tehničko-petrografske karakteristike kamena. Rad je ograničen na izdvojene objekte koji pripadaju sopotskoj kulturi. Ključne reči: Đakovački Selci–Kaznica–Rutak, sopotska kultura, kamene glačane alatke, alatke s abrazivnim svojstvima, metoda optičke mikroskopije, tragovi obrade, tragovi uporabe
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Geographic position of the site The Selci Đakovački–Kaznica–Rutak site lies in a terrain situated at the south-western edge of the Pannonian Basin, more precisely the Đakovo–Vinkovci Plain (ig. 1a). In terms of relief, the area stretches from the eastern slopes of Mount Dilj and Mount Krndija to the Biđ and Bosut Rivers in the south and to the Vuka River in the north. The Đakovo Plain is a loess plateau that can be categorized as well-drained area of moderate elevation rising above the surrounding lowlands. It is of a triangular shape that stretches in the length of approximately 35 kilometres. Its absolute height above sea level is between 100 and 150 m, with the average height of the plain at 111 m. In the north, south and east it gradually extends into the eastern Slavonian plain. The Đakovo Plain is entirely made of loess up to 15–24 metres deep, lying on the substrate of Pleistocene marsh and neogene sediments consisting of clays, sand and marl. The area has been modelled into gently undulating heights by watercourses, the Jošava in particular, which, together with the streams, lowered and segmented a part of the plain while the edges remained at a higher level. This is the most suitable part of the plain for farming. The area was formerly covered by much denser forests, primarily of oak, hornbeam and elm, which almost disappeared over time, becoming reduced to isolated zones as a result of the regulation of local rivers (Roglić 2006, 137). The area is speckled with a large number of archaeological sites, which comes as no surprise given the fertility and density of population both in prehistory and in the present day. During the autumn of 2005 and 2006 salvage archaeological investigations were carried out at the Selci Đakovački-Kaznica-Rutak site, situated south of the Selci Đakovački village and four kilometres south-west of Đakovo (ig. 1b). The investigations were carried out as part of the archaeological work on the route of the Beli Manastir–Osijek–Svilaj motorway, section Đakovo–Sredanci1. The site lies on an elevation aligned south-west– north-east, which steeply descends in the north toward the Kaznica stream, while in the south it gently slopes toward the low, marshy loodplains. The absolute height above sea level on the top of the elevation is 110.13 metres (Hršak, Pavlović 2007, 16–17). The archaeological excavations revealed a settlement of the Starčevo and Sopot cultures, as well as several structures from later periods (Kostolac culture, South Transdanubian Encrusted Pottery and Kisapostag culture, and several structures from the Middle Ages), as well as an Early Bronze Age urn burial (Kalafatić, Hršak 2007, 41–47). 1



The archaeological investigations were managed by Ivo Pavlović, a curator at the Museum of the Đakovo Region, with the graduate archaeologist Tomislav Hršak as the assistant manager.
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Fig. 1 Map with the marked position of the Selci Đakovački–Kaznica–Rutak site Sl. 1 Karta s označenim položajem nalazišta Selci Đakovački–Kaznica–Rutak



The Neolithic settlement covered the major part of the excavated surface, totalling approximately 25 000 m². It was aligned east–west along the length of the plateau from the top of the elevation toward the southern slope. Only a few structures were documented on the extremely steep northern slope of the plateau. These were not residential structures, and the major part of the settlement lay on the southern slope. Intense farming destroyed the cultural layer, leaving only features dug into the virgin soil, lying at the relative depth of 0.40-0.60 m from the surface. Likewise, no remains of above-ground houses or structures were found at the site (Hršak, Pavlović 2007, 16–17).
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Fig. 2 A detail of the investigation of the Kaznica–Rutak site Sl. 2 Detalj s istraživanja lokaliteta Kaznica-Rutak



The Sopot culture settlement occupied the same place as the settlement of the Starčevo culture. In certain cases there were overlaps, with Sopot features dug into those of the Starčevo culture, which rendered the interpretation of the chronostratigraphical picture of the site more dificult (ig. 2). We singled out those Sopot features that can provide information about the Sopot culture settlement at the Kaznica–Rutak site. An irregular semi-dug feature 8.30 m long by 5.20 m wide (SJ 115/116) has been singled out. Together with pits (SJ 113/115 and 117/118) it probably forms a single residential unit. A large semi-dug structure 5.20 m long by 3.50 m wide (SJ 169/170) has been interpreted as another residential structure. Unfortunately, it has not been excavated entirely because it extended beyond the excavation zone. Both of these structures yielded burials of the Sopot culture. The remaining features were by and large deined as working areas or refuse pits, dug to a greater or lesser depth, of various shapes and dimensions with vertical or oblique walls and rounded or lat bottom (ig. 2). Within the Sopot settlement there were also several small and one large and deep canal, which may have belonged to the defence ditch or served as fences separating the residential structures. The ills of the structures contained abundant remains of ceramic vessels and ceramic objects of special function, chipped and polished stone industries, abrasive stone tools and remains of animal bones and charcoal. The ceramic assemblage exhibits features characteristic for the Ražište type of the Sopot culture, but also the classical Sopot culture. The structures of the Sopot culture yielded a total of seven burials with the deceased placed on the right hip in the lexed position, with the head turned to the east (Hršak 2013: forthcoming).
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The entire assemblage from the Selci Đakovački–Kaznica–Rutak site is still being processed, while for the purposes of this paper we have singled out structures that contained the material of the Sopot culture. Description of the stone inds The site yielded a total of 367 stone objects. We have observed complete and fragmented stone artefacts, fragments of tools and fragments of stone without traces of production and use. In spite of the abundant inds of tools made by chipping and knapping, these inds have not been analysed here2. The stone artefacts were divided according to the chrono-culturological attribution of distinct stratigraphic units and based on the review of the ceramic inds they contained. We have thus identiied the Starčevo, Sopot and Kostolac cultures, the mediaeval period, as well as features that could not be attributed culturally due to the mixed material, and features that lacked ceramic inds (ig. 3). At this early stage of analysis we still have not carried out a comparison of the categories but, considering that the mentioned prehistoric cultures were familiar with the technology of manufacture and use of polished stone artefacts and abrasive tools, in the subsequent material analyses they can offer various comparative methods in terms of chronology and cultural attribution. 250 200 150 100 50 0 1
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Fig. 3 Frequency of stone of inds culture: 1. Starčevo 2.Sopot Sopot culture, Fig. 3. Frequency stoneby finds by culture: 1. Starčevoculture, culture, 2. culture, 3. Kostolac 4. culture, 4. Middle 5. Mixedprehistoric prehistoric layer, 6. Indeterminate 3. Kostolac culture, Middle Ages,Ages, 5. Mixed layer, 6. Indeterminable Sl. 3 Zastupljenosti kamenih nalaza prema kulturama: 1. Starčevačka kultura, 2. Sopotska kultura, 3.Kostolačka kultura, 4. Srednji vijek, 5. Pomiješani prapovijesni sloj, 6. Neodredivo 2



Polished stone tools from the Kaznica–Rutak site was analysed by Petar Sekulić in his graduate thesis, entitled “Polished stone artefacts from the Kaznica–Rutak site” (see Sekulić 2009). We hereby thank colleague Sekulić for allowing us to use that data.
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In the Sopot part of the site we have singled out a total of 218 stone objects from 40 stratigraphic units (ig. 4; ig. 5). Stratigraphic unit (Sopot culture) 3 81 83 105 115 117 169 175 191 193 211 223 227 237 239 263 269 279 299 309 313 315 323 325 349 355 369 403 417 445 449 455 461 481 505 511 535 544 552 570



Descripiton of Stratigraphic units irregular semi-dug featuere pit of elognated shape pit of irregular shape residential structure residential structure pit of oval shape residential structure pit of irregular shape pit of irregular shape pit of irregular shape pit of irregular shape pit of irregular shape pit of oval shape pit of irregular shape pit of oval shape trench trench pit of oval shape pit of irregular shape pit of irregular shape pit of circular shape pit of irregular shape pit of irregular shape pit of irregular shape residential semi-dug structure residential semi-dug structure residential semi-dug structure pit of irregular shape pit of elognated shape Pit of irregular shape residential semi-dug structure pit of irregular shape pit of irregular shape trench pit of irregular shape post-hole pit of irregular shape pit of irregular shape pit of irregular shape residential semi-dug structure



Number of stone finds 2 3 3 12 2 3 12 4 2 2 2 3 6 3 1 2 8 2 1 1 4 1 1 4 7 16 8 2 2 4 32 10 19 8 4 7 4 1 2 12



Fig. 4 Number offinds stoneper inds per stratigraphic the Sopot culture Fig. 4. Number of stone stratigraphic unit ofunit theofSopot culture



Sl. 4 Brojnost kamenih nalaza prema stratigrafskim jedinicama sopotske kulture
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35 30 25 20 15 10 5 0 SJ 3 SJ 83 SJ SJ SJ SJ SJ SJ SJ SJ SJ SJ SJ SJ SJ SJ SJ SJ SJ SJ 115 169 191 211 227 239 269 299 313 323 349 369 417 449 461 505 535 552



Fig. 5 Frequency of stone inds by toolunits typesofand materials Fig. 5. Frequency of stone finds by stratigraphic theraw Sopot culture used



Sl. 5 Zastupljenost kamenih nalaza prema stratigrafskim jedinicama sopotske kulture



In the analysis of stone inds we looked at complete and fragmented tools, fragments of tools and fragments of stone without traces of processing and use. Each stone object was observed separately, i.e. we tried to determine its place within the technological process, which consists of the following phases: selection of raw materials, processing of raw materials and production of stone artefacts, primary use, secondary use, and discarding of damaged tools. In this way we have singled out a small quantity of stone objects, of various shapes and dimensions, whose surface shows no traces of processing and use. It is dificult to determine whether these were raw materials for the production of stone tools, because we have not carried out a detailed comparison with complete artefacts. We suppose that at least some of these forms of smaller dimensions were in fact refuse from production and use, but we need to conduct detailed analyses in order to determine the function of this type of inds. We described the complete artefacts discovered at the site according to the typology created by D. Antonović for polished tools in Serbia, since it proved applicable to the analysed assemblage (Antonović 1992; 2003; Antonović, Šarić 2011). The most common tools are those with abrasive features, while polished tools were somewhat less common (ig. 6). The percentage of stone inds that could not be attributed to any tool type due to their fragmented state is very high (ig. 7). The assemblage of polished stone tools include: adzes, axes, chisels, mallets and pickaxes.
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Tool type Adzes



Number of finds 28



Tool subtypes



Raw materials



III/1, III/2, III/3, III/5, III/6, III/7, undefined I/1 V/2, V/3, V/5, V/6



Sandstone, siltstone, granite, amphibolite, slate Sandstone, andesite Sandstone Granite, sandstone Sandstone, conglomerates Sandstone, conglomerates Polycrystalline quartz and quartzite Sandstone Sandstone, granite Granite Sandstone, conglomerates etc.



Axes Chisel Mallet Polishers



4 4 3 40



Quernstones



27



XIV/1



Handstones



8



XIII/1, XIII/2



Grinding stone Pickaxes Weight Indeterminate tool fragments and possible raw materials TOTAL



9 3 1 91



XII/1, XII/2 VIII/1, VIII/2



XI/1, XI/3,XI/6



218



Fig. 6 Frequency of stone inds by tool types and raw materials used Sl. 6 Zastupljenost kamenih nalaza prema tipu alatke i sirovini od koje je izrađena



Fig. 6. Frequency of stone finds by tool types and raw materials used



60 50 40 30 20 10 0



Fig. 7 Frequency of stone artefact types Fig. 7. Frequency ofSl. stone artefact tipova types kamenih izrađevina 7 Učestalost
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Adzes are the most common tool type (Antonović 2003, 54) (ig. 8a). A total of 28 pieces were found in the part of the site belonging to the Sopot culture. The dominant group are adzes whose distal edge is wider than the proximal edge (type III/I, 9 pieces), followed by adzes with parallel lateral edges (type III/5 and type III/6, 6 pieces), long adzes whose distal edge is only slightly wider than the proximal edge (type III/3, 5 pieces), while adzes with shorter distal edge were somewhat less common (type III/7, 3 pieces). The remainder of the adzes could not be determined to a type due to their fragmented condition. As regards the raw materials used, sandstone, siltstone and granite predominate, while amphibolite and slate were represented by a single specimen3. Out of the total number of tools, axes account for 4 pieces (ig. 8c), and they all belong to the type whose distal edge is wider than the proximal one (Antonović 2003, 53–54). On the poll of some axes there are traces of hafting into a softer material, probably wood. Sandstone was the most common raw material used for the production of axes, while andesite was represented by one specimen each. As regards stone artefacts of very small size that are in terms of typology and function classiied as chisels, 4 specimens were found: a chiseladze with a narrower distal end, a chisel-adze with parallel lateral sides, a chisel-adze with a wider distal end and a chisel-axe with parallel lateral sides (Antonović 2003, 55) (ig. 8d). Raw materials used in their production ware different types od clastic rocks, especially sandstone. Among tools primarily used for striking, three mallets were found (ig. 8e). In all three cases these had originally been adzes that were secondarily used for striking after they had been damaged. Two specimens were made of granite and one of sandstone. In addition to the mallets, three pickaxes were found (Antonović 2003, 57), two made of sandstone and one of granite (ig. 8b). Utilitarian objects include a weight (for parallels see Antonović 2003 and Botić 2011) made of granite (ig. 10a). The site yielded 7 tools whose typological afiliation cannot be ascertained due to damage. These tools were made of sandstone. Most analysed polished tools were made of very mature quartz sandstones and siltstones bound with silicon binder. A minor part of tools were made of quartzite (ig. 9). Such rocks are ideally suited for the production of this type of tools. The quartz composition of the material ensures suficient hardness, and consequently also sharpness of tools. The grainy 3



A macroscopic analysis of raw materials was carried out in 2008 at the Mineralogical-Petrological Institute of the Faculty of Natural Sciences in Zagreb. The analysis was conducted by Dr Darko Tiblješa and MSc Dražen Kurtanjek. It is important to underscore the dificulty of ascertaining the type of stone on the macroscopic level, due to which we intend to carry out detailed microscopic analyses in the future; Sekulić 2009.
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Fig. 8 a. Adze, type III/1, made of slate; visible damage on the poll and blade; SF 074, SU 115; length 4.1 cm. b. Pickaxe, type VIII/2, made of small-grained granite; dimensions and use-wear traces on the top of the tool point to its function as a pickaxe; SF 548, SU 570; preserved length 8.6 cm. c. Axe, type I/1, made of effusive andesite; visible damage on the blade, poll and surface; SF 061, SU 169; length 8.9 cm. d. Chisel, type V/2, made of sandstone; both ends are damaged; SF 275, SU 227; length 5.3 cm. e. Mallet with visible traces of use, made of granite; secondarily used adze of type III/3; SF 071, SU 083; length 7.7 cm. Types after Antonović 2003. Photo by B. Jobst, 2011 Sl. 8 a. Tesla, tip III/1, izrađena od škriljavca; vidljivi su tragovi oštećenja na tjemenu i sječivu; PN 074, SJ 115; dužina 4,1 cm. b. Pijuk, tip VIII/2, izrađen od sitnozrnatog granita; dimenzije i tragovi uporabe na vrhu alatke sugeriraju funkciju pijuka; PN 548, SJ 570; očuvana dužina 8,6 cm. c. Sjekira, tip I/1, izrađena od efuziva-andezita; oštećenja vidljiva na sječivu, tjemenu i površini; PN 061, SJ 169; dužina 8,9 cm. d. Dlijeto, tip V/2, izrađeno od pješčenjaka; oba kraja su oštećena; PN 275, SJ 227; dužina 5,3 cm. e. Bat s vidljivim tragovima uporabe, izrađen od granita; sekundarno uporabljena tesla tipa III/3; PN 071, SJ 083; dužina 7,7 cm. Tipovi prema Antonović 2003. Snimio B. Jobst, 2011



structure of sandstone prevents issures to expand through the sample and contributes to the elasticity of the material, while the silicon binder ensures suficient hardness. Certain adzes were made of siltstone, which is relatively poorly bound, which is why the inal product may have been used to process softer materials (Szymański 1989, 949).
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Fig. 9 Raw materials used for the production of polished tools



Fig. 9. Raw materials used for the production of polished tools Sl. 9 Sirovine korištene za izradu glačanih alatki



The material for the production of tools was not taken from primary sources, but collected as pebbles, which may have originated from prolluvial deposits on the slopes of the Slavonian mountains (Dilj gora, Požeška gora, Krndija, Papuk), from where they were carried by streams and rapids to the lowlands dozens of kilometres from their source rocks (ig. 14). Previous analyses of stone inds from the sites of the Sopot culture corroborated the exploitation of local raw materials, while the utilisation of raw materials from distant lands is ascertained in considerably fewer cases (Balen, Burić 2006, 38, Rajković 2011, 22). Abrasive tools whose surfaces became polished through their use in the production of other objects, are the most common category of inds at this site, and they certainly played an important role in the production of polished tools (Antonović 2008). The part of the site belonging to the Sopot culture yielded a total of 40 polishers (Antonović 2008, 340, 341) (ig. 10b). They are fairly damaged, so that only a half is preserved in most of them. In terms of their typological features the dominant type are massive static polishers (type XI/6, 27 specimens). There are also hand polishers of irregular elongated shape with several working surfaces (XI/1, 4 specimens) and hand polishers with a clearly deined working surface (XI/3, 4 specimens). It is dificult to determine the type of the remaining specimens due to their fragmented condition. In many cases they cannot be distinguished from grinding tools, and their working surfaces exhibit clear traces of ine grind-
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Fig. 10 a. Weight – a half of a lat circular object with a hole in the middle, probably used as a weight; made of large-grained weathered granite; SF 447, SU 449; diameter 12 cm. b. Polisher, type XI/6, with a single working surface that became depressed through the use; SF 462, SU 461; length 6.6 cm. c. Grindstone, type XII/2; SF 215, SU 263; length 11.6 cm. d. Handstone, made on a pebble, with use-wear traces; SF 56, SU 117; length 5.6 cm. Types after Antonović 2003. Photo by B. Jobst, 2011 and D. Rajković, 2013 Sl. 10 a. Uteg – polovica pločastog kružnog predmeta s perforacijom na sredini, vjerojatno je riječ o utegu; izrađen od krupnozrnatog trošnog granita; PN 447, SJ 449; promjer 12 cm. b. Glačalica, tip XI/6, sa jednom radnom plohom koja je uslijed uporabe udubljena; PN-462, Sj 461; dužina 6,6 cm. c. Brusni kamen, tip XII/2; PN-215, Sj 263; dužina 11,6 cm. d. Rastirač, izrađen na oblutku s tragovima uporabe; PN-56, Sj 117; dužina 5,5 cm. Tipovi prema Antonović 2003. Snimili B. Jobst, 2011 i D. Rajković, 2013



ing, polishing and sharpening. On some specimens use-wear is visible on the lower surfaces, too. The site yielded 27 quernstones (Antonović 2008, 343) (ig. 11). All are very damaged and some exhibit burn marks. In most cases only very rough working surfaces with traces of crushing and grinding were preserved. The assemblage of grindstones consists of 9 specimens (Antonović 2008, 341, 342) (ig. 10c). These are small grindstones of elongated rectangular shape (type XII/1, 3 pieces) and grindstones of irregular shape with a slightly depressed working surface (type XII/2, 3 pieces). The
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remainder are very damaged and their primary type cannot be determined. The assemblage of handstones, tools whose basic function is striking and crushing, consists of 8 pieces (Antonović 2008, 342, 343) (ig. 10d). They are of a spherical shape with clearly deined working surfaces that exhibit traces of use-wear. These are partially worked pebbles showing characteristic pit-shaped damage marks. Tools of this type were by and large made of polycrystalline quartz and quartzite, types of rock able to withstand short dynamic pressure resulting from an impact, and suficiently hard at the same time (Szymański 1989, 949). The type could not be determined for a total of 55 fragments of abrasive tools. These are of various dimensions, and we have managed to conjoin several fragments from the same stratigraphic contexts. Abrasive tools were in most cases made of sandstone and conglomerate with a high proportion of quartz grains. Of all the minerals present in signiicant quantities in all of the analysed tools, quartz grains are the hardest, which makes such rock a logical choice for the production of tools. Although more detailed analyses have not been carried out, we can surmise that larger blocks used for the production of these tools were collected at the sources of raw materials, although we cannot exclude the possibility of prolluvial deposits. The site yielded widespread evidence of secondary use of stone artefacts in the form of frequent bladed tools whose length became reduced over time, resulting in tools with completely new functional features. A high proportion of the analysed tools were put to a secondary use, while a minor part were discarded after the initial damage, which certainly speaks a lot about the importance of the stone raw material. Our assemblage contains a number of adzes that were used as mallets after damage, and in certain cases it is also obvious that they were used as anvils.



Fig. 11 Quernstone; SF 452, SU 355; length 17.0 cm. Quernstone of elongated shape with a slightly depressed working surface, very damaged. Photo by D. Rajković, 2013 Sl. 11 Žrvanj; PN-452, Sj 355; dužina 17 cm. Kameni žrvanj izduženog oblika s blago udubljenom radnom plohom, vrlo je oštećen. Snimila D. Rajković, 2013
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Traces of production and use The analysis of marks on the observed artefacts consisted of a macroscopic examination of the entire assemblage, followed by the analysis of marks on a single adze by the method of optical microscopy of great depth of ield and magniication. Although certain marks resulting from production, use, repair or repurpose of the tool are visible with a naked eye, this method was used to study the morphology of micro-traces, their position on the surface of the tool, as well as their relationship. For a detailed analysis of marks we have selected an adze whose distal edge is narrower than the proximal edge (type III/7) (ig. 12).



Fig. 12 a. Adze, type III/7 (after Antonović 2003), made of small-grained siltstone; the proximal part is missing; SF 247, SU 105; preserved lenght 8.1 cm. b. Position of traces of production and use on the very top of the adze, which were examined by a microscope (photo by H. Posilović, 2013) Sl. 12 a. Tesla, tip III/7 (prema Antonović 2003), izrađena od sitnozrnatog siltita; nedostaje proksimalni dio; PN 247, SJ 105; očuvana dužina 8,1 cm. b. Položaj tragova nastalih izradom i upotrebom na samom vrhu tesle koji su promatranim mikroskopom (snimio H. Posilović, 2013)



The tool was made of siltstone with a high proportion of quartz grains. The siltstone is bound by silicon binder. The tool was made from a pebble that may have been created in the prolluvium of the slopes of nearby mountains, transported further by streams to alluvial deposits.
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Fig. 13 a. Visible traces of grinding of the adze on the distal end (see ig. 12); b. visible traces of use of the adze on the distal end (photo by H. Posilović, 2013) Sl. 13 a. Tragovi brušenja tesle vidljivi na distalnom rubu (videti sl. 12); b. tragovi uporabe tesle vidljivi na distalnom rubu (snimio H. Posilović, 2013)



The petrographical and mineralogical features of siltstone do not make it a type of rock suitable for working by knapping, because it se fractures unpredictably, lacking a preferred direction of fracture. For the production of this type of tool the knapper used a pebble that fell from its primary bed and was later shaped (in a river or prolluvium) into an elongated round pebble that was eventually polished and abraded into its inal shape of an adze. The tool shows clear marks of abrasion, made during its production. There are also visible traces of multiple abrasion in the area of the blade, which clearly intersect with use-wear traces. Figure 13a shows that the traces of sharpening on the distal edge of the adze have been preserved in the form of abrasion scratches. These were made by left-to-right motions during the sharpening of the adze on sandstone, and lie perpendicular to the longer axis of the tool. On the very top of the tool, abrasion marks are fairly damaged and levelled by use. Figure 13b shows the same detail as the previous igure, this time under a different angle of light that highlights the working damages but obscures the abrasion marks. Abrasion scratches on the adze are only ten or so micrometres wide. In order to analyse their shape in more detail they were photographed at high magniication and then rendered in 3D (ig. 15a). When the 3D model of the recorded marks is analysed it can be seen that the abrasion marks are best preserved on the lower part of the adze away from the working edge, which is in keeping with the expectations considering that this part was least exposed to wear.
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Fig. 14 A map of potential sources of raw materials; extract from Basic geological map of Republic of Croatia (BGM RC) 1:100 000 Sl. 14 Karta potencijalnih izvora sirovine; isječak iz Osnovne geološke karte Republike Hrvatske (OGK RH) 1:100 000
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Scratches from production and grinding of the adze are oriented in the same direction due to the fact that the entire set was created in a single sweep of the abrasion tool over the surface. Such sets of scratches can intersect one another at various angles. A 3D model of this kind allows us to rotate the scratch in space and examine the shape and depth of the groove of each individual scratch. It is clearly visible that the grooves are deep and narrow, with a V-cross-section and a sharp base of the scratch. Both lateral sides of the scratch are sharp. For a comparison we have carried out a detailed recording and reconstruction of a 3D model of working scratches on the top of the adze (recorded on the lower side of the tool) (ig. 15b).



Fig. 15 a. A 3D model of grinding traces; b. A 3D model of use-wear traces (photo by H. Posilović, 2013) Sl. 15 a. 3 D model tragova brušenja; b. 3 D model tragova uporabe (snimio H. Posilović, 2013)



It can be seen on the spatial models that the scratches resulting from use were much wider and shallower than those from abrasion. Their base is wide and lattened. The cross-section of the scratches is not V-shaped but in the shape of a shallow trough. The lateral sides of the scratches are not symmetrical, but one is always much steeper than the other. There is also a clear difference in the orientation of the scratches, and working scratches usually do not form sets like the abrasion scratches. Each scratch on the illustration was made during a separate sweep and they do not have the same orientation. Based on the morphology of the working damages in the area of the top of the tool, as well as on the choice of the raw material, it can be concluded that this tool was used to process materials that were not particularly hard, most probably timber.
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Conclusion In view of the stratiication of the archaeological site Selci Đakovački–Kaznica–Rutak and the quantity of stone inds, in this paper we have analysed stone inds collected at the Sopot section of the site. Observed as a whole, the stone assemblage from the Đakovački Selci–Kaznica–Rutak site, in terms of the shape and selection of raw materials, does not differ from the other Neolithic sites (Rajković 2011; Botić 2011; Bunčić 2010; Balen, Burić 2006; Težak-Gregl 2007; Balen, Balen 2002; Težak-Gregl, Burić 2002). There are obvious analogies with other Neolithic sites in the wider area, so that the typology of D. Antonović for the Neolithic sites in Serbia proved applicable to the observed assemblage, too. The most common stone inds in the excavated part of the site are abrasive tools, which are all considerably damaged and fragmented and exhibit clear traces of use. The bulk of the inds are fragments damaged by use, while not a single semi-product was found. Bladed tools are somewhat less common, with adzes as the dominant type. Their frequency at other sites of the Sopot culture points to intensive processing of timber, which is corroborated by the damage on the poll and blade of adzes. The lack of semi-products of polished tools is an indication that tools were produced elsewhere, probably closer to the sources of raw materials, while the repair and sharpening was carried out in the settlement. The considerable number of hand and static polishers and use-wear traces on their working surfaces points to the same conclusion. The method of optical microscopy of great depth of ield and magniication, used here to determine traces of production and use on the presented specimen of the distal edge of a siltstone adze allowed us to better understand the technological processes taking place in the “life cycle” of this tool, as well as to put forward sounder assumptions regarding the relationship: raw material–tool type–function. The raw materials used in the production of tools at the KaznicaRutak site mostly belong to clastic sedimentary rocks, namely siltstones, sandstones and conglomerates with a high proportion of quartz, of Cretaceous and Miocene age, whose origin lies in the prolluvial deposits on the slopes of the Slavonian mountains (Dilj gora, Požeška gora, Krndija, Papuk). These types of raw materials are very often used for the production of polished tools during the Neolithic (Težak-Gregl 2007, 162; Balen, Balen 2002, 23). Their mineralogical and petrological features conditioned the techniques of production of tools, as well as the shape of the inal product, which corroborates our assumption that the inhabitants of this Sopot
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settlement were very knowledgeable about their environment, from which they exploited the most suitable raw materials for the production of stone artefacts used in everyday activities, such as felling and processing of wood, production and repair of tools made from other materials, and preparation of food. The function of tools was coused the type of raw material, and the rock itself determinate the production techniques and the shape of the inal product. The tools display evidence of intensive use and exhibit various traces of production of use, allowing us to conclude that stone material was exploited to the extreme limits.
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Dragana Rajković Muzej Slavonije, Osijek Tomislav Hršak Muzej Slavonije, Osijek Hrvoje Posilović Hrvatski geološki institut, Zagreb Katarina Kos Udruga „Nije Mudro Slovo“, Zagreb ANALIZA PROIZVODNOG POSUPKA IZRADE KAMENOG GLAČANOG ORUĐA NA PRIMJERU LOKALITETA SELCI ĐAKOVAČI–KAZNICA–RUTAK Tijekom jeseni 2005. i proljeća 2006. godine provedena su arheološka istraživanja na lokalitetu Kaznica-Rutak, smještenome južno od sela Selci Đakovački te četiri kilometara jugozapadno od Đakova. Nalazište je smješteno na gredi koja se pruža u smjeru jugozapad – sjeveroistok i koja se na svojoj sjevernoj strani strmo spušta prema potoku Kaznici. Na istraženoj površini od oko 25 000 m² najvećim dijelom nalazilo se neolitičko naselje koje se protezalo gredom od istoka prema zapadu te zauzimalo prostor od vrha grede prema južnoj padini. Naselje sopotske kulture nalazi se na istome mjestu kao i naselje starčevačke kulture te je u nekim slučajevima došlo do preklapanja i ukapanja sopotskih objekata u starčevačke objekte. U zapunama objekata pronađena je velika količina ulomaka keramičkih posuda te keramičkih predmeta posebne namjene, lomljene i glačane kamene izrađevine, abrazivne kamene izrađevine te ostaci životinjskih kostiju i ugljena. Keramički materijal pokazuje odlike karakteristične za Ražište-tip sopotske kulture ali i klasičnu sopotsku kulturu. Na nalazištu je pronađeno ukupno 367 kamenih predmeta. Promatrane su cjelovite i fragmentirane kamene izrađevine, ulomci alatki, te ulomci kamena bez tragova obrade i uporabe. Ovdje nisu uvršteni nalazi koji pripadaju alatkama dobivenim tehnikama lomljenja i okresivanja, premda je pronađena velika količina. Kamene izrađevine su podijeljene prema krono-kulturološkoj pripadnosti pojedinih stratigrafskih jedinica i to na osnovu pregleda keramičkih nalaza u njima. Tako su izdvojeni: starčevačka kultura, sopotska kultura, kostolačka kultura, srednji vijek te objekti koji se zbog izmiješanosti materijala nisu mogli kulturno opredijeliti i objekti u kojima nije bilo keramičkih nalaza. Ovaj rad, bavi se kamenim nalazima prikupljenim u objektima sopotske kulture.
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U sopotskom dijelu nalazišta izdvojeno je ukupno 218 kamenih predmeta u ukupno 40 stratigrafskih jedinica. Prilikom analize kamenih nalaza promatrane su cjelovite i fragmentirane alatke, ulomci alatki, te fragmenti kamena bez tragova obrade i uporabe. Svaki kameni predmet promatran je zasebno tj. nastojalo se odrediti njegovo mjesto unutar tehnološkog procesa koji podrazumijeva: odabir sirovine, obradu sirovine i izradu kamenih izrađevina, primarnu uporabu, sekundarnu uporaba, te odbacivanje istrošene alatke. Najbrojnije su alatke s abrazivnim svojstvima dok su glačane alatke zastupljene u nešto manjoj mjeri. Vrlo je visok postotak kamenih nalaza koji se zbog fragmentiranosti ne mogu pripisati niti jednom tipu alatke. Od kamenih glačanih izrađevina prisutni su: tesle, sjekire, dlijeta, batovi i pijuci. Većina analiziranih glačanih alatki izrađena je od vrlo zrelih kvarcnih pješčenjaka i siltita vezanih silicijskim vezivom. Manji broj alatki izrađen je od kvarcita. Abrazivne alatke koje su svoje uglačane površine dobile uporabom u izradi drugih predmeta, najbrojnija su kategorija nalaza na ovom lokalitetu, a svakako su imale i značajnu ulogu pri izradi glačanih alatki. Na sopotskom dijelu nalazišta od abrazivnih alatki dominiraju glačalice, potom žrvnjevi, brusno kamenje te rastirači. Alatke s abrazivnim svojstvima u najvećoj mjeri izrađene su od pješčenjaka i konglomerata s velikim udjelom zrna kvarca. Sekundarna uporaba kamenih izrađevina prisutna je u znatnoj mjeri na nalazištu i to u čestim primjercima alatki sa sječivom čija se dužina tijekom uporabe reducira, tako da nastane alatka s potpuno novim funkcionalnim svojstvima. U našim slučajevima čest je primjerak tesli koje su nakon oštećenja korištene kao batovi, a na nekim primjercima je vidljivo da su korištene i kao nakovanj. Analize tragova na promatranim izrađevinama obuhvatila je makroskopski pregled cjelokupnog materijala, a potom je izdvojena tesla na kojoj su tragovi promatrani metodom optičke mikroskopije velike dubinske oštrine i povećanja. Određeni tragovi koji su posljedica izrade, uporabe, popravaka ili prenamjene alatke, vidljivi su golim okom, no ovom metodom promatrana je morfologija mikrotragova, njihov položaj na površini alatke, ali i njihov međusobni odnos. Za detaljnu analizu tragova odabrana je tesla s distalnim rubom užim od proksimalnog (tip III/7). Alatka je izrađena od siltita s velikim udjelom kvarcnih zrna. Za izradu ovog tipa alatke upotrjebljena je valutica koja je ispala iz svog primarnog ležišta, a kasnije je oblikovana (ili u rijeci ili u proluviju) u izduženu zaobljenu valuticu koja je glačanjem i brušenjem oblikovana u inalni oblik tesle. Na alatki su jasno vidljivi brusni tragovi nastali prilikom njene izrade. Vidljivi su i tragovi višestrukog brušenja alatke u području oštrice, oni se jasno presijecaju s tragovima uporabe alatke.
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Ogrebotine nastale pri izradi i brušenju tesle usmjerene su u istom smjeru, a nalazimo ih u setovima istog smjera iz tog razloga jer je cijeli set nastao u jednom potezu brusne alatke po površini. Ovakvi setovi ogrebotina međusobno se mogu presijecati pod raznim kutovima. Na prikazanom 3D modelu vidljivo je kako su ogrebotine nastale pri oštrenju alatke u obliku dubokih i uskih kanala, poprečnog presjeka u obliku slova V, a dno im je izrazito oštro, dok su tragovi nastali uporabom znatno širi i plići a dno im je široko i zaravnjeno. Jasna razlika je i u usmjerenosti ogrebotina jer se radne ogrebotine obično ne javljaju u setovima kao brusne. Svaka ogrebotina na slici nastala je za vrijeme zasebnog pokreta i ne pokazuju istu usmjerenost. Prema morfologiji radnih oštećenja u području vrha alatke, ali i odabira sirovine, može se zaključiti da je ova alatka korištena za obradu ne osobito tvrdih materijala. Vjerojatno je riječ o drvetu. Gledano u cjelini, kameni materijal s lokaliteta Đakovački Selci–Kaznica–Rutak, oblikom i izborom sirovina ne odudara od ostalih neolitičkih lokaliteta. Analogije su vidljive s ostalim neolitičkim lokalitetima šireg područja, tako da se tipologija D. Antonović za neolitičke lokalitete Srbije, pokazala primjenjivom i za promatrani materijal. Primijenjena metoda optičke mikroskopije velike dubinske oštrine i povećanja za utvrđivanje tragova izrade i uporabe na prikazanom primjerku distalnog ruba tesle izrađene od siltita omogućila nam je bolje razumijevanje tehnoloških procesa koji su se odvijali u „životnom ciklusu“ ove alatke, a omogućila nam je i neke jasnije pretpostavke za razumijevanje na relaciji sirovina – tip alatke – funkcija. Sirovine od kojeg su izrađene alatke na lokalitetu Kaznica–Rutak pripadaju uglavnom sedimentnim stijenama – klastitima. Radi se o siltitima, pješčenjacima i konglomeratima s velikim udjelom kvarca, kredne i miocenske starosti, a njihovo porijeklo nalazi se u proluvijalnim nanosima na padinama slavonskih planina (Dilj gora, Požeška gora, Krndija, Papuk). Ove vrste sirovina vrlo su česte u izradi glačanih alatki neolitičkog razdoblja. Prema svojim minerološko-petrografskim svojstvima određivale su tehnike izrade alatke ali i oblik inalnog proizvoda što nam potvrđuje pretpostavku da su stanovnici ovog sopotskog naselja imali vrlo dobra saznanja o okolišu koji ih je okruživao i iz njega su crpili sirovine koje si im bile najpogodnije za izradu kamenih izrađevina upotrebljavanih u svakodnevnim aktivnostima kao što su sječa i obrada drveta, izrada i popravci alatki od druge vrste materijala te priprema hrane. Funkcija alatke uvjetovala je točno određenu vrstu sirovine, a sama stijena je određivala tehnike izrade i oblik inalnog proizvoda.



111



BONE AND ANTLER ARTEFACTS DATED FROM STARČEVO-CRIŞ CULTURE IN TRANSYLVANIA, ROMANIA: RECENT DISCOVERIES AND MICROSCOPIC ANALYSES Corneliu Beldiman «Dimitrie Cantemir» Christian University, Faculty of History, Bucharest Diana-Maria Sztancs «Dimitrie Cantemir» Christian University, Faculty of History, Bucharest Ioan Alexandru Bărbat Museum of Dacian and Roman Civilisation, Deva, Hunedoara County Abstract: The article presents an Early Neolithic assemblage made of thirteen artefacts of bone and antler discovered recently in South-Western Transylvania, Hunedoara and Alba Counties. The osseous materials artefacts were discovered at Lunca Târnavei“Valley” during a periegesis and at Şoimuş/“Pe Teleci”/“Teleghi” where due to the extent of the Deva-Orăştie Motorway, more than 500 m of the site were excavated. The Western part of the site was researched by a team from Museum of Dacian and Roman Civilisation of Deva (Cătălin Rişcuţa, Ioan Alexandru Bărbat and Antoniu Marc); the artefacts analysed in this article were discovered in this sector. Even if they are only few (N = 13), the pieces are both ordinary and rare or even unique ones. The typology comprises ordinary pieces like: points made of fragments of long bones or scrapers made of ribs. The rare pieces are: red deer antler sleeve, the blank of bone spoon and the fragment of red deer skull cap. Artefacts discovered at Şoimuş can be dated from Starčevo-Criş I C – III B phases. Key words: Alba County, bone and antler industry, Hunedoara County, Lunca Târnavei, prehistoric technology, Starčevo-Criş culture, Şoimuş, Transylvania. Apstrakt: U radu je predstavljena zbirka od trinaest ranoneolitskih artefakata koji su nedavno otkriveni u jugo-zapadnoj Transilvaniji, u oblastima Hunedoara i Alba. Koštana artefakta su nađena na lokalitetima Lunka Tarnavei-“Dolina” prilikom rekognosciranja i na lokalitetu Šoimuš/“Pe Teleki”/“Telegi”, gde je, prilikom radova na autoputu Deva-Oraštie, istraženo preko 500 m lokaliteta. Zapadni deo lokaliteta je istraživala ekipa iz Muzeja dačke i rimske civilizacije (Cătălin Rişcuţa, Ioan Alexandru Bărbat i Antoniu Marc); i ovde su predstavljeni predmeti koji su tom prilikom otkriveni. Mada malobrojna zbirka (N = 13), obuhvata kako sasvim obične, tako i retke i jedinstvene primerke. Tipološki, zastupljeni su obični predmeti kao što su šiljci od fragmenata dugih kostiju ili strugači od rebara. Među retke predmete spadaju drška od roga jelena, polufabrikat za koštanu kašiku i fragment od lobanje jelena. Svi ovi artefakti otkriveni na lokalitetu Šoimuš mogu se datovati od Starčevo-Kriš I C do III B faze. Ključne reči: oblast Alba, industrija kosti i roga, oblast Hunedoara, Lunca Târnavei, praistorijska tehnologija, Starčevo-kriš kultura, Şoimuş, Transilvanija.
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The archaeological research1 recently carried out has enriched our perspective regarding the osseous materials industry by identifying new types of artefacts, but especially by identifying aspects related to the artefacts’ morphology and functionality (Beldiman 2007; Sztancs 2011). The archaeological excavations carried out by Ioan Alexandru Bărbat, Cătălin Rişcuţa and Antoniu Marc in two Early Neolithic sites from Alba and Hunedoara County provided new objects made of bone and antler. The geographical area and the history of research Lunca Târnavei The archaeological periegesis carried out in the spring of 2009 in Alba County, Lunca Târnavei-“Valley” (Şona commune) (ig. 1), led to the identiication of a Starčevo-Criş settlement. Unfortunately, in the 20th century, it was destroyed by clay and sand exploitations from a nearby quarry. In what concerns the earlier discoveries done in this area, see the bibliography: Moga, Ciugudean 1995: 121; Bărbat 2005: 13-30; Bărbat 2008a: 13-14; Bărbat 2008b: 49; Bărbat 2013, passim. The inhabitants do not use a speciic name for this area of the village. “On the Valley”, “The Valley”, “Coast” or “Ierdaş” are some of the terms used to designate this part of the village. From a geographical point of view, the site is placed in the South-Western part of the village, on the left shore of the Târnava Mică River, being limited in the West by a small river and in the North by the last houses and gardens from the actual village. Unfortunately, the existence of a quarry in the nearby area determined the destruction of a signiicant part of the site. The pieces that we will present in this article were recovered after a periegesis. Şoimuş The archaeological site of Şoimuş from Hunedoara County is placed in the vicinity of the village bearing the same name (Şoimuş commune) (ig. 1), more exactly in its Eastern part, on the second terrace of the right shore of the Mureş River. This place is known as “Pe Teleci” or “Teleghi”. The area found between Şoimuş and Bălata where “Pe Teleci” / “Teleghi” is placed was quoted very often in the archaeological literature and many discoveries have been made here (Roska 1942: 165, no. 113; Floca 1969: 17; Floca 1972: 13-14; Andriţoiu 1979: 27, footnote 34; Ferencz, Ferencz 2001: 132; Luca 2005: 151; Luca 2008: 165). 1



This article is an enriched variant of text and illustration published in 2012: Beldiman et al. 2012.
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Fig. 1 Localisation of the Lunca Târnavei-“Valley” and Şoimuş-“Pe Teleci”/“Teleghi” archaeological sites (after http://www.eurfedling.org/maps/ Satellite_Romania.jpg) Sl. 1 Položaj lokaliteta Lunca Târnavei-“Valley” (Lunka Tarnavei) i Şoimuş-“Pe Teleci”/“Teleghi” (Šoimuš) (http://www.eurfedling.org/maps/ Satellite_Romania.jpg)



In the old inventory register (Prehistory) of the Museum of Dacian and Roman Civilisation Deva, the inventory numbers between 5055 and 5079 refer to archaeological pieces (potsherds and osteological pieces) “… found at Şoimuş – Bălata…” (MDRC, Old Inventory Register, Prehistory, no. 1 – 11625, ms). The discoveries dated from the Roman period are documented by numerous debris of building materials found between Şoimuş and Bălata. A part of these artefacts were recovered and registered by G. Téglás. In these conditions, Dumitru Tudor was determined to state that a Roman vicus might have existed there (Tudor 1968: 126). Liviu Mărghitan includes Şoimuş in the catalogue of Roman discoveries made in Hunedoara County. The information he provided was then used in the Romanian archaeological literature (Mărghitan 1975: 41). A irst archaeological excavation was led in 1973 by Ion Andriţoiu who conducted a survey in the Northern part of the site, after some fortuitous discoveries were made while the poultry farm of Şoimuş was being built. The area is known as “Poultry Farm” or “Farm no. 2” (Andriţoiu 1979: 27, footnote 35; Draşovean, Rotea 1986: 9; Lazarovici, Kalmar-Maxim 1991: 131; Maxim 1999: 187; Luca 2005: 151; Luca 2008: 165).
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Fig. 2 Şoimuş: 1 Artefact SMT 7 in situ – complex C18 Sl. 2 Šoimuš: 1 predmet SMT 7 in situ – kompleks C18



The most recent discoveries were made in the autumn of 2011 while the Southern part of the “Pe Teleci”/“Teleghi” archaeological site was affected by the Project Deva-Orăştie Motorway between km 29+750-30+300. Due to its extent on more than 500 m of the area bounded for research, the site was divided for excavation between teams of archaeological research. The members of the teams came from: the Museum of Dacian and Roman Civilisation of Deva (the Western part – B Zone), the “Vasile Pârvan” Institute of Archaeology and the National Museum of Romanian History of Bucharest (Eastern part – A Zone) (Schuster et al. 2012: 291-292). Discovery context of bone and antler artefacts Lunca Târnavei During a ield archaeological research done in Lunca Târnavei“Valley”, two bone artefacts (igs. 3-4), an important quantity of ceramics and osteological materials were recovered. It is considered that these were part of a complex discovered near the proile of the above-mentioned quarry. Şoimuş In the Western part of the archaeological site Şoimuş-“Pe Teleci”/“Teleghi” a series of complexes were researched. They were dated from the Early Neolithic, Starčevo-Criş culture (Schuster et al. 2012: 292; Bărbat 2013: 254 sqq). Among the archaeological materials discov-
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ered, some bone and antler objects were identiied (igs. 4-8). The Neolithic archaeological materials and the documentation were kindly offered for study by our colleagues PhD. C. Rişcuţa and A. Marc (MDRC Deva) whom we would like to thank on this occasion. Because the study of archaeological materials is at the beginning, osseous materials artefacts were identiied only in few complexes until now. These were taken from different levels of digging. At the middle of the past century, land improvement works were done on the entire surface of the site. Consequently, the upper archaeological levels were damaged and each researched complex had to be reported to the actual ground-level. C18 (Km 30+240 – 30+260). It is a surface archaeological complex that overlaps a semi-subterranean structure. From a cultural and chronological point of view, the two habitation horizons are dated from StarčevoCriş I C – II A (semi-subterranean house) up to II A – II B (house). Two pieces were discovered in the most recent complex – the surface one – encountered at a depth of 0.55-0.75/0.80 m. The other pieces of inventory were discovered in the semi-subterranean structure (0.75/0.80 – 1.20/1.30 m). Complex placed at the limit of the site (Km 30+300 – 30+320). The hut was randomly identiied during some activities that had as a purpose the rehabilitation of the Western part of the site. We have to mention that more than 80% of the surface of the archaeological complex was discovered without specialised survey. The pieces gathered belong to an archaeological surface complex that, according to the Northern proile of the house, is placed at a depth of 0.20-0.40 m. Unfortunately, the strong fragmentation of the osteological materials and thus of the bone and antler artefacts is related to the mechanical interventions that destroyed most of the archaeological complex. Cultural and chronological classiication of artefacts Lunca Târnavei According to the ceramics discovered at Lunca Târnavei-“Valley”, the site was built somewhere around the end of Starčevo-Criş III A. Other speciications are hard to state due to the character of the research. Despite the fact that the impress ornamentation is very frequent in numerous combinations, there are no pieces with incised surfaces or with slip in the ceramic assemblage that was gathered from the surface (high-quality pottery), and the shapes illustrate pots included in the bowls category, or in the one of cups with short/high foot and sometimes slightly ringed.
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Şoimuş The discoveries are very recent, consequently we should emphasize the fact that that the inclusion of the indings into one of the phases of the Starčevo-Criş culture is provisory. The names of the complexes are in the same situation. As we mentioned above, the earliest pieces were dated from the Starčevo-Criş IC – II A (Lazarovici 1977: 34-36; Lazarovici 1979: 41-44; Lazarovici 1984: 58-62; Lazarovici, Maxim 1995: 71-86; Maxim 1999: 34-43; Bărbat 2013: 254 sqq) or Precriş I/II (Paul 1989: 10-11; Paul 1995: 28-68; Ciută 2000: 54-55, 73-76; Ciută 2005: 119; Ciută 2009: 73-76; Bărbat 2013: 254 sqq) and they were recovered from the inventory of the semi-subterranean complex. The hut is characteristic especially for the end of the Starčevo-Criş IIA culture and the beginning of the next one, II B (Nica 1971: 549-556; Lazarovici 1977: 36-37; Lazarovici 1979: 44-46; Lazarovici 1984: 62-64; Lazarovici, Maxim 1995: 87-94; Maxim 1999: 43-45). The functioning period of the hut discovered at the Western edge of the site can be very easily mentioned. The archaeological material (ceramics) is speciic to the Starčevo-Criş III B (Lazarovici 1977: 38-40; Lazarovici 1979: 48-50; Draşovean 1981: 39-42; Ursulescu 1983: 262-269, 273; Ursulescu 1984: 10-17, 21; Lazarovici 1984: 66-68; Lazarovici, Maxim 1995: 97102; Maxim 1999: 46; Popuşoi 2005: 103-105; Băcueţ-Crişan 2008: 31-42, 64-70). Catalogue The methodological parameters of the description and analysis are presented in various publications and we will not insist upon them (Beldiman 2007; Sztancs 2011). On this occasion, we present the results of a irst evaluation of the assemblage comprising bone and antler artefacts discovered at Lunca Târnavei and Şoimuş coming from the researches carried out by Ioan Alexandru Bărbat, Cătălin Rişcuţa and Antoniu Marc. Some considerations regarding the typology and technology, as well as a minimal necessary illustration, are presented here. In the future, a detailed analysis of these pieces will be published. The pieces are stored in the collection of the Museum of Dacian and Roman Civilisation of Deva.
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Fig. 3 Lunca Târnavei: 1 LTV 1; 2 LTV 2 Sl. 3 Lunka Tarnavei: 1 LTV 1; 2 LTV 2



Lunca Târnavei-“Valley” (LTV) LTV 1 (igs. 3/1; 4/1)2 Context: surface research lead by Ioan Alexandru Bărbat, April 2010; hut? Scraper made of a rib (I B4 type) Fragment of cattle rib. Medium state of conservation; old-fractured, calcinations. A small central sector of the distal end is preserved with a unilateral, short active part manufactured by abrasion. The débitage consisted in direct percussion/chopping – direct percussion/fracture. L 24.36; minimal width 10.09/3.22; maximal width 12.69/3.16; LPA 2.65. 2



The photos have been taken by: Ioan Alexandru Bărbat (ig. 2); Corneliu Beldiman (igs. 3-12).
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Fig. 4 Lunca Târnavei: 1 LTV 1 – microscopic view; 2 LTV 2 – microscopic view Sl. 4 Lunka Tarnavei: 1 LTV 1 – snimak mikroskopom; 2 LTV 2 – snimak mikroskopom



LTV2 (igs. 3/2; 4/2) Context: surface research lead by Ioan Alexandru Bărbat, April 2010; hut? Bone spoon made of a rib fragment (I F type). Well preserved. About 1/3 from the length of the piece is preserved – the proximal/medial part. The shaping was done using abrasion. The surfaces are well-preserved, the edges are rounded, the proximal end is symmetrical convex, the end is thinned/ on its surfaces by abrasion. L 45.33; EP 6.48/0.94; PP 9.99/2.24; PM 9.28/2.22. Şoimuş-“Pe Teleci”/“Teleghi” (SMT) SMT 1 (igs. 5/1; 6/1) Context: Zone B, Square 30 + 240 – 30 + 260, Complex 18, -0.75 m, Squares F-G/J-K. Point made of a caprine demi-metapodial (I A7 a type; Beldiman 2007 typology). Piece entirely preserved; good state of conservation. At the distal parts, on the upper surface – deposits s of concretions. Sheep/goat metapodial. The debitage was done using the groove and splinter techniques, followed by direct percussion/fracture. On the inferior side, the edges were inished using abrasion. The active part is entirely preserved and it is faceted (in the case of points, this situation is rare). Use-wear traces: supericial
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Fig. 5 Şoimuş: 1 SMT 1; 2 SMT 2; 3 SMT 3 Sl. 5 Šoimuš: 1 SMT 1; 2 SMT 2; 3 SMT 3



bluntness and polish at the active part. It was probably used as a perforator for hides or textiles. L tot 71.64; EP 14.14/9.77; PM 7.99/4.35; LPA 11.75; CD 5.86/3.70. SMT 2 (igs. 5/2; 6/2) Context: Zone B, Square 30 + 240 – 30 + 260, Complex 18, -0.55 m, Squares F-G/J-K. Point made from a segment of rib (I A20 type). Fragmentary piece; the distal end was fractured in the past. Good state of conservation. Segment of small mammal rib. Debitage was done using direct percussion/fracture; the shaping of the active part was done using abrasion. Use-wear traces: supericial bluntness and polish at the active part. It was probably used as a perforator for hides or textiles. L tot 32.63/31.82; EP 6.60/1.88; PM 6.84/2.41; LPA 4.25/3.85.
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Fig. 6 Şoimuş: 1 SMT 1 – microscopic view; 2 SMT 2; 3 SMT 3 – microscopic view Sl. 6 Šoimuš: 1 SMT 1 – snimak mikroskopom; 2 SMT 2; 3 SMT 3 – snimak mikroskopom



SMT 3 (igs. 5/3; 6/3) Context: Zone B, Square 30 + 240 – 30 + 260, Complex 18, -1.25 m, Squares E-F/I-J. Point made from a fragment of long bone (I A1 type). Piece entirely preserved. Good status of conservation. Fragment of cattle scapula. The debitage was done using direct percussion/splitting and direct percussion/fracture, followed by direct percussion/splitting on the left edge on 1/2 of its length. The other part of the edge is anatomic. The right edge is shaped using direct percussion/fracture. Use-wear traces: bluntness and polish placed at the distal end. L tot 107; EP 28.30/9.28; PM 28.29/10.88; LPA 48.15; CD 9.81/6.62. SMT 4 (igs. 7/1; 8/1) Context: Zone B, Square 30 + 240 – 30 + 260, Lower level, -0.40 – 0.45 m. Point made of a caprine radius (I A25 type). Fragmentary piece, fractured both in the past and recently. Medium state of conservation. On the inferior side/left edge there are some traces of shaping using direct percussion/chopping and abrasion. This part is affected by corrosion. L 86.17; EP 29.13/13.48; PM 16.10/8.07; LPA 33.
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Fig. 7 Şoimuş: 1 SMT 4; 2 SMT 5; 3 SMT 6 Sl. 7 Šoimuš: 1 SMT 4; 2 SMT 5; 3 SMT 6



SMT 5 (igs. 7/2; 8/2) Context: Zone B, Square 30 + 300 – 30 + 320, Complex at the limit of the site, mechanical excavations, -0.10 – 0.20 m. Blank of bone spoon (I F type). Fragment, fractured in the past. Good state of conservation. Cattle metapodial. The proximal end preserves traces of transversal cutting, with a lithic piece (maybe a lint blade). Traces of débitage (the groove and splinter technique) are preserved on one of the sides. On the opposite side, intense abrasion was applied. Shaping using abrasion was applied on the left edge on 1/2 of its length, to the mesial part. Traces of supericial transversal cutting are preserved at the level of the mesial part. It is possible that the piece was fractured during the procedure of cutting. L 88.44; EP 17.85/17.79; PM 15.52/12.83; depth cutting groove la EP 7.27; depth max groove 6.40.
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Fig. 8 Şoimuş-“Pe Teleci”/“Teleghi”: 1 SMT 4 – microscopic view; 2 SMT 5 – microscopic view; 3 SMT 6 – microscopic view Sl. 8 Şoimuş-“Pe Teleci”/“Teleghi”: 1 SMT 4 – snimak mikroskopom; 2 SMT 5 – microscopic view; 3 SMT 6 – snimak mikroskopom



SMT 6 (igs. 7/3; 8/3) Context: Zona B, Square 30 + 300 – 30 + 320, Complex at the limit of the site, mechanical excavations, -0.10 – 0.20 m. Spatula/spoon made of a rib fragment (I F type). Fragmentary piece. Cattle rib. Good status of conservation. Fractured in the past and recently. The fracture of the piece in the past produced an edge. Another edge preserves traces of shaping using direct percussion/ chopping and abrasion. It probably is a fragment of a spatula/spoon. L 59.43; PM 21.18/3.80; LPA 37.50. SMT 7 (igs. 2; 9/1; 10/1) Context: Zone B, Square 30 + 240 – 30 + 260, Complex 18, -0.80 – 0.85 m, Squares B-C/F-G. Red deer antler sleeve (IV C3 type). Fragmentary piece, fractured in the past. Good status of conservation. Deposits are preserved inside the perforation. The surfaces are affected by axial cracks. Shed red deer antler – right side. The irst tine was detached using ibre sawing (cutting using linear abrasion) applied on the entire circumference and direct percussion/fracture. On the posterior/medial side of the irst tine there is a residual trace of cutting. It is placed at a
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Fig. 9 Şoimuş: 1 SMT 7; 2 SMT 8; 3 SMT 9 Sl. 9 Šoimuš: 1 SMT 7; 2 SMT 8; 3 SMT 9



distance of 12.54 mm of the cut end. The second tine was detached from its base using direct percussion/chopping applied on the median side on 1/3 of the circumference and detached using direct percussion/fracture with a large piece split from the lateral side. The beam was detached using direct percussion/chopping probably applied on the entire circumference. 1/2 of the circumference is preserved. The other part was fractured in the past. The distal part seems to have been fractured during the use of the piece. At the distal part, an axial perforation was done in the spongy tissue by carving and by alternative rotation using a massive lithic point. Traces of the procedure are preserved on the walls of the perforation. The fracture at the perforation level highlights its morphology – an asymmetrical cone, partially inished on the distal end on a length of 19 mm. This is a rare situation in which the perforation done in a spongy tissue was not affected by the ulterior procedures. This situation was possible because of the concretions
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Fig. 10 Şoimuş: 1 SMT 7 – microscopic view; 2 SMT 8 – microscopic view; 3 SMT 9 – microscopic view Sl. 10 Šoimuš: 1 SMT 7 – snimak mikroskopom; 2 SMT 8 – snimak mikroskopom; 3 SMT 9 – snimak mikroskopom



deposed on the walls of the hole, which acted as a kind of a “seal”. There are no traces of perforation for the transversal itting of a wooden shaft. The artefact is probably uninished or most probably a sleeve in which a lithic piece such as a chisel or a hammer was ixed. It was used by hand. There is no clear evidence of bluntness and polish that would sustain the idea of the use of a possibility that the piece was not used, being damaged because of the ixing in the perforation of the lithic piece. L tot 194; EP (burr) 75.50/69.95; PM (tine 2) 76.78/45.25; base tine 1 43.68/33.40; base tine 2 36.58/33.20; PD (beam) 45.65/44.00; ED cca 44.60/44; diam pf ED cca 32.65/30; depth pf 68; L inished part of pf 19. SMT 8 (igs. 9/2; 10/2) Context: Zone B, Square 30 + 300 – 30 + 320, Complex at the limit of the site, delimitation of the complex, -0.20 – 0.30 m. Oblique double point made of terminal segment of tine (I G1 type). Medio-distal segment of red deer tine. Fragment – the distal segment of piece is preserved, recently fractured. Medium state of conservation. Double asymmetric active part. It was shaped by direct percussion/ chopping and abrasion. There are no use-wear traces on its surfaces. L 54.68; PM/PD 22.96/21.78; LPA 1 12.30; width LPA 1 11.56; LPA 2 3.30; width LPA 2 10.94; ED 10.6/4.
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SMT 9 (igs. 9/3; 10/3) Context: Zone B, Square 30 + 300 – 30 + 320, Complex at the limit of the site, excavations, -0.30 – 0.40 m. Double oblique point made from a terminal segment of tine (I G1 type). Distal segment of a crown tine. Medium state of conservation. Fragmentary piece, fractured in the past and recently; glued. The active part is bilateral shaped using direct percussion/chopping and abrasion. The fracture of the distal end was done in the past, probably during the use of the piece. L 117.89/111.89; PM/PD 28.30/23.56; LPA 1 cca 32; width LPA 1 16.94; LPA 2 cca 26; width LPA 2 14.80.



Fig. 11 Şoimuş: 1 SMT 10; 2 SMT 11 Sl. 11 Šoimuš: 1 SMT 10; 2 SMT 11
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Fig. 12 Şoimuş: 1 SMT 10 – microscopic view; 2 SMT 11 – microscopic view Sl. 12 Šoimuš: 1 SMT 10 – snimak mikroskopom; 2 SMT 11 – snimak mikroskopom



SMT 10 (igs. 11/1; 12/1) Context: Zone B, Square 30 + 300 – 30 + 320, Complex at the limit of the site, delimitation of the complex, -0.20 – 0.30 m. Fragment of red deer skull with pedicle. Hunting trophy. Medium state of conservation. Traces of supericial sawing by dog? The pedicle is preserved entire, the beam had shed. This indicates that the animal was slaughter between October and February. This is a rare case in which this type of piece is preserved in an archaeological context. Skull cap 72.13/58.05; thickness 11.40-13.50; diam base pedicle 44.94/38.90; surface pedicle/beam 37.47/32.09. SMT 11 (igs. 11/2; 12/2) Context: Zona B, Square 30 + 300 – 30 + 320, Complex at the limit of the site, delimitation of the complex, 0.30 – 0.40 m. Scraper made of a rib segment (I B3 type). Cattle rib. Fragmentary piece – sectors of distal and medial part are missing. They were fractured in the past and recently. Medium state of conservation. The extraction of the rib segment was done using direct percussion/chopping – direct percussion/fracture. The proximal end is uninished, has the aspect produced during the débitage stage; the surfaces and the edges have anatomic aspect. The active part is convex, asymmetric and it was shaped by abrasion on the plane/surface of fracture, broader on
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the inferior part of the piece (the convex side of the rib) and very narrower on the opposite side. The use-wear traces are highlighted on the right edge and they illustrate the use with the right hand. The traces of bluntness and polish at the active part and proximal one appeared because of the holding in hand. L tot 205; EP 20/13.12; PM 30.64/9.88; ED 29.80/2.12; LPA 1 (IS) 21.50; width LPA 1 27.90; LPA 2 (SS) 5.38; width LPA 2 22. Conclusions Even if they are only few (N = 13), the pieces analysed above are important because they attest in a meaningful manner, the presence of the paleotechnological phenomenon related to osseous materials industry in some archaeological sites that have never been studied until now: Lunca Târnavei (on the Valley of the Târnava Mică River) and Şoimuş (on Mureş Valley). The artefacts discovered at Şoimuş come from certain archaeological contexts (huts) dated from a cultural point of view from Starčevo-Criş IC-IIIB. They could also be absolutely dated, this fact being an added value of the research. In this assemblage ordinary types of artefacts and rare or unique ones are present. Points made of fragments of long bones and ribs are included in irst category, while the red deer antler sleeve, the blank of bone spoon and the fragment of red deer skull cap are the rare or unique pieces. These artefacts increase the catalogue of Early Neolithic bone and antler artefacts from Transylvania. Acknowledgements This work was possible with the inancial support of the Sectorial Operational Programme for Human Resources Development 2007-2013, co-inanced by the European Social Fund, under the project number POSDRU/88/1.5/S/63269 with the title: “PhD Scholarships, premise for increasing competitiveness and competences in scientiic research” (granted to Ioan Alexandru Bărbat). English version by Diana-Maria Sztancs.



Abbreviations in text: CD – distal diameter; Diam − diameter; ED – distal end; EP – proximal end; IS – inferior side; L − length; L tot – total length; LPA – length of active part; Max − maximum; MDRC – Museum of Dacian and Roman Civilisation Deva; N − number; PD – distal part; Pf − perforation; PM – mesial part; PP – proximal part; SS – superior side.
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Korneliju Beldiman Hrišćanski univerzitet „Dimitriјe Кantemir“, Istorijski fakultet, Bukurešt Dijana-Marija Stanč Hrišćanski univerzitet „Dimitriјe Кantemir“, Istorijski fakultet, Bukurešt Joan Aleksandru Barbat Muzej dačke i rimske civilizacije, Deva, okrug Hunedoara PREDMETI OD KOSTI I ROGA IZ STARČEVO-KRIŠ KULTURE U TRANSILVANIJI, RUMUNIJA: NOVA OTKRIĆA I MIKROSKOPSKA ANALIZA U radu je predstavljena zbirka od trinaest ranoneolitskih artefakata koji su nedavno otkriveni u jugo-zapadnoj Transilvaniji, u oblastima Hunedoara i Alba. Koštana artefakta su našena na lokalitetima Lunka Tarnavei-“Dolina” prilikom rekognosciranja i na lokalitetu Šoimuš/“Pe Teleki”/“Telegi”, gde je, prilikom radova na autoputu Deva-Oraštie, istraženo preko 500 m lokaliteta. Lunka Tarnavei. Otkrivena su dva koštana artefakta, kao i značajan keramički i koštani materijal. Prva alatka je strugač (I B4 tip) od rebra govečeta, fragmentarno očuvan, a drugo koštana kašika (I F tip), dobro očuvana, izrađena od rebra. Šoimuš. U zapadnom delu lokaliteta istražen je niz kompleksa, koji se datuju u rani neolit, u kulturu Starčevo-Kriš. Pored ostalog arheološkog materijala, otkriveno je i nekoliko predmeta od kostiju i roga. SMT 1: šiljak načinjen od podužno cepane metapodijalne kosti ovce/ koze l (I A7 a tip prema tipologiji Beldiman 2007), očuvan u potpunosti. Tragovi upotrebe: aktivni deo istupljen i ispoliran. Predmet verovatno korišćen kao perforator za kožu i tekstil. SMT 2: Šiljak načinjen od segmenta rebra (I A20 tip), fragmentarno očuvan. Odvajanje komada za obradu učinjeno je perkusijom ili lomljenjem, dok je aktivni deo oblikvoan abrazijom. Tragovi upotrebe: aktivni deo istupljen i ispoliran. Predmet verovatno korišćen kao perforator za kožu i tekstil. SMT 3: Šiljak od fragmenta duge kosti (I A1 tip), očuvan u celosti. Izrađen putem direktnog odbijanja, distalni kraj istupljen i ispoliran od upotrebe. SMT 4: Šiljak od radiusa ovikaprina (I A25 tip), fragmentovan. Delimično očuvani tragovi oblikovanja putem direktne perkusije i abrazije. SMT 5: Polufabrikat za koštanu kašiku (I F tip), metapodijalna kost govečeta, fragment. Proksimalni kraj ima tragove transverzalnog sečenja kremenom alatkom; tragovi žlebljenja očuvani na stranama. Intenzivni tra-
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govi abrazije su vidljivi na zadnjoj strani. SMT 6: Spatula/kašika od fragmenta rebra (I F tip). Fragment rebra govečeta, sa tragovima oblikovanja direktnom perkusijom i abrazijom, verovatno fragment spatule/kašike. SMT 7: Usadnik od roga jelena (IV C3 tip). Fragmentovani predmet, od odbačenog roga jelena (desna strana). Prvi parožak uklonjen presecanjem uz pomoć užeta i direktne perkusije. Drugi parožak je uklonjen direktnom perkusijom i lomljenjem. Distalni kraj je oštećen, i na njemu se nalazila perforacija, dobijena tako što je spongiozno tkivo izdubljeno isecanjem i naizmeničnim rotacionim pokretima uz pomoć masivne kamene alatke. Tragovi obrade vidljivi su na zidovima perforacije. Nema tragova transverzalnog učvršćivanja drvene drške, i sam predmet je verovatno nezavršen ili, najverovatnije, usadnik u koji je mogla da se postavi kamena alatka poput dleta ili čekića. Nema jasnih tragova istrošenosti ili ispoliranosti od upotrebe SMT 8: Kosi dvostrani šiljak od krajnjeg segmenta paroška (I G1 tip). Medio-distalni segment paroška roga jelena. Dvostrani, asimetrični radni deo oblikovan direktnom perkusijom i abrazijom. Tragovi upotrebe nisu očuvani. SMT 9: dvostrani kosi šillajk načinjen od krajnjeg segmenta paroška (I G1 tip). Distalni segment paroška krune, osrednje očuvan, aktivni deo je oblikovan sa dve strane dirketnom perkusijom i abrazijom. SMT 10: Fragment lobanje jelena sa pediklom, trofej iz lova. Očuvanost osrednja. Pedikl je očuvan u celosti, dok su rogovi već bili odbačeni. Ovo je redak slučaj da se ovakav primerak nađe u arheološkom kontekstu. SMT 11: strugač od segmenta rebra (I B3 tip). Fragmentarno očuvan, Aktivni deo je konveksan, asimetričan i formiran je abrazijom. Tragovi upotrebe su naglašeni na desnoj strani, što ukazuje da je predmet upotrebljavan desnom rukom. Mada je zbirka predmeta koji su ovde prikazani malobrojna (N = 13), njen je značaj u tome što svedoči o prisustvu paleotehnoloških fenomena vezanih za koštanu industriju sa lokaliteta sa kojih dosada uopšte nije bila proučavana: Lunka Tarnavei (u dolini reke Tarnava) i Šoimuš (u dolini Mureša). Artefakti sa Šoimuša potiču iz pouzdanih arheoloških konteksta (kolibe) koji su smešteni u kulturu Starčevo-Kriš IC-IIIB. Oni takođe mogu biti i apsolutno datirani, što im dodatno daje na vrednosti. U ovoj su zbirci zasupljeni kako uobičajeni tipotvi artefakata, tako i retki i jedinstveni. Šiljci od fragmenata dugih kostiju i rebara spadaju u prvu, dok usadnik roga jelena, polufabrikat za koštanu kašiku i fragment lobanje jelena predstavljaju jedinstvene primerke. Ovi artefakti uvećavaju katalog dosadašnjih predmeta od kosti i roga iz ranog neolita Transilvanije.
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STARČEVO-CRIŞ OSSEOUS MATERIALS INDUSTRY FROM SOUTHERN MOLDOVA, ROMANIA. THE NEGRILEŞTI SITE, GALAŢI COUNTY Diana-Maria Sztancs «Dimitrie Cantemir» Christian University, Faculty of History, Bucharest Corneliu Beldiman «Dimitrie Cantemir» Christian University, Faculty of History, Bucharest Costel Ilie History Museum of Galaţi, Galaţi Abstract: The article presents the data issued from the analysis regarding a collection comprising 9 artefacts made of osseous materials (bone). These belong to the StarčevoCriş culture. The artefacts were recovered during the 2012 excavation campaign in Negrileşti comm., Galaţi County – Curtea Şcolii (Schoolyard) site (NGS). The typological analysis of osseous materials artefacts discovered at Negrileşti – Curtea Şcolii allowed us to: mention some benchmarks regarding the typology of osseous materials artefacts dated from Starčevo-Criş culture from Southern Moldova; identify some household activities practiced in the site. This is the irst analysis of all the artefacts recovered from the inventory of a Starčevo-Criş hut that was entirely excavated in the site. The studied assemblage offers new typological, palaeo-technological and chrono-cultural markers important for a complex and extensive approach of Early Neolithic manifestations from Southern part of Moldova. Key words: bone spoons, Moldova, Negrileşti, osseous materials artefacts, prehistoric technology, Romania, Starčevo-Criş culture. Apstrakt: Rad prestavlja rezultate analize zbirke od devet artefakata od koštanih sirovina koji pripadaju Starčevo-Kriš kulturi. Otkriveni su tokom sezone iskopavanja 2012. godine u Negrileštiju, oblast Galaci, na lokalitetu Curtea Şcolii (Školsko dvorište) (NGS). Tipološka analiza koštanih artefakata sa lokaliteta Negrilešti– Kurtea Školii pružila je podatke o tipološkom repertoaru koštanih artefakata Starčevo-Kriš kulture u južnoj Moldaviji, identiikaciju određenih domaćih aktivnosti koje su bile zastupljene na lokalitetu. Ovo je prva analiza artefakata koji su otkriveni u okviru jedne StarčevoKriš kolibe, koja je u potpunosti istražena. Ova je analiza pružila nove tipološke, paleotehnološke i hrono-kulturne markere, značajne za komplekasn, sveobuhvatni pristup ranoneolitskim manifestacijama u južnim oblastima Moldavije. Ključne reči: koštane kašike, Moldavija, Negrileşti, artefakti od koštanih sirovina, praistorijska tehnologija, Rumunija, Starčevo-Kriš kultura.
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Context The research carried out in 2012 by a team led by the archaeologists Costel Ilie (“Paul Păltănea” History Museum of Galaţi) and Mircea Nicu (Joint Museum of Tecuci) in the multi-layered archaeological site of Negrileşti – Schoolyard, Galaţi County (NGS) (ig. 1) offered the opportunity of recovering an important assemblage of osseous materials artefacts dated from Starčevo-Criş and Noua cultures (Ilie et al. 2012; Ilie et al. 2013). The pieces were recovered both from the layer belonging to the two above mentioned cultures and complexes (Hut 2 – Neolithic; Pit 36 – Bronze Age).



Fig. 1 Map of the Galaţi county showing the site Negrileşti – Curtea Şcolii Sl. 1 Karta oblasti Galaci i lokalitet Negrilešti– Kurtea Školii
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Methodology In this paper we present the results of the analysis of osseous materials artefacts dated from Starčevo-Criş culture which were discovered in 2012 archaeological campaign (Beldiman, Sztancs 2013; Beldiman et al. 2013). The studied assemblage comprises 9 pieces dated from StarčevoCriş culture, IIIB phase. These are stored in the collections of Joint Museum of Tecuci and History Museum of Galaţi. Due to the good status of conservation of the surfaces, all the stages of the complex study could have been applied in best conditions. During the irst stage of analysis, the typological classiication was done. Then, a catalogue of the assemblage was elaborated in order to present the indicative of each piece. It comprises the abbreviation of the site’s name, a number corresponding to the layer of habitation within the site, and the number from the series - for example NGS/I 3. This takes into account the stratigraphy and consequently, the Starčevo-Criş culture was marked with I. Each artefact was analysed according to a standardised protocol containing several components that targeted the extensive/exhaustive registration of data. These are statistically synthesized. The protocol studies aspects such as: raw materials, status of conservation (entire/fragmentary pieces or fragments); typology; morphology; morphometry; manufacture traces; use-wear traces; formulating hypotheses related to functional role. The artefacts are presented according to the archaeological layers and cultures from which they were recovered. The standardised sheet presents the data regarding each artefacts according to the following structure: ● Indicative ● Type ● Typological code ● Category (tools, weapons, adornments, raw materials, accessories etc.) ● Holder/Collection ● Inventory number ● Context ● Culture ● Fig. ● Raw material ● Status of conservation (entire, fragmentary piece, fragment)
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● Description (morphology, technical data regarding the manufacture, use-wear traces, presumed functional role etc.) ● Dimensions (mm) ● Bibliography/Unpublished (Beldiman 2007; Beldiman et al. 2012a: 15-18; Beldiman et al. 2012b: 79; Sztancs 2011). Typology. Technological issues The typological categories are presented according to Beldiman 2007 Typological List (Beldiman 2007: 71-76): I Tools. All the artefacts are included in the Tools typological category. The quantitative repartition of the typological groups and types is the following: I A7 = Awls, N = 4; I A12 = Needles, N = 2; I F2, 8 = Spatulas, N = 3. Regarding the raw materials, the Starčevo-Criş assemblage comprises artefacts made of cattle and sheep/goat long bones The analysis of the assemblage discovered in 2012 campaign systematically used optic means of study (optic microscope, zoom x10 – x40; digital microscope, zoom x25 – x400); complete sets of photographs (including with the help of microscope) at various scales were taken. In this way, the series of the images of the artefacts recovered from the site was completed. The registration of all the pieces’ parameters allowed us to insert the data related to the osseous materials industry from NGS in a database. Our approach highlighted some elements of the technological environment in which the artefacts were created and used. In this respect, the pieces NGS/I 1-9 from the inventory of Hut 2 is very important because the hut was entirely excavated. The study of the Early Neolithic artefacts revealed the appliance of the following technical procedures: débitage by direct percussion/splitting probably with a lithic axe or a blade; the axial grooving probably was also used, as well as the abrasion of the surfaces. The multidirectional abrasion (axial, oblique and transversal) as well as perforation by grooving and rotation were applied as shaping procedures. All the pieces were intra-sit manufactured, probably within household activities using raw materials locally procured. For Starčevo-Criş culture, the situations and observations mentioned above represent profs for the household activities such as: manufacture of osseous artefacts, of hides, clothes manufacture, use of vegetal and animal ibres for knitting, lour preparing or consumption of the foods using bone spatulas etc.
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The assemblages of osseous materials artefacts recovered from NGS site offers a similar perspective to those from Trestiana – Stroe Beloescu, Vaslui County (Popuşoi 2005). Other similar pieces were discovered at Munteni, Galaţi County (Beldiman 2007: 179, 297 – with bibliography). The osseous materials industry discovered within the above mentioned sites is very important in reconstructing the Early Neolithic cultural and technological manifestations from Southern Moldova. Conclusions The study of the osseous materials artefacts discovered at Negrileşti – Schoolyard allowed us to: mention some benchmarks of the typology of this type of artefacts dated from Starčevo-Criş culture in Southern Moldova; preliminary identify some household activities practiced in site, working of hides or vegetal and animal ibres, use of bone spatulas speciic for Starčevo-Criş culture. The irst analysis of all the artefacts discovered in the inventory of a Starčevo-Criş hut entirely excavated from the above mentioned site offered us once more the opportunity to check the reliability of the typological system elaborated for the Prehistoric osseous materials artefacts from Romania (Beldiman 2007 Typological List). In this way the assemblage systematically studied, offers new and important typological, palaeo-technological and chrono-cultural benchmarks for complex and extensive approach of the manifestations of the culture and civilisation of the Early Neolithic communities from Southern Moldova. Catalogue The organisation of the pieces’ parameters is the following: ● Indicative/Type/Fig. ● Holder/Inventory Number ● Epoch/Dated from/Context ● Piece Description ● Morphometry ● Bibliography. NGS/I 1 Bone awl I A7 a (ig. 2) Joint Museum of Tecuci 5226 Starčevo-Criş culture, IIIB phase, 2012, CS3, Square A1, -1.70 – 1.80 m, L2



139



Archaeotechnology: studying technology from prehistory to the Middle Ages



Bone awl. Piece entirely preserved. Good status of conservation. Raw material: distal metapodium of sheep/goat. Debitage probably done by splitting, axial grooving or abrasion; there are no traces of débitage. The surfaces and edges were shaped by multidirectional abrasion also applied at the proximal end on three surfaces. Facets. The distal end (the active part) is faceted. Use-wear traces: intense bluntness and polish of 50 mm of the active part; the striation of abrasion was removed due to the using of the piece; the distal end got a round aspect due to the piece using. Awl for hide working. Total length 97.96; proximal end 8.61/9.90; medial part 5.25/3.36; length of the active part approx. 50; length active part with facets approx. 13; distal diameter 3.51/2.84. Ilie et al. 2012; Ilie et al. 2013; Beldiman, Sztancs 2013; Beldiman et al. 2013.



Fig. 2 Bone awls NGS/I 1, NGS/I 2, type I A7 a, microscopic view Sl. 2 Koštana šila NGS/I 1, NGS/I 2, tip I A7 a, detalji mikroskopom
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NGS/I 2 Bone awl I A7 (ig. 2) Joint Museum of Tecuci 5228 Starčevo-Criş culture, IIIB phase, 2012, CS3, Square B2, -1.60 – 1.80 m, L2 Bone awl. Fragmentary piece – the proximal end was broken during the usage of the piece. The distal end is preserved. The surfaces are well preserved. Raw material: metapodium of sheep/goat. It is possible that this piece and NGS/I 1 were made from the same metapodium. The technical parameters are identical with the ones of NGS/I 1. Use-wear traces: intense bluntness and polish, the distal end gained a round shape due to the piece using. Awl for hide working. Length 89.57; proximal part 4.09/2.82; medial part 4.23/3.10; length of the active part approx. 45; distal diameter 2.53/2.32. Ilie et al. 2012; Ilie et al. 2013; Beldiman, Sztancs 2013; Beldiman et al. 2013.



Fig. 3 Bone awl NGS/I 3, type I A7 microscopic view Sl. 3 Koštano šilo NGS/I 3, tip I A7 snimak mikroskopom
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NGS/I 3 Bone awl I A7 (ig. 3) Joint Museum of Tecuci 5225 Starčevo-Criş culture, IIIB phase, 2012, CS3, Square A1, -1.70 – 1.80 m, L2 Bone awl. Fragmentary piece – the distal and proximal end were fractured while using. Surfaces are well preserved. Raw material: sheep/ goat metapodium. The technical parameters are identical with the ones of the piece NGS/I 2. Use-wear traces: intense bluntness and polish. Awl for hide working. Length 75.99; proximal part 4.24/3.43; medial part 3.23/2.78; length of the active part approx. 25; distal diameter 2.53/2.21. Ilie et al. 2012; Ilie et al. 2013; Beldiman, Sztancs 2013; Beldiman et al. 2013.



Fig. 4 Bone awl NGS/I 4, type I A7, bone needles NGS/I 5, type I A12 a1 and NGS/I 6, type I A12 a2, microscopic view Sl. 4 Koštano šilo NGS/I 4, tip I A7, koštane igle NGS/I 5, tip I A12 a1 i NGS/I 6, tip I A12 a2, snimak mikroskopom
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NGS/I 4 Bone awl I A7 (ig. 4-5) Joint Museum of Tecuci 5232 Starčevo-Criş culture, IIIB phase, 2012, CS3, Square A1, -1.70 – 1.80 m, L2 Bone awl. The distal segment is preserved after its distal extremity has been recently fractured. The surfaces are well preserved. Raw material: sheep/goat metapodium. Shaping by multidirectional abrasion which produced facets. The morphology of the active part indicates the re-shaping using also the abrasion as technical procedure. Length 30.23; distal part 5.13/3.93; length of the active part approx. 14.50; distal diameter 3.78/3.47. Ilie et al. 2012; Ilie et al. 2013; Beldiman, Sztancs 2013; Beldiman et al. 2013.



Fig. 5 Bone awl NGS/I 4, type I A7, bone needles NGS/I 5, type I A12 a1 and NGS/I 6, type I A12 a2, microscopic view of details of perforations Sl. 5 Koštano šilo NGS/I 4, type I A7, koštane igle NGS/I 5, tip I A12 a1 i NGS/I 6, tip I A12 a2, snimak mikroskopom detalja perforacija
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NGS/I 5 Bone needle I A12 a1 (ig. 4-5) Joint Museum of Tecuci 5223 Starčevo-Criş culture, IIIB phase, 2012, CS3, Square B1, -1.50 m, L2 Bone needle. Fragmentary piece – the mezio-proximal segment is preserved; the piece was fractured while using; approx. half of the proximal part of the perforation was fractured in Prehistory. Medium status of preservation – corroded surfaces. Raw material: compact tissue of long bone (probably cattle). Debitage: parameters not preserved. The piece was entirely shaped by abrasion and polishing. The proximal perforation has an oval elongated shape, with concave walls, probably bilaterally done by axial grooving and rotation. Use-wear traces: bluntness and polish of the perforation’s surfaces and edges; fracture at the level of mesial and proximal part during the use of the piece. It was used for sewing hides. Total length approx. 135/51.53; proximal part at the perforation’s level 6.22/3.22; medial part 5.49/4.10; outer diameter of perforation approx. 18.40/3; inner diameter of perforation approx. 11/1.5. Ilie et al. 2012; Ilie et al. 2013; Beldiman, Sztancs 2013; Beldiman et al. 2013. NGS/I 6 Bone needle I A12 a2 (ig. 4-5) Joint Museum of Tecuci 5231 Starčevo-Criş culture, IIIB phase, 2012, CS3, Square A1, -1.70 – 1.80 m, L2 Bone needle. Fragmentary piece – the mesio-proximal segment is preserved; it has been recently fractured at the level of mesial part. The surfaces are well preserved. Raw material: long bone of sheep/goat; the spongy tissue is preserved at the proximal part. The débitage was probably done by fracture and splitting. The abrasion was used for shaping. The proximal part is wider than the mesial one and of course, the perforation was made on this area. Perforation’s shape is circular and it was done from the inferior side to the superior one by rotation. Use-wear traces: perforation’s surfaces and edges were polished and blunted. Needle for hide sewing. Total length approx. 88/50.49; proximal end 5.79/3.59; proximal part at the perforation’s level 7.83/3.31; medial part 5.50/3.64; perforation’s outer diameter on the inferior side 5; perforation’s inner diameter on the inferior side 4.65. Ilie et al. 2012; Ilie et al. 2013; Beldiman, Sztancs 2013; Beldiman et al. 2013.
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NGS/I 7 Bone spatula I F2 b (ig. 6) Joint Museum of Tecuci 5230 Starčevo-Criş culture, IIIB phase, 2012, CS3, Square B1, -1.70 m, L2 Bone spatula. Fragmentary piece – approx. half of the left distal part was broken while using, it was axially fractured in Prehistory. Surfaces are well preserved. Raw material: cattle metapodium. The spongy tissue is preserved on the inferior side of the proximal part. The proximal part (the haft) is linear, with convex proximal end, with oval sections; the mesial part is lat; the distal part (bowl) is trapezoidal, with convex edges and convex end. The bowl is slightly concave on the upper surface and convex on the inferior one; concave-convex section. There are no traces of the débitage stage. The shaping: multidirectional abrasion, scrapping, inishing by polishing; the surfaces are polished and they do not preserve shaping striations. Use-wear traces: bluntness and polish of the surfaces; the active part gained a blunt and round aspect due to the use of the piece on abrasive surfaces; micro-striations of usage; the fractured surfaces preserve traces of bluntness and polish – this fact illustrates the use of the piece after its fracture. The morphology of the active part indicates the use with the right hand. Total length 95.39; proximal end 5.30/3.77; proximal part 7.90/4.58; medial part 8.55/5.42; length bowl 25.35; bowl’s width at distal end approx. 14.50/9; bowl’s thickness at medial part 3.77; bowl’s thickness at distal end 0.60. Ilie et al. 2012; Ilie et al. 2013; Beldiman, Sztancs 2013; Beldiman et al. 2013. NGS/I 8 Bone spatula I F8 (ig. 6) Joint Museum of Tecuci 5224 Starčevo-Criş culture, IIIB phase, 2012, S8, Square 6, -1.60 m, L2 Bone spatula. Fragmentary piece – the proximal part (the handle) has been recently fractured. The distal end was broken in Prehistory and reshaped. The surfaces are in good status of conservation. Raw material: cattle metapodium. The mesial part has an oval asymmetric section. The distal part (the bowl) has a trapezoidal elongated shape, with an oblique distal end; it is faceted and it has a convex shape; the upper side is lat; the section is triangular. There are no traces regarding the débitage procedures. The shaping: multidirectional abrasion, scraping, inishing by polish; the surfaces do not preserve shaping striations. The distal end was reshaped using transversal/oblique abrasion; facets. Use-wear traces: bluntness and polish of the surface; the active part (the distal end) got a round shape due to the
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use of the piece on an abrasive surface; there are micro-striations of use; the piece was probably fractured during its use; reshaped. The morphology of the active part indicates its use with the right hand. Length 63.68; proximal part 7.67/7.07; medial part 7.67/7.66; length bowl 53.73; bowl’s width at distal end 17.20; bowl’s thickness at medial part 5.93; thickness of bowl’s distal end 2.03. Ilie et al. 2012; Ilie et al. 2013; Beldiman, Sztancs 2013; Beldiman et al. 2013.



Fig. 6 Bone spoons NGS/I 7, type I F2 b and NGS/I 8, type I F8, microscopic view Sl. 6 Koštane kašike NGS/I 7, tip I F2 b i NGS/I 8, tip I F8, snimak mikroskopom



NGS/I 9 Bone spatula I F8 (ig. 6) Joint Museum of Tecuci 5222 Starčevo-Criş culture, IIIB phase, 2012, CS3, Square B1, -1.90 m, L2 Bone spatula. Fragmentary piece – the proximal part was broken in Prehistory and approx. half of the distal end (half of bowl) has been recently broken. The surfaces are in good status of preservation. Raw material: cattle
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metapodium. The section of the mesial part is oval asymmetric. The distal part (the bowl) has a trapezoidal elongated shape; the upper side is slightly concave; the section is triangular. Traces of bluntness and polish at the present proximal end (produced after the fracture of the piece). There are no traces of débitage preserved. Shaping: multidirectional abrasion, scrapping, inishing by polish; the surfaces do not preserve shaping striations. Use-wear traces: bluntness and polish of the surfaces; the present proximal end has a blunt and round shape produced after the artefact was broken. It is probable that the piece was fractured during its use. The present shape is due to the use of the piece in hand after its break. Total length approx. 113/61.68; medial part 10.36/7.82; bowl’s thickness at medial part 3.85. Ilie et al. 2012; Ilie et al. 2013; Beldiman, Sztancs 2013; Beldiman et al. 2013. References: Beldiman, C. 2007. Industria materiilor dure animale în preistoria României. Resurse naturale, comunităţi umane şi tehnologie din paleoliticul superior până în neoliticul timpuriu, Asociaţia Română de Arheologie. Studii de Preistorie – Supplementum 2. Bucureşti: Editura Pro Universitaria. Beldiman, C., Sztancs, D.-M., Ilie, C., 2012a. Artefacte din materii dure animale în colecţia Muzeului de Istorie Galaţi. Eneolitic. Catalog/Osseous materials artefacts in the collection of the History Museum of Galaţi. Aeneolithic. Catalogue. Cluj-Napoca: Editura Mega. Beldiman, C., Sztancs, D.-M., Buzea, D. L., 2012b. Animale, tehnologie şi artefacte preistorice din materii dure animale descoperite la Păuleni-Ciuc, jud. Harghita. Catalog/Prehistoric osseous materials artefacts discovered at Păuleni-Ciuc, Harghita County. Catalogue/Állatok, technológiá és állati eredetű nyersanyagból készült tárgyak Csikpálfavi (Hargita Megye) lelőhelyról. Katalógus. Sf. Gheorghe: Editura Angustia. Beldiman, C., Ilie, C., Sztancs, D.-M. 2013. Artefacte din materii dure animale descoperite în situl de la Negrileşti-„Curtea Şcolii”, jud. Galaţi. Danubius 31 (in press). Beldiman, C., Sztancs, D.-M. 2013. Negrileşti, com. Negrileşti-Curtea Şcolii. Industria materiilor dure animale descoperită în campania 2012. In M. V. Angelescu, D. Mihai et al., Cronica cercetărilor arheologice din România. Campania 2012. A XLVII-a sesiune naţională de rapoarte arheologice, Craiova, 27-30 mai 2013. Bucureşti: Ministerul Culturii. Institutul Naţional al Patrimoniului: 172-173. Ilie, C., Adamescu, A. 2013. Negrileşti, com. Negrileşti-Curtea Şcolii. In M. V. Angelescu, D. Mihai et al., Cronica cercetărilor arheologice din România. Campania 2012. A XLVII-a sesiune naţională de rapoarte arheologice, Craiova, 27-30 mai 2013. Bucureşti: Ministerul Culturii. Institutul Naţional al Patrimoniului: 170-172.
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Ilie, C., Ciobotaru, P. 2012. Descoperiri recente în situl arheologic Negrileşti, jud. Galaţi. Danubius 30 (in press). Popuşoi, E. 2005. Trestiana. Monograie arheologică. Bârlad: Editura Sfera. Sztancs, D.-M. 2011. Industria materiilor dure animale în neo-eneoliticul din Transilvania. Repertoriu, tipologie, studiu paleotehnologic, date privind paleoeconomia. Baze de date, teză de doctorat. Sibiu: Universitatea „Lucian Blaga”.



148



D.-M. Sztancs et al.



Starčevo-Criş Osseous Materials Industry from...



Dijana-Marija Stanč Hrišćanski univerzitet „Dimitriјe Кantemir“, Istorijski fakultet, Bukurešt Korneliju Beldiman Hrišćanski univerzitet „Dimitriјe Кantemir“, Istorijski fakultet, Bukurešt Kostel Ilije Istorijski muzej Galaca, Galac INDUSTRIJA OD KOŠTANIH SIROVINA STARČEVO-KRIŠ KULTURE IZ JUŽNE MOLDAVIJE, RUMUNIJA, SA LOKALITETA NEGRILEŠTI, OBLAST GALACI U ovom radu predstavljeni su rezultati analize zbirke od devet koštanih artefakata koji pripadaju Starčevo-Criş kulturi. Artefakta su otkrivena tokom iskopavanja 2012. godine na lokalitetu Negrilešti (Negrileşti)– Kurtea Školii (Curtea Şcolii – “Školsko dvorište”) u oblasti Galaci (Galaţi) (NGS). Tipološka distribucija zbirke predstavljena je prema tipološkom sistemu Beldiman 2007. Kvantitativna distribucija tipoloških grupa i tipova je sledeća: I A7 – šila, ukupno 4 komada; I A12 – igle, ukupno 2; I F2, 8 – koštane kašike, ukupno 3. Iskorišćene sirovine obuhvataju duge kosti ovce/ koze i govečeta (N = 9). U analizi je korišćen optički mikroskop, uvećanja 10 do 40 puta; digitalni mikroskop, sa uvećanjem od 25 do 400 puta; takođe su urađene mikroskopske fotograije sa različitim uvećanjima. Uzeti su svi parametri (metrički, itd.) sa ovih predmeta kako bi se formirala baza podataka o koštanoj industriji sa lokaliteta Negrilešti. Ovakav pristup je olakšao da se uoče određeni karakteristični elementi tehnološkog okruženja u kojima su artefakta korišćena (i verovatno i proizvođena). U tom smislu, primerci NGS/I 1-9 koji potiču iz kuće no. 2 (L2) veoma su značajni (Starčevo-Kriš kultura). Među tehničkim procedurama koje su otkrivene tokom analize ranoneolitskih artefakata, možemo pomenuti kao prvu débitage (deljenje na komade), korišćenjem direktne perkusije verovatno uz pomoć kamene alatke ili kremenog sečiva, verovatno su takođe korišćeni i žlebljenje duž ose i abrazija. Od tehnika za oblikovanje, konstatovani su: višesmerna abrazija (duž ose, iskošena, transverzalna), perforisanje, želbljenje i rotacija. Pošto su sirovine nabavljane lokalno, svi su komadi proizvođeni na lokalitetu, i verovatno su alatke korišćene za različite aktivnosti u okviru domaćinstva: obrada kože, izrada odeće, upotreba vlakana biljnog i životinjskog porekla za tkanje, priprema brašna i konzumiranje hrane uz pomoć koštanih kašika, itd.
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Lokalitet Negrilešti, pored lokaliteta Trestiana – Stroe Beloesku (oblast Vaslui) are značajni su za analizu artefakata od koštanih sirovina u Moldaviji. Slični primerci otkriveni su i na lokalitetu, oblast Galaci. Tipološka analiza artefakata od koštanih sirovina sa lokaliteta Negrilešti – Kurtea Školi omogućila nam je da uočimo neke od osnovnih odlika u vezi sa tipologijom koštane industrije u Starčevo-Kriš kulturi u južnoj Moldaviji, da identiikujemo neke od aktivnosti koje su se odvijale u okvirima naselja, a za koje su korišćeni koštani predmeti, kao što su obrada kože, biljnih i životinjskoh vlakana i korišćene koštanih kašika, inače speciičnih upravo za Starčevo-Kriš kulturu. Ovo je takođe i prva analiza svih predmeta koji su otkriveni u okvirima kuće (kolibe) koja je u celosti istražena. Ova je studija donela nove podatke o tipološkim, paleo-tehnološkim i hronokulturnim makerima značajnim za dalje, kompleksno proučavanje ranog neolita u južnoj Moldaviji.
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Abstract: Antlers were very important raw material in early prehistoric times, before metals came into wide use, but kept an important role in later prehistoric and historical times as well. Their mechanical and physical properties made them convenient for a variety of purposes – for different tools, auxiliary items, such as handles and hafts, but also for different decorative items, from personal ornaments to horse equipment. In this paper, the use of antlers in the Starčevo culture will be analysed (Early/ Middle Neolithic). Although it may be assumed that this was a relatively easily obtainable raw material in central Balkans, the ratio of antlers on different Starčevo culture sites varies considerably, suggesting possible differences in exploitation of raw materials and possible regional specialization. Techniques used for manufacture and inal forms of artefacts suggest skilful craftspersons and good knowledge on raw material properties. Key words: osseous raw material, antler, manufacturing techniques, craft production, Starčevo culture Apstrakt: Rogovi su bili veoma važan sirovina od ranog praistorijskog perioda, pre nego što su metali ušli u široku upotrebu, ali su zadržali važnu ulogu i u poznoj praistoriji i tokom istorijskih perioda. Njihova mehanička i izička svojstva čine ih pogodnim za raznovrsno korišćenje – za različite alatke, pomoćne predmete, kao što su drške i usadnici, ali i za različite dekorativne artefakte, od ličnih ukrasa to konjse opreme. U ovom radu će biti analizirana upotreba rogova u starčevačkoj kulturi (rani/srednji neolit). Iako bi se moglo pretpostaviti da je ovo bila relativno lako dostupna sirovina na centralnom Balkanu, zastupljenost rogova na različitim starčevačkim lokalitetima znatno varira, što ukazuje na moguće razlie u eksploataciji pojedinih sirovina i moguću regionalnu specijalizaciju. Tehnike korišćene za obradu i konačne forme artefakata pokazuju da su ih izrađivale vešte zanatlije sa dobrim poznavanjem svojstava sirovina. Ključne reči: koštane sirovine, rogovi, tehnike izrade, zanatska proizvodnja, starčevačka kultura
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Introduction Osseous raw materials were important for crafting diverse everyday, decorative and ritual artefacts since early prehistory, and they kept having an important role through historical times up to the modern age (cf. Stordeur ed. 1980, Gates St-Pierre & Walker eds. 2007, Legrand-Pineau et al. eds. 2007, Choyke 2010). At most prehistoric sites, these are the only artefacts preserved from organic materials. Osseous raw materials encompass diverse hard animal materials – bones, antlers, teeth, mollusc shells, even egg shells (cf. Averbouh 2000: 187, Poplin 2004: 11). There are some variations amongst different raw materials regarding their mechanical and physical properties, and their availability also changes from one region to another. The very choice of raw material, however, also depends on cultural preferences (cf. Lemonnier 1992). Analyses of modes of exploitation of speciic raw materials can give important data on craft production and economic organization of a given community. It is especially the osseous raw materials that can be instructive regarding technological choices, since the faunal assemblage may yield data on availability. Antlers – physical and mechanical properties Antlers are speciic skeletal outgrowths, found among deer (Cervidae). They are present in every deer species, except two, the musk deer and the Chinese water deer, and are exclusively male characteristic, except in reindeer (Rangifer tarandus), where females also have antlers (Cornwall 1968: 67-69, Davis 1987: 59, Reitz & Wing 2008: 62-63). Deer antlers grow each year of a deer’s life, except the irst, from pedicles, which are bony outgrowths from the frontal bones of the skull. The pedicles begin to grow in a young fawn, and, in case of red deer stags, the irst antlers appear in early summer of the second year. As antlers grow, they are covered by a layer of vascularized skin, called velvet, which transports necessary minerals and proteins. When they reach full size and the animal’s hormone levels increase in response to the breeding season, blood supply to the antlers is cut off, velvet dries and is rubbed off. Antlers are shed once the mating season is over (Cornwall 1968: 67-69, Clutton-Brock 1984: 16-17, Reitz & Wing 2008: 63). Anatomy of antlers is roughly the same for all species. Immediately next to the pedicle is the „burr”, below which the antler separates from its pedicle when it is shed. The main stem of the antler is called „beam”, from
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which branches spring, called „tines” or „points” (Cornwall 1968: 67-69). Antlers generally become more complex with age and the number of tines increases. The simplest antlers are those of roe deer, which have relatively straight slender beams and rise almost vertically from the head. They do not have a brow tine, but a fork, regularly at about two-thirds of the way along their length. The crown tines may subdivide further, so the average for roe deer antlers is six points per head. Outer surface is guttered and rough (Cornwall 1968: 67-69, MacGregor 1985: 14). Red deer have somewhat more complex antlers, sub-cylindrical in section; they have brow tines and an elaborated crown (ig. 1).1 The surface can be quite heavily guttered or it may be fairly smooth, especially on the tines. Normal maximum in the British Isles is twelve or fourteen points per pair from prime animals in the wild and the length of the antlers of about 90 cm. Specimens from central and eastern Europe are more heavily built and commonly produce twenty or more points on antler over 120 cm in length (MacGregor 1985: 14). Therefore, an average antler could produce the minimum of 6-8 tools (beam and base included), but also 10 or more different tools, depending on the object type and dimensions.



Fig. 1 Red deer skeleton and antler anatomy Sl. 1 Anatomija skeleta i rogova jelena



Antlers have outer compact tissue (cortex) and spongy tissue in the interior; proportions of these two depend on the portion of antler (cortex is thicker on tines, and more spongy tissue is found on the beam), but also on the species, age of the individual, etc. (MacGregor 1985, Christensen 2004). Proportions of cancellous to cortical tissue also vary during the growing 1



English language has names for different tines: brow, bez and trez tine; in Serbian, only the brow tine has a different term („čeoni parožak”) – cf. Cornwall 1968: 69, Bačkalov 1979.
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cycle; furthermore, the quality, strength and length of antlers depends on a deer’s health condition (antlers may not develop properly due to malnutrition or illness) (MacGregor 1985). All osseous raw materials (bone, antler, ivory, etc.) share the trait of being composite, comprised of brittle material (calcium hydroxiapatite crystal) and tough ibrous protein (collagen). Separately, these are inferior support materials, but as organic composite they have traits which transcend their respective behaviours. Antlers have a similar microstructure and chemical composition as bones; they are composed of collagen and mineral carbonated apatite, arranged in osteons in compact (cortical bone) sections and a lamellar structure in the cancellous (spongy or trabecular bone) sections. Mechanical properties of antlers differ in longitudinal, radial and tangential axis; they are more resistant longitudinally, along the ibres, but more fragile perpendicularly. The outer antler cortex is functionally comparable in many ways to the outer compact zone of a long bone: both are functional tubes using the least amount material to gain maximum strength. Mineral content is lower in antler than in bone, so bone is more rigid and antler is much more lexible (Guthrie 1983: 278; Christensen 2004: 18-19, see also Chen et al. 2009, Currey et al. 2009). Antler is more resilient and will absorb much energy under impact before breaking, and it is this feature that makes antlers such an ideal material to be used as a hammer or a digging implement, however, it is not as dense and it is, therefore, less able to hold a sharp edge. A dominant stag uses his antlers to defend his harem of hinds by ighting off rivals; he prepares scrapes and wallows in the ground with his antlers, strikes at trees with them and thrashes about in the undergrowth in order to mark his territory. Antlers are also used as weapons, wrenched and twisted while locked into opponent’s antlers, so they must be able to withstand some degree of plastic deformation without fracturing. The work of fracture (a comparison of bending ability) for antlers is four times that of a bone (Guthrie 1983: 278; Clutton-Brock 1984: 16-17). Both shed antlers (bois de chute) and those from killed animals (bois du massacre) can be used as raw material, although the use of shed antlers is simpler – it is easy to collect them in late winter, as stags tend to drop them at same locations; this is also a renewable resource and they are of better quality as raw material than unshed antlers, because the process of mineralization is inished and all the soft tissue is already removed (Choyke 2010; Schibler 2013: 346). Both bone and antler are more easily worked upon when wet. A soaked antler is easy to model with a scraper or burin and any bending „set” given to it when wet will be retained when dry (Guthrie 1983: 278).
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Antlers as raw material in the prehistoric Europe Antlers were used as raw material in Europe since the Upper Palaeolithic, from the Aurignacien (Téjero et al. 2012, Pétillon & Ducasse 2012, Baumann & Maury 2013, with references). Especially in the southwestern Europe (France, Spain, Portugal), a long technological sequence of antler working is available for study (Pétillon & Ducasse 2012). Rich and diverse antler artefacts, made mainly from reindeer (Rangifer tarandus) antlers were discovered on numerous sites – projectile points, harpoons, even objects of art. Some Palaeolithic cultures are characterized by a speciic antler technology – for example, Badegoulien (cf. Averbouh & Pétillon 2011, Pétillon & Ducasse 2012). Red deer was the most important hunted animal during all prehistoric periods throughout Europe (cf. Schibler 2013: 343). During the Holocene period, in central Europe, apart from red deer (Cervus elaphus), there also lived roe deer (Capreolus capreolus), and in some regions – elk. Elk and roe deer antlers were used rarely, while red deer antlers were a very important raw material (Choyke 2010, Schibler 2013: 343). The exploitation of antlers varies from different periods and regions across Europe, and may depend on a variety of reasons – availability, methods of raw material procurement and managing, economical needs, cultural preferences. Antlers were relatively scarce at, for example, the Körös culture sites in Hungary, presumably because swampy marshlands and alluvial forest steppe were not the most ideal habitation area for either red or roe deer, but this also may be considered as a speciic trait of this culture (Tóth 2012: 171, 176-7). Antler artefacts were also rare in the Early Neolithic Thessaly (Perlès 2004: 237). Rich and diverse antler industry is a characteristic of most Mesolithic communities (e. g. Clason 1985, van Gijn 2005). In the Iron Gates, red deer antlers were widely exploited for diverse implements – chisels, wedges, axes, hammers, retouching tools, handles, hafts, and some of them were even decorated (Срејовић & Летица 1978, Bačkalov 1979, Beldiman 2005, 2007, Vitezović 2011b). Also, antlers were very much exploited among the Neolithic communities from Swiss waterlogged sites (cf. Schibler 2013). Swiss Neolithic craftspersons mostly used antler from adult animals, minimum 3-4 years of age, which bear at least 5-6 tines (Schibler 2013: 343). The most typical antler artefacts were sockets or sleeves, used to it stone axes into a wooden handle. Because of the elasticity of fresh antler material, sockets absorb
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some of the energy of the blows, thus protecting both the wooden handle and the stone tool. Rich inds of sockets enabled a detailed typo-chronological „evolution” to be made. The earliest, simplest forms were made from antler tines, and the later ones were made with parts of antler beams, which allowed much larger stone axes to be itted, and inally the sockets/ sleeves were constructed with a sort of a seating area to prevent penetration into the handle during working. Other artefact categories from the Swiss Neolithic include tools (axes, lint-retouching tools), weapons (blunt arrow tips) and pendants or other decorative objects, and various fragments of antler with manufacture traces (waste, prepared raw material, etc.) (Schibler 1981; 2013: 351-352). Excellent preservation at most of these sites allowed a clear correlation between the ratio of antler tools and the importance of red deer as meat supply to be established – in some periods antler tools were abundant and hunting was not important source of food, and vice versa, in those periods when red deer was hunted in large scale, probably even overexploited, the importance of antler tools decreases dramatically (Schibler 2001b). Antler as raw material in the Starčevo culture In the Starčevo culture, antler tools were discovered at almost all sites2: Starčevo, Ludaš-Budžak, Donja Branjevina, Golokut and Baštine in Vojvodina region, at Anište-Bresnica, Drenovac, Grivac, Divostin, Zmajevac in Pomoravlje region, Knjepište, Ušće Kameničkog Potoka and Velesnica at the Iron Gates. Those sites that completely lack antler tools either have a selected assemblage of bone artefacts (faunal material was not carefully collected during excavations), or they were excavated on a very restricted, small area (cf. Vitezović 2011a). Therefore, it may be assumed that antlers were in wide use in the Starčevo culture, although bones were more exploited. The ratio of antlers varies from site to site. They are most numerous and were exploited abundantly in the Iron Gates region. This is the region where red deer could be found in abundance, but also a certain Mesolithic tradition in using red deer antlers may have been preserved. However, we encountered relatively numerous, well-made artefacts on sites within different ecological setting – for example, sites in Pannonian plain, such as Donja Branjevina and Starčevo. Although it may be assumed that most of the antlers were collected in the vicinity of a settlement, a certain degree of 2



I. e., sites from which the bone industries were available for study. For detailed study of Starčevo osseous assemblages cf. Vitezović 2011a.
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small-distance exchange may also be suggested. For example, Divostin, site in Šumadija region, has a rich antler industry (not just in terms of number of artefacts, but they also display high quality of manufacture), while the site of Grivac, which is at the distance of approximately 20 km, has poor antler industry, with artefacts that have traces of repair, thus suggesting this was a scarce raw material. Both red and roe deer antlers were used; red deer antlers were most common, while antlers from roe deer were used only occasionally (Vitezović 2011a). This may be the result of lesser availability (roe deer is generally rare and found in small percentages in the faunal record – for example, 2,2% at Starčevo – Clason 1982), but it may also be a conscious choice, since roe deer antlers are much smaller in size, their tines are smaller, and are generally more brittle, thus not appropriate for strong, massive tools (cf. Billamboz 1977: 99). Preserved shed bases and occasional taphonomic traces (e.g., traces of rodent gnawing, preceding the manufacture and/or use wear traces) suggest shed antlers were used predominantly. However, it is possible that some were obtained from hunted stags. Antlers were probably collected in a systematic way and perhaps even stored for later use, although such a cache has not been identiied yet. All segments were used – base, beam and tines. From roe deer, tines were mainly used, beam was probably not adequate (in size and strength) for desired purposes. Manufacturing techniques Antler is a very malleable raw material; in good conditions of preservation, it is possible to reconstruct the use of different techniques of manufacture and use wear traces. Even when antlers have surfaces eroded due to unfavourable taphonomic conditions, some of the manufacture traces are visible in negative (grooves, incisions, etc.) and main stages may be reconstructed. As mentioned above, dry antler is very resistant, and it is much more easily modiied when wet; numerous ethnoarchaeological and experimental works demonstrated that, most likely, the irst stage was the soaking of the antler, for a minimum of 24 hours, but more probably for few days, into water or slightly acidic solution (Semenov 1976, Guthrie 1983, MacGregor 1985, Choyke 2010). Débitage. Antlers had to be divided irst into smaller segments (blanks). Usually, tines were separated irst from the beam and the beam may have been cut into several pieces. This was done by using techniques similar to ones used on bones – by breaking and chopping, direct and indirect percussion, cutting, etc. Antlers are much more resilient than bones,
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so breaking, chopping or adzing may be successful only when applied on smaller antler beams or tines. Most of the antlers had to be divided by a combination of diverse techniques. The most common is the so-called cutand-break technique, when the outer cortex is thinned and then the spongy tissue cut, chopped off or snapped by lexion (ig. 2).



Fig. 2 Different techniques for transversal dividing of antler: a) use of a wet abrasive ibre and b) thinning of cortex by whittling and cutting off small portions of material (examples from Knjepište) Sl. 2 Različite tehnike transverzalnog deljenja rogova: a) upotreba abrazivnog vlakna i b) stanjivanje korteksa ljuštenjem i sečenjem malih komada materijala (primeri sa Knjepišta)



The main technique used was to make a groove with a lint tool or, more commonly, by using an abrasive ibre, and such a groove has a cross section in the shape of the letter V or U (>) with smoothed edges (ig. 2a). Same technique, sawing with a wet abrasive twine, followed by fracturing, was in use in the Iron Gates Mesolithic (Beldiman 2005: 38), but it may be considered as a characteristic of the Starčevo culture as well. After that, the spongy tissue may be cut with a lint, and, inally, those two portions were divided in two by cutting with an axe, by lexion or by simple breaking. Sometimes just fragments of outer cortex were used for artefact manufacturing (e. g. igs. 7, 13). They may have been obtained by simple breaking and chopping (including accidentally broken pieces), but a more
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subtle technique was also in use. Elongated pieces could have been obtained by longitudinal grooving and with a chisel or wedge (Voruz 1984: 48; Goutas 2004; 60-64; Rigaud 2004: 80). Rarely, entire beam and antler segments were split into two longitudinal halves. Traces of manufacture are not well preserved, but it may be assumed that this was done by indirect percussion with some sharp tools, such as burins or chisels. Façonnage. Tines and basal segments needed minimal shaping to be transformed into a practical tool. However, sometimes, especially on tine segments, we may observe that the natural tine tip was fashioned into a small oval or circular working end by using the same grooving and cutting technique that was used in débitage phases. Also, the tine tip may be worked by whittling or by removing one or several lakes (to repair the damaged tip or to sharpen it) (cf. igs. 8, 9). Cutting edges in tools such as chisels were obtained by oblique cutting – irst one larger or several smaller pieces were cut off and then the edge was shaped by grinding and scraping (cf. Billamboz 1977: 102; Beldiman 2005: 38-9). Sometimes, the working edge and the entire outer surface of the antler were worked by scraping or polishing, to remove the natural roughness of the antler or perhaps repair some pre-existing damage on the antler (Billamboz 1977: 103-4; Beldiman 2005: 38-9). Also, the gripping point (basal part held in hand or inserted into a haft) may be thinned by whittling and cutting. Artefacts made from antler splinters or cortex segments also had all or most of their edges shaped by scraping and burnishing with lint tools and abrasive stones. Final shaping. Perforations on antlers were made by cutting out, chopping or punching the compact tissue, then digging out the spongy tissue (from both sides), and the inal circular shape of the hole is obtained by drilling with a lithic tool. Perforations obtained this way are more or less circular and traces of a lint tool are sometimes visible on the edges (cf. Beldiman 2005: 40, igs. 8, 9) (ig. 11). Outer diameter is often slightly wider than the inner. The use makes the interior smooth and regular; one irregularly made perforation with clear traces of the tool which made it (probably unused) was found at one artefact from Ušće Kameničkog Potoka. Unlike Mesolithic objects discovered in the Iron Gates region, antler artefacts in the Starčevo culture did not have any decoration (incisions, etc.).
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Typological repertoire The entire industry of osseous materials was typologically classiied after the shape and purpose of the active working end into several groups, which were further divided into types, subtypes and variants after the overall shape, raw material and method of manufacture, following the principles outlined by the French archaeological school (cf. Camps-Fabrer 1966: 39-50, 1979: 17-22). Similar typological systems have already been established for south-eastern European bone industries (cf. Bačkalov 1979, Beldiman 2007, with references, Beldiman & Sztancs 2011). This classiication has been worked into details after the assemblages of Neolithic bone industries from over 20 sites (Vitezović 2007, 2011) and encompasses following groups: I pointed artefacts, II cutting tools, III burnishing tools, IV punching tools, V objects of special use, VI decorative items, VII nonutilitarian items, and VIII incomplete objects. Antlers were mainly used for cutting (II) and punching (IV) tools, although some types of other groups were also produced from antlers. I Pointed artefacts. One subtype of awls was made from antlers (I 1 C) – smaller roe deer tines were occasionally used as awls, several examples are known from Donja Branjevina and one from Divostin. They are ad hoc, with base just snapped or broken off, with a minimally worked tip and not very intensive use wear traces. Antlers are much more convenient for massive pointed tools, and both red and roe deer antler points are known from Velesnica, Donja Branjevina, Ludaš-Budžak, Starčevo and Golokut (ig. 3). Specimens from Donja Branjevina were made from roe deer antlers; their base was just snapped off, but the tips were sharpened by cutting off thin stripes of material with a lint tool. At Starčevo, numerous points made from red deer antlers were discovered. Two of them were especially carefully made, one from a smaller tine and one from a longitudinally split tine, with tips sharpened by cutting and burnishing and the entire outer surface smoothed. II Cutting tools. Chisels made from segments of beam or tines; the distal end is usually obliquely cut to obtain a cutting edge, wider if made from a beam and sometimes small if made from tine tips. The chisel discovered at Velesnica, made from smaller beam, has preserved traces of cutting with a lint tool. Spongy tissue on the cut surface is worn out from use and the working edge itself is heavily worn and damaged (ig. 4b). Chisels from Divostin were made in a similar way, from beams with ends obliquely cut, smoothed and heavily worn from use. This subtype of chisels was widespread in the Mesolithic, in the Iron Gates region – at Vlasac (Срејовић & Летица 1978: т. LXXXVI), Kula (Vitezović 2011b), Ostrovul Mare, Ostrovul
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Fig. 3 Points made from tines from Starčevo and Golokut Sl. 3 Probojci izrađeni od parožaka sa Starčeva i Golokuta



Corbului, Ogradena-Icoana (Beldiman 2005; Beldiman 2007: pl. 92 ff.), but also in northern Europe (e. g. van Gijn 2005). Similar to chisels were wedges, with small cutting edge intended more for splitting than for cutting and therefore these artefacts often have less regular axis and different shapes of their working edge. Several wedges were discovered at sites in Vojvodina, Starčevo, Baštine and Ludaš-Budžak. The specimen from Baštine is the most elaborate one, with well-preserved traces of manufacture and use (ig. 4a). Examples from Starčevo have relatively crude working edges, obtained by removing lakes from the natural tip of the tine. The wedge from Ludoš-Budžak was made from a longitudinally split antler, and the working edge is formed by cutting. Axes represent massive cutting tools, although they are sometimes interpreted as hoes or mattocks, and it seems that they were used mainly for wood-working, as suggested by traces of use – high polish, dense striations, worn out cutting edges, torn ibres at the edges, etc. (cf. van Gijn 2005, 2007). Axes were discovered at Divostin, made from large antler beam segments. The largest one is approx. 27 cm long (it is fragmented), the working edge was obtained by oblique cutting, and the basal part had a broken perforation, oval in shape and about 3 cm in diameter, made by cutting, smoothed from use (ig. 5).
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Fig. 4 a) Wedge made from tine Baštine and b) chisel made from beam segment from Velesnica Sl. 4 a) Klin izrađen od paroška sa Baština i b) dleto izrađeno od segmenta stabla sa Velesnice



Fig. 5 Axe from Divostin, made from large beam segment, with detail of manufacturing Sl. 5 Sekira sa Divostina, od većeg segmenta stabla, sa detaljima izrade



At Knjepište, one crude axe was discovered; although fragmented, it is obvious that this is an ad hoc tool, with an irregular working edge, although with intensive use wear traces. Antler axes are also a tool type widespread in the Mesolithic period (e. g. Clason 1985), although they were common in the Neolithic as well (e. g. Maigrot 2000). III. Burnishing tools. Segments of antler cortex, obtained intentionally by cutting and by groove-and-splinter technique, or simply debris pieces used (accidentally broken pieces etc.) were transformed into burnishing tools. Edges may be left coarse (perhaps inserted into some sort of handle) or burnished by abrasive stone. Although one end is used as a working edge (usually slightly rounded in shape), the entire lower surface is used as an
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Fig. 6 Spatula from longitudinally split antler, Starčevo Sl. 6 Spatula od podužno raskoljenog roga, Starčevo



Fig. 7 Spatula from antler cortex, Ušće Kameničkog Potoka Sl. 7 Spatula od korteksa roga, Ušće Kameničkog Potoka
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Fig. 8 Punch from small tine, with details of working tip, Starčevo Sl. 8 Udarač od manjeg paroška, sa detaljima radnog vrha, Starčevo



active surface for burnishing – coarse spongy tissue was probably adequate for these purposes (similarly, split ribs were used as burnishers, spatulae and scrapers). Spongy tissue may be completely abraded from use. Most of these spatulae originate from the Iron Gates sites (ig. 7) – they may be irregular in shape, lat, minimally curated, or from regularly cut beam segments, with concave cross-section. Similar tools were discovered at the Iron Gates in the Mesolithic, at Vlasac (Bačkalov 1979: t. LXXXIV). One unusual burnishing tool was discovered at Starčevo, made from a longitudinally split tine, where the cut surface was used as an active working surface (ig. 6). The use wear traces are very intensive, dense, deep lines that overlap – perhaps this tool was used on more abrasive, inorganic materials, such as clay. IV. Punching tools. Physical and mechanical properties of antlers make them more resistant to shock, so they are the best raw material choice for punching and percussion tools. Tines were used as smaller punches, diverse antler segments as retouching tools, while the bases of shed antlers were most convenient for hammers. Punches were made in a simple way and they were present on most sites (igs. 8, 9). The tines were used with minimally modiied natural shape – they were just cut and the natural tip slightly modiied by removing lakes
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Fig. 9 Punch from tine, with details of working tip, Donja Branjevina Sl. 9 Udarač od paroška, sa detaljima radnog vrha, Donja Branjevina



or by cutting (a groove was made around the tip and then a small segment was removed by sawing with a lint or cut off with an axe) into a small circular or oval working surface (ig. 9). Outer surface is sometimes smoothed by scraping. They could have been used for crushing raw materials (e.g., food, pigments, etc.) in mortars, as smaller punching tools, etc. Usually, the use wear traces are intensive (striations, lines, incisions, polish). A speciic punching tool type are tools used for working lint, as retouchers / pressing tools, that have characteristic use wear marks – they may have one or several zones with small punctiform pits and/or parallel linear marks on the distal end on their surface, that were used to strike stones in order to transform them into retouched tools. Also, use wear traces may include deep grooves and incisions, generally perpendicular or slightly diagonal to the main axis of the object, but large damages may also occur on bone surface; they are dense and overlapping, thus creating smaller, limited surfaces of damage on the bones (cf. Leonardi 1979; Chase 1991, Patou-Mathis & Schwab 2002; Karavanić & Šokec 2003; Valensi 2002, Mallye et al. 2012). Retouching tools were discovered at seven sites: Starčevo-Grad, at Donja Branjevina and Ludaš-Budžak, situated in Vojvodina, in the Pannonian plain, and at Anište-Bresnica, Grivac, Divostin and Drenovac, situated in
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Fig. 10 Retouching tool from Donja Branjevina; details of the basal, perforated part and of working end Sl. 10 Retušer sa Donje Branjevine; detalji baznog dela sa perforacijama i radnog vrha



the region of Pomoravlje. Except for one roe deer antler tool from Starčevo, all other artefacts were made from red deer antler segments. Tine tips were preferred, although other parts may be found as well. In most cases, they were made the same way as smaller punching tools. The natural tip of the tine is shaped into a smaller circular or elliptical surface, usually less than 1 cm in diameter, made either by grooving (using the same technique as for the detaching of tines from the antler) or, simply, lakes were cut off or even snapped off from one or two sides (Vitezović 2013). The most beautiful piece is the example from Donja Branjevina (ig. 10), with a carefully cut basal part and with perforations, probably used for attaching the tool to the belt. On this particular tool, traces of repair may also be observed – after the breakage of one perforation, another one was started (but not inished – perhaps the remaining perforation was suficient or the distal end broke off and the tool became unusable). This tool, and the example from Starčevo, were probably portable – they could have been worn attached to the belt, to be at hand and ready for use (Vitezović 2013). Hammers were made from basal segments, most often, the surface of a shed antler was used as active working surface. They may have perforation and sometimes the beam end can be shaped into a cutting edge (com-
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Fig. 11 Hammer from base and beam segment, with details of the perforation, from Divostin Sl. 11 Čekić od baze i segmenta stabla, sa detaljima perforacije, sa Divostina



bined tool hammer-axe). Several hammers were discovered at Starčevo and Divostin (ig. 11). Most of them have carefully curated base; the pearly part was removed by cutting and most of the outer surface was smoothed with an abrasive tool. They have regular, circular perforations, polished from use. Similar percussion tools, with natural antler base used as an active surface, are known throughout prehistoric Europe (cf. Averbouh & Bodu 2002). Traces of use on hammers consist of polish, striations and strong compression on the active surface (battering); they were most likely used as soft hammers on materials such as wood, bone or antler, in direct and indirect percussion (cf. also Beldiman 2005). V. Objects of special use. Objects of special use include diverse utilitarian artefacts which are not tools sensu stricto, such as handles, hafts, containers and other auxiliary items. Antlers were used for handles and two subtypes are known from Starčevo sites. First are simple cylindrical handles, made from beam segments, hollowed out and carefully cut at both sides (ig. 12a). Several of them were found on the Iron Gates sites and were suited for smaller tools, such as antler or stone chisels or small axes/adzes, or perhaps burnishing tools. Composite handles, made from T segments of antlers, with one end suited for inserting tool and other for a wooden handle are ocasionally found.
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Fig. 12 Cylindrical handle from Ušće Kameničkog Potoka (above) and sickle from antler tine from Nosa Poroš (below) Sl. 12 Cilindrična drška sa Ušća Kameničkog Potoka (gore) i srp od paroška roga sa Nose Poroš (dole)



The intermediary sleeves, otherwise so popular in Neolithic Switzerland (cf. Billamboz 1977, Ramseyer 1993, Schibler 2013, Maigrot 2005) are absent from the Starčevo culture sites, and this is probably related to the technology of stone tools and methods of hafting. There is another subtype of handle/haft made from antlers, known in south-eastern Europe – sickles made from tines. Few are known from Bulgaria (cf. Николов 2006) and only one was discovered in Starčevo culture so far, at Nosa-Poroš (in Vojvodina region, very close to Ludaš-Budžak). It is fragmented, but has two oval holes made by carving out the cortex and spongy tissue. They are rather wide, so it is not very clear how the lint blades were ixed to be secure (ig. 12b). The examples from Romania are different, they have a continuous longitudinal groove that enables combining of lint tools of different dimensions (Beldiman & Sztancs 2011: ig. 7). VI Decorative items. Antlers can be used for decorative purposes as well. At Starčevo, one fragmented pendant was discovered – elongated, rectangular plate from antler cortex segment, with a broken perforation (ig. 13). One fragmented artefact from Drenovac, made from pearly segment of the base of a shed antler, represents most likely a broken bracelet (Vitezović 2012: ig. 3). Its inal form may have looked like better preserved examples discovered in Romania (Beldiman 2000).
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VIII Incomplete artefacts. Manufacture waste was not noted on all sites, however, its absence may be due to sample bias. The presence of activity areas or workshops for antler manufacturing may be assumed to have existed at Divostin, Drenovac, Starčevo and Ušće Kameničkog Potoka (Vitezović 2011a: 364). Discussion and conclusion In the Starčevo culture, antler was an important raw material, used on most sites and for different purposes. Mainly red deer antler were in use, while roe deer antlers occur only occasionally, due to both their inadequate mechanical and physical properties and their relative scarcity. Red deer antlers were used in a planned, systematic way, collected mainly in the vicinity of settlements. The collecting of antlers was a Fig. 13 Fragmented pendant planned activity, and although no cache of raw from antler cortex segment, materials was discovered, the presence of unStarčevo worked shed antlers is mentioned at Starčevo Sl. 13 Fragmentovani (Clason 1982), Divostin (Bökönyi 1988), and privezak od segmenta Drenovac (personal view into the faunal matekorteksa roga, Starčevo rial). If we arrange antler tools on the imaginary axis of manufacturing continuum (sensu Choyke 1997, 2001a, 2001b, Choyke & Schibler 2007), we may observe that, although sometimes simple, most of the antler tools were very carefully made. The choice of manufacturing techniques is strict and uniied, and the number of stages demonstrates the time and effort input. Also, the use of antlers for decorative items, although rare, testiies that this was a valued raw material. The differences of antler ratio at some of the sites suggest that the collecting, probably also the working of antlers was an activity that had different importance on diverse Starčevo settlements. Therefore, the existence of some sort of regional exchange may be assumed (of either raw materials or inished items). At Grivac, for example, antler artefacts are not only scarce, but show several episodes of remodelling and reshaping – as if there was a need for saving on the raw material (Vitezović 2011a: 363).
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Overall, the antler exploitation in the Starčevo culture demonstrates some connections with the previous, Mesolithic traditions, but it also introduces some new techniques and forms (e. g., increased use of wet abrasive ibre and application of this technique not only for débitage phases, but also for shaping working ends; unusual shapes of burnishing tools, presence of decorative items). The used manufacturing techniques, as well as the function of inished items (predominantly heavy cutting and punching tools) suggest that antler properties were well known, and that artefacts were made by skilful craftspersons. Acknowledgments This paper is the result of the projects inanced by the Ministry of Education and Science of the Republic of Serbia, Bioarchaeology of ancient Europe: humans, animals and plants in the prehistory of Serbia, no. III 47001, and Archaeology of Serbia: cultural identity, integrational factors, technological processes and the role of the central Balkans in the development of the European prehistory, no. OI 177020.
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Selena Vitezović Arheološki institut ROGOVI KAO SIROVINA U STARČEVAČKOJ KULTURI Koštane sirovine bile su veoma važne za izradu najrazličitijih artefakata, alatki, ukrasnih i ritualnih predmeta, od rane praistorije, pa sve do današnjih dana. Koštane sirovine obuhvataju različite tvrde sirovine životinjskog porekla – kosti, rogove, zube, ljušture školjki, i među njima postoje određene varijacije u dostupnosti i izičkim i mehaničkim svojstvima. Rogovi predstavljaju speciični deo skeleta koji se nalazi kod porodice Cervidae (rogovi koje imaju Bovidae su nešto drukčijeg sastava i ovde nisu razmatrani). Pristuni su kod gotovo svih vrsta, osim dve, i imaju ih isključivo mužjaci, osim kod irvasa, gde ih imaju i ženke. Rogovi rastu iznova i odbacuju se svake godine, počev od druge godine života, i životinje ih koriste za borbu sa suparnicima tokom sezone parenja. Kompozitni sastav, odnosno kombinacija neorganske i organske komponente, jeste ono što rogove čini otpornim na lomljenje, ali istovremeno i leksibilnim, što ih čini pogodnom sirovinom za različite vrste alata. Tokom praistorije na tlu Evrope korišćeni su i odbačeni i rogovi od ubijenih životinja, uglavnom od jelena, i u manjoj meri srndaća, a tokom pojedinih epoha i u pojedinim regionima i rogovi irvasa. Zastupljenost rogova u određenim kulturama i periodima takođe varira, pa se tako primećuje, na primer, obilato korišćenje rogova u neolitu Švajcarske, gde su od rogova pravljeni usadnici, drške, retušeri, sekire, vrhovi projektila. S druge strane, na primer, u kereškoj kulturi slabo su zastupljeni, moguće zato što prirodno okruženje nije pogodovalo populacijama jelena i srndaća, ali moguće i zbog kulturnih razlika. U starčevačkoj kulturi, alatke od rogova otkrivene su na brojnim lokalitetima: Starčevu, Ludaš-Budžaku, Donjoj Branjevini, Golokutu i Baštinama u Vojvodini, Aništu-Bresnici, Drenovcu, Grivcu, Divostinu, Zmajevcu u Pomoravlju, kao i na lokalitetima u Đerdapu – Knjepištu, Ušću Kameničkog Potoka i Velesnici. Industrija roga dosta je bogata u Đerdapu, međutim, alatke od roga su relativno dobro zastupljene i na lokalitetima u drukčijem prirodnom okruženju, kao što su Donja Branjevina ili Starčevo u Panoniji. Posebno je interesantan slučaj Divostina i Grivca, koji su smešteni na maloj udaljenosti jedan od drugog, ali prvi ima veoma bogatu, a drugi izuzetno siromašnu industriju roga.
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Pretežu rogovi jelena, dok su rogovi srndaća retki; takođe se čini da su uglavnom prikupljani otpali rogovi, mada se retko mogu sresti i rogovi koji potiču od ubijenih životinja. Prva faza obrade rogova jeste deljenje na komade. Kako je rog veoma otporan, bilo je neophodno prvo da se potopi u vodu na minimum 24 časa da bi se mogao obrađivati. Transverzalno presecanje rogova i odvajanje parožaka najčešće je obavljano tako što bi se prvo napravio žleb da se stanji korteks, i potom se preostali deo otcepi. Najčešće je korišćeno uže u kombinaciji sa nekim abrazivnim sredstvom za žlebljenje, dok je preostali deo mogao da se odvoji sekirom ili nekom drugom alatkom ili prosto lomljenjem. Kasnije faze obrade uključivale su doterivanje prirodnog vrha paroška u odgovarajući radni vrh, ponekad i glačanje i brušenje spoljnih površina roga i, retko, dodavanje perforacija. S jedne strane, u izradi se uočavaju veze sa mezolitskim tradicijama, ali se pojavljuju i određene nove tehnike i forme. Tipološki repertoar alatki od roga obuhvata veći broj tipova, podtipova i varijanti, a najčešći i najkarakterističniji jesu predmeti grupa za sečenje i za udaranje: dleta, klinovi, sekire, udarači, retušeri i čekići, a još se javljaju i šila, probojci, drške, usadnici, spatule-glačalice, i, retko, ukrasni predmeti. Dleta i sekire izrađivani su od segmenata parožaka ili stabla i obično su formirani kosim zasecanjem distalnog kraja da se dobije sečica. Udarači su uglavnom od minimalno modiikovanih parožaka, dok se retušeri izrađuju od različitih segmenata, najčešće parožaka, i raspoznaju se po karakterističnim, naglašenim tragovima upotrebe. Kod masivnih perkutera – čekića kao aktivna površina iskorišćavala se ona površina gde se rog odvojio prilikom odbacivanja. Spatule – glačalice pretežno su od različitih fragmenata korteksa roga. Od ukrasnih predmeta, posebno se izdvajaju fragmentovana narukvica od ruže roga sa Drenovca i izduženi privesak od korteksa sa Starčeva. Otpaci od proizvodnje potvrđeni su na Divostinu, Drenovcu, Starčevu i Ušću Kameničkog Potoka. Rogovi su u starčevačkoj kulturi bili značajna sirovina, iskorišćavani su na planiran, sistematski način, i prikupljani pretežno u okolini naselja. Skladišta sirovina nisu otkrivena, ali prisustvo neobrađenih odbačenih rogova konstatovano je na Starčevu, Divostinu i Drenovcu. Određene razlike u zastupljenosti rogova na pojedinim naseljima ukazuju na mogućnost regionalne specijalizacije i razmene na manjim razdaljinama. Posebno je zanimljiv slučaj Grivca, gde su alatke od roga malobrojne i sa nekoliko epizoda prepravki, što pokazuje da je količina sirovine bila ograničena. Ukoliko posmatramo alatke od roga na zamišljenoj osi kontinuumu kvaliteta, možemo uočiti da su ad hoc alatke retke, i da je većina predmeta pažljivo izrađivana, a izbor tehnika obrade je strog i ujednačen. Upotreba rogova za ukrasne predmete pokazuje da je ovo bila i cenjena sirovina.
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Abstract: Pottery forming sequence and archeological methods for identiication and analysis of markings and traces originated during this process are examined. Late Neolithic Vinča pottery assemblage from inal phases of the settlement have been analyzed. Analysis revealed that Neolithic potters applied different shaping techniques, depending on vessel size and function. Key words: forming sequence, technology, Vinča, pottery, breakage patterns, fracture, surface markings



Apstrakt: U radu se razmatraju sled operacija u procesu oblikovanja keramičkih posuda i arheološki metodi za identiikaciju i analizu tragova koji na keramici nastaju za vreme tog postupka. Analizirana je keramika iz inalnih slojeva kasnoneolitske Vinče, a rezultati su pokazali da su neolitski grnčari primenjivali različite tehnike oblikovanja za posude različitih dimenzija i funkcije. Ključne reči: koraci u oblikovanju, tehnologija, Vinča, grnčarija, obrasci lomljenja, prelomi, tragovi na površini
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Late Neolithic Vinča pottery is widely known from numerous archaeological sites in Southeastern Europe. Unfortunately, it was rarely analyzed from point of view other than cultural history: researchers were often focused on stylistic and analyses of supposed evolution of shapes and ornamental techniques in order to develop detailed chronological systems (for example Garašanin 1978). Many published works were based on elaborated typologies (e.g. Schier 1996; Bogdanović 2004), but our knowledge about many other aspects of pottery - production, distribution, use and discard - is still very limited. Considerations about Neolithic pottery technology are still lacking, although they should have a central position in the study of ancient crafts, and essential in reconstruction of some aspects of social relations. Pottery assemblage examined in this paper is excavated during 2001-2007. excavation campaigns at Vinča. Sherds and whole vessels originate from different contexts, from structures - houses as well as from archaeological layers. Assemblage is chronologically consistent: it belongs to the inal layers of Neolithic settlement, i.e. Vinča-Pločnik phases; therefore it can be dated to the very end of the Neolithic. Before considerations about Vinča vessels forming sequence, it is necessary to deine the terms, briely overview various aspects and deinitions of technology itself and present methods for identiication of particular procedures. System, sequence and choice: What is technology? Technology has been the subject of many discussions in various disciplines of humanities (for overview see: Dobres 2000; Loney 2000; Miller 2007). “Sociotechnical systems” (Pfaffenberger 1992), “technological systems” or, in short, “technology” are deined in the broadest sense, as “the processes and practices associated with production and consumption (including distribution, use, and disposal), from design to discard” (Miller 2007: 4). Some authors stress that technology does not imply only manipulation of objects, but is also comprised of certain (un)conscious “technical” knowledge, which constitutes the bridge between techniques and society (Lemonnier 1986). Similarly, “technological knowledge” is comprised of three components; recipes of action, or rules for processing raw materials into inished products, teaching frameworks and techno-science, principle refering to reasons why recipes of action lead to speciic product and why that product can perform its function(s) (Schiffer and Skibo 1987). Technology is often seen as a set of choices depending on different (social, ideological, economic, functional) factors (for example Pfaffenberger 1992). Technological choices (Lemonnier 2002a, b) are affected by a variety of so-
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cial, utilitarian and symbolic factors and processes. The notion of “technical choice” is a bit narrower; it refers to design processes of objects and how they affect and/or depend on their performance characteristics (Skibo and Schiffer 2008: 11). Studies of technology based on “technological choices” approach are most common in archaeometry; in other words, materials and physical scientists are involved in various analyses in order to reconstruct and explain procedures applied by craftsmen in the past (Sillar and Tite 2000; Tite et al. 2001). It should not be forgotten, however, that some of technological or technical choices, such as identiication of tools or forming techniques, can be revealed during archaeological investigation. That leads us to the production sequence analysis. Traditional archaeological approach to technology is based on reconstruction of operational sequence in artefact’s production, i. e. Leroi-Gourhan’s chaîne opératoire (e.g. Dobres 2010). Other aspects of technology can not be interpreted if steps in production sequence are not identiied. In pottery craft these are: raw material procurement, raw material separation and preparation, preparation of clay body, forming, drying, iring, cooling and post-iring treatments. Potter must make decisions in each step; therefore, variations in chaîne opératoire are also relevant in reconstructing social aspects of pottery production, i.e. pottery “traditions” or “styles” (van der Leeuw 2002). In order to discuss potters’ choices or traditions and social implications of their crafts, irst it is necessary to determine methods of identiication of each step. This paper will focus on forming sequence of Vinča pottery. Step by step: Forming Sequence Similarly with other steps in pottery production, forming sequence comprises three steps: 1. Shaping. Pottery made without means of rotation is formed by using several different techniques. Pinching is the simplest technique; it involves squeezing clay between ingers and thumb or between ingers of opposing hands; this procedure can be repeated several times in order to thin the walls and increase the height of the vessel. Drawing is a bit elaborated technique and it is applied by forcing the ist into the lump of clay and squeezing the clay between the hands while simultaneously pulling it upward. Slab building technique is based on joining slabs or more or less lattened lumps of clay by pressing. Coiling is accomplished by placing rolls or coils of uniform thickness around the circumference, thus gradually increasing height of the vessel. Molding involves pressing plastic body into or over the mold (concave or convex). Ethnographic and ethnoarchaeologi-



179



Archaeotechnology: studying technology from prehistory to the Middle Ages



cal, as well as archaeological research revealed that combination of several techniques was widely accepted, especially for manufacture of large vessels. Finally, beating or paddling - repeatedly striking the clay with or without opposing pressure - is considered a secondary forming technique (Rye 1981: 84; Rice 1987: 137), because it is usually performed to modify roughly shaped vessel’s form, size, and surface characteristic or to compact the clay body. However, “paddle and anvil” technique - beating the clay with opposing pressure - can sometimes be primary forming technique (Bankes 1985). 2. Scraping. Primary and/or secondary shaping of the vessel in the production sequence are followed by additional shape fashioning, usually in order to thin the walls or remove excess clay from the vessel. This is done by scraping the surface of vessel at a leather-hard stage with a tool with hard, sharp edge. Tools used for scraping can be smooth-edged, serrated or toothed (for example a shell). Scraping can be considered as a kind of surface/shape modiication. 3. Surface treatment. Surface inishing is a inal treatment of a vessel before iring. The major techniques are texturing and smoothing. The latter involve rubbing a tool against leather-hard clay to even the surfaces and improve its light-relecting qualities. Every archaeologist is familiar with three grades of surface inishing - smoothing, burnishing and polishing. It is very important to stress that steps 2 and 3 can easily be mixed up, especially by unexperienced researchers. Since both procedures leave markings on the vessel surface, they are usually regarded simply as surface treatments. Important step of shape modiication, i. e. scraping, is omitted, thus leading researchers to draw wrong conclusions (to assume presence of unexperienced potters or imperfect, undeveloped technology, for example). Inability of recognizing shape modiication step and therefore whole production sequence can affect interpretations of other, especially social aspects of technology. However, these two steps can be easily distinguished, as it will be shown below. Markings and attributes: Identiication of forming sequence steps While other steps in production sequence cannot be reconstructed without contribution of physical sciences, identiication of forming sequence steps is very simple and based upon macroscopic identiication of markings on the vessels or their fragments; these markings originated during forming, shape modiication and inishing. In the study of vessel form-
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ing, two kinds of data are important: attributes and sequence of execution (Rye 1981: 58). Attributes are various kinds of markings and traces on the surfaces or particular form of fracture; sequence of execution refers to determination of sequence in which techniques are applied. Important factor in marking forms is degree of clay plasticity, so the principle that marks made in plastic, wet clay are earlier than those made in leather-hard or dry stages can be drawn. Some dificulties, however, can occur during the analysis. Some techniques or steps in the sequence cannot be identiied because they are “erased” by later steps or treatments. The best example is presence of slip; in that case, surface treatment hid earlier procedures and markings. Also, some markings are not visible on external surfaces, since these surfaces were easily accessible to the potter and therefore subjected to various treatments; in the case of restricted forms, some traces left during the forming sequence usually “survived”, since their closed proiles restricted access to the potter. Usually, it is not possible to identify all kinds of traces on one vessel. Furthermore, whole vessels are not always suitable for analysis, because many pieces of information about forming procedures are obtained by examination of fracture. On the other hand, regarding the fact that different kinds of traces occur on different parts of the vessel, examination of sherds does not reveal all applied procedures either. In sum, sources of information about forming procedures are usually fragmentary. However, when careful analysis is conducted, it is possible to set some assumptions and draw some conclusions. Three kinds of attributes are important in production sequence analysis: breakage patterns, fracture, and surface markings. Breakage patterns Cracks and fractures can occur on pottery during different steps of production or during use; therefore they usually do not reveal forming procedures, but rather iring techniques or originate as a consequence of thermal shock during use. Vessel will break, however, in a pattern, depending on forming technique applied: they are prone to “selective breakage” because of the differences in shape, wall thickness, and stresses during forming (Rye 1981: 59). It is already shown that Vinča vessels of large dimensions break in a clearly distinguished zones along horizontal axis; that means that vessel was made in several steps, including partial drying of inished parts before building of the vessel continued; points of stress occurred on the zone where parts of vessel in different stages of plasticity were joined together (Вуковић 2011б, igs. 2,5).
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Fractures When examining fractures, two attributes are important: shape of fragment’s edge and fracture itself. Some of forming techniques have no inluence on breakage: fracture of vessels made by pinching, for example, have no special characteristics (Rye 1981: 70). As it was pointed out earlier, vessels usually break on the points of stress, where pieces of clay were joined together, especially if they were in different stages of plasticity. Fractures of this origin are to be expected on the vessels made by coiling, slab building and moulding. In this case, sherd’s edges are usually rounded. Additionally, so-called “laminar fractures” parallel to the surface must be mentioned (ig. 1); they are manifested by removal of a lat layer of the vessel wall and sometimes occur when vessels made by slab building break. Regarding the fact that coiling probably have been widely accepted forming technique during Late Neolithic (and in later periods) it is important to emphasize that it cannot be identiied on the cross-section of the sherd; later procedures such as shape modiication - thinning the walls and surface inishing erased traces of coils, except in the case of coils that were joined when too dry (Rye 1981: 67-68).



Fig. 1 Base of a vessel showing laminar fracture Sl. 1 Dno posude sa laminarnim prelomom



Surface markings Vessel surface in many cases may “preserve” traces originated during certain operations of vessel forming. They cannot reveal primary forming techniques, however, because later steps of forming sequence completely remove all possible traces, such as spots where coils were joined together. Instead, surface markings indicate steps 2 and 3 - shape modiications and surface inishing. Four kinds of markings can be distinguished on Vinča pottery:
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1. Depressions on the walls left by tool or hand. They usually occur on the interior surfaces, since the exteriors are usually inely fashioned. Finger traces can occur during vessel shaping, especially by pinching, but also during surface modiication or smoothing when potter used wet ingers as tools.



Fig. 2 Interior walls with traces made by smooth-edged tool in the process of wall thinning/shape modiication Sl. 2 Unutrašnji zidovi posude sa tragovima poteza alatke sa ravnom ivicom nastalim stanjivanjem zidova u procesu modiikacije površine



Traces of tools of different proiles represent important evidence of thinning of the walls. This operation is executed using a sharp tool, in a movement perpendicular to the surface, when vessel was still in plastic or leather-hard stage. Traces left by this procedure are in the form of deeper grooves, which indicate the shape of the tool; the tool can be smooth-edged (ig. 2), or toothed; both are identiied in Vinča assemblage. The latter is interpreted as shell (ig. 3). Movement direction can be reconstructed by depths of the grooves: if the operation have been performed in a leather-hard stage, beginning of the action is manifested by shallower grooves, and by the end of the movement grooves gradually became deeper, and opposite if performed on a plastic stage. These markings are not oriented in some pattern, but rather distributed in different directions, and they are usually visible on the interior surfaces. It also must be stressed that in some cases potter did not perform inishing treatment, so somewhat rough (if inclusions included bigger particles) or irregular (with iner particles in fabric) surface remained.
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Fig. 3 Interior walls with traces made by toothed tool in the process of wall thinning/shape modiication Sl. 3 Unutrašnji zidovi posude sa tragovima izvedenim nazubljenom alatkom u procesu modiikacije površine



2. Facets. Surface inishing treatments are executed using the same tools, but in somewhat different manner. For polishing of the surfaces, soft materials can used (cloth or skin); resulting surface is therefore regular, even and shiny - there are no traces left. On the other hand, using of tools will leave markings. Burnishing of the surface using hard tool, such as pebble, bone or antler creates typical narrow parallel linear facets (Rice 1987: 138). They are often seen on both exterior and interior surfaces of Vinča pottery (ig. 4).



Fig. 4 Interior walls with traces of burnishing with a hard tool in a leather-hard stage Sl. 4 Unutrašnji zid posude sa tragovima glačanja tvrdom alatkom dok je glina u kožnom stanju
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3. Drag marks, caused when inclusions with bigger particle size are dragged across the surface; usually the grain may remain at the end of the line (Rye 1981: 59). Dragged particles leave traces in the form of incisions; they particularly occur on the vessels of rough fabric (ig. 5) during the processes of shape modiications/thinning of the walls or surface inishing.



Fig. 5 Interior surface of a vessel with drag marks oriented in different directions occured during the processes of shape modiications/thinning of the walls or surface inishing Sl. 5 Unutrašnja površina posude sa tragovima u vidu kanalića u raznim pravcima nastalim povlačenjem čestica primesa tokom procesa modiikacije ili inalne obrade površine



4. Impressions of supports used during shaping of the vessel. They occur on the bottoms of the vessels. Impressions of cloths and mats on the bottoms are very common in Vinča pottery. It seems that such supports allowed the potter to turn the vessel during building. In other words, it allowed potter to sit while working instead of moving around the vessel. However, most of the bases are plain, without any impressions. This could mean that artisans used lat supports as well or that they deliberately erased cloth impressions. Although both solutions are possible, one specimen with its remarkable markings strongly suggests the latter (ig. 6). Impressions of a cloth are present in the centre, but on the periphery various traces are visible: deeper grooves oriented in different directions, and drag marks, suggesting action while the clay body was still in the stage of high plasticity. They are positioned over mat impressions, suggesting speciic sequence of execution - they occurred later. Therefore, they can be interpreted as deliberate erasing of cloth impressions, made when clay was still wet.
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Fig. 6 Base of a vessel with traces in the form of deep incisions occured during action of “erasing” cloth impressions Sl. 6 Dno posude tragovima u vidu dubljih kanalića nastalim za vreme brisanja otiska podloge od tkanine



Vinča pottery Vinča pottery exhibits many clues implying distinct procedures and shaping techniques. It seems that the forming sequence of Vinča pottery is pretty complex, and it is very likely that different functional classes of pottery were manufactured by applying different techniques or their combinations. Therefore, each functional class with speciic traces and markings originated during forming sequence will be considered separately, and then the attempt to reconstruct the whole process will be made. Large vessels: amphorae and pythoi Amphorae and pythoi, large vessels belonging to functional class for storage of solids and liquids can be divided in many groups according to different shape typologies. All of them, however, share several crucial characteristics: lat bottoms, biconical shape with signiicantly higher lower cone, shoulder diameter is usually much greater that bottom diameter and proiled narrow or wide rim and neck. Breakage patterns are signiicant. These vessels usually break in two zones. First is the zone of the shoulder (ig. 7); it is very common that after initial reitting two groups of joined sherds are standing out: irst is comprised of lower vessel parts, and the second of upper vessel parts. Besides, fragments of bellies are, by the rule, thin walled and lattened, indicating meticulous thinning of the walls. All these features indicate that building
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of the vessels was executed in several stages: lower parts have been shaped irst, and they have been left to dry before the upper parts were added. This procedure was necessary for the vessels of larger dimensions; if the whole vessel have been built continuously, lower parts would not have suficient strength to withstand pressure of the weight of upper parts, and the risks of collapsing would be substantial. That is why the shoulder represents point of stress - most vulnerable part of the vessel, since it is a spot where clays in different stages of plasticity were joined together: lower are dried and hard, while the rest is soft, wet and plastic; therefore they cannot be irmly attached to each other. Second zone of breakage is spot where the neck is joined with upper part of the vessel.



Fig. 7 Breakage in the zone of a shoulder on an amphora Sl. 7 Lomovi u zoni ramena amfore



Fracture may, but not necessarily, exhibit clues for identiication of forming techniques. Sometimes, pottery sherds have rounded edge, feature that indicates coiling building technique (ig. 8). These sherds in most cases belong to lower parts of the vessels. Bottoms sometimes exhibit laminar fracture, typical for slab building. Finally, in rare cases of fragments secondary burnt in the ire, stratiied fracture is visible, also suggesting slab building (Вуковић 2011б, ig. 3).
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Fig. 8 Fragment of a base with a rounded edge, indicating coiling Sl. 8 Fragment dna posude zaobljenog preloma, što ukazuje na tehniku “kobasica”



Markings made by tool strokes during shape modiication step (ig. 2) are often visible on interior surfaces. Some specimens exhibit extremely rough, deep traces, along with small lumps of excess clay which have not been removed (ig. 9). Tool strokes are not patterned, but distributed in different directions, most often parallel with the bottom. Sometimes they leave very deep incisions and grooves; it is not uncommon that forced pressure of the tool caused removal of larger parts of vessel wall. These traces are left by the procedure of shape modiication and wall thinning after coil building of the vessel. It is not surprising that the markings are visible only on the interiors, close to the bottoms, and surface inishing is lacking. After the vessel was made, potter could not reach its interiors any more, especially bottom (because of the closed shape - narrow neck), therefore leaving them uninished. Besides, burnishing of inner surfaces probably was not essential functional requirement. In functional sense, burnishing eliminates high porosity, and is therefore performed on the containers used for storage or transport of liquids. Consequently, vessels with function of storage of solid foodstuffs could be suitable for their intended function without this kind of surface treatment. Parallel facets caused by burnishing the surface with a hard tool - pebble are always present on exterior surfaces; their appearance suggests that they were executed on a vessel in a leather-hard or dry stages. Bearing in mind different traces on manufacture present on pottery, forming sequence for large vessels can be assumed: 1. Shaping of the base. Bases could have been shaped using different techniques. According to ethnoarchaeological research (for exam-
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ple Frank 1994), the most common way was to form a lat, pancake form. Thicker bases could have been shaped also by slab building, by pressing several lumps of roughly preshaped clay to each other, as specimens with laminar fracture prove. Shaping of the bottom by spiral coil twisting is not certain in Vinča assemblage. Shaped bottom was set on a support (mat, cloth or some lat surface). 2. Coils were gradually added around the circumference, gradually increasing height. Only lower part of vessel is built in this stage. Vessel was removed from the support; cloth/mat impressions were removed by some hard, sharp tool; then it was left to dry. 3. Walls are thinned, leaving markings on interior surface. 4. Upper part of the vessel was added. This could have been done by slab building, as it was shown for the case of pythoi (Вуковић 2011б). In the case of amphorae, there is no suficient evidence, but we can assume coiling technique. Handles were also added. Shaping of smaller vessels could have been inished in this stage; in case of larger ones it is possible that only middle part of the vessel was formed, and after it have been dried to at least leather-hard stage, neck and rim were added. Breakage patterns suggesting breakage in the zone where neck and shoulder were joined, conirmed in case of several narrow-necked amphorae, support this scenario. 5. Burnishing of outer surface, using hard tool, was performed.



Fig. 9 Markings on the interior surface with small lumps of excess clay which have not been removed indicating shape modiication step Sl. 9 Unutrašnji zid dna posude sa tragovima poteza alatkom i česticama istisnute gline koje nisu skinute u procesu modiikacije površina
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Small vessels: bowls There are several types of bowls in late Vinča phases, but considerations about their forming sequence in this paper will be focused on two speciic types: bowls with inverted rim and biconical bowls with pronounced carinated shoulder. There are two reasons for this selection: irst, these two types are predominant in late Vinča assemblage. Second, they have already been subjected to standardization analysis and therefore become the main argument for the assertion of Vinča pottery standardization (Vuković 2011a). Bowls with inverted rim are characterized by simple proilation: (slightly) biconical shape, without proiled neck and rim; the joint of two cones, i.e. the most protruded part of the vessel is always very thick. Breakage patterns do not exhibit any strict regularity. However, the most common breakage occur exactly on the joint of the two cones (ig. 10); the edges are always rounded. This point of stress located on the most protruded part of the vessel clearly indicates forming procedure of joining together two parts in different stages of plasticity. Thick walls on the point of stress further conirm this assumption: larger area will ease applying of the procedure to the potter; it will also allow two lumps of clay to better stick to each other.



Fig. 10 Bowl with inverted rim breakage on the joint of two cones Sl. 10 Zdela sa uvučenim obodom koja pokazuje obrazac lomljenja na spoju dva konusa



Conclusion that bowls with inverted rim were shaped in two steps, i. e. that two cones were shaped separately and then joined together, can be drawn with certainty. However, the issue of technique applied still remains open. One of the main clues in resolving this issue are their standardized dimensions and very thin walls (3 mm). The questions, however, arise: is it reasonable to shape small vessels by coiling and is it possible to achieve standardized dimensions by applying this technique? For experienced and
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skilful potter it is certainly possible, but it seems to be harder and more time-consuming method. Particular kind of markings, however, can be essential in identiication of forming technique. Sometimes the lower cones of bowls, especially near the bases, have uneven, slightly wavy surfaces. They are visible only on specimens without careful burnished or polished surfaces. Such markings may occur during forming using the convex mould: clay pancake is pressed over the mould, and gently beaten with a tool. Since the beating is executed from the outside of the vessel, uneven surfaces are not visible on interior walls. This technique is faster and more eficient than coiling; thin walls are more eficiently executed by applying this technique; moreover, usage of moulds easily leads to standardized dimensions of the entire assemblage. It should be beard in mind that Vinča potters had abundance of broken or damaged vessels on disposal; their secondary use as moulds is highly probable and ethnoarchaeologically conirmed (e.g. Deal 1998). Upper cones (their height is usually 2-3 cm) in the form of one thick coil were added on already formed lower parts of the bowl; this is conirmed by smooth and rounded fractures. Since the rims were not proiled, shaping of the upper cone did not require additional effort; its inverted position was executed by simple hand movement towards the interior. Possible irregularities could have been easily eliminated by hand while the clay was still wet. Thinning of the walls was not necessary, since the walls were thinned during beating on the mould. Vessels were then left to dry; when leatherhard, they were burnished or polished with some hard tool, probably pebble of suitable size. It seems that forming technique applied to the other type, biconical bowls with pronounced carinated shoulder, does not differ to a great extent from the one previously described. However, since bowls of this type are of more elaborated shape, they exhibit some unique characteristics, causing particular breakage patterns. Their most prominent feature is their shoulder, which, when viewed from the outside, gives the impression of biconical shape. Interior walls are not carinated, though; they are slightly rounded. These facts indicate procedure where the shoulder, in a form of band, was applied along the joint between two cones of already shaped vessel. The joint of band and the walls cannot be observed in most cases; it often looks like the band was an integral part of the wall. It is visible only on specimens secondarily burnt in a ire (ig. 11). Therefore it can be assumed that the band/shoulder was added when the vessel was in a plastic stage, i.e. wet, and irmly pressed to the walls with the ingers; similarly to the coiling technique, the joint between the band and the wall cannot be seen after iring of the vessel.
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Fig. 11 The joint of band/shoulder and the walls on a biconical bowl with pronounced carinated shoulder Sl. 11 Zdela sa plastično naglašenim ramenom na kojoj se vidi mesto spoja trake kojom se formira bikonija



The most common breakage occur just above the shoulder. Sometimes, shallow inger impressions are visible on the interior surface, suggesting irmly pressure of both potter’s hands in order to assure that band/ shoulder and wall will be strongly attached. In other cases, breakage occur just below the shoulder. Forming sequence of biconical bowls with pronounced carinated shoulder is much harder to reconstruct. Probably, the lower cone was shaped similarly to the procedure of bowls with inverted rims, but the issue of the upper parts triggers many doubts and uncertainties about the sequence of execution. First of all, the purpose of “carination” executed by attaching a band along the joint between two cones, is not clear. One possibility is that it represents a form of reinforcement, which additionally secures irmly joining of upper and lower sections of the vessel. The fact that breakage does not occur in the zone of the shoulder supports this assumption. Sometimes, shallow grooves are visible on the spots where band/ shoulder was attached to the upper cone (ig. 12). They may represent traces of a tool used for additional pressing of the band to the vessel walls. This procedure would strengthen the point of stress, but also could create a new one, just above it, as breakage patterns suggest. If this was the case, band attachment was conducted as the last step in forming sequence.
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Fig. 12 Shallow grooves caused by pressing the band/shoulder to the upper cone with a tool Sl. 12 Zdela sa platično naglašenim ramenom sa žljebovima nastalim pritiskanjem alatke na traku koja formira bikoniju na spoju ramena i vrata



Conclusion Analysis of markings on Vinča pottery revealed that variety of techniques were applied, depending on the size and function of the vessels. Large vessels were formed using combination of techniques, but most commonly coiling and slab building; they were shaped in several steps, since lower parts would not have suficient strength to withstand pressure of the weight of upper parts. Markings indicating the process of bowls’ shaping are rare and bowls’ forming sequence is therefore still uncertain. However, it can be assumed, with little doubt, that the bowls were made in at least two steps, in a procedure where lower and upper parts were formed separately using moulds and/or slab/coil building, then joined together in different stages of plasticity. Choice of particular techniques and decisions that potters made were, for certain, caused by economic and/or social pressure. Therefore the importance of pottery forming sequence as one aspect of technology studies must be emphasized in order to encourage more research in that ield with inal goals of understanding social relations and change in past societies. Acknowledgments The article results from the project No. 177012 funded by the Ministry of Education, Science and Technological Development of the Republic of Serbia.



193



Archaeotechnology: studying technology from prehistory to the Middle Ages



References: Bogdanović, M. 2004. Grivac – naselja protostarčevačke i vinčanske kulture. Kragujevac: Centar za naučna istraživanja Srpske akademije nauka i umetnosti Univerziteta u Kragujevcu – Narodni muzej u Kragujevcu. Bankes, G. 1985. The Manufacture and Circulation of Paddle and Anvil Pottery on the North Coast of Peru. World Archaeology 17 (2): 269-277. Deal, M. 1998. Pottery Ethnoarchaeology in the Central Maya Highlands, Salt Lake City: The University of Utah Press. Dobres, M. A. 2000. Technology and Social Agency: Outlining an Anthropological Framework for Archaeology, Oxford: Blackwell. Dobres, M. A. 2010. Archaeologies of Technology. Cambridge Journal of Economics 34: 103-114. Garašanin, M. 1978. Centralnobalkanska zona. Benac, A. (ur.): Praistorija jugoslavenskih zemalja II: 79-212. Sarajevo: Akademija nauka i umjetnosti Bosne i Hercegovine – Svjetlost. Frank, B. E. 1994. More than Wives and Mothers. The Artistry of Mande Potters. African Arts 27(4): 26-37+93-94. Lemonnier, P. 1986. The Study of Material Culture Today: Toward an Anthropology of Technical Systems. Journal of Anthropological Archaeology 5: 147-186. Lemonnier, P. 2002a. Introduction. In: Lemmonier, P. (ed.): Technological Choices: Transformation in Material Cultures since the Neolithic: 1-35. London: Routledge. Lemonnier, P. 2002b. (ed.) Technological Choices: Transformation in Material Cultures since the Neolithic. London: Routledge. Loney, H. L. 2000. Society and technological control: A Critical review of models of technological change in ceramic studies. American Antiquity 65(4): 646-668. Miller, H. M. L. 2007. Archaeological Approaches to Technology. London: Elsevier. Pfaffenberger, B. 1992. Social Anthropology of Technology. Annual Review of Anthropology 21: 491-516. Rice, P. 1987. Pottery Analysis: A Sourcebook. Chicago: The University of Chicago Press. Rye, O. 1981. Pottery Technology: Principles and Reconstruction. Washington D.C.: Taraxacum. Schier, W. 1996. The relative and absolute chronology of Vinča: New Evidence frome the type site, Drasovean, E. (ed.): Vinča Culture, its role and Cultural Connection: 141-162. Timisoara. Schiffer, M. B, Skibo, J. M. 1987. Theory and Experiment in the Study of Technological Change. Current Anthropology 28(5): 595-622. Sillar, Bill, Tite, M. S. 2000. The Challenge of ‘Technological Choices’ for Materials Science Approaches in Archaeology. Archaeometry 42 (1): 2-20. Skibo, J.M., Schiffer, M.B. 2008. People and Things: A Behavioral Approach to Material Culture. New York: Springer. Tite, M. S., Kilikoglou, V., Vekinis, G. 2001. Review Article: Strentgh, Toughness and Thermal Shock Resistance of Ancient Ceramics and Their Inluence on technological Choice. Archaeometry 43 (3): 301-324



194



J. Vuković



Archaeological Evidence of Pottery Forming Sequence...



van der Leeuw, S. 2002. Giving the potter a choice. In: Lemmonier, P. (ed.): Technological Choices: Transformation in Material Cultures since the Neolithic: 238-288. London: Routledge. Vuković, J. 2011a. Late Neolithic Pottery Standardization: Application of Statistical Analyses, Starinar LXI: 81-100. Вуковић, Ј. 2011б. Технике обликовања каснонеолитске грнчарије: питос из куће 01/06 у Винчи. Зборник Народног музеја XX-1: 71-82.



195



Archaeotechnology: studying technology from prehistory to the Middle Ages



Jasna Vuković Univerzitet u Beogradu, Filozofski fakultet – Odeljenje za arheologiju ARHEOLOŠKA ANALIZA PROCESA OBLIKOVANJA GRNČARIJE: TRAGOVI IZRADE NA KASNONEOLITSKOJ VINČANSKOJ KERAMICI U ovom radu je razmotren proces oblikovanja keramike koja potiče iz inalnih slojeva neolitskog naselja u Vinči. Proces oblikovanja uključuje tri koraka: oblikovanje u užem smislu, modiikacija oblika, tj. stanjivanje zidova, i obradu površina. Druga dva koraka se retko kad razlikuju u arheološkoj literaturi, što često rezultira pogrešnim zaključcima. Identiikacija procesa oblikovanja zasniva se na makroskopskoj identiikaciji pojedinih operacija, koje ostavljaju karakteristične tragove na posuđu. Osim toga, ponekad je moguće utvrditi sled operacija izrade. Razlikuju se tri vrste atributa koji su važni za analizu: obrasci lomljenja, prelomi i tragovi na površini. Obrasci lomljenja ukazuju na tehniku izrade i “tačke stresa” na posudi. Na vinčanskoj keramici tragovi na površini javljaju se u četiri osnovna oblika. Udubljenja nastala pokretima ruke ili alatke; treba istaći ona koja su nastala upotrebom ravne (slika 2) ili nazubljene alatke (slika 3) u procesu stanjivanja zidova. Facete nastaju u procesu obrade površina - glačanja ili priglačavanja (slika 4); tragovi u vidu kanalića kojima su povlačene čestice primesa (slika 5) koji nastaju u jednom ili oba procesa i otisci podloge na dnu posude, tkanine ili asure. Na nekim fragmentima dna ostali su vidljivi tragovi izravnavanja i brisanja otisaka (slika 6). Tragovi često pokazuju dublje ureze u različitim pravcima, koji su verovatno nastali povlačenjem većih čestica primesa u glinenom testu dok je ono još uvek sasvim plastično. Posude većih dimenzija (amfore i pitosi), koje pripadaju funkcionalnoj klasi skladištenja karakterišu speciični obrasci lomljenja. Naročito često se lome u zoni ramena (slika 7); ispod te zone zidovi su pažljivo stanjeni, a na unutrašnjim površinama po pravilu imaju tragove poteza nazubljenom alatkom, korišćenom u različitim pravcima u procesu stanjivanja zidova kad je posuda bila u kožnom stanju. Na nekim posudama se pri dnu vide veoma grubi tragovi, kao i čestice gline koje nisu skinute sa površine (slika 9). To sve ukazuje da je posuda građena u nekoliko etapa: donji delovi su prvi oblikovani, gornji delovi su dodati tek pošto su prosušeni i očvrsli. Ovo je neophodan postupak, jer ukoliko bi se posuda gradila odjednom, donji delovi ne bi imali dovoljnu čvrstinu da izdrže pritisak i težinu gornjih, pa bi se posuda urušila. Zbog toga su najčešći lomovi upravo u zoni ramena. Sa velikom sigurnošću možemo da tvrdimo da su posude oblikovane tako što
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je prvo izrađeno dno, a zatim su se zidovi gradili u visinu. O tome svedoči veliki broj fragmenata dna čiji su prelomi ravni i zaobljeni (slika 8). To su tipični tragovi koji ukazuju na slaganje „kobasica“. Samo dno je verovatno oblikovano izjedna, kao velika palačinka ili spiralnim uvijanjem jedne duže „kobasice“, a zatim su sa strane dodavane nove. Neka deblja dna su oblikovana verovatno lepljenjem više komada gline jedan za drugi, pa se prilikom lomljenja, posebno posle sekundarnog gorenja, ti komadi jasno odvajaju u vidu laminarnog preloma (slika 1). Gornji delovi su, sudeći po jednom primeru (Vuković 2011b), mogli biri građeni tehnikom pločica. Ukoliko je posuda građena iz tri etape, vrat i obod su dodavani na kraju, već oblikovani. Zdele sa uvučenim obodom karakterišu jednostavni proili. One su bikonične ili blagobikonične forme, bez proilisanog oboda i vrata. Spoj dva konusa, tj. najistureniji deo posude uvek je veoma debelih zidova. Često se lome upravo na spoju dva konusa (slika 10). Prelom je uvek zaobljen i gladak. Iz ovakvih obrazaca lomljenja sasvim je sigurno da su zdele sa uvučenim obodom rađene iz dva dela, tj. da su konusi oblikovani odvojeno. Treba istaći veoma tanke zidove donjeg konusa, najčešće 3 mm. Osim toga, zdele sa uvučenim obodom pokazuju relativno ujednačene dimenzije, što su potvrdile analize standardizacije (Vuković 2011a). Putokaz za razrešenje tehnike izrade može biti vrsta tragova koja se sasvim retko pojavljuje, ali svakako zavređuje pažnju. Naime, na donjim konusima, posebno na dnu i neposredno iznad njega, ponekad su površine neravne, blago talasaste; to je vidljivo samo na fragmentima koji nisu posebno brižljivo polirani. Takvi tragovi mogu da budu posledica izrade na konveksnom kalupu, kada se „palačinka“ od testa postavi preko kalupa i blago tapka da bi na njega bolje prionula i dobila željeni oblik; zato su neravne površine vidljive sa spoljne, a ne sa unutrašnje strane. Takav način izrade sigurno je brži i eikasniji od slaganja „kobasica“, a korišćenje kalupa može da dovede do povećane standardizacije dimenzija čitavog asemblaža. Na taj način postižu se i izuzetno tanki zidovi, bez potrebe da se posle oblikovanja dodatno stanjuju. Gornji konusi su dodavani na formirani donji deo posude, najverovatnije u formi samo jedne deblje „kobasice“. O tome svedoče glatki i zaobljeni prelomi. Čini se da se postupak oblikovanja bikoničnih zdela sa plastično naglašenim ramenom ne razlikuje drastično od prethodno opisanog. Ipak, zdele ove vrste, s obzirom na to da su nešto razuđenijeg proila, imaju i neke jedinstvene osobine. Njihova najupečatljivija karakteristika je rame, koje, kada se posuda posmatra spolja, daje zdeli bikoničan izgled. Sa unutrašnje strane, međutim, zidovi su u najvećem broju slučajeva ravnomerno zaobljeni, što ukazuje na postupak kojim je rame u formi trake naknadno aplicirano na zid posude. Na prelomima se, međutim, mesto spoja trake
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vidi samo u izuzetnim slučajevima, i to na fragmentima koji su sekundarno goreli (slika 11). To ukazuje na postupak kojim se traka koja formira rame aplicira na još vlažnu posudu i dobro pritiska, tako da se tragovi spoja posle pečenja uopšte ne prepoznaju. Donji konus je verovatno prvo oblikovan, dok oblikovanje gornjeg dela ostavlja nedoumice u pogledu redosleda operacija. Nije sasvim jasan smisao bikonije koja se postiže apliciranjem trake. Verovatno je da je ta traka u stvari jedan vid ojačanja, kojim se dodatno osigurava čvrsto spajanje gornje i donje partije posude. Ponekad su na mestu spoja ramena i vrata vidljivi nemarno izvedeni žlebovi (slika 12), koji možda predstavljaju trag alatke kojim je traka dodatno pritiskana za vrat. Tim postupkom bi se ojačala tačka stresa na spoju konusa, ali bi se stvorila nova, na prelazu vrata u rame. U tom slučaju, apliciranje trake bi se obavljalo kao poslednji korak u oblikovanju.
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EARLY ENEOLITHIC FIGURINES FROM THE SITE OF ST. ATANAS NEAR V. SPANČEVO – KOČANI: A STUDY OF THE MANUFACTURING TECHNOLOGY Ilinka Atanasova Museum of Macedonia, Museum collection, Kočani



Abstract: The largest collection of clay anthropomorphic igurines known so far at a single site in the Republic of Macedonia, from Early Eneolithic period, has been discovered at the sanctuary site of Sveti Atanas near the village of Spančevo, in Kočani region. Apart from igurines, models of homes-houses, ovens, furniture, etc., were also discovered. The assemblage was analysed from several angles, mainly from technological aspect, which, in turn, cannot be separated from the remaining three – quantitative (numerical representations of cult plastic), qualitative (proportions, style, decorations) and symbolic (semiotic) aspect (the end of use or the apotropaic power after breakage). Symbolic meaning was interpreted after the parallels from diverse chronological periods and ethnographic examples on a wider central Balkan area. Key words: anthropomorphic igurines, technological aspect, stone, clay, ethnography, early Eneolithic Apstrakt: Najveća do sada poznata zbirka glinenih antropomorfnih igurina na jednom nalazištu u Republici Makedoniji iz perioda ranoga eneolita, otkrivena je na svetilištu Sveti Atanas kod sela Spančeva, u kočanskoj regiji. Pored igurina, otkriveni su i modeli domova-kuća, peći, nameštaja i slično. Materijal je proučavan iz više uglova, pre svega sa tehnološkog aspekta, koji je, ipak, neodvojiv od preostala tri – kvantitativnog (brojčana zastupljenost kultne plastike); kvalitativnog (proporcija, stil, dekoracija) i simboličkog (semiotičkog) aspekta (prestanak upotrebe ili apotropejska moć i nakon lomljenja). Simboličko značenje interpretirano je na osnovu paralela iz različitih hronoloških perioda i etnografskih primera na širem području centralnog Balkana. Ključne reči: antropomorfne igurine, tehnološki aspekat, kamen, glina, arheologija, etnograija, rani eneolit
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Introduction At the sanctuary site of Sveti Atanas near the village of Spančevo, in Kočani region, a largest collection known so far of clay anthropomorphic igurines from Early Eneolithic period has been discovered. Apart from igurines, the ind included models of homes-houses, ovens, furniture, etc. As most of the inds were broken, it was possible to observe and analyse a speciic technological method of manufacturing the igurines (sequences in operational chain, combination of diverse raw materials, etc.). Also, other aspects were included in the analysis – quantitative (numerical representations of cult plastic), qualitative (proportions, style, decorations) and symbolic (semiotic) aspect (the end of use or the apotropaic power after breakage). Symbolic meaning was interpreted after the parallels from diverse chronological periods and ethnographic examples on a wider central Balkan area. Тhe sanctuary site of Sveti Atanas The village of Spančevo, near Kočani, is located on the outskirts of Osogovo Mountains, which are conirmed as a rich mining region. In its vicinity there are large deposits of opal tuff and opal breccias which are exploited continuously until present day (Стојмилов 1970: 14; Блажев, Наунов 2003: 17-18). Recently, the existence of great concentration of basalt and particularly rich deposits of graphite schist has been conirmed in the northern part (information is obtained from R. Nikolova, mine geologist in Opalit, v. Spančevo). The sanctuary site had only one, very thin cultural layer, with relative depth of 10-30 cm. The research enabled us to distinguish two different phases of use, in terms of moving from south to north, recorded by horizontal stratiication (Атанасова 2012: 11, 49). The site is located on a lattened plateau of 389 m altitutude at the bottom of Osogovo Mountains, on the right bank of the river Bregalnica (ig. 1). It covers an area elliptical in shape; it has a dominant position and visually communicates with other settlements of the Eneolithic period along the middle reaches of the river (Atanasova 2011b: 235-236, with cited references, Атанасова 2012: 49-52, Ead 2011а: 185-186). The site was discovered for the irst time in 2007, when agriculturalist inspector reported a large number of igurines and pottery sherds on one agricultural ield. First excavations were carried out by Museum collection of Kočani from 2008 to - 2010, Material was later presented on an exhibition, accompanied by a catalogue and published in several pa-
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Fig. 1 Sanctuary St.Atanas, panorama Sl. 1 Svetilište Sv. Atanas, panorama



pers (Атанасова 2010; 2011а, 2011б, 2012, 2013, in print; Колиштркоска Настева И. 2011). Since 2011, the excavations were continued by Museum of Macedonia. First excavations were randomly postioned trenches, dim. 5х5m, later expanded, depending on the situation on in the ield, in order to establish the spreading of the site. As a result of long-term erosional processes, on the surface were exposed a large number of square and rectanuglar features, leveled by a clay coating over the natural pit. Especially interesting are two circular features with stone corona, oriented south/ north. The southern feature is approximately four times larger in diameter than the northern one and contained a large number of fragmented portable inds, while the northern one was without inds. Several other features, circular in shape and surrounded by stone, illed with ash, charcoal, small bones and fragmented pottery. Their lower level is a natural pit, covered by clay of light brown colour, and the natrual irregular rounded shape is more or less preserved. Furthermore, specially created elevated features, rectangular and shape and variable in dimensions, up to 1,25 х 2,50 m were discovered. They contained abundant pottery inds, and also stone, lint and bone artefacts, and large quantities of animal bones, especially anlters. Pottery was made from puriied clay with graphite or incised decorations, with white incrustaions. Shapes were those characteristic for the Eneolithic period: conical, biconical, pear-shaped bowls, with circular of rectangular bottoms, and cups with short or long pedestal. The so-called pot-barns were relatively numerous, decorated with incisions illed with combination of white pastose and dry red colour. Also, igurines, altars and other pottery cult objects were discovered, and here the inds from 2008-2010 will be analysed.
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Description of the inds The excavated indings, according to their character, can generally be divided into two groups: 1. Features associated with the manifestations of ritual, and 2. Cult-magical artefacts used in ritual activities. The irst group encompasses: 1.1. Features circular in shape and with diameter varying between 4-18 meters; (ig. 2, 3);



Fig. 2 Segment of a circular feature in the southern sector Sl. 2 Deo kružnog objekta u južnom sektoru



1.2. Square and rectangular platforms with a coating of yellow compact clay, dimensions varying between 3-5 meters; 1.3. Stone benches, made of stone segments jointed with baked clay, with approximate dimensions of 1.25 x 2.5 meters, on which an intense concentration of fragmented pottery and cult ceramic was conirmed; and 1.4. Dug-out pits, with or without bricklaying and baked soil, different in size, with the depth of 0.15-0.40 meters, without any attachments, usually in groups of two. Portable inds included combined material such as soil, ashes, cinder, and intentionally broken pottery, and cult ceramics are usually detected on top of them. The second group consists of portable indings made of stone, bones, antler and ceramics, found at the total of 400 square meters researched area. They were analysed from various perspectives, mainly stylistic and technological.
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Fig. 3 Circular feature in the northern sector Sl. 3 Kružni objekat u severnom sektoru



The entire ceramic fund has more than 20.000 different fragments, which are separated into several categories. In this article, we will focus on cult plastics: 2.1. Objects with non-standard shapes, miniature models of vessels and clay objects such as models of ovens, dwelling objects – houses, cult tables, altars, etc., which offer information on the real appearance of mentioned facilities. The presence of these models in such a large number of relatively underexplored areas indicates cult purpose of surveyed area. Up to the present days, in folklore, the aforementioned items and objects are brought into close connection with ritual acts that are symbols of fertility and that ensure the continuation of family lineage and households. In wedding customs of Central Balkan nations most ritual items are associated with the cult of dead ancestors and present in the immediate surroundings of the home ire and house. Artefacts belonging to the chronologically earlier phase are characterized by decoration with engraving and those from later phase have graphite painting. Very common is the appearance of signs and symbols carved on the outside and bottom of the vessels, in certain cases decorated with engraving. Comparative analyses correlated these indings with those from sites in both the near-by and distant areas, where such signs are often associated with the appearance of the irst literacy in this region (Николов 1970: 56-68, 1974: рис. 110; Тодорова 1986: 207-213; Чохаджиев 2006: 48-49). The largest concentration of indings with engraved signs is recorded in the area that culturally its within the complex Gradešnica-Slatina Dikili Tash (Чохаджиев 2006: 49).
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The decoration, in both of these techniques, comprehends the use of identical motifs that recur: bundles of parallel lines, triangles, rhombuses, circles with or without a point in the middle, meanders, endless circles and spirals etc. (Атанасова 2012: 77). 2.2. Anthropomorphic and zoomorphic plastic, all previously discovered fragments, without any exception, are made of clay or combination of clay and stone. They are decorated with engraving with the same symbolism as the replicas. In most cases they were detected directly upon or around any of the facilities associated with ritual activity (Fig. 4).



Fig. 4 Stone benches with increased concentration of fragments Sl. 4 Kamene klupe (bankine) sa uvećanom koncentracijom fragmentovanih nalaza



In terms of quantitative aspects, the explored area of 400 square meters offers more than 100 different fragments of anthropomorphic and zoomorphic plastic and a number of fragments of ceramic such as altars, models of dwelling structures-houses, ovens, furniture and more. (Атанасова 2012: 53-63, 92, 96-105; Ead 2010: 8, 23-30). If we take into considertaion that the overall researched area was 400 m2, and if we measure the amount of the discovered artefacts with cult character, we may observe that on 100 м2 approximately 10-50 fragments of anthropomorphic igurines and 50-100 fragments of diverse cult objects were discovered, and this sheer quantity demonstrates an extraoridinary signiicance of the Sv. Atanas sanctuary.
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Anthropomorphic igurines – stylistic features Anthropomorphic igurines were made following strictly deined patterns and iconographic canons. However, although quite similar, every of these igurines has its own unique traits. According to the role which was intended for them, and although they were, on one hand, very uniform in crafting and decorating and largely tied to speciic iconography, they are showing, on the other hand, a kind of diversity and uniqueness. Every single object represents a unique example. We will focus our attention on their style, ornaments and proportions. After their stylistic feature, the igurines are separated in two basic groups: • seating or partially reclining, with upper body that is thrown away forward or backward; and • standing igurines (lat and cylindrical). The symmetry of the igurines is quite remarkable, i. e., the left and right half of igurines are almost identical. According to the head modelling, they can be arranged from quite schematic to the realistic samples, with clear individual features (ig. 5a-d) (Атанасова 2012: ig. 30; Ead 2010: k. br. 29). These realistically crafted igurines fully express the artistic abilities of the ancient craftsmen. H. Todorova marks them as Type I in the typology of the material from Golyamo Delčevo (Голямо Делчево), in connotation with the cult of the dead ancestors and the prayers that may have been addressed to their spirits to ask for a protection (Тодорова 1975: 104). What is signiicant in the upper part of the igurines are plastically decorated breasts, placed on the very top of the igurines, almost in line with shoulders. Arms are short, conically narrowed at the top (ig. 6c), wide spread or curved down along the body, with the possible exceptions of hand bent at the elbow with differentiated ingers (ig. 6b). Waist is narrow, plastically emphasized or simply marked with a deep embossed line. Underneath is the stomach, rounded at the front and with impressed spinal line at the back. The glutei are set quite low, with an effect of shortening the legs. Legs are usually clinging to each other, with rare exceptions when they are separated and end up with either conical or differentiated feet. Knees are moulded plastically, highlighted with embossed decoration. In popular folklore, they symbolize healthy offspring until present day (the research on intangible heritage of the Osogovo region is unpublished, done by author, see also for the symbolism of Birth-giving goddess Чаусидис 1994: 200, 206, 208, Т. XLVII/ 1, 9, 16, 17).
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Fig. 5a-c Realistically modelled heads with individual features; 5d schematized head model Sl. 5a-c Realistčno modelovane glave, sa individualnim crtama; 5d shematiziran model glave



Fig. 6a-c Upper parts of igurines with incised symbols Sl. 6a-c Gornji deo igurina sa urezanim simbolima
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Fig. 7 Lower part of igurine with rich embossed decoration Sl. 7 Donji deo igurine sa bogato urezanom dekoracijom



If we take into consideration the ornaments, the igurines may be grouped into two basic variants, of which many further sub-variants may be outlined: • igurines with embossed decoration (igs. 7, 8); • igurines without decoration (ig. 9), usually with plastically emphasized anatomical parts of the body. Analysis of the irst variant offers possibilities for sub-variants. Embossed ornaments can be found with or without encrustation in white and combined with dry red colour. Upper parts have discreet decoration, mainly with two vertical lines engraved on the front left and right, which break forming an acute angle at the top end towards the chest. Some scientists recognize that as the symbol of the role of a woman-mother (Миткова 2005: 7-20). The igurine marked with cat. no. 11 represents an exception at St. Atanas, with its multiple engraved symbols under the shoulders and back, forming various cruciform ornaments (ig.6a) (Атанасова: 2013, with cited references; Ead 2012: 54). Markevich believed that multiplication increases their effect (Массон, Мерперт 1982: 242). In scientiic literature, these symbols are often associated with magical rites (Lazarovici 2005: 147) and ritual seeding at the four corners of the world (Gimbutas 1982: 208) or they are given multifunctional meaning (Merlini 2006: 25-78). Decoration, very rich, and consisting of a combination of straight and oblique lines, rhombuses and points forming various signs and symbols embossed on parts of the stomach (Атанасова 2012: table 3-A), is directly related to fertility. (Merlini 2006: 28, 29; Массон, Мерперт 1982: 242; Миткова 2005: 9/ ref. 9; Николов 1970: 66)
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Fig. 8a-b Figurines with embossed decoration Sl. 8a-b Figurine sa urezanim ukrasom



The richest ornaments were placed on lower parts of the igurines. In terms of embossed symbolism, most explicit and most multiplied are rhombus and triangles with hollow point in different combinations, used as a symbol of women and fertility in general (Массон, Мерперт 1982: 242; 2006: 30; Gimbutas 1982: 208; Наумов 2006: 64-65). Glutei were mainly decorated with endless circular or elliptical spiral, which, according to some researchers, may be the representation of a dragon-keeper of the new life (Массон, Мерперт 1982: 243). The lower parts of the legs and feet are illed with rich embossed decoration. Some of the most common symbols are embedded oblique lines in the area of the knee with emphasis on solar elements, and a symbolic representation of the solar bull (Atanasova 2011b: ig. 12). Amongst the entire fund of preserved lower parts, the igurine marked with cat. no. 26 stands out with its extremely rich embossed decoration. In its front, central element of the igure is carved, richly decorated amphora, with all of the symbols that are typical for anthropomorphic vessels, which were dealt with in various papers (Наумов 2009: 15-32 with references cited) (Fig. 7).
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Fig. 9a-b Figurines without decoration Sl. 9a-b Figurine bez ukrasa



According to their proportions, the igurines allow division into two variants: • igurines of large size, consisting of several assembled parts, with a height up to 30cm; and • miniature igurines of one piece of clay with dimensions of about 2-3cm. Among the pieces we can notice pits and indentations of merging corresponding parts within the stone core (Атанасова 2012: 92, 96, 101). Technological aspect of igurine production In the process of production, certain characteristics that are visible are very important for understanding the complete picture of the production of cult plastic. When analysing, considering the technological aspect, three elements are important: 1. selection of raw material; 2. process of production; and 3. interpretation of the spiritual principle in production.
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The raw material selection According to the selected raw material, igurines were made either in clay or in a combination of clay and stone, and can be divided into two groups: • combined igurines, with stone core and clay outer parts (Атанасова 2012: 35, t. 19/28, 23/40, 24/43, 28/39); • clay igurines, manufactured entirely out of clay, including the core (Атанасова 2012: 35 T.19/26, 27). Production process Most of the igurines were made from separate parts, and assembled afterwards, which is visible in the table display of the percentage of total number of processed igurines. (Table 1: percentage). zoomorphic figurines 7%



residual 1%



completely figurines 3%



heads ripped off 11% upper part of the body with or without head 9% abdominal parts 11%



feet or limbs broken off 32%



lower parts(from hips to knees) 26%



Table 1 Percentage of the total number of documented igurines Tabela 1 Procentualni prikaz ukupnog broja obrađenih igurina



ТАБЕЛА 1



All the igurines have a core, which was either a rock of volcanic origin, used without any additional treatment, or a piece of clay, baked at high temperatures in order to gain greater strength. The core was covered with a layer of puriied clay, of uneven thickness, depending on the form. At this stage igurines were dried, and then decorated. After decoration was made, another very thin layer of coating was added, of high-quality puriied clay, and then they were baked. Smoothing of moderate to high gloss and polishing, if any, was the last process in the manufacture of the igurines.
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The manufacturing process includes other features which result into sub-variants, and are closely related to production. According to colour, we can separate several sub-variants varying from light-red to dark-grey: • Figurines that are light-ochre to dark-red; • Figurines made in dark-brown to dark-grey; • Figurines in which one side is bright and the other is dark; • Figurines with a clay core in one and coating in other colour. The difference in colour from technological point of view is often the result of chemical processes that occurred during the baking process and oxygen reduction, although some researchers believe that dark-grey colour is obtained as a result of graphite treatment (Миткова, Попов 2011 in press: 22). Important questions arise related to the colour – is the difference in colour deliberate or not, and if the colour choice was intentional, what might be the reasons for it? M. Gimbutas recognizes the unbreakable connection between life and death, summer and winter, and renewability of nature in calendar cycles. S. Cucoş connects black colour to infernal and bright colours with heavenly sphere (Cucoş 1973: 207-214). M. Hoti, however, associates both black and red with chthonic deities and with the dead, but with the practice of certain magical rituals (Hoti 1994: 183-203). In addition, we should mention newer ethnographic parallels in folklore and traditional textile art, where red is the colour of life and black is the colour of death, and they have unbreakably connected. If we take a look into what parts of the body are represented among the fragmented piece, we may notice the presence of the following segments: 1. Heads ripped off; 2. Upper part of the body with or without head; 3. Abdominal parts; 4. Lower part (from hips to knees); and 5. Feet or limbs broken off. Majority of fragments correspond to the lower segments of igurines (ig. 7, 8 Тable 1). Symbolic aspects of igurines The perception of the spiritual principle in prehistoric populations, because of the presence of ritual elements in the process, is also accessed through manufacturing technology.
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The relationship between technology and spiritual principle is clearly evident in the emphasis on certain anatomical elements in the process of modelling of the igurines. When preparing, the craftsmen underlined anatomical details of the human body such as emphasized steatopigia, chest, gluteus, hips, knees etc. (ig.9a-b) that carry the symbolism since ancient times, often with the connotation to cults associated with fertility and prosperity. Tapping into the semantics of discovered pottery is particularly evident in the development of the plastics. Plastic manifold has a major role in the analysis and possible reconstruction of ritual events. Apart from anthropomorphic and zoomorphic igurines, here are models of furniture, housing houses, altars, chalices and other vessels. Most of the igurines are female exhibits. Although they undergo certain changes as a result of some local speciics at highlighted female features by the craftsmen, basically, they remain semantically unchanged. The role and purpose of the igurines has been predicted, in large part, before preparation and ancient craftsmen worked accordingly to it. Without any doubt, the aforementioned cult objects provided multiple uses, and fragmented ceramics were only meant to be used once. Anthropomorphic plastic was usually crushed at identical positions, which leads us to believe that perhaps their purpose was in advance determined to be broken. The existence of igurines for one use was pointed by Bibikov for the indings of Luka Vrublevetska (Лука Врублевецька), where they were mostly deliberately broken (Бибиков 1953: 203). In addition we should mention that many ethnographic elements, present in almost all of the central Balkans region until recently, associated with breaking and sharing of various ritual loaves, basically always contain wishes for good health and well-being of participants and their direct families (Атанасова 2010: 9; Кулишић et al. 1970: 43-45 , 311-314). In the early stages, igurines were made mostly as seating or halflying representations of women in adulthood with steatopigia, with the emphasis on the lower part, and quite stylized performance of the upper body and the head. Decorations, despite the diversity, were basically a result of strictly deined iconography, but with a certain symbolic signiicance. Most common symbol is a rhombus with points, which symbolizes female fertility and also appears as a symbol of sown ields (Рыбаков 1965, Массон Мерперт 1982: 242). Images of rhombus forms resulting from adjoining triangles are common symbol of female fertility (Массон, Мерперт 1982: 242). Solar circles and stars are related to cosmic symbolism and they are just another of cult objects’ symbols.
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Many items also indicate the role of the bull in the ideological and ritual activities of the population of Spančevo. There are elements of the interaction of the bull with the female deity, not only with the igurines, in certain altars and some handles, but also in the decoration. There are also elements that indicate the occurrence of the cult to the sun – most explicit example are two circular ceremonial structures with a chain of rocks, mutually oriented in south-north direction. Notable as a separate group are objects that indicate signs of connection to the symbols of the sun – bull and cult associated with beliefs in the solar bull. The most explicit examples are numerous altars – rectangular containers with stylized corners, imitation of horns, and vividly drawn knees of the igurines. In samples where pregnancy is emphasized, feminine principle is outlined, which is an unbreakable connection with cosmic forces. In preparation of two identical parts, especially in the lower parts that merge later during the production process, we can recognize an element in a modiied form which is found in popular folklore. In central Balkan areas there are many forms of customs preserved that are associated with twins or people sharing the same opinion; these are mentioned in literature of villages on slopes of Avala (Ивановић-Баришић 2009: 178) and villages along the Bregalnica Valley (Атанасова 2012: 44). The interpretation may also be found in preparation of two identical halves of correlation between the two basic principles. Regarding the link between technology and semantics, as a result of the analysis of available funds indings, despite the great symbolism in terms of decoration, the correlation between the solar disk and sunrays with animal horns etc. is evident. Hence the question: Is there a direct connection with the cult of the solar bull? There is still a fresh memory within the elder population in Kočani about the celebration of health of oxen and their owners. In the villages there is still a custom called “bogomolja” (Ивановић-Баришић 2007: 67-85; Ead. 2009: 175-188). In terms of semiotics, most of the studies are focused on the relationship with ritual and mythological elements contained in popular folklore of Central Balkan. The greatest association is recognized in the preparation of ritual breads or loaves, which contain a large number of archaic elements within themselves as direct communication with ancestors, the cult of dead ancestors, preserving and extending the house and family lineage, and the cult of fertility. A huge deal of the symbolism is recognized in the richness of ornaments in embossed cult plastic from Sv. Atanas sanctuary and its similarity to Christmas decoration and other ritual breads in
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central Balkans nations. In the folklore of western Serbs Christmas bread symbolizes sown ield, and is closely related to the yield of crops, breeding of livestock, health, family, work and prosperity at home (Кулишић et al. 1970: 311). The very act of preparing the ritual bread is related to fertility cult. In Kočani and surrounding area, a small part of “The Christmas straw” is tied to fruit trees in order to enable rich fruitage (research done by the author).The dough for any ritual loaf was made of lour from different types of crops, and various seeds were put inside. When decorating, there was a different symbol for any work or any cattle (Кулишић et al. 1970: 312), and so in the process of ritual breaking of the bread everyone and everything received the part that was intended for it. Everything mentioned above leads us to think that the base for this custom could be found much farther back in history. Nine igurines with prints from cereal grains were discovered in Luka – Vrublevetska (Бибиков 1953: 256). It is possible that even the holes on female anthropomorphic igurines were representing imitation of cereal grains, which dropped out during baking (Антонова 1984: 125-126), which takes us back to the above mentioned ritual breads. The igurines itself but also their fragmentsof igurines had a strong apotropaic power, and this power continued even after the actual ritual of their breaking. Concluding observations When talking about ancient people, there is no coincidence in terms of production, and there is no ‘art for art’ in today’s meaning. Art, in most of the cases, is simpliied to a prayer to gods for the fulilment of certain wishes; hence it is likely that this is the case here. The extremely rich fund of clay anthropomorphic igurines found in Spančevo offers great opportunities for analysing and perhaps solving many of the unanswered questions and it is closely related to ideological representation among ancient people. The general analysis, though primarily focused on objects of material culture associated with ancient cults and rituals, gives great importance to movable cult plastics as well. Taking in consideration all of the represented symbols and their interpretation by the previous studies, we ind that in the base of this case too is the cult of the Great Mother and the cult of the sun, and it is adapted to this particular case. The used material in this case is volcanic stone instead of typical core, and this volcanic stone is a material that comes from
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the earth and was very widely used in everyday life of ancient people, so it is likely that this is one of the reasons why it was used as a core. Because of the importance it had for the inhabitants, nature placed it here in great quantity, and it probably represented at least local resource that was supposed to supply the population with the raw material for stone tools. All this points to a technological activity that was predetermined with dough preparation and was closely related to the idea of rich ields (Массон, Мерперт 1982: 243). Therefore it is necessary to ask the question: were these clay igurines with similar symbolism and purpose, so some of the participants in the ceremonies took parts of broken igurines, giving them important apotropaic meaning. In addition to this, we might suggest a pretty bold opinion: is it possible that the placement of volcanic stone as core within the igurines points to gratitude to gods for that important gift they receive from earth. We offered a hypothetical answer to all of the presumptive questions mentioned above, and when inally analysing the questions and answers on the problem, we reduce this to the primary view of all agrarian cultures: ritual manifestations of desire and plea for better harvest, greater prosperity and continuing the cycle of life, gratitude to the sun and the mother –earth for all of the requested and received gifts. References: Антонова, Е. В. 1984. Очерки культуры древних земледельцев Передней и Средней Азии. Москва: Академия наук СССР. Атанасова, И. In print. Култна пластика од свети Атанас кај с. Спанчево, Кочанско. Macedoniae acta archaeologica 21. Атанасова, И. 2013. Антропоморфни фигурини од Спанчево-кочанско (прилог кон проучувањето на раниот енеолит по средното течение на Брегалница). Македонско Наследство 40-41: 148-156. Скопје: Македонска Цивилизација. Атанасова, И. 2010. Култна пластика од енеолитското наоѓалиште св. Атанас с. Спанчево Кочанско (каталог). Кочани: ЈОУ Библиотека Искра. Атанасова, И. 2011a. Резултати од ископувањата на раноенеолитското светилиште Св.Атанас кај село Спанчево-Кочани. Мacedoniae acta archaeologica 20: 185-204. Atanasova, I. 2011b. Anthropomorhic Cult Plastic from Eneolithic Sanctuary near Village Spančevo, Kočani, In: Я. Бояджиев, С.Терзийска-Игнатова (ред.), Златното пето хилядолетие. Тракия и съседните райони през каменно-медната епоха. Доклади от международния симпозиум в Пазарджик, Юндола, 26-30. 10. 2009. г. (Y. Boyadzhiev, St. Terzijska-Ignatova (eds.), The Golden Fifth Millennium. Thrace and Its Neighbour Areas in the Chalcolithic. Proceedings of the International
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Symposium in Pazardzhik, Yundola, 26-30. 10. 2009), София, НАИМ-БАН: 225-237 Атанасова, И. 2012. Свети Атанас енеолитско светилиште кај село Спанчево Кочанско. Кочани: ЈОУ Библиотека Искра. Блажев, К., Наунов, Ј. 2003. Геолошки состав. Савев Н. Кочани и кочанско од праисторијата до денес. Кочани: Општина Кочани. Бибиков, С. Н. 1953. Поселение Лука Врублевецкая. Материалы и исследования по археологии СССР. Москва. Cucoş, Ş. 1973. Un complex ritual cucutenian dscoperit la Ghelăieşti (dép. Neamt). Studii şi Cercetari Istorie Veche 24/2: 207-214. Чохаджиев, С. 2006. Слатино, праисторически селища. Велико Трново Чаусидис, Н. 1994. Митските слики на Јужните Словени, Скопје, Мисла Gimbutas, M. 1982. The Goddesses and Gods of Old Europe, 6500-3500 bc Myths and Cult Images. Berkeley and Los Angeles: University of California Press. Hoti, M. 1994. Vučedol-Streimov vinograd: Magijski ritual i dvojni grob vučedolske culture, Opuscula archaeologica 17: 183-203. Ивановић-Баришић, М. 2007. Календарски празници и обичаји у подавалским селима, Посебна издања Етнографског Института САНУ књ.59, Београд, САНУ. Ивановић-Баришић, М. 2009. Христијанизација народних обичаја – пример воловске богомоље. Гласник Етнографског института LVII-1: 175-188. Колиштркоска Настева, И. 2011.Свети Атанасие, енеолитско светилиште и дел од откриениот материјал. Macedoniae acta archaeologica 20: 171-184. Кулишић, Ш., Петровић, П. Ж., Пантелић, Н. 1970. Српски Митолошки речник. Београд, Нолит. Lazarovici C. M. 2005. Anthropomorphic statuettes from Cucuteni-Tripolye: some signs and symbols, Documenta Praehistorica XXXII: 145-154. Массон, В. М, Мерперт, Н. Я. 1982. Энеолит СССР. Археология СССР. Москва. Merlini M. 2006. The Gradešnica script revisited, Acta Terra Septemcastrensis V, “Lucian Blaga” University – IPCTE, Sibiu: 25-78. Миткова, Р. 2005. За един знак от късноенеолитната орнаментика. Културните текстове на миналото – носители, символи и идеи, In: Сборник в чест на 70 годишнината на проф. К. Попконстантинов; София: 7-20. Миткова Р., Попов Н. 2011. In prep. Кьснохалколитна керамична антропоморфна пластика от селищна могила Смядово. Наумов, Г. 2006. Садот, печката и куќата во симболичка релација со матката и жената (неолитски предлошки и етнографски импликации), Studia mythologica slavica IX: 59-95. Наумов, Г. 2009. Садот како човечко тело, Неолитските антропоморфни садови и нивните реминисценции во подоцнежните периоди. Патримониум: 15-32. Николов, Б. 1970. Идолната пластика от с. Градешница. Археология 4/1970: 5668. Николов, Б. 1974. Градешница. София, Наука и изкуство. Рыбаков, Б. А. 1964. Космогония и мифология земледельцев энеолита, Советская археология 2/1965: 13-33. Стојмилов, А. 1970. Местоположба, природни и социографски карактеристики.
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Ilinka Atanasova Muzej na Makedonija, Muzejska zbirka Kočani RANOENEOLITSKE FIGURINE SA LOKALITETA SVETI ATANAS KOD SPANČEVA – KOČANI: PROUČAVANjE TEHNOLOGIJE IZRADE Svetilište „Sveti Atanas“ blizu Kočana, se nalazi na blagom uzvišenju. Njegova pozicija dominira i ostvaruje vizuelni kontakt sa ostala naselja iz doba eneolita duž srednjeg toka reke Bregalnice. Kulturni sloj je veoma tanak i iznosi svega 10 – 30 cm. debljine. Nalazi su polagani na specijalno uzdignute bankine sa četvrtastim oblikom, od kamenih oblutaka, direktno na prirodnu stenu. Samo kod nekoliko probnih sondi, debljina kulturnog sloja je malo veća i iznosi i do 80 cm. debljine, što predstavlja retkost. Na Svetilištu „Sveti Atanas“ kod sela Spančeva, kočanska regija, otkrivena je najveća, zasad poznata zbirka, glinenih antropomorfnih igurina, na jednom nalazištu, iz perioda ranog eneolita u Republici Makedoniji. Naš pristup proučavanju je iz četiri različita aspekta: kvantitativni, tehnološki, kvalitativni i simbolički aspekat i njihova apotropejska moć, kroz paralele sa etnografskim običajnim i slavskim elementima, sačuvanim sve do danas na širem području centralnog Balkana. Ukupan nalaz se izdvaja uglavnom na: 1. Objekte povezane sa pomenutim kultom i 2. Obredno-magijske predmete. U pogledu kvantitativnog aspekta, svetilište se ubraja u nalazišta sa 10-50 antropomornih i 50-100 fragmenata predmeta sa nestandarnim oblikom na 100 kvadratnih metara istraživane površine. Sve to skupa daje jedan veoma impozantan rezultat ukupnom broju predmeta sa kultnim ciljem. Posebno se izdvajaju pravougaoni žrtvenici na četiri uzdignute noge u više varijanata: u vidu stočića sa ravnom gornom površinom, ili udubljenom/konkavnom površinom koja može biti i perforirana, za izlivanje određene tečnosti. Kao posebnu grupu kultnih nalaza pominjemo modele peći i kuća. U smislu tehnološkog aspekta, glavni akcenat je stavljen na izbor materijala i procesa proizvodnje. Zahvaljujuči fragmentarnosti kod otkrivenih nalaza, mnogo su veće mogućnosti sagledavanja proizvodnje. Skoro sve igurine ukazuju na to da su napravljene iz više od jednog dela, povezane kasnije u proizvodnom procesu.
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Sva, dosad otkrivena, fragmentovana antropomorfna plastika je izrađena od gline, ili kombinacijom kamena i gline (u okolini Spančeva i danas postoji eksploatacija minerala). Na osnovu čega se otkrivene igurine mogu podeliti u dve grupe: a) igurine sa jezgrom od vulkanskog kamena. Preko njega ima sloj gline sa nejednakom debljinom. Zatim se igurina slobodno suši; nakon čega sledi urezivanje željene dekoracije. Spajanjem pojedinih delova dobija se unapred osmišljena igura. Na ovom stupnju proizvodnje sledi još jedan tanji sloj od ređe glinene kaše bez ikakvih primesa, sa jednakom debljinom. Na kraju se sve to dorađuje, peče i polira do umerenog sjaja. b) U drugu grupu spadaju igurine koje su u celosti izrađene od gline, uključujuči i samo jezgro. Proces proizvodnje je identičan, sa tom razlikom što se jezgro od gline, zbog čvrstine, prvo peče na visokoj temperaturi. Kod procesa pečenja je naročito važno to da kao posledica redukcije kisloroda postoji razlika u boji kod pojedinih predmeta, kombinacijom tamno-svetlo. Element večne suprotnosti između svetlosti i tame, ili bolje rečeno, između dobra i zla. Kod treće opcije ili kvalitativni aspekat napominjemo, da je najveći deo igurina otkriven fragmentovan, a prema nekim proračunima o dimenzijama otkrivenih fragmenata, njihova eventualna visina se kreće između 3 i 30 cm. Prema obliku i položaju tela moguća je sledeća podela: • sedeće ili polusedeće igurine, sa zabačenim gornjim delom tela; • stojeće igurine; Prema dekoraciji izdvajamo: • dekorisane igurine sa urezanim motivima kombinacijom linija, sa ili bez inkrustacijom • igurine bez dekoracije. I najzad simbolički aspekat ili bolje reći zaključak o njihovoj apotropejskoj moći povezujemo sa etnografskim elementima i slavskim običajima među narodima centralnog Balkana, naročito sa sečenjem slavskog kolača. Moguća je i njihova povezanost sa godišnjim i dnevnim ciklusom, sa buđenjem prirode, i zaštitom porodilja. Nije isključeno da su učesnici u ove ceremonije pri polasku uzimali deo igurina za bolji prosperitet njihove zajednice. To nas s druge strane upućuje na razmišljanje da je svetilište, a i proizvodnja glinenih igurina usmeravana ka jednoj široj publici i širem području. Ne postoji velika razlika u izboru simbola. Kod urezivanja, kao i kod ostalih korišćenih tehnika, motivi su identični.
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Na pretpostavljena pitanja u tekstu su ponuđeni hipotetički odgovori. Analizirajuči pitanja i odgovore, u osnovi se sve svodi na primarna gledišta kod sve zemljoradničko-agrarne kulture: obredne manifestacije sa željama za blagostanje i produžetak života. Upučivanje zahvalnosti suncu i majci-zemlji za primljene darove. Republika Makedonija, naročito njen istočni deo, u eneolitsko doba, je prirodno povezana dolinama Bregalnice i Strumešnice i dolinom Strume sa juga, a dolinom Pčinje i Preševa doline sa severa, sa susednim regionima.
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Abstract: The article analyzes the current state of pottery research in Serbia. The material studied is chiely from the Middle Ages, and from the experiences we have so far certain recommendations for future interdisciplinary study of pottery technology can be drawn. On the basis of already conducted petrographic and physical-chemical analyses we point to a combination of methods which should provide optimal results. It is stated that in Serbia there are both good potential for such study and speciic equipment for archaeometric analyses of pottery. However, there is still a need to train specialists, mostly from the ield of archaeology, competent to engage in all aspects of the study of pottery. The aim should also be to build interdisciplinary teams for the research of pottery technology, a subject of growing importance precisely because of the application of different analytical methods. Key words: pottery studies, Middle Ages, technology, petrography, physical-chemical analyses, interdisciplinary research Apstrakt: U tekstu se analizira trenutno stanje keramičkih studija u Srbiji, prevashodno u vezi s materijalom iz razdoblja srednjeg veka, iz čega proističu preporuke za interdisciplinarna izučavanja tehnologije keramike. Na primeru do sada urađenih petrografskih i izičko-hemijskih analiza, ukazano je na metode koje, kombinovane, daju najoptimalnije rezultate u ispitivanju keramike. Konstatuje se da u Srbiji postoji ozbiljan istraživački potencijal, kao i odgovarajuća oprema za arheometrijske analize keramike, ali da bi trebalo ozbiljnije raditi na stvaranju stručnog kadra, pre svega arheologa koji bi se usmerili na izučavanje keramike u svim njenim aspektima. Takođe, trebalo bi težiti ka stvaranju interdisciplinarnih timova proilisanih za izučavanje tehnologije keramike, jer je to tema čija aktuelnost vremenom raste, upravo zbog primene različitih analitičkih metoda u istraživanjima. Ključne reči: studije keramike, srednji vek, tehnologija, petrograija, izičko-hemijske analize, interdisciplanarna istraživanja
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Regardless of the epoch of one’s concern, pottery constitutes an exceptionally important class of archaeological inds. Its importance derives from a millennia-long tradition of craftsmanship, which represents an overwhelming research potential. As the most numerous class of indings, it usually provides solid foundations for establishing archaeological contexts, for understanding their nature, and for presenting statistical ratios. In Prehistoric archaeology, pottery represents a critical cultural and chronological marker, while in historical periods, among other issues, it speaks of economy, especially of production and trade. In the course of time pottery studies have undergone serious changes, from simple evidence and description of speciic classes (such as Neolithic painted ware, Roman terra sigillata or Chinese porcelain) to comprehensive analyses of all ceramic inds from archaeological layers and units. A similar process can be observed also in Serbian archaeology, in which a breakthrough was made in the 1970s with the introduction of a genuine school of pottery processing, led by Ana Premk and, especially, Ljiljana Bjelajac. The achieved best practice is incorporated into numerous publications dealing with ceramics and pottery contexts from Antiquity and the Middle and Modern Ages (e.g. Bjelajac 1990; 1996; Nikolić-Đorđević 2000; Bikić 1994; 2003). At present, pottery is mostly analyzed in a traditional way, based on observation of the ware morphology and decoration. The archaeological (visual) analyses can also provide certain information on technology, i.e. on the clay composition, inishing techniques, and temperature of iring. These results are, however, not only incomplete but also not precise enough, both in the qualitative and quantitative sense; therefore archaeology has turned to analytical methods of the natural sciences. Scientiic analyses of pottery composition have been performed for decades now, dealing with both technology (the sequence of actions starting with the preparation of the clay and inishing with the heating of a vessel) and the organization of pottery production in particular communities and settlements. The promoters of the application of such analyses of archaeological ceramics were A. Shepard (Shepard 1956; 1964) and D. P. S. Peackok (Peackok 1967; 1968; 1969; 1970), and, later on, a number of researchers specialized for different issues in pottery technology (e.g. Rye 1977; 1981; Rice 1987; Freestone 1995; Tite 1999; Tite et al. 1998; 2001; 2008; Kilikoglou et al. 1998; Livingstone Smith 2001; Colomban 2005; Schwedt, Mommsen 2007; Sterba et al. 2009). The impression that in past years particularly important results were achieved in the ields of the early stages of pottery production and
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the organisation of pottery craft in traditional communities is corroborated by a list of articles published in relevant scientiic journals (not presented here for obvious reasons). On the other hand, one can observe an increasing interest in the research of pottery from the Roman domination period, but also in that of pottery technology in Mediaeval and Modern times. At present, petrographic, physical and chemical analyses are planned as an integral part of pottery studies, complementing the detailed archaeological ones. Regretfully, one must note that the situation in Serbia is not even close to the one described. It would not be wrong to state that pottery study here is, as a whole, a largely neglected segment of archaeology. The unavoidable presence of ceramics in archaeological publications, due to its importance for stratigraphic, chronological and other conclusions, may give an impression of developed pottery studies. Yet there are only a few experts in such research, although some colleagues are well trained in the systematization of ceramics, being familiar with its morphology and basic technological features. This inluences the attitudes towards pottery studies, their range and, consequently, the quality of the results. As regards the ceramics from historical epochs, i.e. from the periods of Roman domination and the Middle and Modern Ages, which is the ield of my expertise, we can also speak of a relatively low interest in pottery studies. Although there is a widespread explanation for the lack of such interest in the fact that there are other (more reliable) chronological and cultural markers, as a long-standing insider I think that the real reason lies in a supericial understanding of the research potentials of archaeological pottery. The somewhat reserved attitude towards it may be accepted insofar as there exist overwhelming quantities of pottery, having as a consequence a long process of systematization; compared to other classes of inds, one has to wait relatively long for the results of the archaeological analyses. However, as a result of such excuses enormous amounts of pottery have still not been processed (and by processing one should not mean just inventorying vessels or ’interesting’ fragments in museums). A long-term consequence is that we are all deprived of more elaborate information, not only on the function and use of pottery, i.e. the food culture, but also on different technical and socio-cultural aspects of the production of pottery in Antiquity and the Middle and Modern Ages. An ideal scenario for the study of pottery technology would include, irst of all, a clear archaeological context of the inds, the standard typological-statistical processing of ceramics with the archaeological analysis of the pottery ensemble, and inally physical-chemical analyses. As has been
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shown in practice, operating in such a sequence of actions should lead to a better deinition of research goals. Both the current status of pottery from the excavations and the modest level of publications so far can be discouraging when we are faced with such a massive undertaking. On the other hand, this should not be seen as an obstacle for the study of pottery technology, which could in fact stimulate an interest in the subject, bearing in mind the possibilities that archaeometric research offers to archaeologists. One should also remember that, in addition to analyses of the composition of raw material, the interdisciplinary approach to ceramics also applies to analyses of organic residues on vessels, as pointed out in Serbian literature by J. Vuković (Vuković 2005). The title of this article includes the phrase ’irst experiences’. This does not refer to chronology – there have been some analyses preceding those to be described here – but it marks the general impression one gets after the sum of activities have been undertaken to study pottery technology. Furthermore, this was the most comprehensive set of tests performed so far in Serbia, and therefore it may be considered relevant to show our capacities for the application of archaeometry in the study of archaeological pottery technology. The time span of the analyzed samples lies in the widest framework of the Mediaeval period, from the Late Roman/Early Byzantine time to the Late Middle Ages. Our engagement in physical-chemical analyses of pottery started in 2009, within the scope of the Development and Use of the Modern Archaeometric – Non-destructive Methods in Analyses of the Cultural Heritage Artefacts (ТР19046) research project of the Institute of Physics in Belgrade, funded by the Ministry of Science and Technological Development of the Republic of Serbia. One of the project’s goals was to prepare the ground for a comprehensive, long-term research project devoted to pottery technology, which would also result in establishing an archaeometry database in Serbia. Unfortunately, this was not achieved, and petrographic and physical-chemical examinations are still being performed, although seldom and in low quantities. On the other hand, composing a team of researchers interested in pottery technology is a very important legacy of that project. Although in the course of time there were some personal changes, the institutional backing of the project was not affected. It brings together associates of the Institute of Archaeology (the present author), the Faculty for Physical Chemistry, Belgrade (Ivanka Holclajtner Antunović, Ljiljana Damjanović, Ubavka Mioč and Danica Bajuk-Bogdanović), the Faculty for Mining and Geology, Belgrade (Dragan Milovanović, Kristina Šarić and Suzana Erić), and the National Museum of Belgrade (Milica Stojanović). Since 2011, the
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work on petrographic and physical-chemical analyses has been conducted within the Urbanisation Processes and Development of Mediaeval Society project of the Institute of Archaeology (see Acknowledgments). The aim of our work is to characterize pottery from different periods of the Middle and Modern Ages from the technological point of view, i. e. to determine the composition of raw material (clay and non-plastic additions), to recognize the tools used to make vessels and the manufacture techniques, and to identify mutual inluences between the composition of ceramics, ware shaping and temperature of iring. Testing of mineralogical and chemical composition of the ceramics body and glaze has been performed according to standard methodology, using almost all available methods, namely optical (petrographic) analysis, scanning electron microscopy with energy dispersive spectrometry (SEM-EDS), micro-Raman spectroscopy, Fourier transform infrared spectroscopy (FTIR), powder Xray diffraction (PXRD), X-ray Fluorescence (XRF) and inductively coupled plasma mass spectrometry (ICP-MS). As can be seen, the list of methods applied is quite long. All of them can be performed in Serbia, on equipment housed in the Faculty for Physical Chemistry, the Faculty for Mining and Geology, and the Institute of Nuclear Sciences ’Vinča’. A total of four sets of archaeometric analyses have been executed so far. The two earlier ones aimed at characterization of Middle Byzantine glazed (sgrafito) pottery from the Fortress of Ras and Braničevo (Damjanović et al. 2011; Holclajtner-Antunović et al. 2012), while more recent results, in preparation for publication, present the analyses of pottery composition and manufacture characteristics of Early Byzantine ceramics from Caričin Grad (Damjanović et al. 2014). Characterization of painted pottery from the Modern Age, i. e. from the period of Austrian domination, is in process, initiated by the need to better deine the technology groups and, consequently, production regions in Central Europe, especially for Haban pottery (Janjić et al. 2013). This particular research is part of a larger study of pottery from the Modern Age, aiming to contribute to our knowledge of the Austrian domination in Belgrade and Northern Serbia (1688–1690 and 1717–1739). The examination of the technology started with the category of pottery which raises a range of speciic research questions, not only about the composition of raw material, but also about the techniques of glaze making and the production of glazed ware in general, both lasting for a very long time. The choice of the topic was also partly stimulated by the preliminary results of the research of such material from the core regions of the Byzantine Empire, which gave some indications of the production sites (Megaw,
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Jones 1983; Waksman, Spieser 1998) or, more speciically, implied its production in local workshops in the Balkans – in Prilep and Skopje (Tanevska et al. 2009). For that reason, and to see if there were similarities in technological processes, together with samples of Middle Byzantine glazed pottery from the Fortress of Ras (near Novi Pazar in southwest Serbia) and Braničevo (Kostolac in the Danube region), glazed sgrafito ceramics from the beginning of the ifteenth century has been tested too, as well as the potential raw material from the immediate vicinity of the Mediaeval fortress of Ras. The already existing characterization of this category of inds has facilitated the interpretation of the results obtained. It was shown that Middle Byzantine glazed pottery, particularly ware decorated with sgrafito, is in terms of technology comparable to contemporary inds from other Byzantine regions; thus it was not a local product. In contrast, similarities between Late Mediaeval sgrafito pottery and the geological base of the Raška region have been proved, which supports the assumption that it was produced locally (Damjanović et al. 2011; Holclajtner-Antunović et al. 2012). On the other hand, testing ceramics from Caričin Grad has been somewhat more extensive, as the site is undoubtedly representative of the Early Byzantine period and rich in clearly deined and precisely dated ceramic contexts. The goal of our research was to characterize pottery, clay and non-plastic additions and to locate the place of its production, on the assumption that it was manufactured in the area of the city (samples from potential clay sources were collected). These examinations should also have contributed to answering the question of the level of pottery standardization in the Early Byzantine period (Damjanović et al. 2014). Taken as a whole, the application of archaeometry has yielded very satisfactory results so far, both as regards the data obtained and the potential of methods for testing archaeological ceramics. A combination of several methods has proved to give the most comprehensive results. These are petrography and SEM-EDS for deducing the mineralogical and chemical composition, then Raman spectroscopy for glazes and FTIR for determining the temperature of iring. Raman spectroscopy and XRD then considerably improve the precision of assessment of the mineralogical and chemical composition. By using Raman spectroscopy, in addition to other results, one can determine traces of carbon which reveal the use of organic ash as a luxing agent in the raw material. The results of examination of the technology of pottery from Late Antiquity and the Middle Ages conirm beyond any doubt that Serbia has
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substantial research potential, as well as the equipment required for archaeometric analyses of pottery. Despite such favourable preconditions, for conceiving larger projects on pottery technology perhaps we should think irst of training specialists. Bearing in mind that in such studies it is archaeology which must both open the discussion and conclude it, solid training in processing archaeological pottery would be necessary, at least to the point at which a candidate could recognize the chronology and cultural/ stylistic features of the inds. Work on pottery should be popularized in all its aspects – irst the archaeological and then the technological ones – and at the same time it should be harmonized according to a single methodology. This could at least result in better and more comprehensive proposals for research topics and projects. As mentioned before, the study of pottery technology requires interdisciplinary research, in which experts in other disciplines – geologists, physicists, chemists – provide different angles on the problem, bring in different methodology and, lastly, different terminology. So mutual harmonization is needed, which inevitably relects on the rather slow working dynamics. Insuficient and irregular inancing adds to the burden. This can be partly overcome by better design of archaeometry programs, in which a larger number of relevant institutions might be interested. Such research is about to start, in co-operation of the Institute of Archaeology and the National Museum in Belgrade, and the UCL Qatar (Material Science laboratory), on characterization of pottery from the Early Ottoman Period in the Balkans and its relations with technological features of the Late Mediaeval Balkan production.1 Considering all our potentials, large as they are even on the world scale, we should aim at training experts and building interdisciplinary teams for research of pottery technology, a subject of growing importance precisely due to the application of different analytical methods. As shown in practice, with convincing examples from the more recent literature as well, the best results in the study of pottery technology are obtained exactly from programs which combine archaeological (ethnological and ethnoanthropological) research with geological-petrological and physical-chemical analyses. Translated by Ivan Bugarski



1



The analytical part of the study will be presented in the Jelena Živković’s PhD thesis ”Early Ottoman local ceramic production in the Central Balkans” at UCL Qatar, a partner of Hamad bin Khalifa University, Doha.
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Vesna Bikić Arheološki institut, Beograd ISPITIVANJE TEHNOLOGIJE KERAMIKE U SRBIJI: PRVA ISKUSTVA Naučna analiza sastava keramike traje već niz decenija, pri čemu se uporedo izučava tehnologija (postupci koji počinju pripremom gline a završavaju se pečenjem posude) i organizacije grnčarske proizvodnje u određenim zajednicama i naseobinama. Utisak je, a to potkrepljuje lista radova objavljenih u relevantnim naučnim časopisima, da se u proteklom periodu došlo do naročito značajnih rezultata u vezi s ranom istorijom keramičke proizvodnje i organizacijom grnčarskog zanata u tradicionalnim zajednicama. Takođe, uz keramiku iz vremena rimske dominacije primetno je povećanje interesovanja za izučavanje tehnologije keramike srednjeg i novog veka. Danas se petrografske, hemijske i izičke analize planiraju kao sastavni deo izučavanja keramike, i to kao svojevrsna nadgradnja osnovnih detaljnih arheoloških analiza. Proučavanje keramike je vremenom prošlo kroz ozbiljan preobražaj, od evidencije i opisivanja pre svega speciičnih vrsta (poput neolitske slikane keramike, rimske tere sigilate ili kineskog porcelana), do sveobuhvatne analize kompletnog materijala koji čini sadržaj arheoloških slojeva i celina. Sličan proces se može pratiti i u našoj sredini, sa napretkom koji je ostvaren sedamdesetih godina prošlog veka, pre svega stvaranjem svojevrsne škole obrade keramike koju su predvodile Ana Premk i, naročito, Ljiljana Bjelajac. Tekovine tada uspostavljene metodologije ugrađene su u brojne publikacije koje razmatraju keramiku i keramičke kontekste iz razdoblja antike, srednjeg i novog veka. Keramici se i danas pristupa, u najvećoj meri i pre svega, na tradicionalan način, koji se zasniva na morfologiji i dekoraciji posuda. U tom smislu, arheološke (vizuelne) analize takođe mogu pružiti određene podatke u vezi s tehnologijom, pre svega sastavom gline, inalnom obradom i temperaturom pečenja. Međutim, ta saznanja su ne samo nepotpuna nego i neprecizna u kvalitativnom i kvantitativnom smislu. Stoga se arheologija okrenula analitičkim metodama koje se primenjuju u prirodnim naukama. Za ispitivanje tehnologije keramike idealan scenario podrazumeva, pre svega, jasan arheološki kontekst nalaza, potom i obavljenu tipološko-statističku obradu materijala po važećim parametrima sa arheološkom analizom keramičke celine i, na kraju, izičko-hemijske analize koje bi zaokružile ceo proces. Ovakav sled postupaka doprinosi boljem deinisanju istraživačkih ciljeva. U tom smislu, keramičke studije su prilično zapostav-
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ljen segment arheologije u Srbiji. Neizbežnost keramičkog materijala za stratigrafska, hronološka i druga tumačenja i, konsekventno, prisutnost tih nalaza u stručnim i naučnim radovima odaju utisak razvijenih studija. Istovremeno, broj istraživača proilisanih za izučavanje keramike je prilično mali (mada među kolegama ima znalaca koji su upućeni u sistematizaciju građe, oblike posuda i osnovne tehnološke osobine), što utiče na pristup i obim izučavanja keramike i, shodno tome, kvalitet rezultata. U slučaju keramike iz istorijskih epoha (perioda rimske dominacije, srednjeg veka i novog veka), može se govoriti i o relativno slabom interesovanju za keramičke studije. Iako u struci prevladava mišljenje da nedostatak interesovanja proističe delom iz činjenice da postoje drugi (pouzdaniji) hronološki i kulturni markeri, kao dugogodišnji insajder mislim da se pre može govoriti o nedovoljno širokom sagledavanju potencijala keramike kao arheološkog nalaza. Donekle je razumljivo i to, da uzdržan stav prema keramici proističe iz njene mnogobrojnosti, što podrazumeva dugotrajan proces sistematizacije, naročito u slučajevima dugogodišnjih sistematskih istraživanja, pa se na rezultate arheološke analize čeka relativno dugo (u odnosu na druge vrste nalaza). Međutim, zbog ovakvih i sličnih izgovora ogromna količina keramike nije obrađena prema važećoj tipološko-statističkoj metodologiji. Dugoročna posledica je da smo svi uskraćeni za produbljenija saznanja ne samo o funkciji i upotrebi keramičkog posuđa, odnosno kulturi ishrane, već i o različitim (tehnološkim i socio-kulturnim) aspektima izrade keramičkog posuđa u razdobljima antike, srednjeg i novog veka. Trenutni status keramičkog materijala sa iskopavanja, kao i skroman nivo dosadašnjih studija, može delovati obeshrabrujuće, zbog velikog obima posla koji nam predstoji. To, međutim, ne treba da predstavlja prepreku za izučavanje tehnologije keramike, već bi pre svega moglo da pobudi veći interes za temu, imajući na umu mogućnosti koje se arheolozima otvaraju arheometrijskim ispitivanjima. Rad na izičko-hemijskim analizama keramike započeo je 2009. godine u okviru projekta Razvoj i primena savremenih arheometrijskih – nedestruktivnih metoda u analizi artefakata kulturnog nasleđa, čiji je nosilac bio Institut za iziku (Ministarstvo za nauku i tehološki razvoj –ТР19046). Od 2011. godine rad na petrografskim i izičko-hemijskim analizama odvija se u Arheološkom institutu, u okviru projekta Procesi urbanizacije i razvoja srednjovekovnog društva koji se realizuje pod okriljem Ministarstva prosvete, nauke i tehnološkog razvoja Republike Srbije (OI 177021). Važno dostignuće ovog projekta je nastanak tima istraživača zainteresovanih za tehnologiju keramike. Iako je vremenom doživeo izvesne personalne transformacije, u institucionalnom smislu je ostao isti, sa saradnicima iz Arheološkog in-
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stituta (autor ovog teksta), Fakulteta za izičku hemiju (Ivanka Holclajtner Antunović, Ljiljana Damjanović, Ubavka Mioč, Danica Bajuk-Bogdanović), Rudarsko-geološkog fakulteta (Dragan Milovanović, Kristina Šarić, Suzana Erić) i Narodnog muzeja u Beogradu (Milica Stojanović). Do sada su urađena ukupno četiri seta arheometrijskih analiza. Dva ranija su imala za cilj karakterizaciju gleđosane (sgraito) keramike srednjevizantijskog doba iz tvrđave Ras i iz Braničeva, a aktuelni rezultati, koji su u pripremi za publikovanje, odnose se na analize sastava i proizvodnih karakteristika ranovizantijske keramike sa Caričinog grada. Karakterizacija slikane keramike novog (austrijskog) doba, takođe u procesu rada, inicirana je potrebom da se bolje deinišu tehnološke skupine i, s tim u vezi, proizvodni regioni na području srednje Evrope, naročito za habansku keramiku (Janjić et al. 2013). To je deo šire studije o keramici novog doba, a u kontekstu izučavanja perioda austrijske uprave u Beogradu i severnoj Srbiji (1688–1690. i 1717–1739). U celini posmatrano, dosadašnja primena arheometrije dala je veoma zadovoljavajuće rezultate, jednako u pogledu dobijenih podataka i potencijala samih metoda za ispitivanje arheološke keramike. U tom smislu, izdvojilo se nekoliko metoda koje su, kombinovane, pružile pouzdane vrednosti i time najkompletnije rezultate. Pre svega to su petrograija i SEM-EDS za mineraloški i hemijski sastav, zatim ramanska spektroskopija za glazure i FTIR za utvrđivanje temperature pečenja. Preciznosti rezultata u pogledu mineraloškog i hemijskog sastava značajno doprinose i XRD i Ramanska spektroskopija kojom je, pored ostalog, moguće utvrditi npr. prisustvo karbona koji pokazuje korišćenje pepela organskog porekla kao topitelja u sirovini. Dosadašnji rezultati na ispitivanju tehnologije kasnoantičke i srednjovekovne keramike nesumnjivo potvrđuju da u Srbiji postoji ozbiljan istraživački potencijal, kao i odgovarajuća oprema za arheometrijske analize keramike. Iako to svakako jesu važni preduslovi, za temeljne programe istraživanja tehnologije keramike potrebno je, možda pre svega, raditi na stvaranju stručnog kadra. Imajući na umu da je reč o temi o kojoj arheologija treba da kaže prvu i poslednju reč, podrazumeva se ozbiljnije osnovno arheološko obrazovanje o keramici, svakako do stepena koji omogućava identiikaciju nalaza u hronološkom i kulturnom/stilskom pogledu. Opšte uzevši, rad na klasiikaciji i sistematizaciji keramike trebalo bi popularizovati u svim njenim aspektima (pre svega arheološkim, potom i tehnološkim), a istovremeno i disciplinovati u okviru jedinstvene metodologije. Ovo bi, u krajnjoj instanci, doprinelo boljem i sveobuhvatnijem deinisanju istraživačkih tema i projekata.
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Kao što je pomenuto ranije, izučavanje tehnologije keramike zahteva interdisciplinarna istraživanja, u koja stručnjaci iz drugih disciplina, geolozi, izičari, hemičari, unose drugačiji pristup problemu, drugačiju metodologiju rada i, u krajnjoj liniji, drugačiju terminologiju. Stoga je potrebno međusobno usklađivanje i prilagođavanje, što se sve odražava na dinamiku rada koja je dosta spora. U svemu tome, nedovoljno i neredovno inansiranje dodatno otežava situaciju. Ovo sve se, donekle, može prevazići boljim promišljanjem arheometrijskih programa, za koje bi interes imalo više relevantnih institucija. S realizacijom upravo započinje još jedan takav program, koji će se odvijati u saradnji Arheološkog instituta, Narodnog muzeja u Beogradu i Londonskog univerziteta u Kataru (UCL Qatar Material Science laboratory), a odnosi se na karakterizaciju keramike ranog osmanskog perioda na Balkanu i njen odnos prema tehnološkim obrascima kasnosrednjovekovne balkanske proizvodnje (analitički deo istraživanja biće rađen u okviru teme doktorske disertacije Jelene Živković). S obzirom na sav naš raspoloživi potencijal, koji je i u svetskim razmerama veliki, trebalo bi svakako težiti ka stvaranju stručnjaka i timova proilisanih za izučavanje tehnologije keramike, jer je to tema čija aktuelnost vremenom raste, upravo zbog primene različitih analitičkih metoda u istraživanjima. Takođe, dosadašnja praksa je pokazala, a primera ima u novijoj literaturi, da su za izučavanje tehnologije keramike najbolji rezultati dobijeni upravo u onim programima u kojima su kombinovana arheološka (etnološka i etnoantropološka) istraživanja sa geološko-petrološkim i izičko-hemijskim analizama.
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Abstract: The appearance of the earliest tin bronze artefacts is traditionally linked to the copper-tin alloying practice in the 3rd millennium BC Near Eastern Bronze Age settlements. Advocates of this model argue that tin for alloying may have come from deposits located in central Asia or southwest Iran; however, inding evidence for tin bronze production remains a challenge for archaeologists. Here we present a piece of tin bronze foil discovered in the Vinča culture site of Pločnik in Serbia, and securely dated to c. 4650 BC, which makes it the earliest known tin bronze artefact anywhere in the world. Compositional analysis links it to smelting a complex copper-tin ore, such as chalcopyrite intergrown with stannite and / or fahlerz, while metallographic analysis indicate its intentional production and understanding of material properties of the newly acquired metal. These results initiated a reassessment of the fourteen previously discovered and analysed artefacts of similar compositional pattern as the Pločnik foil. The rise of tin bronze metallurgy in the Balkans is also discussed in the light of the concurrent appearance of other colourful metal objects in this region. Key words: tin bronze, Vinča culture, Pločnik, Balkans, Chalcolithic Apstrakt: Pojava najranijih artefakata od kalajne broze tradicionalno je povezivana sa praksom legiranja bakra i kalaja u bronzanodobnim naseljima na Bliskom Istoku tokom III milenijuma pre nove ere. Zagovornici ovog modela tvrde da je kalaj za legiranje možda došao iz ležišta koja se nalaze u centralnoj Aziji ili jugozapadnom Iranu; ipak, dokazi o proizvodnji kalajne bronze ostaju izazov za arheologe. Ovde je predstavljen komad lima od kalajne bronze otkriven na Pločniku, lokalitetu vinčanske kulture u Srbiji, sigurno datovan u 4650. godinu p.n.e., što ga čini najranijim poznatim artefaktom od kalajne bronze u svetu. Analiza sastava povezuje ga sa topljenjem kompleksne bakarnokalajne rude kao što su halkopirit u paragenezi sa stanitom i / ili tetraedritom, dok metalografska analiza ukazuje na njenu namernu proizvodnju i poznavanje materijalnih karakteristika novostvorenog metala. Ovi rezultati pokrenuli su preispitivanje 14 ranije otkrivenih i analiziranih artefakata slicne kompozicije kao i pločnički lim. Uspon metalurgije kalajne bronze na Balkanu je takođe razmotren u svetlu istovremenih pojava drugih raznobojnih metalnih predmeta u ovom regionu. Ključne reči: kalajna bronza, vinčanska kultura, Pločnik, Balkan, halkolit



235–256.



Archaeotechnology: studying technology from prehistory to the Middle Ages



Introduction The emergence of the 3rd millennium BC tin bronze metallurgy has been recognised as the deining industry of the Bronze Age societies in Eurasia, and inluencing major changes in political and social lives of consumer communities (e.g. Harding 2000; Anthony 2007; Kuz’mina 2008). The earliest documented tin bronze artefacts, mostly pins or lat axes from sites such as Troy in Turkey, Abraq in the United Arab Emirates or Susa in Iran, and dating to the early 3rd millennium BC (Stech, Pigott 1986; Weeks 1999; Begemann et al. 2003; Helwing 2009), contained up to 10 % tin, which was understood to derive from intentional alloying of tin metal or tin ore, cassiterite (SnO2, tin oxide) to either copper ore or copper metal (e.g. Cleziou and Berthoud, 1982). However, neither the production evidence for tin metal nor the geological tin source that was providing the Near Eastern communities with the alloying agent for copper have been identiied thus far. The pursuit for the tin ore source in particular resulted in heated academic debates (Muhly 1993; Yener et al. 1993), and only recent data have shown that there were possibly multiple cassiterite source, located in modern Iran, Afghanistan, Uzbekistan and Tajikistan, that were exploited during the Bronze Age (Weisgerber, Cierny 2002; Nezafati et al. 2006; 2011; Stöllner et al, 2011; Pigott 2011). Yet another important question is how the early production of tin bronze its into the traditional narrative of the evolution of Eurasian metallurgy, which follows a relatively simple, unilinear model of development of metallurgy from a single region. It goes back to the use of copper minerals and native copper that were initially being worked in the Neolithic, which eventually led to the smelting of copper from oxidic ores in the Chalcolithic. Towards the end of this period mixing of ores was practiced to produce arsenical copper, and the large-scale smelting of sulphidic copper ores started. The Middle and Late Bronze Age are marked by the inception of alloying tin metal with copper to mass-produce tin bronze, while iron metallurgy comes into fashion by the end of the Late Bronze Age (e.g. Wertime 1964). On a broader scale, this narrative proves suficient in interpreting general consumption patterns; however, a higher-resolution regional perspective on metallurgical production deies the established order of sequence as for instance in the Middle East (Thornton 2009; 2014), or in the Americas, where the evolutionary trajectory of metallurgy is entirely independent from the one outlined above (Lechtman 1980; Ehrhardt 2009).
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In the Balkans, the area of our interest in this paper, the most recent discovery of c. 7000 years old copper smelting evidence in the Vinča culture site of Belovode revived the possibility of independent, multiple inventions of metallurgy outside the ‘core area’ of the Near East (Radivojević et al. 2010). Compositional analysis of various archaeometallurgical materials from this site revealed that pure green malachite was favoured for bead making, while black-and-green ores, a copper and manganese mineral paragenesis, were used for copper metal extraction. Such consistent selection indicates a good understanding of the technological properties of various raw materials, where the manganese content in copper minerals, indicated by the black-and-green colour composite, had a decisive role in selecting the best copper source for making metal. The pure green bead minerals were, on the other hand, sought for the strong symbolism of their colour (Bar-Yosef Mayer, Porat 2008). This paper presents analytical data for a tin bronze foil from the Vinča culture site of Pločnik in south Serbia, which was possibly wrapped around a ceramic vessel (ig. 1). This foil was discovered in an undisturbed context of a dwelling structure within this site, surrounded by several Vinča culture pottery vessels, c. 1 m away from a ireplace (Šljivar et al. 2012, 33; Radivojević et al. 2013, 1033, ig. 2). This securely contextualised ind comes from a single and undisturbed occupation horizon in the site of Pločnik, dated to c. 4650 BC (Borić 2009, 214). The tin bronze foil from Pločnik is therefore the earliest known tin bronze artefact, anywhere (Radivojević et al. 2013, 1032).



Fig. 1 A tin bronze foil from the Vinča culture site of Pločnik, securely dated to c. 4650 BC (Radivojević et al. 2013, 1032, Fig. 1A) Sl. 1 Lim od kalajne bronze sa vinčanskog lokaliteta Pločnik, sigurno datovan u 4650. p.n.e. (Radivojević et al. 2013, 1032, Fig. 1A)
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Materials and Methods The analytical work was carried out at the Wolfson Archaeological Science Laboratories, UCL Institute of Archaeology, and the metallographic examination at the Department of Materials, Oxford University. Samples were cut to size, mounted in epoxy resin discs, ground using abrasive disks (1200 and 2400 grit) and polished using diamond pastes (1 μm and ¼ μm). They were examined by relected light microscopy (OM) prior to electron microprobe (EPMA) investigation. Metallographic examination was carried out using relected light microscopy after etching with two different etchants, ammonia hydrogen peroxide and alcoholic ferric chloride, with the kind help of Dr Peter Northover, Department of Materials, University of Oxford, UK. Early Tin Bronzes in the Balkans: Background The foil from Pločnik is not the irst ind of tin bronze in the Balkans of such early age. During the last century, fourteen other tin bronze artefacts were discovered, but they were either insuficiently contextualised or poorly dated, and were therefore only tentatively ascribed to the Chalcolithic period (Chernykh 1978; Ottaway 1979; Tasić 1982; Pernicka et al. 1993). In addition, a piece of copper-tin slag was uncovered from a late 5th millennium BC female burial in the cemetery of Zengővárkony in Hungary (Glumac and Todd 1991). However, its context has been questioned by Pernicka et al. (1997). The Pločnik foil thus is the only securely dated artefact among the entire Balkan early tin bronze assemblage, justifying a review of the earlier inds. The Bulgarian sites of Ruse, Karanovo, Gradeshnitsa, Smjadovo, Zaminec, and Bereketska Mogila yielded 12 samples in total, while only two come from the Serbian sites of Lazareva cave and Gomolava (ig. 3); all samples were analysed previously both by Chernykh (1978) or Pernicka et al. (1993; 1997). This assemblage contains awls, rings, needles, borers and a rod, with tin concentrations between 1-10 wt%, and consistently with signiicant levels of lead, arsenic, nickel, cobalt, iron and gold (ig. 6). Although the exact concentrations of these elements vary widely from sample to sample, they appear qualitatively similar, which suggests their origins from similar types of ores. Some of them match typologically counterparts in pure copper from the 5th millennium BC Balkans (Chernykh 1978, 81). All objects originate from disturbed Chalcolithic occupation within multi-layered sites mentioned above, barring a ring from Ruse (ASM 10882),
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which is thought to come from a child’s burial belonging to the undisturbed Chalcolithic horizon in this site. The cultural and chronological provenience of these tin bronzes was assumed to be Chalcolithic based on their distinctive composition and the limited quantity of such metal inds. Tin bronze is widely adopted in the Balkans only from the 3rd and 2nd millennium BC onwards (Chernykh 1978; Schickler 1981; Pernicka et al. 1997; Pare 2000). Furthermore, the later tin bronzes from the studied areas (modern Croatia, Bosnia, Serbia and Bulgaria) have very different trace element compositions (Govedarica et al. 1995), making it unlikely for these inds to be intrusive.



Fig. 2 A tin bronze ring from the Vinča culture site of Gomolava, tentatively dated to the mid-5th millennium BC (Radivojević et al. 2013, 1032, Fig. 1B) Sl. 2 Prsten od kalajne bronze sa vinčanskog lokaliteta Gomolava, uslovno datovan u sredinu V milenijuma p.n.e (Radivojević et al. 2013, 1032, Fig. 1B)



Compositional analysis Two artefacts were newly analysed for this study: the foil from Pločnik (No. 63) and the Gomolava ring (No. 212) (ig. 2), previously studied by Ottaway (1979). The Pločnik sample showed an average 11.7 wt% Sn (ig. 6), together with lead, nickel, and iron at levels of between one tenth and half of one percent each. The Gomolava ring has only 8.5 wt% Sn, but signiicantly higher levels of lead, arsenic, antimony and nickel, all present between a quarter of one percent and one percent. Sulphur and selenium concentrations are relatively high in both samples. The presence of metallic iron in Plocnik 63 foil demonstrates that this foil was made from freshly smelted metal, and not re-melted during alloying (Craddock, Meeks 1987). On the other hand, the presence of signiicant levels of Sb and As in the Gomolava 212 ring indicates that this artefact was possibly made by inclusion of fahlerz ores in the smelt (Radivojević et al. 2013, 1037).
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Fig. 3 The 5th millennium BC ‘polymetallic’ map of the Balkans, with only locations of sites mentioned here. Symbols attached to sites correspond with the type of metal (artefact) discovered at these locations: (tin bronzes); (gold); (galena/lead) and (silver). The base map is courtesy of Prof. M. Milinković, Faculty of Philosophy, Belgrade, adapted by Lj. Radivojević (Radivojević et al. 2013, 1036, Fig. 3) Sl. 3 “Polimetalična” mapa Balkana u V milenijumu p.n.e., sa lokalitetima koji se pominju u tekstu. Simboli koji označavaju lokalitete odgovaraju vrsti metala (artefakata) otkrivenih na tim nalazištima: (kalajna bronza); (zlato); (galenit/olovo) i (srebro). Osnova karte dobijena je ljubaznošću prof. M. Milinkovića sa Filozofskog fakulteta u Beogradu, prilagođena od strane Lj. Radivojević (Radivojević et al. 2013, 1036, Fig. 3)
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Both objects were worked at temperatures of 500–800 ºC (Scott 1991). The Pločnik foil (63) appears fully recrystallised, with a single annealing twin presumably resulting from cold work and prolonged annealing, which left this object soft enough to be wrapped (possibly) around a ceramic (or possibly wooden) vessel (ig. 1; 4). The microstructure of the Gomolava ring (ig. 5) indicates several cycles of working and annealing, and reduction to between 60% and 80% of the thickness of initial working sheet or a bar (Rostoker, Dvorak 1990). The incompletely recrystallised structure may suggest that the last annealing process prior to inal working was not carried through to completion, leaving the metal in a work-hardened state, suitable for regular use as jewellery.



Fig. 4 Photomicrograph of the etched section of Pločnik foil (sample No. 63), showing fully recrystallised grain structure and a single annealing twin, which indicates light working of the artefact (Radivojević et al. 2013, 1038, Fig. 5) Sl. 4 Mikroskopska fotograija preseka, nakon nagrizanja kiselinom, lima iz Pločnika (uzorak br. 63), na kome se vidi potpuno rekristalizovana zrnasta struktura i jedan prekaljeni blizanac koji ukazuje na lagano iskivanje ovog artefakta (Radivojević et al. 2013, 1038, Fig. 5)



In summary, the samples consist of chemically complex copper metal rich in tin and a range of minor and trace elements not commonly found in later tin bronzes. These objects were made using working sequences that were well adjusted to the different functions required from working of these two objects, and using considerably higher annealing temperatures than those used for working pure copper. The technological analysis therefore demonstrates that the metal smiths at the time had already a clear understanding of the speciic properties of tin bronze making and working.
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Fig. 5 Photomicrograph of the etched section of Gomolava ring (sample No. 212), with signiicantly reduced grain structure, deformation marks and elongated sulphurrich inclusions, all of which suggests several cycles of annealing (Radivojević et al. 2013, 1039, Fig. 6) Sl. 5 Mikroskopska fotograija preseka, nakon nagrizanja kiselinom, prstena sa Gomolave (uzorak br. 212), na kome se vidi znatno redukovana zrnasta struktura, znaci deformacije i izdužene inkluzije bogate sumporom, što sve ukazuje na nekoliko ciklusa kaljenja i iskivanja (Radivojević et al. 2013, 1039, Fig. 6)



Comparison of early tin bronze objects from the Balkans The Pločnik and Gomolava objects are similar in composition to thirteen previously analysed early tin bronzes from Bulgaria and Serbia, with which they therefore form a broad compositional group. To test whether these tin bronzes were the result of adding tin metal or cassiterite to copper metal, we studied the trace element pattern of the early bronzes in comparison to those of contemporary Early and Middle Chalcolithic (EC/ MC) Bulgarian copper artefacts. Levels of Fe, Co, Ni and As are on average about one order of magnitude higher, and those of Sb and Pb up to two orders of magnitude higher in the early bronzes (ig. 6). Such a trace element pattern is not only not found in contemporary copper artefacts, but also not found in later tin bronzes that occur in the succeeding cultural horizons of the studied sites, and beyond. It is therefore very unlikely that this trace element pattern originates from the addition of tin metal or cassiterite to ordinary copper, or that the bronze inds are intrusive from later layers. Instead, the trace element pattern indicates the use of other, more complex ores for the production of these objects, restricted to the Chalcolithic period.



242



Object borer ring needle awl needle borer sheet



Cu wt% 90.5 92.5 92.9 89.6 92.1 98 87.4 91.8



Sn wt% 8.6 7 6 10 7 7.1 11.7 8.2



As wt% 0.34 0.20 0.35 0.01 0.07 0.02 0.03 0.15



Fe wt% 0.44 0.05 0.7 0.3 0.2 0.06 0.12 0.27



Co wt% 0.01 0.02 0.012 0.04 0.01 0.0003 0.07 0.02



Ni wt% 0.02 0.15 0.02 0.06 0.5 0.004 0.16 0.13



Ag wt% 0.016 0.004 0.002 0.002 0.0003 0.007 nd 0.005



Sb wt% 0.02 0.005 0.01 nd nd 0.013 nd 0.01



Au wt% 0.002 0.001 0.003 0.003 0.003 0.004 0.016 0.004



Pb wt% 0.05 0.02 0.005 0.004 0.15 0.006 0.40 0.09



Gomolava Ruse Ruse Ruse Ruse 2nd group (high-tin fahlore)



Gomolava 212 ASM 10853 HDM 2046 (ASM 10875) ASM 10863 ASM 10882



ring awl borer borer ring



89.4 89.2 86 88.4 92.1



8.5 6 7.3 10 7



0.35 0.60 0.35 0.40 0.50



0.005 0.2 0.31 0.07 0.07



0.025 0.015 0.016 0.02 0.04



0.25 0.2 0.28 0.4 0.1



0.08 0.04 0.03 0.03 0.03



0.45 0.2 0.3 0.5 0.06



0.002 0.001 0.003 0.03 0.003



0.82 3.5 0.05 0.18 0.05



89



7.8



0.44



0.13
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0.25



0.04



0.3



0.008



0.92



Bereketska Mogila Gradeshnica Zaminec 3rd group (low-tin fahlore)



ASM 12138 ASM 10686 HDM 2733 average



96.8 94.3 95.9 95.7



1 4.5 3.1 2.9



0.06 0.35 0.26 0.22



0.02 0.01 0.04 0.02



nd 0.003 0.002 0.003



0.008 0.04 0.06 0.036



0.02 0.05 0.108 0.059



0.07 0.5 0.33 0.3



0.0029 0.003 0.0014 0.002



2 0.2 0.14 0.78



100



0.005 0.04
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0.001



0.01
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0.013
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Average rod awl borer



Fig. 6. Compositional data for the early tin bronze artefacts from the Balkans, given in wt% (Radivojević et al. 2013). Data for artefacts other than
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Fig. 6 Compositional data the early tin bronze artefacts the Balkans, given wt% et al.Tab. 2013, 1035, Table 1). Pločnik (63) and for Gomolava (212) taken from Chernykh (1978:from 112, 339–352) and Pernicka et al.in (1993: 10,(Radivojević Tab. 3; 1997: 121–126, A1). The bottom line than represents an average 40 contemporary copper metal artefacts fromChernykh the Early (EC)(1978: and Middle Chalcolithic (MC),and basedPernicka on data Data for artefacts other Pločnik (63)of and Gomolava (212) taken from 112, 339–352) et al. (1993: from Pernicka et al. (1993: 190, Tab. 3; 1997: 147–148, Tab. A1), demonstrating that the trace element signature of the bronzes is unlikely to 10, Tab. 3; 1997: 121–126, Tab. A1). The bottom line represents an average of 40 contemporary copper metal artefacts from the Early originate from the copper. Sl. 6.Chalcolithic Podaci o sastavu(MC), za najstarije artefakte od kalajne bronze sa Balkana, % u odnosu (Radivojević et al. 2013). (EC) and Middle based on data from Pernicka et predstavljeni al. (1993: u190, Tab. na 3; težinu 1997:(wt%) 147–148, Tab. A1), demonstrating Podaci koji se ne odnose na Pločnik (63) i Gomolavu (212) preuzeti iz Chernykh 1978: 112, 339–352 i Pernicka et al. 1993: 190, Tab. 3; 1997: 147– that the element of the bronzes is unlikely toi originate from(MC), the zasnovan copperna podacima iz 148, Tab. A1. Donji redtrace predstavlja prosek signature za 40 savremenih bakarnih artefakata iz ranog (EC) srednjeg halkolita Pernicka etza al. najstarije 1993: 190, Tab. 3; 1997: 147–148, Tab. A1,bronze pokazujući elementi u predstavljeni tragovima u bronziuverovatno ne potičuna iz bakra. Sl. 6 Podaci o sastavu artefakte od kalajne sadaBalkana, % u odnosu težinu (wt%) (Radivojević et al. 2013, 1035, Table 1). Podaci koji se ne odnose na Pločnik (63) i Gomolavu (212) preuzeti iz Chernykh 1978: 112, 339–352 i Pernicka et al. 1993: 190, Tab. 3; 1997: 147–148, Tab. A1. Donji red predstavlja srednju vrednost za 40 istovremenih bakarnih artefakata iz ranog (EC) i srednjeg halkolita (MC), zasnovan na podacima iz Pernicka et al. 1993: 190, Tab. 3; 1997: 147–148, Tab. A1, pokazujući da prateći elementi u u bronzi verovatno ne potiču iz bakra
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Sample label HDM 2720 ASM 12043 ASM 12103 ASM 12105 ASM 12051 HDM 1330 Pločnik 63 Average
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Site of origin Smjadovo Karanovo Bereketska Mogila Bereketska Mogila Karanovo Lazareva pećina Pločnik 1st group (stannite)
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Within the 15 early tin bronzes we have recognised three distinctive groups of artefacts, based on their composition (ig. 6). They are labelled tentatively as stannite bronze, high-tin fahlore bronze and low-tin fahlore bronze, indicating the possible ore types that could have underpinned their production. It is assumed that the three compositional groups originate from smelting a copper ore containing varying amounts of fahlore and stannite, probably mixed with further metal-rich minerals. The archaeometallurgical literature knows a copper type known as fahlore copper (Otto, Witter 1952; Ottaway 1982; Schmitt-Strecker, Begemann 2005; Hoppner et al. 2005; Merkl 2010), characterised by elevated levels of arsenic, antimony and silver and often accompanied by increased levels of cobalt and nickel as well. Fahlore copper does not, however, normally contain more than a few tens of ppm tin. Instead, the tin in these early bronzes is thought to originate from stannite, Cu2FeSnS4, a copper-tin mineral structurally similar to chalcopyrite, and visually as dark metallic grey as fahlore. The association of primary copper ores such as chalcopyrite with both stannite and fahlore is not uncommon in sulphidic ore bodies in tin-rich provinces (Ramdohr 1980, 549-562). Signiicant tin mineralisations exist in western Serbia, at Mt. Cer and Bukulja, as well as in several localities in eastern Serbia, Bosnia, Croatia, Hungary and Romania; these are part of the massive copper sulphide-rich deposits within the Tethyan-Eurasian metallogenic belt (Janković 1997). Thus, we argue that the early tin bronzes were produced by smelting complex ores based on chalcopyrite, stannite, fahlore and other accessory minerals in various proportions; the early date of these samples would suggest that the smelted ore was rich in secondary minerals, while the presence of sulphur and selenium in the metal may indicate that a signiicant part of the ore was still made up by primary minerals. The relative proportion of the various minerals would have differed in each batch of metal smelted. This is in our view the reason for the variable tin content and the fact that the metal smelted from such mixed ores does not remotely reach the theoretical content of 30% Sn of pure stannite. The idea for this is not new. Already a generation ago, Wertime (1978, 2) suggested that the role of stannite in the emergence of tin bronzes has been underestimated, and pointed out that the smelting of stannite would have yielded a natural bronze. Charles (1978, 28) supported this assumption stating that “...It [stannite] may have been the irst primary source of tin to be alloyed with copper”. However, here we argue for the irst time based on analyses of excavated artefacts that this scenario did indeed happen, at the very beginning of metallurgy.



244



M. Radivojević et al.



Why Are There Tin Bronzes in the...



Tin bronzes enter more regular circulation from the 2nd millennium BC in Bulgaria (Late Bronze Age), with average concentrations of Sn and As present at c. 5wt % and c. 0.3 wt% respectively (Pernicka et al. 1997, 155-156, Table A1). These LBA tin bronzes from Bulgaria come from different sites than the ones we considered here, except for the Gradeshnica ind (awl), which was discovered at the same site as three other tin bronze artefacts dated to the 2nd millennium BC. The composition of these three LBA tin bronzes (all of which are stray inds) differs from the Gradeshnica object (ASM 10686): one is more likely to be brass than tin bronze, the other one shows the composition of a cassiterite bronze, while the third has two times less As, and almost an order of magnitude more Fe and Ni levels than the tin bronze awl from Gradeshnica in igure 6 (Pernicka et al. 1993, 156). Taking all into account, these LBA objects differ signiicantly from the tin bronze awl under consideration here. Therefore, the unique compositional pattern of the 15 early tin bronzes taken into account here (ig. 6) differs from the artefacts appearing in the later cultural horizons. The converse of this argument is that there is a temporal, geographical and technological connection linking the ifteen early complex tin bronzes from the 5th millennium BC to each other. Noteworthy is a group of 25 tin bronze artefacts (tools and decorative items), which is compositionally similar to the 15 tin bronze artefacts we discuss here (Govedarica et al. 1995: 275-277, Tab. 1, clusters 1, 2, 7, 9 and 11). These were discovered in several sites in Croatia (Dalmatia) and Bosnia and Herzegovina, and dated to the Early Bronze Age (early third millennium BC in this part of the Balkans), thus showing no temporal or spatial connection to the Chalcolithic tin bronzes. They are, however, very likely indicating a regional source of such a complex copper-tin bearing ore that was used for their making, and possibly exploited even earlier, in the ifth millennium BC, for producing earlier examples of complex tin bronzes. Discussion The Vinča culture tin bronzes from Pločnik and Gomolava were carefully made artefacts smelted from complex ores, and worked with a combination of techniques well-adjusted for the desired function. Their shape implies that the more functional material advantage of tin bronzes over pure copper artefacts was not exploited; it was the visual appearance of them as decorative objects that played a signiicant role in their use. Even though, the use of speciic heat treatment cycles including annealing temperatures higher than those required for working the pure copper dom-
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inant at the time indicates the material understanding that metal smiths developed for these tin bronzes. This in turn indicates an awareness of the speciic properties of these metals, and therefore most probably intentionality of their production based on the smelting of ore from a single deposit with variable stannite and fahlore contents in different ore batches, or from a few geologically very similar ore deposits. Further research is required to pinpoint the possible sources of ores used for the making of these 5th millennium BC bronzes. The smelting of stannite as a major tin-bearing copper ore for later tin bronze production has recently been suggested based on its occurrence in the Bronze Age mines of Mushiston in Tajikistan (Weisgerber, Cierny 2002), Deh Hosein in Iran (Nezafati et al. 2006), the Bolkardağ mining district in Turkey (Yener, Özbal 1987), as well as in Iberia (Rovira, Montero 2003). None of these Bronze Age mines, however, appear to be associated with fahlore as well as stannite. Worth noting is the metallic (grey) lustre of stannite, similar to fahlore with which it is easily confused, with an olive-green tint, particularly when it is partly weathered and intergrown with secondary copper minerals, giving it the overall appearance of tainted, black and green ores. The selection of self-luxing ore comprising green copper minerals intergrown with black manganese minerals, as opposed to pure green minerals used for malachite bead making, has recently been suggested as a key feature of the copper smelting carried out by the Vinča culture smiths at the turn of the 5th millennium BC (Radivojević et al. 2010). We suggest that this appearance was also decisive for collecting copper minerals rich in stannite and / or fahlore. Weisgerber and Cierny’s (2002, 184) remark on the macroscopic appearance of the tin-copper paragenesis in Mushiston, Tajikistan: ‘...Mushistonite [(Cu,Zn,Fe)Sn(OH)6]...is trapped in a white quartz...(as) the [hydrated] tin ore....(and) stains it as black spots...in ine grained yellow-greenish masses’. Therefore, the black-and-green lustre of complex copper-tin ores could have been recognised as a desirable feature for tin bronze making well into the 3rd millennium BC. The presence of major impurities, such as tin, arsenic and antimony improved the material properties of the metal: it melted at lower temperatures than pure copper and was easier to cast (Northover 1989; Lechtman 1996). Also, these impurities gave the artefacts a bright yellow colour when present at suficient levels. The latter is recognised as crucial for the use of tin bronzes as an alternative to gold in Central Asia (Kaniuth 2007), and also for the early appearance of brasses (copper-zinc alloys) from the early 3rd millennium BC (Thornton 2007).
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This is particularly interesting in light of the world’s earliest securely dated gold objects, dated to the mid-5th millennium BC and deposited in the cemetery of Varna I in Bulgaria to display social prestige (Renfrew, 1986; Higham et al., 2007). There are earlier uses of gold ornaments (although not as directly dated) in the Varna II cemetery (Todorova and Vajsov, 2001: 54) as well as in the cemetery of Durankulak (Avramova, 2002: 193, 202, Tab. 24; Dimitrov, 2002: 147). The Durankulak inds are, for instance, dated to the Hamangia IV phase, which dates between c. 4650/4600 – 4550/4500 BC (Bojadžiev, 2002: 67) and therefore contemporary with the currently earliest dated tin bronze from the site of Pločnik. We relate here the colour and social signiicance of gold to the emergence of the early tin bronzes, and the opportunities the latter might have offered as an imitation of gold. We argue that the tin bronze production in the Balkans during the 5th millennium BC is not only intimately related to the production of copper, but to that of gold as well. The visual similarity of gold and tin bronze artefacts is further underlined by the relatively limited scale of production of both metals, which stands in stark contrast to the massive production of contemporary copper metal implements, amounting to c. 4.7 t of extant objects (Chernykh, 1978). The limited production of gold and tin bronzes may suggest that access to them was reserved only for high-ranked individuals, as indicated by the Varna cemetery example; this could be one of the explanations why are there so few yellow metal artefacts in circulation at the time. The characteristic compositional pattern of the securely dated tin bronze from the site of Pločnik supports the assumed Chalcolithic date (5th millennium BC) for the previously discovered tin bronzes in Bulgaria and Serbia. This assumption is further strengthened by the absence of compositionally similar objects from later layers and a gap of more than a millennium before cassiterite tin bronzes appear in the Balkans. In terms of their making, we anticipate that the particular deposit(s) yielding these ores were either exhausted, or, more likely, were no longer the active cultural and technological choice of the Balkan Early Bronze Age cultural groups. The 5th Millennium BC Polymetallism Our study provides archaeological and analytical evidence for the independent emergence of tin bronze production by smelting complex copper-tin bearing ores as natural alloys, preceding the tin bronze alloys from southwest Asia by c. 1500 years. They also precede by almost half a millennium the earliest known natural alloys made of arsenical copper (Roberts
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et al. 2009). The 5th millennium BC tin bronzes, therefore, fundamentally challenge the established sequence of the evolution of metallurgy in western Eurasia. The ores selected for making these natural alloys were resembling the black-and-green manganese-rich copper minerals already exploited in the initial stages of copper metallurgy in the Balkans, which may have facilitated the initial selection of tin-bearing ores. Therefore, the tin bronze production started as closely related to technological choices applied in selecting ores for copper metal extraction, but resulted in the emergence of a differently-coloured metal. Thus, the colour-coding appears to be crucial also for the end of the chaîne opératoire of early tin bronze production: these artefacts were probably made due to the demand for the golden hue of tin bronze, possibly even to imitate gold. Copper, tin bronzes and gold are not the only metals used in the 5th millennium BC Balkans. There is evidence of mid 5th millennium BC use of both lead and galena from the Vinča culture sites of Selevac, Opovo, Autoput and Donja Tuzla (Glumac and Todd 1987). Also, in the wider Balkan region there is a record of using silver, attested by more than one hundred silver artefacts discovered in a hoard from the Alepotrypa Cave in Greece, and roughly dated to the mid 5th - early 4th millennium BC (Muhly 2002). Hence, the almost contemporary use of tin bronze, gold, lead/galena and most likely silver in addition to the dominant copper in the Balkans during the mid to late 5th millennium BC deies the conventional narrative of a unilinear and slow evolution of metallurgy. Quite to the contrary, the early evolutionary trajectory of metallurgy in the Balkans emerges almost from the very beginning as rather polymetallic in nature (Radivojević et al. 2013). The ‘polymetallism’ of the 5th millennium BC Balkans has hitherto only been considered as an exception, with modest evidence for smelting polymetallic (copper) ores in the late 5th millennium BC Bulgarian sites of Dolnoslav and Chatalka (Ryndina et al. 1999). The ifteen tin bronze artefacts now signiicantly extend our knowledge of the use of tin bronze at this early stage of Eurasian metallurgy. The polymetallic character of the early Balkan metallurgy does not seem to be driven by the need for functional metals, but by demand for desirable visual properties of the inal products. Thus, the co-occurrence of three or possibly four different metals next to copper is underlined by one common principle: their pronounced visual appearance. The visual appeal of new metals has been suggested before as the driving force behind their introduction (Lechtman 1977; Smith 1981; Hosler 1994; Kaniuth 2007; Thornton 2007); this research takes the argument further back to the very early evolution of metallurgy in Eurasia.
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The 5th millennium BC Balkan polymetallism possibly evolved from aesthetic preferences of the consumer elite at the time. This means that the metal smiths at the time were employing different ores and techniques in order to produce and work different metals, which makes the 5th millennium BC in the Balkans polytechnological as much as polymetallic. The decline of the (natural) tin bronzes corresponds with the collapse of large cultural complexes in northeast Bulgaria and Thrace in the late 5th millennium BC (Todorova 1995; Weninger et al. 2009). This could suggest that these tin bronzes were ‘cultural alloys’, with their production potentially dictated by culturally-embedded desires and preferences (Hamilton 1991). The same applies to the gold-using cultures in Bulgaria; however, not gold itself, as it continues to be used in the Carpathians throughout the 4th millennium BC. Potential explanations for the decline of tin bronze production could be sought in the population dynamics at the time, which are known as a powerful mechanism for both generation and decline of innovations in prehistoric societies (Shennan 2000; Henrich 2004; Powell et al. 2009). In discussing the early appearance of tin bronzes, we would like to stress that the 5th millennium BC examples are seen here as aesthetic alloys, since their mechanical advantage was not exploited in this early period. We therefore argue that these aesthetic alloys are by deinition prestigious and hence limited in production. Accordingly, their impact on society is more likely to express social status on the consumer end of their production. In contrast, the tin bronzes that occur only c. 1500 years later, are based mostly on cassiterite tin and followed by the widespread adoption of this alloy in a different cultural climate. As such, they are considered as both aesthetic and functional, and relect different organisation of their production and use. Metal objects of this distinctive alloy appear widely adopted during the 2nd millennium BC from Atlantic to Paciic, via Central Asia, mapping out the path of what is later known as part of the Silk Road. The production, consumption and trade along its predecessor, which we for the purpose call the ‘Bronze Road’, acted as one of the driving forces behind the intensiication of the economic, social and political lives of the Bronze Age communities across Eurasia. In conclusion, the earliest appearance of tin bronzes as alloys of different quality and visual appearance does not correlate with the rise of the Bronze Age societies in Eurasia. Only at the dawn of the 2nd millennium BC does tin bronze emerge as one of the main accelerators of trade and exchange among the Bronze Age communities and thus their progress, but also as the commodity that was traveling along already established commu-
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Miljana Radivojević UCL Institute of Archaeology, London Thilo Rehren UCL Qatar, a partner of Hamad bin Khalifa University, Doha Julka Kuzmanović-Cvetković Museum of Toplica, Prokuplje Marija Jovanović Museum of Vojvodina, Novi Sad ZAŠTO NA BALKANU POSTOJE KALAJNE BRONZE U 5. MILENIJUMU P.N.E.? Najstarija kalajna bronza na svetu potiče sa prostora Bliskog Istoka i datovana je u 3. milenijum p.n.e. Početak korišćenja ovog metala vezuje se za fenomen bronzanog doba i razvoj kompleksnih društava i intenzivnih ekonomskih kontakta na prostoru cele Evroazije. Kalajna bronza se smatra jednim od luksuznih sirovina koja je u to doba vlasniku davala prestiž i označavala statusni simbol. Međutim, danas se malo zna o tome kojom tehnologijom su proizvedeni najraniji nalazi od kalajne bronze i odakle potiče ruda od koje se dobijao kalaj. Studije su pokazale da je najverovatnije upravo kalajna ruda iz ležišta na području centrale Azije i Irana bila korišćena za legiranje sa bakrom kako bi se dobila kalajna bronza. Međutim, dokazi za tvrdnju o takvoj tehnologiji proizvodnje kalajne bronze još nisu pronadjeni. U radu je predstavljen unikatan nalaz lima napravljenog od kalajne bronze, koji je otkriven na vinčanskom lokalitetu Pločnik i sigurno datovan u 4 650. godinu p.n.e. Analiza hemijskog sastava ovog nalaza pokazala je skoro 12% kalaja, ali i značajno učešće pratećih elemenata, kao što su kobalt, nikl, cink, gvožđe, arsenik i antimon, što ukazuje na tehnologiju izrade ovog predmeta od kompleksne bakarno–kalajne rude (kao što je stanit), a ne legiranjem dva metala. Metalografske analize su pokazale da ovaj predmet nije slučajno proizveden, pošto je tehnika topljenja bila složenija od one koja je bila potrebna za proizvodnju bakra, dominantog metala u upotrebi u vinčanskoj kulturi i ranom halkolitu Balkana. Pronalazak ovog predmeta zahteva revidiranje našeg znanja o tehnologiji vinčanskih kovača od pre 6 500 godina. Zato smo uporedili ovaj predmet sa 14 nalaza od kalajnih bronzi, koji su samo uslovno datovani u 5. milenijum p.n.e. Ovih 14 nalaza potiče sa prostora Srbije i Bugarske i analize su pokazale da sadrže promenljivi sastav kalaja, od oko 2,5% do 10%. Oni potiču sa višeslojnih lokaliteta koji su imali halkolitski horizont, a zbog
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mogućnosti upada iz kasnijih kulturnih slojeva samo uslovno su proglašeni halkolitskim. Černih je tvrdio da su nalazi najverovatnije iz 5. milenijuma p.n.e i zbog toga što predmeti takvog sastava i tipoloških karakteristika nisu pronađeni u kasnijim metalnim dobima na Balkanu. Uporednom analizom svih 15 kalajnih bronzi došli smo do zaključka da one pokazuju sličan geohemijski obrazac rude koja je korišćena za njihovo pravljenje, a koja je bila mešavina stanita i tetraedrita (falerz ruda). Upečatljiva karakteristika stanita je njegova prirodna crno–zelena boja, posebno važna zato što je bila presudna za početak prerade metala na lokalitetima vinčanske kulture. Naša pretpostavka je da su vinčanski metalurzi otkrili bronzu tako što su sakupljali rudu odredjene boje za topljenje i vremenom upoznali novi metal i njegova svojstva. Stoga mislimo da se ostale pomenute kalajne bronze, zbog hemijske sličnosti sa pločničkim nalazom, mogu, sa većom sigurnošću, svrstati u 5. milenijum p.n.e. Na pitanje zašto se ona proizvodila naša pretpostavka je da je za proizvodnju kalajne bronze, pošto se radi o dekorativnom predmetu, bila presudna boja zlata. Poznato je da kalajna bronza koja u svom sastavu ima između 2 i 12 % kalaja dobija zlatastu boju, pa je možda imitiranje zlata i bila želja zanatlije koji je proizveo predmet. Veoma je zanimljivo primetiti da se kalajna bronza pojavljuje u isto vreme kada i prvi zlatni predmeti na Balkanu. Mišljenja smo da to nije slučajnost, već da su se objekti od kalajne bronze u to doba proizvodili da bi, možda, imitirali zlatne predmete. Stoga nas proizvodnja bakra, zlata, kalajne bronze, zajedno sa upotrebom olova i srebra, navodi na pretpostavku da je 5. milenijum p.n.e. na Balkanu bio milenijum polikolora, odnosno proizvodnje metala sa ciljem da zadovolji i estetske i funkcionalne potrebe tadašnjih zajednica.
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Abstract: During the irst excavations at the site of Vinča – Belo Brdo, directed by prof. Miloje Vasić, a number of well-preserved ovens from the Neolithic period were unearthed. One of those ovens, served as a model for the experimental reconstruction presented in this paper. The original oven was made of clay, it had an inclined loor with the substruction of pottery shards and a dome that was lat at its top. This type of oven has not been reconstructed before, and the aim of the experiment is to show possible ways of its construction and usage with the help of the ethnological and ethnoarchaeological data. The oven was built in the June of 2012, at the site of Vinča, and has been used periodically ever since, which has affected its condition. Key words: oven, experimental archaeology, Late Neolithic, Vinča culture, Central Balkans, food preparation Apstrakt: Tokom prvih iskopavanja lokaliteta Vinča – Belo Brdo, kojima je rukovodio prof. Miloje Vasić, pronađeno je nekoliko dobro očuvanih neolitskih peći. Jedna od pronađenih peći je poslužila kao model za eksperimentalnu rekonstrukciju. Originalna peć je napravljena od gline, pod joj je bio pod nagibom, ispod poda se nalazila supstrukcija od fragmenata keramičkih posuda, a kalota je bila zaravnjena pri vrhu. Ovaj tip peći nije do sada rekonstuisan i cilj ovog eksperimenta je da prikaže moguće načine njene izgradnje i upotrebe, uz pomoć etnoloških i etnoarholoških podataka. Peć je pravljena tokom juna meseca 2012. godine, na lokalitetu Vinča i od tada je periodično bila u upotrebi, što je uticalo na njeno stanje. Ključne reči: peć, eksperimentalna arheologija, kasni neolit, vinčanska kultura, centralni Balkan, priprema hrane
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Introduction Numerous archaeological experiments were conducted in the Western world during the past 60 years and they have helped understand various processes of construction, usage and deposition. There are special archaeological parks and open air museum that are built thanks to experimental archaeology and besides their scientiic signiicance, they are educational institutions and tourist attractions. Experimental reconstructions are the most effective way to explain to laymen the way of life in the past. Unfortunately, Serbian archaeology and museology are far behind. The irst example of experimental archaeology in Serbia was a house burning experiment at the River Morava valley, conducted in the year of 1977 by A. Bankoff and F. Winter with the help of the archaeologists from the National Museum in Belgrade. During the ield prospection they encountered an abandoned house in the wattle and daub technique, which was a unique opportunity for understanding house destruction processes (Bankoff, Winter 1979). First attempts of establishing grounds for experimental archaeology in Serbia occurred during the 1980’s, when dr Mirjana Stevanović conducted experiments regarding the materials used for house building in the Late Neolithic of the Central Balkans. Those experiments were presented in her Master thesis (Stevanović 1985). M. Stevanović continued her carrier abroad, so that area of archaeology was forgotten ever since. Only in the last couple of years, the experimental archaeology in Serbia is having its revival, and we are trying to establish grounds for further projects. One of the irst projects regarded pottery production at the site of Vinča – Belo Brdo, conducted by dr Jasna Vuković, and that experiment formed a part of her doctoral thesis (Вуковић 2011). Next experiment is a Late Neolithic oven reconstruction from the site of Vinča – Belo Brdo. Its construction and usage will be presented in this paper. Ovens are enclosed thermal structures typical for agricultural sedentary communities in the Middle East and Europe since the Neolithic Period (Banning 1998). In the Vinča culture ovens can be found inside houses or less often outdoors (Tringham, Brukner, Voytek 1985; Tringham et al. 1992; Трипковић 2007; Васић 1932). Complete ovens are rarely found in the archaeological context as, in most cases, only loors or scattered parts of walls survive. The oven was reconstructed, based on the data collected from the oven unearthed in the year of 1911 and with the help of the ethnological and ethnoarchaeological data. It is important to mention ethnoarchaeological survey at the village Gostuša at Stara Planina, Eastern Serbia, which
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was conducted on the initiative and with help of Biljana Đorđević from the National Museum in Belgrade. This type of oven was not found in the ethnological literature, and has not been reconstructed so far. The aim of the experiment was to replicate, as closely as possible, potential technology of its construction, usage and function. After intensive usage the oven was damaged and it needed to be repaired.



Fig. 1 a) Prof. Miloje Vasić standing in the “House number two from 1911.” with three ovens; b) Oven from the “House number two from 1911.” Sl. 1 a) Prof. Miloje Vasić stoji pored „Drugog kućišta iz 1911.“ sa tri peći; b) Peć iz “Drugog kućišta iz 1911.”



The oven from Vinča – Belo Brdo The site of Vinča – Belo Brdo is located at the right bank of the Danube River, in the outskirts of Belgrade, Serbia, and has been excavated since 1908. At the site of Vinča – Belo Brdo, in the year of 1911, during the irst campaigns, directed by prof. dr Miloje Vasić, a number of wellpreserved ovens was found. In two houses excavated that season, he found ovens:”of more or less conical shape with a lattened top” (Васић 1911: 103). He pointed out that ovens were probably built with a help of a mould or a core on which clay was applied. The width of oven walls varied from 12 to 15 cm (Васић 1911: 103). Inside one house, named “The house number two”, which was destroyed by ire, three ovens were found (Fig. 1a). The house had two rooms – the northern room with two, and the southern room with one oven (Васић 1932: 12). The oven from the southern room had fully preserved upper part of the structure, lattened at its top, with inclined loor (Fig. 1b). It had only one opening at its front, as all the other Vinča
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ovens. It was built on top of three small platforms, so it was slightly uplifted from the house loor (Васић 1911: 103, 104). It is the best documented oven from M. Vasić’s excavations, with number of photographs, sketches, descriptions in his journals, and the monograph (Васић 1911; Васић 1932). At the site of Vinča, similar ovens were found from the earliest occupation layers until the abandonment of the settlement. Vasić suggested that ovens did not serve as heating structures, but were used for bread baking, and for cinnabarite processing. Also, he stated that the ire was never started inside the oven, but the embers from the ire started at another location were transported into oven (Васић 1932: 15, 16). These assumptions were discarded, and this experiment showed a broad range of functions that one oven might have. Ethnology and ethnoarchaeology Ovens are closed preheated structures that bake with dry radiating heat (Lyons, D’Andrea 2003: 517). Ethnology tells us that ovens made of clay, and located inside houses served for bread baking. There is a limited number of surveys that describe or explain the technique of oven building, especially for domed ovens (for tannur and tabun construction and usage see Mulder-Heymans 2002). Several explanations can be proposed. First, ethnologists were more interested in intangible topics - religion, customs, labor division, gender, cult so everyday activities were sporadically described. Those questions are not irrelevant for archaeologists, but the majority of information about everyday life lack (London 2000; Stiles 1977). Second, the local communities included in ethnological and ethnoarchaeological surveys are mostly from the territories of North, Central or South America, Africa and Australia where ovens are not traditional type of ire installations. The distribution of ovens overlaps the distribution of Near Eastern cereals. That is explained by the type of cereal cultivated and consumed in those areas whose properties are not the same as the Near Eastern ones. Near Eastern cereals, primarily wheat, contain gluten which allows the dough to expand when the cereal ferments or a leavening agent is added. Levering is best realized in ovens, as loaves are thicker, requiring sustained high heat and longer baking time. Other types of dough, made of other cereals – maize, tef, inger millet, sorghum and rise do not have the ability to expand, and oven baking is not suitable for them (Lyons D’Andrea 2003). Those cereals are often made into batter, and then baked on griddles, heated lat stones, stone lined earth ovens or sand ovens. Those types of bread are known in the Americas as tortillas (Cushing 1974; Linton 1924) and in Africa as taita (Lyons, D’Andrea 2003).
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The process of their construction varies from one region to another, but nevertheless, imputes stay unclear and insuficient. Process of oven building is described scarcely, but none of surveys offer the answers on how to build an oven with a lat top. There are descriptions for several ways of building a domed oven. One of the best known ways to build a domed oven, described in the ethnographic literature, is to stick willow branches into the surface forming a semi sphere, and then weave the rest of the branches. After that, one needs to apply clay on top of the wooden construction, which would burn during its irst use. Sadly there are no imputes on how to make ovens with latten top, oven loors or how to rebuild oven after it had been damaged (Филиповић 1951; Weinstein 1973). In order to get the necessary data, archaeologists turn to ethnoarchaeology and conduct their own surveys (Stanislawski 1974; Stark 2002). On the downside, there are only a few left practicing and remembering traditional bread baking and oven building technologies, and unfortunately, they are not traditional enough. At Gostuša, that was mentioned earlier, we had the opportunity to interview Misses Vera Manić, inhabitant of that village and observe the whole process of bread baking. The oven was made of bricks, its dome was completely rounded, it had two openings (at its front and at its back) and it was elevated from the house loor. So, the technology of its construction could not be translated to the Neolithic oven, but the usage was more-less the same.



Fig. 2 3D model of an oven building process (3D model made by Stevan Đuričić) Sl. 2 3D model procesa izrade peći (3D model uradio Steva Đuričić)
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The oven must be preheated to obtain the optimal temperature for baking. After that, the embers are pulled out of the oven, and the loor is swept with the wet cloth on a stick, to put out the remaining embers so the bread wouldn’t carbonize. Next, the oven is closed with the oven door made of clay, wood, or stone, sealed with wet clothes sprinkled with ash. After an hour, the bread is done. Several pieces of information were extremely important for the experiment - the duration period of clay (brick) drying, the number of loaves of bread inside the oven, process of bread baking, but also the type of soil necessary for brick making. Only clay can be used for brick making, or soil with a large percentage of clay, not just any type of soil. After the oven has been made, the clay needs to dry – irst on its own, and later the ire needs to be lit at least two or three days before its irst use. The oven is used only when a large number of loaves are made, usually for a week supplement, never for just one loaf. Experimental archaeology Experimental archaeology was deined during the 1960s with a goal to explain technological aspect of the human past – construction and usage of different objects or structures (Greene 2003: 156). Experiments could be conducted in different ways with different purposes, but every experiment has to satisfy basic rules of the experimental archaeology so that it could be considered valid. The experiment needs to have a grounded hypothesis or a question that it has to answer to, it has to be conducted with the usage of as more authentic tools as possible, or if not, the use of modern tools has to be explained, justiied and it cannot jeopardize the initial goal of the experiment (Coles 1966: 2; Outram 2008: 2). Before the beginning of the experiment, one has to include the data about the economical, technological and environmental aspects of the site that the artifact of interest come from. Those pieces of information are necessary for the proper selection of raw materials available to, or preferred by certain community in the past, bearing in mind their economic needs (Coles 1966: 3). It is important to stress that archaeological experiments give us one of possible ways objects were constructed and used, not the only way it could have been done in the past (Coles 1966: 5; Coles 1973: 15). During the excavations archaeologists ind artifacts in different stages of preservation. As only the inal product is available, it is necessary to explain the processes that were engaged and technologies that were used so that raw material could be transformed into the inal artifact (Schiffer
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1987). Technology can be deined as a corpus of artifacts, behaviours and knowledge necessary for the construction and usage of objects or structures and it is transmitted intergenerationally (Schiffer, Skibo 1987: 595). Because of the modern way of life, those technologies are lost in most parts of the world. Fortunately, some communities still practice traditional technologies and they are crucial for archaeologists. Ethnographical and ethnoarchaeological surveys are conducted in those communities in order to record their traditional non-industrial way of life (Coles 1966: 4). In that way we can see how certain objects or structures were made and used in a traditional way (Schiffer 2013: 53), and even dough it cannot be taken without reservations, we can get an insight into traditional technologies and inspirations for archaeological research. That is the reason why ethnoarchaeology and experimental archaeology are compatible, and how they complement each other. The experimental oven reconstruction After analyzing all the gathered pieces of information, the process of reconstruction has started. The shape of the oven, with the lattened top, required out of the box thinking, and it was decided to make a composite structure, with the oval, opened at the front, wall in the wattle technique and a top (like a ceiling) in the shape of half of ellipse in the same technique (Fig. 2).1 The experiment was conducted during June and July 2012, at the site of Vinča. The weather was sunny, without precipitation, and the air temperature was around 30-35 degrees Celsius. The clay for the experiment was obtained from the bottom of the section, the geological base of the site, on the right bank of the Danube. It has a large percentage of loess in it and previous analysis and experiments have shoved that it was used for house building at Neolithic Vinča (Stevanovic, 1985). The clay is light yellowish, ine, and easy to model. Willow branches 1-2 cm in radius, were taken for the wood construction, assuming that they would be lexible enough for that purpose. Because of the fact that oven was made in the open air, directly on the ground, and not in a house, we have decided to put a substructure made of broken stone slabs (Fig. 3a), as an isolation (max. 3 - 4 cm thick). Also this was not unusual practice for ovens in the Vinča culture. Clay was 1



I would like to thank Stevan Đuričić for his valuable advices and for taking part in this experiment. Also he did the 3D model of the oven presented in this paper. Next I have to thank Zorica Đuričić, Nevena Đuričić, Saša Živanović and Vidan Dimić for the support and help during this experiment.
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mixed with water, as it was completely dry and powdered. After that, a layer of clay, without any temper, was put on top of the slabs (2 cm thick) (Fig. 3b). None of the ovens in the Vinča culture had tamper in the clay used for looring. Next, authentic potshards were impressed into clay, without large spacing between them, covering the whole surface (Fig. 3c). In order to create inclination, two thirds of the surface were covered with clay (Fig. 3d), and into it potshards were impressed, once again (Fig. 4a). After that, the whole surface was covered with clay (2 cm thick layer) (Fig. 4b).



Fig. 3 a) Broken stone slabs as the base for the oven; b) Layer of clay on top of the stone substruction; c) Potsherds impressed into the layer of clay; d) Forming the inclination – layer of clay Sl. 3 a) Lomljene kamene ploče kao baza za peć; b) Sloj gline preko kamene supstrukcije; c) Fragmenti keramike utisnuti u sloj gline; d) Formiranje nagiba – sloj gline



For the walls, clay was mixed with chaff in the proportion of 70 – 30 % and water was added to create thick modeling mass. First it was used to create a small wall around the edges of the foundation 10 cm high and 10 cm thick. Meanwhile, willow branches were sunken into a small pool of water, so they would become lexible as they were too brittle. Also it was noticed that the majority of branches on willow trees were too thick. Branches 50 cm high were stuck into the clay wall, with the spacing of 20 cm between them, and 10 cm in the rounded area (Fig. 4c). After that, the wattle weaving started (Fig. 4d). Even after sinking them into
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Fig. 4 a) Forming the inclination – potsherds; b) The oven loor; c) Construction of the oven wall; d) Construction of the oven wall (weaving) Sl. 4 a) Formiranje nagiba – fragmenti keramike; b) Podnica peći; c) Konstrukcija zida peći; d) Konstrukcija zida peći (preplet)



water, branches were very brittle which made the process dificult. Next, clay with chaff was applied to the wooden frame, from both sides (interior and exterior), pressing it to stick to each other (Fig. 5a). At the front side, an opening was created, making the pillars of wattle and clay with chaff. The top was made of willow branches in the shape of a half of an ellipse, creating another wooden frame, just like the wall was (Fig. 5b). In the same technique, clay with chaff was applied to both sides of the top, and it was laid on the top of the construction, creating the oven ceiling. Underneath, bricks were put to serve as a support while drying because the lid was pretty heavy. The outer wall of the oven was, yet again, covered with the layer of clay, 2 - 3 cm thick (Fig. 5c). Final dimensions of the oven were: Max. length – 160 cm, Max. width – 112 cm, Max. height – 60 cm. Highest point of the looring – 10 cm, lowest point of the looring – 5,5 cm. It was left to dry for a day. As the oven was drying, small cracks started to appear on the top of the oven but they also appeared in the areas of the looring that didn’t have substruction of potshards. After a day of drying, a light ire was started inside the oven (Fig. 5d). The clay started to dry rapidly, getting a light brown color, but also it started to crack rapidly. The light ire was burning for 2 hours, with pauses.
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Fig. 5 a) Construction of the oven wall (clay with chaff); b) Making the wooden construction for the oven top (weaving); c) The oven; d) Lightning ire inside the oven Sl. 5 a) Konstrukcija zida peći (glina sa plevom); b) Pravljenje drvene konstrukcije na vrhu peći (preplet); c) Peć; d) Paljenje vatre unutar peći



The next day, the ire was started with the intention of bread baking. The ire was started inside the oven, and after an hour, the ember was taken out of the oven with a wet moth, the loaves were put in, and the opening was closed with a wooden plate, and sealed with wet moths sprinkled with ash. Loaves of bread were supposed to be baked for an hour, just by the heat that dome and loor had accumulated. Unfortunately, the oven was not dry enough to accumulate the heat, as it used it for further drying. It resulted in unbaked bread. By accident, ember from the oven was put on top of the oven, while the ire was still inside. The next day a reddish stain sowed, and the heavy cracking appeared on the same spot that the ember was on (Fig. 6a). The oven needed to be repaired, by creating another top. The top was spanked with water, and after small amount of time, the reddish area crashed, leaving a whole on the top of the oven (Fig. 6b). The crashed fragments were now bright red and a real daub was created (hard, red with imprints of wooden construction). The top was redone in the same technique, and it was put on top of the old one (Fig. 6c). The oven was left to dry on its own for a week, in the shade. After that, for the next week, every two days, ember from the ire started in the ire pit next to the oven, was put inside the oven to slowly dry it. At the end of the week, the experiment with bread baking was conduct-
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ed again, this time, with more success. The loaves were almost completely baked, and addible. After a week, the experiment was repeated, but this time, the loaves were perfectly baked (Fig. 6d).



Fig. 6 a) Red stain; b) Hole in the oven; c) Oven with the new top; d) Baked bread inside the oven Sl. 6 a) Crvena mrlja; b) Rupa u peći; c) Peć sa novim krovom; d) Hleb ispečen unutar peći



After one year, a wooden construction, like a roof was made around the oven to protect it from sun, rain and snow. Similar type of a Neolithic oven was experimentally reconstructed at the site of Dikili Tash in Greece Macedonia, but the construction differed from the one described in this paper (Germain-Vallée et al. 2011). Fully preserved ovens had not been found at this site, so there were no direct indications how the top part of ovens looked like. The reconstructed oven from Dikili Tash had almost lat top, but it was more dome-like, and with a considerably smaller top surface than the ones found during the excavations at Vinča. The Dikili Tash experimental oven was made without a wooden frame. Large clay sausages were put on top of each other, gradually building a slightly tilted wall. The wall construction had a horseshoe shape. It was described that the top had been made in the same technique, and further explanations were missing. The construction process was only shown in the simpliied drawing and the only photo is the one of the inished oven (Germain-Vallée et al. 2011). This construction technique is possible with
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dome ovens, as dome can hold itself, but ovens with the lat top are more complicated, and this mode of construction for them is less likely. Usage The oven was built in the open air, which disabled its usage during the winter months because of the precipitation and cold weather. During the course of one year, the oven was used 38 times for the preparation of different types of food. The aim was not to replicate Neolithic recipes, but to see what cooking strategies and what types of food could be prepared in this kind of structure. The bread was baked most frequently. Breads were made from white and whole grain lower, with the addition of yeast. The aim was not to replicate the Neolithic bread, but it would be attempted in the future. Every time 4 – 9 loaves of bread were baked at the same time. The ire was burning for an hour before the loaves were put inside the oven. At irst, bread was baked for an hour, and after series of experiments, only 45 minutes were necessary. Pork meat was baked twice for 3 hours in a metal container. The oven was preheated, and small amount of wood was added periodically, enough to maintain the small ire burning inside the oven. A calf soup was made once. In the preheated oven with smoldering ambers and small ire, a pot with soup was placed inside, near the oven opening. Periodically, more wood was added, so the optimal cooking temperature would be maintained, as the cooking lasted for two hours. It was cooked in an unauthentic ceramic pot. For that type of soup, the same amount of time is necessary when cooking on the modern electric stove. During the described actions, the oven was releasing certain amount of temperature, and afterwards it was hot, radiating the heat for more than two hours. It is heating relatively fast, and cooling relatively slowly, indicating it could be used as a heating structure during the winter period. After one year, the condition of the oven was documented. From the outside, the oven looks ine (Fig. 7a). The walls are in a remarkable condition, from the inside and out. On the inside, in the lower part, the walls are red and hard and in the upper part, there is a layer of black color, caused by smoke (Fig. 7d). The rest of the oven is light brownish and extremely hard. The loor is worn, and in the front next to the opening, the substruction of potshards is visible (Fig. 7c). In the back, the loor is in an exquisite shape, brownish/red and hard. This is a result of a thin loor, as it was supposed to be ticker. The opening is damaged also, with the wood construction showing, and at some parts it carbonized in the contact with ire.
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In front of the oven opening, the layer of clay became yellow and hard from stepping on it while cooking and stoking (Fig. 7b). It resembles the house loors found at Vinča culture sites. One part is reddish from embers being rolled across that surface. The experimental oven, not only by its shape, but also by its features, color and texture resembles authentic ones, so we can assume they had, more or less, the same properties. For further usage, the oven needs to be rebuilt, which is an important part of the experiment.



Fig. 7 a) Oven condition after a year of usage; b) Clay loor in front of the oven; c) Oven loor after a year of usage; d) Oven wall after a year of usage Sl. 7 a) Stanje peći nakon godinu dana upotrebe; b) Glinena podnica na ulazu u peć; c) Podnica peći nakon godinu dana upotrebe; d) Zid peći nakon godinu dana upotrebe



Results • • • • •



You can only use clay, not any other type of soil. 370 kg of clay was used initially, and 470, after the reparation. Maximal measured temperature with pyrometer was around 650 degrees Celsius, but for bread baking 250 is enough. The longer you use the oven, the faster it reaches optimal temperature. After the removal of ember from the oven, the temperature of the outer wall of the dome is 50 degrees Celsius, and 45 min after, it drops for just 1,5 degrees, providing it with good heating structure
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during the winter period, especially if we assume that it was reheated from time to time, and that some amount of ember remained inside smoldering. The outer top of the oven cannot be used for cooking, as its temperature never exceeds 60 degrees Celsius. It is more economical than the open ire as less wood is necessary for cooking, or heating. The loor did not crack in the areas with the potsherds substruction, it collected its humidity and had the same function as the chaff added to the clay for the wall construction – giving the lexibility to the clay while drying and allowing it to withstand high temperatures. The willow branches were too thick and brittle, suggesting that the season we picked for the experiment was wrong, indicating that they were built during the spring time, when the vegetation is luxuriating, containing high level of water, so the branches are thinner and more lexible. The ire had to be started inside the oven, because of accumulation of the heat, and none of the other possibilities are plausible like transporting the ember from some other place. The daub was formed when the heat was coming from both sides of the wall (active ire within, and ember smoldering on top), and after the contact with water. This has still to be proved with other experiment, but this was observed during this one. In this case, three layers of loor and tree substructions were created, but they were all part of the initial building faze. So, this case should be had in mind when analyzing ovens found during the archaeological excavations. Many loors don’t necessarily mean long period of consumption, but it can all be part of the same process. Also, the top had to be ixed after just the irst use, not after a long time. The oven can serve for bread baking, cooking, meat baking and heating. After one year of its use, it needs to be rebuilt, as the loor was too thin. Conclusion



This is one of possible reconstructions of the Vinča culture ovens. Different shapes indicate different building techniques. The aim in the future is to make more ovens using different techniques and to see their
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properties, advantages and disadvantages, although the function would probably still remain the same. This experiment opens the door for other tests, and other perspectives on the same type of structure including the economic signiicance, ecological signiicance and the social aspects of the everyday life during the Neolithic period of the Central Balkans. We don’t know the recipes for bread, soup or the exact way they consumed meat in the Neolithic times, but this offers imputes for further investigations. It is clear the oven could be used not only for bread baking, but also for cooking (soups, porgies and stews) or meat processing. Even dough ethnological studies tell us that domed ovens served for bread baking, in more than 7000 years a lot can change. In many Vinča culture houses there are no traces of hearths, whereas the ethnological evidence shows ovens and hearths together, in the same house, so we can assume multiple function of the Neolithic ovens. Hearths could be dificult to trace, as they do not require a permanent construction, so the ire could be moved from place to place, inside, or outside the house (Weinstein 1973). The issue with hearts still remains to be investigated and tested, which is the aim for the future. Ovens have more advantages in comparison to hearths – hearts can serve for cooking, heating or lightning, but ovens can serve for baking, cooking, heating, lightning, they are far practical, as they reduce the possibility of ire, and house members can act freely around them. This type of oven with the lat top can be used as a working spot, or one can place something upon it – like a shelf or a table. Besides construction and usage of the oven, its condition also needs to be followed. It can point to numerous questions and give a variety of answers. It can suggest the intensity of usage, how the oven behaves, house dynamics, how resistible it is or how dificult its rebuilding might be. Ovens represent important part of every household. They are the center of daily activities not just in the Neolithic, but also until recent times. They bring heat, food and light to household members. Unfortunately, not enough attention has been paid on them, but they can probably give more answers to the life in a certain house, not just data about their shape or a number of loors. They can indicate zones of activities or space division (Трипковић 2007). Although near ovens remains of food or tools for food preparation, such as storage bins, pithoi, querns, and remains of carbonized grain, are most commonly found, (Bogdanović 1988; Тасић, Ђуричић, Лазаревић 2007; Todorović 1981; Вуковић 2011 ), there are other artifacts that indicate other activities that include ovens. In the Vinča culture highly decorated models of ovens, occur (Петровић 2001), as well as ritual contexts around ovens. Those contexts include bucrania
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(Јовановић, Глишић, 1961), groups of anthropomorphic igurines (Crnobrnja 2011), decorated altars (Јовановић, Глишић 1961), bull igurines and remains of feast (Šljivar, Jacanović 2005). All of them indicate the symbolic signiicance of ovens. They are the center of daily activities – the mundane and the metaphysical sphere of the Neolithic life. Acknowledgments The author is the fellowship holder of the Ministry of Education and Science of the Republic of Serbia; this paper is the result of the projects inanced by the Bioarchaeology of ancient Europe: humans, animals and plants in the prehistory of Serbia, no. III 47001.



References Bankoff, A. Winter, F. 1979. A House Burning in Serbia, Archaeoogy 32-5: 8-14. Banning, E. B. 1998. The Neolithic Period: Triumphs of Architecture, Agriculture, and Art, Near Eastern Archaeology 61-4: 188-237. Bogdanović, M. 1988. Architectural and Structural Features at Divostin. McPheron, A and Srejović, D. (eds.): Divostin and the Neolithic of Central Serbia, Ethnology Monographs 10 : 35–142. Pittsburgh: University of Pittsburgh – Department of Archaeology. Coles, J. M. 1966. Experimental archaeolology, Proceedings of the Society of Antiquaries of Scotland 99: 1-20. Coles, J. M. 1973. Archaeology by experiment. London: Hutchinson. Crnobrnja, A. 2011. Arrangement of Vinča culture igurines: a study of social structure and organization, Documenta Prahistorica XXXVIII: 131-147. Cushing, F. H. 1974[1920]. Zuni Breadstuff. New York: Museum of the American Indian, Heye Foundation. Филиповић, М. 1951. Женска керамика код балканских народa. Београд: Српска академија наука. Germain-Vallée, C., Prévost-Dermarkar, S., Lespez, L. 2011. Stratégies de prélèvement et de mise en œuvre de la «terre à bâtir» des structures de combustion néolithiques du site de Dikili Tash (Grèce) à partir d’une étude micromorphologique, ArchéoSciences 35: 41-63. Greene, K. 2003. Archaeology: An Introduction. Taylor & Francis (e-Library). Јовановић, Б, Глишић, Ј. 1961. Енеолитско насеље на Кормадину код Јакова, Старинар XI: 113-139. Linton, R. 1924. The Signiicance of Certain Traits in North American Maize Culture, American Anthropologist 26: 345-389. Lyons, D. and D’Andrea, C. 2003. Griddles, Ovens, and Agricultural Origins: An Ethnoarchaeological Study of Bread Baking in Highland Ethiopia, American Anthropologist, New Series 105-3: 515-530. London, G. 2000. Ethnoarchaeology and Iterpretations of the Past, Near Eastern Archaeology 63-1: 2-8.



272



A. Đuričić



The Construction and Usage of the Neolithic Oven...



Mulder-Heymans, N. 2002. Archaeology, experimental archaeology and ethnoarchaeology on breads ovens in Syria, Civilisations 49: 197-221. Outram, A. K. 2008. Introduction to experimental archaeology, World Archeology 40-1: 1-6. Петровић, Б. 2001. Модел неолитске пећи из Прогара, Годишњак града Београда XLVII-XLVIII: 11-20. Schiffer, M. B. 1987. Formation Processes of the Archaeological Record. Albuquerque: University of New Mexico Press. Schiffer, M. B. 2013. The Archaeology of Science: Studying the Creation of Useful Knowledge. New York: Springer. Schiffer, M. B., Skibo, J. M. 1987. Theory and experiment in the study of technological change. Current Anthropology 28: 595–622. Stanislawski, M. B. I974. The relationships of ethnoarchaeology, traditional, and systems archaeology. Donnan, C. B. and Clewlow, C. W. (eds). Ethnoarchaeology, Monograph IV: 15-26. Los Angeles: Institute of Archaeology, UCLA. Stark, R. T. 2002. Comidas de la Tierra: An Ethnoarchaeology of Earth Ovens, unpublished PhD dissertation. Austin, Texas. Stiles, D. 1977. Ethnoarchaeology: A Discussion of Methods and Applications, Man, New Series 12-1: 87-103. Stevanović, M. 1985. Izgradnja i rušenje kuća u vinčanskoj kulturi eksperimentalno arheološko istraživanje, nepublikaovani magistarski rad. Beograd. Šljivar, D, Jacanović, D. 2005. Zoomorphic igurines from Belovode, Зборник Народног музеја XVIII-1 : 69-78. Тасић, Н. Н, Ђуричић, С, Лазаревић, Б. 2007. Анализа конструкције жрвња из куће 01/06 у Винчи, Гласник Српског археолошког друштва 23: 211-218. Todorović, J. 1981. A recently discovered house in the late neolithic settlement of Banjica in Belgrade, Archaeologia Iugoslavica 18: 13-16. Tringham, R, Brukner, B, Voytek, B. 1985. The Opovo Project: A Study of Socioeconomic Change in the Balkan Neolithic, Journal of Field Archaeology 12-4: 425444. Tringham, R. et al. 1992. Excavations at Opovo, 1985-1987: Socioeconomic change in the Balcan Neolithic. Journal of Field Archaeology 19-3: 351-386. Трипковић, Б. 2007. Домаћинство и простор у касном неолиту. Београд: Српско археолошко друштво. Васић, М. 1911. Дневник са ископавања у Винчи, рукопис. Београд: Народни музеј. Васић, М. 1932. Преисторијска Винча I. Београд: Државна штампарија. Вуковић, Ј. 2011. Неолитска грнчарија – технолошки и социјални аспекти, непубликована докторска дисертација. Београд. Вуковић, Ј. 2011. Технике обликовања каснонеолитске грнчарије: Питос из куће 01/06 у Винчи, Зборник Нардног музеја XX-1: 71-82. Weinstein, M. 1973. Household Structures and Activities, Anatolian Studies 23: 271-276.



273



Archaeotechnology: studying technology from prehistory to the Middle Ages



Ana Đuričić Univerzitet u Beogradu, Filozofski fakultet – Odeljenje za arheologiju IZRADA I UPOTREBA NEOLITSKE PEĆI: EKSPERIMENTALNA ARHEOLOGIJA Eksperimentalna rekonstrukcija peći i njen prikaz u ovom članku imaju cilj da potpomognu u razumevanju svakodnevnog života kasnoneolitskog stanovništva na teritoriji centralnog Balkana, ali i da podstaknu realizaciju drugih sličnih projekata i doprinesu razvoju eksperimentalne arheologije u Srbiji. Peći su zatvorene termalne strukture tipične za prostor Bliskog istoka i Evrope još od perioda neolita, a vezuju se za sedentarne zajednice kojima je ekonomija zasnovana na agrikulturi. U vinčanskoj kulturi peći se javljaju najčešće u kućama, mada postoje primerci peći i na otvorenom prostoru. Peći koje pronalazimo na arheološkim lokalitetima često su veoma oštećene, te se razaznaju samo podnice, a ponekad i dislocirani fragmenti kalote u njenoj blizini. Upravo zbog toga, dobro očuvane peći su od neprocenjivog značaja za razumevanje njivovog izgleda, konstrukcije i funkcije. Početkom XX veka na lokalitetu Vinča – Belo brdo, pronađeno je više dobro očuvanih peći, međutim, peć iz 1911. godine, koja je pripadala „Drugom kućištu“, verovatno je najvredniji primerak sa ovih prostora. Upravo ta peć je poslužila kao model za ovu eksperimentalnu rekonstrukciju. Bila je napravljena od gline i imala je očuvanu kalotu zaravnjenu na vrhu, pôd pod nagibom i supstrukciju od fragmenata keramičkih posuda. Eksperimentalne rekonsturkcije peći su mnogobrojne, ali nisu publikovane. Uglavnom se ovi tipovi eksperimenta sprovode u arheo-parkovima ili muzejima na otvorenom, te su više edukativnog nego naučnog karaktera i podaci o njima su slabo dostupni stručnoj javnosti. U pripremi za eksperiment korišćeni i etnološki i etnoarheološki podaci. Nažalost, ovaj tip peći nije opisan u etnološkoj i etnoarhološkoj literaturi i još nije eksperimentalno rekonsruisan, tako da je cilj ovog eksperimenta da prikaže mogući način konstrukcije i upotrebe. Etnoarheološko istraživanje u selu Gostuša na Staroj planini u istočnoj Srbiji, bilo je od neprocenjivog zančaja, pogotovo kada je u pitanju proces pečenja hleba. Eksperiment izrade peći je sprovođen tokom juna i jula meseca 2012. godine na lokalitetu Vinča – Belo brdo. Prvo je napravljena troslojna podnica, kako bi se formirao nagib – preko supstrukcije od kamena je stavljen sloj gline, preko kojeg su stavljeni fragmenti keramičkih posuda, zatim
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još jedan sloj gline koji je pokrivao 2/3 površine poda, preko čega je stavljen još jedan sloj keramičkih fragmenata i na kraju je cela površina poda prekrivena još jednim slojem gline. Nakon toga, napravljen je zid peći od isprepletanih vrbinih grana, preko čega je aplicirana glina pomešana sa plevom. Zid je imao oblik potkovice. Na kraju je napravljen poklopac u istoj tehnici, stavljen je preko zida i potom je cela struktura oblepljena glinom i plevom. Ekseprimentom su dati odgovori na pitanja funkcije supstrukcije, sezone pogodne za izradu peći, temperature potrebne za pečenje, ekonomičnosti peći i termalnih karakteristika peći kao grejnog tela. Nakon izrade peći, sledi faza njene upotrebe. Peć je upotrebljavana periodično, osim tokom zimskih meseci. Najčešće je pečen hleb, ali je pečeno i svinjsko meso i kuvana goveđa čorba. Cilj nije bio replicirati neolitsku kuhinju, već ukazati na moguće načine pripreme hrane u ovom tipu strukture – pečenje hleba, kuvanje, pečenje mesa. Etnološka literatura navodi da su korišćene samo za pripremu hleba, međutim, eksperiment ukazuje da su mogućnosti mnogo veće i nije isključeno da je peć korišćena u sve navedene svrhe, uključujući i ogrev. Upotrebom, peć se oštećuje i posle izvesnog vremena neophodno ju je obnoviti. U ovom slučaju, to se desilo posle oko godinu dana periodične upotrebe. Pre svega, potrebno je obnoviti pod, otvor peći i krov, što će biti učinjeno na proleće 2014. godine. Značaj eksperimentalne arheologije je višestruk – naučni, turistički i edukativni, a arheološki parkovi, pored svega navedenog, učestvuju i u popularizaciji arheologije. Kada je nauka u pitanju, dobijamo moguće odgovore ili pak ideje o načinu pravljenja, upotrebe i tafonomije predmeta ili struktura. Sama tehnologija nije cilj, već sredstvo za shvatanje različitih zajednica koje su živele u prošlosti, što je i cilj arheologije.
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THE TECHNOLOGY OF MAKING FLOOR MOSAIC SUBSTRUCTURES IN LATE ANTIQUITY IN PROVINCES OF DACIA MEDITERRANEA AND DACIA RIPENSIS Gordana Jeremić Institute of Archaeology, Belgrade



Abstract: Floor mosaics that were placed in public and private buildings on the territory of Late Antique provinces of Dacia mediterranea and Dacia ripensis, represent an important testimony on the richness of both communities and individual citizens. This paper will deal with substructures on which mosaics were placed, their structure and methods of placing within the buildings. The type and composition of the substructure depended on the inishing of the mosaic loor, i. e., from motives and mosaic pavement technique that was applied. The substructures were made from packed clay, broken stones, pebbles, plaster with admixtures (sand, triturated bricks or marble dust), bricks, as well as marble plates. Late Antique standards, visible on these examples, suggest that with time some layers or their thickness were reduced. The question of their preservation, which also depended on the soil stability, will be considered. Key words: loor mosaic, opus tesellatum, opus vermiculatum, sectilia pavimenta, mosaic substructure, manufacturing technique, Dacia mediterranea, Dacia ripensis, Late Antiquity. Apstrakt: Podni mozaici, postavljeni u javnim i privatnim građevinama na tlu kasnoantičkih provincija Priobalne i Sredozemne Dakije, predstavljaju značajno svedočanstovo o bogatstvu stanovnika i zajednica. U ovom prilogu bavićemo se podlogama na kojima su mozaici počivali, njihovom strukturom i načinima njihovog postavljanja unutar objekata. Vrsta i sastav podloge zavisio je od završne obrade samog mozaičkog poda, odnosno motiva ili mozaičke tehnike koji je primenjen. Podloge su izrađivane od nabijene gline, lomljenog kamena, oblutaka, maltera sa agregatima (pesak, mrvljena opeka ili mermerni prah), opeka, kao i lomljenih mermernih pločica. Kasnoantički standardi, koji se ogledaju na ovim primerima, ukazuju da je tokom vekova došlo do redukovanja određenih slojeva ili njihovih debljina. Pitanje njihove očuvanosti, koja je zavisila od stabilnosti tla, takođe će biti razmatrano u ovom prilogu. Ključne reči: podni mozaik, opus tesellatum, opus vermiculatum, sectilia pavimenta, mozaička podloga, tehnike izrade, Dacia mediterranea, Dacia ripensis, kasna antika.
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Introduction In the Roman world, mosaics were an expensive and valued product, available only to a narrow circle of privileged, rich citizens, sometimes the emperors themselves, and to collegia, state, municipal, religious and other communities. From the manufacture aspect, mosaics were not a spontaneous artistic work, but a work with a irm and strict framework, made according to technical rules, which were getting perfected with time. In the Roman period, the main function of mosaics – transposed from Greek and Hellenistic times, was to demonstrate the power and inluence of the owner, to impress the visitors, to have the guests admire, perhaps even envy, and spread words about it to their friends, and also write about it in chronicles. Through chosen motives, the taste and richness of the owner were presented, as well as the skills of the mosaic craftsperson that was hired. Apart from the aesthetical, mosaics also had a symbolic function – to show the philosophical or religious beliefs of the customer, even his superstition – by invoking good luck and bringing protection from negative inluences in their home. To make a mosaic loor a lasting artistic or craftwork piece, with a practical role of being a walking surface at the same time, a good substructure on which it would be laid was mandatory. The level of preservation of the mosaic depended on the quality of the substructure. Mosaic loors in Dacia ripensis and Dacia mediterranea In Late Antique period, in the provinces of Dacia ripensis and Dacia mediterranea, eleven sites were registered, on which the remains of loor mosaics were discovered within eighteen different buildings (ig. 1).1 Mosaics were decorating the loors of palaces (palatium) in Romuliana (palace I and the so-called triclinium Romulae) (Чанак-Медић 1978, 97-119; Гамзиград – касноантички царски дворац 1983, 37-43; Срејовић 1985, 51-67; Јeremić 2006а, 47-53), Ratiaria (the so-called governor’s palace) (Kuzmanov 2000, 27-43; Valeva 2000, 45-57) and Naissus (the building 1



This paper is restricted to the analysis of loor mosaics in the mentioned provinces, since no buildings with what are deinitely wall mosaic decorations were registered so far. This is mainly due to the poor preservation of buildings themselves, mainly only the foundation or sockle zones were discovered, with the preservations of walls being rarely above the level of 1-1,5 m. The presence of wall mosaics (opus musivum – proprie dictu) in some of the buildings of Dacia ripensis and Dacia mediterranea is conirmed by single inds of glass tesserae of small dimensions, found in layers above building loors, often with coating from golden leaves on one side.
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Fig. 1 Map of discovered mosaics in provinces Dacia ripensis and Dacia mediterranea (adapted after: Dintchev 2006, ig. 1) Sl. 1 Karta nalazišta mozaika u provincijama Dacia ripensis i Dacia mediterranea (prilagođeno prema: Dintchev 2006, ig. 1)



with octagon) (Јеремић 2007, 87-97) and luxurious and smaller villas (villa urbana, villa suburbana, villa rustica) in Naissus (villa on Konjsko groblje) (Гушић 1977, 91-96), Mediana (villa with peristyle, villa with octagon, villa with atrium and fortiied villa on Vlaško brdo) (Јеремић 2006б, 145-154), Serdica (villa-palace with thermae below the hotel “Rila” and “Korekoma” building), Galatin, Мontana, Oescus, Kostinbrod (Scretisca?) and Filipovci, in baths (balnea) in Romuliana and Mediana, a small Early Christian chapel from the late 4th century on Mediana (Јеремић 2006б, 155), as well as within the building of unknown function from Pautalia.2 Although the corpus of buildings decorated with mosaic loors is relatively high, unfortunately, most of these monuments are not adequately published or researched with suficient details. Most researchers focused their works on stylistic, chronological and questions related to workshops, while technical aspect of the production of mosaics (analyses of the substructures – stone, bricks, plaster, admixtures, tesserae) is absent in most of the cases.3 2



More on these villas cf. Јеремић 2010, 67-92, 147-164, with earlier references



3



The data on mosaic substructures are mainly found only as part of the report of the conservator in the technical documentations or in the ield documentation from excavations; in more detail, cf. infra.
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Before we turn to the analyses of mosaic loors in buildings of Dacia ripensis and Dacia mediterranea, we will offer a short reminder on the data from Antique written sources, which give recommendations for placing mosaics on irm ground. Behind a visually beautiful product such as mosaics, there was a complex process of making the substructure and the very mosaic loor. Placing a mosaic loor represents inal works in a building, domus, temple, public building. Vitruvius gives the most detailed data on the methods for their placing (Vitr. De arch. VII, 1, 1).4 According to this architect, irstly, one was to establish the irmness of the soil; it was dug over and levelled, then pebbles were placed, for draining (ig. 2). They represent the irst layer of the substructure – statumen, with the thickness of 9 digiti (about 17 cm, 1 digitus = 1,85 cm). Over that came a layer of nonused stones, mixed with lime in ratio 3:1, or secondary used stones, with lime in ratio 5:2. This layer, rudus, should be 6 digiti thick (about 11,6 cm), as well as the following layer – nucleus, from triturated bricks or tegulae and lime, in ratio 3:1. The inal layer in which tesserae were emerged was 0,5–1 cm thick and consisted of ine plaster (supranucleus) (Moore 1968, 66). For nuancing the substructure, marble dust was used. While making the mosaics, if they were planned during the construction works, the organisation of construction area and schedule of diverse tasks were calculated. The loors in back chambers were decorated irst, then in those in rooms up front, following the loors on porches and inally the ones at the entrance of the building (Baum-vom Felde 2003, 395–396).



Fig. 2 The substruction of Roman mosaic loor (adapted base from Dunbabin 1999) Sl. 2 Podloga rimskog mozaičkog poda (dopunjena osnova iz Dunbabin 1999)



In the Roman world, judging from Late Antique written sources, people who were making mosaics were classiied as craftspersons, in several categories, depending on the complexity of their tasks, and were paid 4



We note that his recommendations and experiences refer to the top works of Early imperial craftspersons from the capital city. Cf.: Moore 1968, 57.
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accordingly. There was specialist for stone and earth loors faber pavimentarius (or structor pavimentarius), expert for placing mosaic loors – faber tessellarius (tesserarius), for wall mosaics – museiarius (musivarius), and vermiculator – the artisan for meticulous mosaic representations (Dunbabin 1999, 275). Tessellarii were in charge of the preparatory works (stone cutting, preparing the plaster, measuring, preliminary drafts and sometimes even placing simple geometrical motives). Musivarii were in charge of more complex works – making more complicated geometrical and especially igural motives.5 In the process of making mosaics a painter was also involved – pictor imaginarius, who took care of igural compositions (Dunbabin 1999, 276). In the Edict by emperor Constantine from 337 AD mosaic craftspersons (tessellarii and musivarii) were mentioned as artisans, same as architects, medics, painters, sculptors, carpenters and other. They were relieved of the obligation of public work, so they could improve in their vocation, and, most importantly – so that they could teach their sons their crafts, and thus, we have here, in fact, a direct conirmation of the existence of family mosaic ateliers (Dunbabin 1999, 276). However, the mosaics that were discovered in different parts of the Roman empire have shown that these recommendations and experiences from the capital city were not always followed. Placing tesserae into plaster required a lot of time, so the substructure was usually made in phases. Mosaic craftsman, depending on the complexity of the motive, would place during one day a fresh plaster base on a certain surface above the nucleus, than make a sketch, and this surface was usually the size of one modulus. Before placing tesserae, a concept of motives that will be applied must have existed, as well as exact measures of the room that was to be decorated. Metrical analyses have shown that for 25 m2 of mosaic approximately 200.000 tesserae were needed, i. e., almost half a ton of stone (Allen and Fulford 2004, 33). The capacities of Roman stone industry could meet the needs of a large market in a relatively short period, and the remoteness of certain customers was not particularly important. Construction of mosaic loors Studying sporadic data on substructures of mosaic loors from the above mentioned provinces of Dacia diocese, we can learn that Vitruvius’ 5



In the Edict on prices by Diocletain (from 303 AD) there was a difference in wage for ordinary mosaic craftsperson, who received 60 denari, similar to masons or artisans for interior works in buildings, unlike the igure drawers (museariori imaginario ut supra diurni), who had better wages and were earning 150 denari on daily basis. Cf. Leake 1826, 19
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recommendations were largely ignored. Instead of 40 cm thick bases, mosaics were placed on much reduced groundwork. Among better prepared substructures are those with geometrical motives from palaces in Naissus, villas in Mihaylovgrad (Montana), Kostinbrod (Scretisca?) and Mediana, in the province of Dacia mediterranea, as well as mosaics from palatial complex in Gamzigrad (Romuliana) in Dacia ripensis. All the mentioned mosaic loors were made in the irst half or mid-fourth century. In general, mosaic loors can be divided into three categories: а. bases placed directly on the ground, b. bases placed on hypocaust pilasters, c. bases for cut marble plates, with a different inal layer from the above two. А. Bases placed directly on the ground. These are in fact the bases that Vitruvius was writing about. Some of the mosaics from the imperial complex in Gamzigrad and villas from Mediana, Kostinbrod and Mihaylovgrad, were resting on substructures that were about 20-25 cm thick. They were made in a very similar way, although there is some forty years between them.6 The common trait of all these mosaics is the reduction of rudus and nucleus, or a different combining of elements. In Gamzigrad (ig. 3-4), the statumen is made from broken bones and there was a layer of plaster with triturated bricks7 over it, while in Mediana (ig. 5), in the villa with peristyle (porches), in the substruction, i. e., in the statumen, pebbles with fragmented bricks were used, and there was a layer of nucleus from triturated bricks and plaster over it. In Montana, a large room with mosaic loor with a geometrical motif was discovered in a large villa rustica, with a total surface of approximately 5 m2. Below the mosaic there were three layers of substructure: one layer of pebbles and fragmented bricks and tegulae, 10-15 cm thick, a layer of packed clay and white lime, of a total thickness of 12 cm, on which a 3 cm thick layer of lime was posted that contained a lot of sand, thus giving to the mosaic a greyish-brownish colour, but which could not conjoin 6



The mosaics from Gamzigrad were most likely made after the palace in Thessaloniki was decorated, during the last years of life of the emperor Galerius, 309-311 AD, while the mosaics from Mediana and those from the palace with octogon from Naissus were most likely made in 350s. For mosaics from Mihaylovgrad and Kostinbrod, cf. infra. 7



This indormation was noted indirectly on the basis of the ield drawing of the conservator M. Medić, documentation of the Archaeological institute in Belgrade. On mosaic loors in the room D of palace I, where pannels with igural representations of venatores and exotic animals were discovered, does not mention the drainage layer of stones, but a „layer of coarse plaster, lime and powder from bricks, and over it a ine layer of plaster 1-2 cm thick“, cf. Popović 1961, 152. .
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Fig. 3 Romuliana, the substruction of the mosaic (photo M. Medić, adapted by N. Borić) Sl. 3 Romulijana, podloga mozaika (foto M. Medića, obradio N. Borić)



Fig. 4 Romulana, the substruction of the mosaic in the atrium (drawing M. Medić, igures 3-8, 11-13: archives of the Institute of Archaeology, Belgrade) Sl. 4 Romulijana, podloga mozaika u atrijumu (crtež M. Medića; slike 3-8, 11-13: dokumentacija Arheološkog instituta, Beograd)



properly without organic substances (eggs, blood). On this layer benzidine examination was preformed, which determined that in this mixture of a small amount of lime and a lot of sand there was a large quantity of animal blood (Александров 1974, 6). Above this layer was a ine plaster coating, 1 cm thick, into which tesserae of white, blue, rose and black colour were placed. Mosaic from Kostinbrod, from the large villa with peristyle, in the vicinity of Serdica (period of the reign of Constantine), the base was somewhat differently made: irst a layer of stones for drainage was placed, about 10 cm thick, over it a layer of plaster with triturated bricks, 12 cm thick, then bricks emerged into plaster, 5 cm thick, and over it a plaster coating with tesserae (Božilova 1987: 79).
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Among the least carefully made Late Antique mosaics are those from the loors of villas in Galatin, in the vicinity of Montana. A mosaic loor, surface 10 x 6 m, had a semi-circular annex covered by tesserae, placed in rows, without ornament (Машов 1983, 85). According to the indings of statistical analyses, this mosaic was made in the period between the last decades of third–mid-fourth century (Машов 1983, 91). Here, little care was taken on the proper substructure making. Statumen and rudus were completely left out and a nucleus from clayey plaster was directly placed on the soil, a nucleus of uneven thickness 4-8 cm, over which a thin layer (0,8-1,6 cm thick) was placed, a mixture of lime and sand, without adding triturated bricks, into which, while it was still wet, tesserae were placed. The latest example from this group is a small mosaic ield, from the Early Christian chapel from Mediana, end of the 4th century (Јеремић 2006б, 155). The mosaic, i. e. Christogram, was placed directly on the earth loor in the chapel. Tesserae, probably secondarily used from the villa with peristyle, or, perhaps, taken from an un-localized garbage deposit place that remained after mosaic craftsmen from mid- fourth century, were simply emerged into a thin plaster coating (Васић 2004, 291). It is obvious that this was not made according to mosaic craftsmen principles, but it represents instead one ad hoc work of artisans of some other sorts, hired for the construction on this chapel.



Fig. 5 Mediana, the substruction of the mosaic of the peristyle of the villa (photo M. Medić 1972) Sl. 5 Medijana, podloga mozaika peristila vile (foto M. Medića 1972)
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B. Bases placed on hypocaust pilasters. When it comes to mosaics that were placed on hypocaust pilasters, instead of a stone drainage layer, the irst layer were large bricks (dim. generally 56 x 55 x 5,5-6 cm), with touching corners laid on pilasters (ig. 6). These examples were noted in Gamzigrad, Naissus and Mediana. Here there was no need for draining, but for conducting the heating. According to the ield documentation from the research of the palace with octagon in Naissus, the mosaic was placed on two layers of hydrostatic plaster, with a total thickness of 10 cm, below which there was a substructure 10 cm thick, made of broken stones and lime mortar (rudus). This is a later looring, under which an older one was discovered, made from bricks, which were placed on a layer of pebbles and plaster (Čerškov 1987, ield journal for 28.10-04.12.1987).



Fig. 6 Romuliana, concha of the triclinium, the base of the mosaic on hypocaust (adapted by N. Borić) Sl. 6 Romulijana, konha triklinijuma, podloga za mozaik na hipokaustu (obradio N. Borić)



C. Bases with cut marble plates. The third type of bases were those where in the inal layer cut marble plates were applied (sectilia pavimenta). This was the most valued type of the mosaic loors in the Roman world and was reserved only for limited areas within most representative rooms – mainly middle sections of aulas, or for triclinia, as in palace I in Gamzigrad (hall G and rooms O and P – tetraconchal and triconchal triclinium) (ig. 7) and a luxury villa that was at 1 km north from fortiications of Late Antique Naissus.8 Sectilia pavimenta in Gamzi8



For this bases, due to limited research, there are no more speciic data.
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grad were placed on hypocaust pilasters, therefore, there were two layers of plaster mixed with triturated bricks over square bricks, and in the upper layer of plaster broken marble plates, secondarily used (ig. 8). Cut marble plates were applied onto this surface by means of a thin plaster coating. The plates themselves were of diverse motives and schemes (motive consisting of square and rectangular bands in diagonal order cf. Vitti 2005, 697, ig. 4 (motive B), or simple motives of rows of squares and squares on points, cf. Vitti 2005, ig. 8 (motif L).)



Fig. 7 Romuliana, concha of the triclinium, the base for sectilia pavimenta (adapted by N. Borić) Sl. 7 Romulijana, konha triklinijuma, podloga za sectilia pavimenta (obradio N. Borić)



Fig. 8 Romuliana, the hall – room G, detail of secondary used plates for the base for sectilia pavimenta (adapted by N. Borić) Sl. 8 Romulijana, aula – dvorana G, detalj sekundarno korišćenih pločica za podlogu za sectilia pavimenta (obradio N. Borić)
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Discussion In this paper, we aim to give an overview, based on the available ield documentation for as many sites as possible, and on the autopsy of buildings with mosaics from Naissus, Mediana and Gamzigrad, on mosaic substructures prepared for making both simpler and more complex mosaic loors and panels in Late Antique buildings in the provinces of Dacia ripensis and Dacia mediterranea. The rules, set out in imperial times for the mosaics in the capital city, were not strictly followed in the Late Antique period, and the thickness of layers and their elements were reduced. Instead of an ideal base, 40 cm thick, mosaics were now placed on much thinner pillars, in luxurious buildings they were 20-25 cm thick, and in some extreme cases they were just 10-12 cm. The preservation level of these mosaics varies. Their preservation depended mainly on the conditions of burial – whether the building was abruptly, violently brought down, forgotten afterwards and not endangered by large vegetation or the human factor, that may have used the ruins as a quarry for high quality building material – bricks and stones. Another important factor was the use of buildings in Late Antiquity, whether they were in use for just one or several generations, or perhaps lasted over centuries. Important segment in observing the quality of manufacture and preservation of mosaics is also the very spot where they were placed. Of course, the mosaics that decorated the auditoria for imperial or other oficial admissions were of highest quality (Romuliana, hall G, Naissus – octagon, Mediana – the room with apse in the villa with peristyle), as well as small, more private triclinia added to these halls (Gamzigrad, rooms O and P, Mediana, eastern and western triclinium, Ratiaria, auditorium) (ig. 9-10). In these rooms, the mosaics were very carefully made, most often in combination of two or more techniques – opus tessellatum, usually along the side walls in the halls, while opus vermiculatum and sectilia pavimenta were in the central part of the room, to emphasize its luxurious and ceremonial character. Somewhat simpler mosaics, made from larger tesserae and of simpler geometrical ornament, the mosaic craftsmen placed in areas that were used often, such as corridors, porches, bathroom dressing rooms, etc. Certain number of buildings was used in longer periods, and in these cases mosaics were damaged, sometimes the substructures too. One of the examples of damaged mosaic in Late Antique period and its repairs while the building was still in use we may observe on the mosaics of the eastern porch of the villa with peristyle on Mediana. Along the eastern edge of the mosaic – on the edge with border-ornament, we may see in two places that
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Fig. 9 Romulana, hall – room G, aero-photo (adapted by N. Borić, after Gamzigrad 2010, ig. 55) Sl. 9 Romulijana, aula – dvorana G, aerosnimak (N. Borić, prema: Gamzigrad 2010, sl. 55)



Fig. 10 Romuliana, triconchal and tetraconchal triclinium, aero-photo (adapted by N. Borić, after Gamzigrad 2010, ig. 57) Sl. 10 Romulijana, trikonhalni i tetrakonhalni triklinijum, aerosnimak (N. Borić, prema: Gamzigrad 2010, sl. 57)



the loors were deliberately pierced and later plastered and illed with white mosaic pieces (ig.11).9 Thirdly, in times when some of the buildings were abandoned, another population, that did not have a developed culture of living in built environment, where buildings are richly decorated and made of solid materials, brought its own customs into these buildings, i. e., into rooms with 9



Regular distances and the size of perforations in the mosaic could point to the possibility that that was an intervention of craftsmen hired to work on the villa, whose work may not have been properly coordinated with the works of mosaic craftsmen, so there were some masonry interventions after the mosaic was placed, as well as some corrections of errors made, though possibly without the presence of the main mosaic craftsman. This is suggested by the fact that the perforations were not illed in by motives planned.
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Fig. 11 Mediana, eastern porch of the villa with peristyle, damage on mosacic (photo V. Rašić, 2005) Sl. 11 Medijana, istočni trem vile sa peristilom, oštećenje na mozaiku (foto V. Rašić, 2005)



mosaic loors, by building modest dwelling places from light materials and using these areas for diverse economic activities. Among the most drastic examples of mosaic destruction is the case of the mosaic from the octagonal room of the palatial complex in Naissus, where, most likely at the end of the 6th or the beginning of 7th century, newly arrived inhabitants – Slavs, made over mosaics eaves, supported by pillars, pierced directly through the mosaic loor (ig. 12).10 The use of mosaic loors as temporary living places was registered in 2004, during archaeological excavations on the northern part of the villa with peristyle (western triclinium – stibadidum B),11 where outlines of a circular ireplace and damages caused by placing wooden posts into the plaster mosaic base, at regular distances, were clearly noted, thus creating a regular rectangular shape (ig. 13). Unfortunately, archaeological material that might help the dating is missing, therefore, it may only be assumed that it belongs either to the last horizon of the villa (after 378 – before 441 AD) (Vasić 2005, 169) or later, in the Middle Ages, that was also conirmed by sporadic inds on Mediana. 10



This level is closed by a layer containing burnt debris from buliding material, into which citizens of Niš were buried during the Middle Ages. Cf. Čerškov 1987, graves 1–4. Those graves correspond to the burial levels noted on a wider area of Gradsko polje. 11



Jеремић 2006b, 152-153 (preliminarily called „the earlier villa ?“, due to insuficient research and a level lower compared to the aula on the eastern side); Vasić 2013, 101.
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Fig. 12 Naissus, building with octogon, damage on mosaic (photo T. Čerškov, 1988) Sl. 12 Naisus, građevina sa oktogonom, oštećenja na mozaiku (foto T. Čerškov, 1988)



Fig. 13 Mediana, stibadium B (western triclinuum), damage on mosais (photo G. Jeremić, 2004) Sl. 13 Medijana, stibadijum B (zapadni triklinijum), oštećenja na mozaiku (foto G. Jeremić, 2004)



In general, those mosaic loors that were not exposed to destructive human activities,12 either in Late Antiquity (as we can see from the examples of Naissus and Mediana), or in recent times (by building modern infrastructures, or more bizarrely, by competing in deep ploughing on 12



The consequences of earthquakes in Late Antiquity were not recorded on buildings taken into account in this paper.
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the triclinium areas of the luxury villa with octagon from Mediana, which were severely damaged this way) (Јеремић 2006б, 153, ig. 12), have demonstrated their longevity and solidity due to substructures on which they were placed. In some cases, when mosaics decorated the triclinia or halls of palaces or villas (Romuliana, Naissus, Mediana, Kostinbrod) or special places for depositing imperial insignia or clothes (room D in palace I in Romuliana), mosaic bases were on hypocaust pilasters. However, despite that, their stability was not endangered and among these mosaics we do not have any examples of mosaics collapsing into the interspace between pilasters. Although they were reduced to the thickness of 20-25 cm, in comparison with the Early Roman patterns of 40 cm (recommendations by Vitruvius, cf. supra), it is evident that they were suficiently solid for mosaics not only during their lifetime, but also in later periods when they, along with the buildings in which they were placed, fell into oblivion. Acknowledgments This paper is a result of the research on the project of the Ministry of Education, Science and Technological Development, Republic of Serbia: Romanization, urbanization and transformation of urban centres of civil, military and residential character in Roman provinces on the territory of Serbia (No. 177007).
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Gordana Jeremić Arheološki institut, Beograd TEHNOLOGIJA IZRADE PODNIH MOZAIČKIH PODLOGA U KASNOJ ANTICI U PROVINCIJAMA DACIA MEDITERRANEA I DACIA RIPENSIS U rimskom svetu, mozaik je predstavljao skup proizvod, koji je bio tvorevina više različitih majstora-zanatlija. Mozaički podovi krasili su javne i privatne zgrade, a bili su naručivani od različitih patrona (cara, vlasnika luksuznih vila, kolegija, municipalnih, verskih zajednica i drugih). Za izradu mozaika, bilo da je rađen u tehnici opus tesellatum (geometrijski ili vegetabilni motivi, rađeni u svežem malteru in situ), opus vermiculatum (posebni paneli, najčešće sa iguralnim scenama, koji su izrađivani u ateljeu, a potom postavljani u predviđeno mesto u podlozi) i sectilia pavimenta (luksuzna tehnika popločavanja prostorija sečenim mermernim pločicama), neophodna je bila kvalitetna podloga. Podloga je postavljana nakon svih drugih građevinskih radova u zgradi. Na tlu kasnoantičkih provincija Dacia ripensis i Dacia mediterranea, mozaici su otkriveni na 11 nalazišta u 18 građevina (palate, vile, terme, ranohrišćanska crkva), iz perioda kraja III – IV vek. Zavisno od namene prostorije, registrovane su različite vrste podloga, kojih je izdvojeno tri osnovne vrste: a. podloge koje su počivale direktno na zemlji, b. podloge koje su počivale na hipokausnim stubićima, v. podloge za sectilia pavimenta, koje su se u odnosu na prethodne dve pomenute grupe jedino razlikovale u završnom sloju, koji je služio za lepljenje sečenih pločica. Preporuke ranorimskog arhitekte Vitruvija, da je za kvalitetan mozaik potrebna podloga debljine 40 cm, u kasnoj antici se nije poštovala. Mozaici iz najreprezentativnijih građevina iz pomenutih provincija, kao što su carska palata u Gamzigradu, palata u Naisusu, reprezentativna vila sa peristilom na Medijani i drugi, imali su podlogu debljine prosečno 20-25 cm, bilo da je počivala na hipokausnim stubićima, bilo da je bila direktno postavljena na nabijenu zemlju. Redukovanje podloge u odnosu na carski period ogleda se ponekad u izbegavanju postavljanja statumena od lomljenog kamena, pa je prvi sloj mogao da čini rudus od kamena vezanog malterom (debljine 15-18 cm), preko kog je stavljan nukleus, često u dva premaza, ukupne debljine 8-10 cm, na koji je dolazio tanak premaz od svežeg maltera za direktno uranjanje tesera. Analizama mozaika iz vile u Montani registrovano je prisustvo organskih supstanci (jaje, životinjska krv), koje su
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korišćene kao vezivni materijal za kreč. Primeri nemarnije postavljanih mozaičkih podloga veoma su retki, i reč je samo o dva slučaja: vile s kraja III ili iz IV veka iz Galatina, gde je podloga od blatnog maltera, debljine svega 4-8 cm, kao i manje ranohrišćanske kapele s kraja IV veka na Medijani, gde je na zemljanom podu načinjena tanka malterna košuljica u koju su uronjene krupnije tesere. Podloge, zajedno sa završnim slojem mozaičkog tepiha, u kasnoantičkim građevinama u provincijama Dacia ripensis i Dacia mediterranea, očigledno su bile dovoljno kvalitetne za dugotrajnije korišćenje, jer reparacije iz kasnoantičkog doba gotovo da su retke (primer Medijana, trem vile sa peristilom). Prilikom arheoloških otkrića najčešće se mozaici nalaze u dobrom stanju. Izuzetak čine oni mozaici koji su bili na meti novopridošlih stanovnika u poslednjim fazama života na nalazištima, kada dolazi populacija koja ima sasvim drugačije stambene i estetske navike (Naisus, Medijana) ili kada su oštećeni prilikom savremenih mehaničkih ili infrastrukturnih radova.
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PLANA WATER SUPPLY – MEDIEVAL TECHNICAL ENTERPRISE Tatjana Mihailović National museum Kraljevo Abstract: Medieval town of Plana was from XIII until the en of XV century the center of medieval mining and metallurgical activities, with three large mining are that encompassed over 20 km. Until today, 58 smelteries were discovered, and in them were produced gold in powder, plain silver and argentum de glama, lead, copper and iron. This large economic center created a large hydro-technical system, whose purpose was to enable the water supply at 750-1100 m high points, where gold was extracted and washed out. At the same time, it also enabled drinking and technical water. It was made as a pipeline from clay pipes, with protective stone covering, and it passed the water from Kolska river along the 12 km long line, for which 25-30 000 pipes were used. Parallel to it was a open canal for technical water necessary for ore washing out and work of smelteries. At the location called Probijeno brdo in 2011 construction machines have exposed the water supply in situ, in the road proile, near its source at Kolska river. National museum in Kraljevo carried out the research in 2012 and 2013, and the results are presented in this paper. Key words: medieval Serbia, Plana, mining and metallurgy, Željin, Kopaonik, water supply syste, hydro-technical system Apstrakt: Srednjovekovni trg Plana, bio je od XIII do kraja XV veka centar kopaoničkog rudarstva i metalurgije, sa tri velika rudna revira u dužini od 20 km. Do sada je dokumentovano 58 topionica, koje su proizvodile zlato u prahu, obično i glamsko srebro, olovo, bakar i gvožđe. Ovaj veliki privredni centar realizovao je veliki hidrotehnički sistem, čija je svrha bila da omogući neophodni dotok vode na velike nadmorske visine od 750-1100 m na kojima se iskopavalo zlato i omogući ispiranje zemlje. Ovo je bilo složeno hidrotehničko postrojenje za pitku i tehničku vodu istovremeno. Realizovano je kao cevovod od glinenih cevi, pokriven zaštitnim pokrivačem od kamena, koji je vodu iz Kolske reke sprovodio trasom dugom oko 12 km, za šta je bilo upotrebljeno 25-30 000 cevi. Paralelno ga je pratila otvorena vada-kanal za tehničku vodu neophodnu za ispiranje rude i rad topionica. Na mestu Probijeno brdo 2011. godine radom buldožera otkriven je vodovod in situ u proilu puta, u blizini njegovog izvorišta na Kolskoj reci. Narodni muzej u Kraljevu je istražio vodovod u toku 2012. i 2013. godine, i rezultati su prikazani u ovom radu. Ključne reči: Srednjovekovna Srbija, Plana, rudarstvo i metalurgija, Željin, Kopaonik, vodovod, hidrotehnički sistem
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Introduction. The town of Plana as a mining and metallurgical center Plana was in the period from XIII until XV century the center of the mining activity in the Kopaonik area and it belonged to the type of settlement called trg (Lat. forum мercatum) in Serbian medieval countries (Јиричек 1952: 269). Plana is situated on the south-western slopes of the mountain of Željin, on the border with Kopaonik mountain, which is faced south, and Plana’s medieval area extended on both mountains (ig. 1). In the vicinity of Plana there were three large mining compound areas: the irst one is Ceovište in the very vicinity of Plana, placed 2 km to the east, on the Željin mountain, second was Razlečje-Vučak north from Plana river, also on the Željin mountain, and the third one was Vlah-Orlje-Murča, south from Plana. This was a mountain slope within Kopaonik massive, which extends in north-south direction along the Kovači village and ends in the hamlet of Pope, where large areas for gold washing were situated, on Ravnište and Glave. Mining and metallurgical activity area of Plana reached up to 20 km in length.



Fig. 1 The Map of Plana with mining areas Sl. 1 Karta Plane sa rudnim revirima
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Plana was probably in the beginning a typical settlement of mining economy, but with time, i. e., as mining and metallurgy works expanded and the economic power was rising, the town enlarged to up to 500 households, densely placed one next to the other along the streets, with mining tower, whose eastern part was researched and its dimensions 12,5х20 m (Kovačević 2008: 81). Up today, two churches were discovered, therefore Plana may be considered as open town, and the estimated number of inhabitants is up to 3000 (Simić V. 1955-1957: 3). As on most trade centres and mining settlements, in Plana were also inhabited people from Dubrovnik, among them patricians (catholic church is mentioned in the written sources for the irst time in 1346) (Simić 1955-1957, 1). The place Carina, near which Carinski stream passes by, is an area that could have take up to 500 horses, and it testiies on explicit trade aspect that Plana gained over time, thanks to the metal production. Around the town were settlements of miners, smelters and blacksmiths, organized around their working places, therefore the number of inhabitants estimated by V. Simić at 10-15 000, probably is not exaggerated (Simić 1955-1957: 3). Over 2700 traces of mining working activity were noted, which puts Plana before Trepča or Belo Brdo. Until today, 58 smelteries were discovered, and in them were produced gold in powder, plain silver and argentum de glama, lead, copper and iron (Simić 1955-1957: 8). Plana also had a coin mint, labelled in written sources “grossi de Plana“ (Blagojević 1981, 50-52), and nobleman Nikola Altomanović and prince Lazar minted their coins here (Dimitrijević 1968, 129; Ivanišević 2001, 163). Numerous contemporary toponyms around Plana are indirect evidence for this economic center: Rudnjak (ruda – ore; it has traces of old mining activity of iron ore and smelteries, situated north from Plana, center of exploitation of iron containing nickel), Kovači (kovač – blacksmith; center of blacksmithing production at Kopaonik, south from Plana), Ceovi, Ceovište, (from German Zeche), main mining area, under which is a stream Plakaonica (derived from the archaic word for washing); also there are metallurgic toponyms Majdanska brazda, Kolska reka, Kola, Šljaknište in Plana (Simić 1956). Traderelated toponyms were noted as well – Pazarište (pazar – market place) and Carine (customs), suggesting two important aspects – mining market place, within Ceovište, where mining guilds were selling their ores directly, and a market palce for diverse products located on the plateau immediately above the town on Pazarište, where were also large lead smelteries. This was one complex system, that included a large number of people of different professions, specializations, religious orientations, all of them concentrated on production, processing and trade, primarily of pre-
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cious, but also other metals, that had inluence on monetary system and international trade. At the same time, this must have been a well-organized system, whose mutually dependent segments had inviolable mutual interests. One of them was certainly water supplying system, since without it the key technological process of gold washing, rinsing of excavated ores and the work of smelteries (Mišić 2007, 129-138), but is also important for supplying hundreds of workers with drinking water. Gold-bearing terrains were on higher altitudes, from 730-1100 m. On Ceovište the gold arrived with pyrite in the phase of siliciication and pyritiication of andenzite, and later, during the process of forming of ore veins, as a result of oxidation of siliciied and gold-bearing pyrites a porous mass remained, with unwashed limonite in lower parts, where the largest quantity of gold lealets and granules can be found (Симић 1955-1957, 6). Shallow shafts were used to dig into quartz-limonite masses, and the ore was taken out, crushed, minced and washed out. These masses were located at altitude at 1100 m. Another gold zone was in Pope (Kovači), on Ravnište and on Glave, exclusively at delluvial deposits 5 m thick, at altitude of 730850 m (Симић 1955-1957, 15). Just the washed soil from medieval times covers the area of approximately 40 hectares. In these circumstances the main technological challenge was to enable a continuous water low at altitude of 1100 m, that will connect the main zones of gold exploitation and enable illing of basins at Glave designed for washing out. Mining and metallurgy of lead, zinc and silver belonged to the second phase of exploitation and processing in Plane, and is characteristic for the XIV century. Obviously the gold was the initial work, around which the market place emerged and motivated this community to create a huge water supply system, that represents a large technological project. Namely, a solution to this problem in the times when only gravitational water supply was possible, was discovered at high Željin mountain, on attitudes that surpass 1300 m, on a water rich Kolska river. At the same time, this meant to ind a solution for the water supply line over 10 km long, in the main water supply prong. Water supply system – discovery and description The team from the National museum went for the irst time to visit the location Probijeno brdo in August 2011, where the construction works on the crossroad of forest path and road Plana – Sutelica, the root of the medieval water supply was cut, and was visible in the proile above the road (ig. 2). This place is at 400-500 m distance from Kolska river on the north and about 500 m east from the Lajštak hilltop (at 1312 m), in the
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inhabited part of Željin (ig. 1). Such a situation, with in situ discovered water supply and with a possibility for investigation, can be encountered very rarely. Also, it was important that this location was in the vicinity of the very beginning of the water supply system. Until now, the pipes were discovered mainly in Plana itself, at Ceovište and south from Plana, in the region of the third mining region on Murča. Now we have reached the part of the water supply system for which was assumed that is taking the water on the source of the Kolska river or in its vicinity (Симић 1957: 11). We decided to start small sondage excavaFig. 2 Re-designed situation plan of Plana tions in length of 2 m, with main region after V. Simić (Simić V. 1955-1957, goal to discover the water supply 2, ig. 1) with inserted location of Probijeno structure. At the same time, this brdo should have enabled to remove Sl. 2 Redizajnirani situacioni plan reona Plane prema V. Simiću (Simić V. 1955-1957, 2, sl. and transpose the discovered 1 1) sa unetom lokacijom Probijenog brda segment into the museum. The line of the water supply was cut vertically, in order to expose its entire structure (the pipe was in a stone protective coating) in the cross-section. It was positioned on a virgin soil at the depth of 1,35 m from the upper level of the terrain, but only about 0,90 m above the road level. Such a clear position of the structure enabled simple and precise positioning of the sondage-trench, dim. 2,40 х 1,10 m, which included already cleared area of 0,40 m in front of the water supply2 (ig. 3). 1



Short sondage excavations were carried out from 28-30th November 2012 (the director of the excavations was Tatjana Mihailović, museum advisor). 2



The area was created when road workers tried to pull out the pipes, after the protective coating was demolished, so a lattened area remained, formed by original hydrotechnicians while constructing the water supply system.
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Fig. 3 The site Probijeno brdo – the situation after the activity of construction machines Sl. 3 Lokalitet Probijeno brdo – zatečena situacija nakon aktivnosti buldožera



Beneath the humus layer (of varying thickness of 0,35-0,50 m) is a layer of typical mountain soil with non-fertile serpentinte and kaolinised andensite substructure (Симић 1957, 2). Upper level slabs of the coating were reached at the depth of 1 m (from the upper terrain level) at the beginning of the preserved water supply, up to 0,60 m near the BC proile. The structure of the coating was tripartite: lateral sides were made from smaller broken stones, which then created the truss for the upper, larger, unworked slabs for covering (average dim. of the largest ones 40х30 cm), placed sideways (ig. 4). Smaller holes that remained after such arranging were closed by smaller stones. Both smaller stones are slabs are available in galore, so a there was no need for a special arrangement for its acquiring and perhaps its ready availability was the reason for this stone to be chosen as a coating. The width of the entire construction was 0,40-0,60 m. After the slabs were removed, the structure of lateral sides was revealed, that form a canal of average width of 16 cm in which the pipes were lying. By dismantling the lateral sides (irst the ones next to the proile AD, ig. 5), it was established that they were built with smaller stones, chosen after its shape to create regular supporter, and which were only partially, when necessary, fused with plaster. After the entire construction was removed, we reached the prepared soil level, covered with thin plaster layer, on which the pipes were placed. The decline of the substructure was measured and every pipe’s center, i. e. on every 0,5 m and it is 2 cm (4%).
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Fig. 4 The site Probijeno brdo: trench 1, water supply in situ in its complete form with covering Sl. 4 Lokalitet Probijeno brdo: sonda 1, vodovod in situ u potpunoj formi sa pokrivačem



Fig. 5 Discovering the water supply: a) protective covering (from above), b) water pipes in the canal formed by covering sides, c) water pipes in situ, after the removal of the covering Sl. 5 Otkrivanje vodovoda: a) zaštitni pokrivač (snimak odozgo), b) vodovodne cevi u kanalu koji su formirale bočne strane pokrivača, c) vodovodne cevi in situ, nakon uklanjanja pokrivača



In the trench after the coating was removed, in situ were discovered three ceramic water pipes (ig. 6). The pipes were positioned with the help of smaller stones and also placed to have a decline of 2%. The pipes were made from clay that contained sand, baked in the light red colour. On the outer surface they had traces of thin green glaze, but sporadically, not on the entire surface. They contained no glaze in the interior. The pipes had one end conically narrowed, thus enabling the joining with the next one. On the opposite end, the pipe is shaped in such a way to join easily with the previous one. In the table are given their technical traits.
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Length/ Dužina



Weigth/ Težina



Circumfer./ Obim



Outer/ Spolj. R



Inner/ Unutr. R



Opening/ Otvor. R



Juncture/ Spoj



P-1 (I)



39 cm



1846 gr.



31 cm



10,7 cm



8, 7 cm



P-2(II)



41 cm



1912 gr.



32 cm



10,3 cm



7, 8 cm



5,6 cm



4,5 cm



P-3(III)



39 cm



1571 gr.



32 cm



9,5 cm



7,4 cm



5,1 cm



4,5 cm



The irst pipe, that was at the beginning of the construction, as it was pulled out, the joining part was broken, therefore only pipes 2 and 3 are complete. However, we encounter here two different types, or, more precisely, we have here two different solutions for pipe joining. Indirectly, this situations shows clearly placed technical demands that encompass necessary standards for the water supply system realisation, i. e., the technical demands must have been clearly formulated and submitted to one or more pottery workshops. In this case, we have two solutions: one simpler – when one element was made by sculpting from the pipe’s body into a slightly conical shape 4,5 cm long. In that case the lat rim of the opening is reclining on the pipe’s shoulder. In the other case, this element was made separately, and later binded with the body of the pipe. It was also conical in shape, 4,5 cm long. At the opposite end the plastic band 1,4 cm wide, was made, horizontally lattened on the place it is linking with the pipe body. In this way was created an end-piece that is reclining on horizontally lattened rim of the next pipe, with adequate width of 1,4 cm. This independent element was also glazed before it was joined with the pipes. When we compare the technical traits of the pipes 2 and 3 and all the above-mentioned details, we may perceive all the ixed elements of this technical demands: the diameter of the pipes, inner diameters of the wider and narrower ends, length of the conical joining segments, the total length of the pipes. The diameter of the pipes and the length of the joining parts are identical, the pipe length differs for 2 cm, and the diameters of the opening parts up to 0,5 cm. If we take into consideration that these ceramic pipes were handmade, the difference in the diameter can be negligible. The differences exist evidently among the elements that were not standardized, such as the weight of the pipes, which were left to the potter himself to decide. It may be noted that the pipe no. 3 was in any case a better solution; not only that it is 350 gr lighter, but it also shows higher quality of the joining of the two elements. This is particularly evident during the joining of the two pipes, since the junctures are secured by limestone plaster. The narrow part of the pipe was completely covered by plaster (4,5 cm) and
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from interior joined with the wider end of the next pipe. The existence of the end-piece closes the construction completely and ensures the impermeability of the network and prevents the loss of water. In any case, a clear technical demand enabled the merging of the pipes coming from different „manufacturers“, i. e., a faster production at several places. The production of the water supply pipes, either in Plana (although the deposits of quality clay were not registered), or, more likely, in the near-by pottery workshops, was a large job that belonged to the initial phases of works on the water supply. If these were workshops outside the Plana mining region, also should be counted in not a small problem of transport of the pipes by existing routes, on pack animals. One pipe was 1,5 to 2 kg heavy and belongs to relatively fragile material, and, considering their purpose, not even cracks could have been tolerated. Therefore, we must keep in mind that a percentage of loss among the pipes must have existed. Before the pipeline was set, thousands of pipes must have been already transported to Plana or produced in it.



Fig. 6 Solutions for pipe joining: a) independent element, b) element made out of the pipe body Sl. 6 Rešenja elementa za spajanje cevi: a) element napravljen kao samostalni predmet, b) element izveden iz tela cevi
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What is important for the water supply network, is her solidity, which is visible through her mechanical resilience towards inner and outer pressure (Јовић 2008, 16). In our case, it may be evaluated on the basis of the quality of the protective coating, and after the traits of the ceramic from which the pipes were made, which determine the impedance towards fraying. The composition of clay with admixtures of iner and coarser sand, with wall thickness of 14 mm, makes them robust and resistant, which, on the other side, also makes them heavy. However, this makes the very network stable, with excellent and thorough protection by the coating. The joinings are secured by plaster, which ensures the networks impermeability and prevents water loss. Furthermore, the pipes were dug deep enough, at 0,90-0,80 cm, as visible at layer 2, that belongs to medieval period, which provides complete protection to the water in the pipes from freezing. The second problem is the reconstruction of possible watergate or reservoir from which the water supply departed, for which it was always known it was at Kolska river. Probijeno brdo is only 1,3 km from this river, i. e., its left prong, which merges 2 km lower with Kriva river into the main course of Kolska river. Along all these courses were concentrated 34 smelteries of lead and one for iron (Simić V. 1955-1957, 9), which is conirmed by toponyms – the river is called Kolska and the region between Kola (kolo - wheel), since the wheels were necessary to make smelteries work. Field survey was conducted in spring 2013, in order to investigate further this hydrotechnical system. From the trench 1 at Probijeno brdo, as a marked place from which the water system continues, its route is clearly visible as a formed horizontal level cut into the slope (ig. 7).3 We followed this level, shaped into a path 1-1,5 m wide, at some places damaged by erosion and ravines, but may be followed all the way to the Kolska river at altitude of 1310 m. The entire area is in thick beech forest, and on the inal part of the route there are cast down large timbers, especially at the very ending in the river. One of the essential questions that are not possible to solve at this moment is how the water was transmitted from the river into the pipeline system. It is certain that this was a gravitational water supply system (based on free fall), so the spot at adequate altitude was looked up, to supply with water the mining areas that were mainly at altitudes of 1100 m. Before being conducted into the pipes, the water should have been iltrated, meaning, it was passed through some porous ilters into the accumulative reservoir (Jović 2008, 11); however, no material remains of any such constructions 3



We used markers with tables for input of the distances, during the recording the possible water system route, to make them more visible through the woods and clearer in the space.
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Fig. 7 The site Probijeno brdo – the reconstruction of the water supply route: a) from trench 1 towards south, towards Ceovište, b) from trench 1 to the north, towards Kolska river Sl. 7 Lokalitet Probijeno brdo - rekonstrukcija pravca pružanja trase vodovoda: a) od sonde 1 na jug, ka Ceovištu, b) od sonde 1 na sever, ka Kolskoj reci



were discovered, unlike the Dubrovnik renaissance water supply system (Seferović, Stojan 2006, 108-117), where all the elements were completely preserved (reservoir, pipeline, ilters). Today is still visible the water gate at Kolska river, that directed the water further. However, at open canals for technical water the solution to this problem is much simpler. It is possible that at the area in question was at altitude of approximately 1340 m, near the river source, which is argument in favour when it comes to mountainous regions, because the water does not freeze near the sources (Mišić 2007, 143). Anyhow, this was a gravitational water supply system, with the beginning at altitude between 1310 m and 1340 m, which later on his way down passes over 1273 m (trench 1 at Probijeno brdo), up to altitudes 1200-1100 m through the irst mining area Ceovište. Afterwards, it passes Pobijenik into the mining area Vlah-Orlja-Murča at 1120 m, until its inal destination at Ravnište (Pope, Kovači) at altitude of 780 m, in total length of approximately 10, up to max. 12 km (ig. 7). These data are not complete for a precise calculation, however, after the narrower diameter of the pipes (diameter 5,5-6 cm), the estimated calculation of water low rate was about 1,85 l/s, i. e., approximately 110 l /min.4 This basic, oldest pipeline route only needed between 25000 and 30 000 pipes. Considering they were almost un-glazed, and also taking into consideration that the route was directed towards places for gold washing in Pope, it is likely that this basic project was conducted early, in irst stages of mining activities in Plana, which was concentrated on gold exploitation. 4



The calculation was made by ing. Dejan Dimkić from The Jaroslav Černi Institute for the Development of Water Resources, to whom we herby thank most sincerely.
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This is perhaps the main argument to date the original leg of the water pipeline into second half of XIII century, because without its realization the activities on gold washing on Glave could not have been conducted. This process was already over in Kovači, when they turned to the iron manufacturing, which is characteristic for the XIV century and made them famous. The passage on mining of silver, zinc and lead belongs to the same phase, and entails the concentration of smelteries of these ores on Kolska river. Pipes discovered in the Plana town area have different technical traits, i. e., different production demand (ig. 8). They have emphasized glazing and are slightly longer (46 cm), the narrower part is shorter for one centimetre (3,5 cm) and the joining is made by plaster coating on the outer side. Taken into consideration the fact that the glazing can be very easily obtained in lead mining regions (Simić 1955-1957, 10), all the pipes probably belong to period when lead and silver manufacturing were dominant. The change of technical traits also suggests this was a later stage of water supply system, i. e., the water was later introduced into the town itself. It is certain, therefore, that the main motif for the building of hydrotechnical system was gold mining, and that after the system was formed, into it were included new needs and new sections.



Fig. 8 Pipes discovered by local citizens in Plana Sl. 8 Cevi koji su meštani pronašli u samoj Plani



On south below Plana a Planska river is running through, on the east from north Carinski stream arrives and merges with Kiža stream (ig. 7). In Plana itself there was some sort of artiicial lake or water reservoir, so
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there is a question was there a need to bring the water by pipeline system. It is possible that the development of mining and metallurgy of lead water became polluted, since there were pits below the town on the southern side. Also, the number of inhabitants increased, which were the reasons to supply the town with water from the already existing system. A special part of the system are „vade“ – open channels for water low for ore wash-out („plakaonica“) and smelteries, that follow the pipeline by one leg and branch out on the second. The well-known „Roman or Majdan furrow“ (ig. 9) 6 km long, which took water at 1340 m and enabled the work of large lead smelteries at Pazarište and copper smelteries at Čaušice, to the west from Pazarište. The construction of the canal was of such extraordinary quality when it comes to the 1% fall and usage of natural terrain coniguration, that it was restored without any problems in 1950’s, when the water began to run once again for the Plana inhabitants, this time for irrigation. The second (main) canal follows the pipeline all along and brings the water to Ceovište and region Vlah-Orlja-Murča, thus enabling the wash-out of ores immediately below the pits and digging places at 1100 m. The depression in ravine near Pobijenik the canal passes through dug-in piles (Simić 1955-1957, 11).



Fig. 9 The route of reconstructed „Roman trench“ at Pazarište Sl. 9 Trasa rekonstruisane „Rimske brazde“ na Pazarištu
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Discussion Hydrotechnical enterprise implemented in Plana as an economic centre, represents a complex system, designed to enable functioning of large mining-metallurgical zones, which spread for kilometres, and in that aspect suggest high organization of Plana authorities and well developed and well regulated all social relations of its members. The Renaissance water supply system from Dubrovnik, built from June 1436. until October 1437. (Seferović, Stojan 2006, 105), is certainly younger than the one from Plana, and complete preservation of all the structural elements from one side, as well as completely preserved historical written sources from the other side reveal a complete insight into method of its realization as construction and social project of the Dubrovnik Republic. Indirectly, this analogy, when it comes to social realization, points to series of problems that the Plana government must have encountered. Therefore, open questions remain the following: who were, or at least, where did they came from, the engineers and constructionists (in Dubrovnik these were two Italians, one from Apulia, other from Naples), the inancial limits of these construction works (in Dubrovnik the entire job was paid 8250 gold Venetian ducats, in rates), how many workers were involved (in Dubrovnik there were about 30 masons from Italy and about 100 domestic workers), how long did it take to construct the main leg (in Dubrovnik this lasted 15 months). The contract that was signed between the Dubrovnik Republic and the constructionists noted precisely: the water supply length, condition that the amount of water that enters at source must low in the town, timeframe of construction, all technical traits of the water supply system, dynamics of payment, etc. The written sources demonstrate that all this paragraphs from the contract were honoured by both parties, and that the water supply system was considered as precious, so severe punishments were set for anyone who would use the water unauthorized (Seferović R., Stojan M. 2006). These information how complex the entire project was, which as a common good of one community lasted through centuries up to modern time an may be considered as important heritage and cultural achievement. One of the oldest medieval water supply systems in Serbia, discovered in Studenica monastery (ig. 10) is dated into the period when the monastery was built, in XII century (Radan-Jovin M. 1969, 66). However, this was not a pipeline, but here the blocks of Studenica marble (35 cm) where used to form a canal for water, 12 cm in diameter, 5 cm deep, which represents functionally longitudinally split pipe. It was covered by stones connected by limestone plaster (70 cm wide). On the covering rectangular



308



T. Mihailović



Plana Water Supply – Medieval Technical Enterprise



Fig. 10 Fragment of the water supply system of the monastery Studenica (second half of XII century) Sl. 10 Fragment vodovoda manastira Studenica (dr. polovina XII veka)



openings were placed (20х21 cm), probably on predetermined distances, with the function of maintaining the water supply, which must have had lids. The water was puriied by subsidence. This water supply system was never investigated systematically, but in segments, when and where it appeared during different stages of the research of the monastery and its surrounding. However, it belongs to a completely different type of water supply systems and demonstrates that the choice of a speciic type was determined by locally available material, to which the method of water supplying was adjusted. Open quarries at Radočel, used for building of the church by župan Nemanja, offered the most convenient solution, since the marble is impermeable, so the hydraulic plaster was not needed. Besides, at Studenica monastery at the time a large number of stonemasons was present, which were engaged on church building and shaped the stone. From the Dubrovnik example we can see it was an expensive investment, and the above mentioned circumstances reduced the costs considerably. But, the Studenica water supply, with the high quality of its technical characteristics, also testiies not only on good knowledge on water supplying in Serbia in this period, but also on importance that was given to solution of such problems, as one of important elements of culture and hygiene in a certain newly-formed environment, such as Studenica in its beginning. Or, seen from a different angle, to Studenica
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were intended all the highest cultural achievements of the time, water supply system included. In any case, the culture of water supplying before the realization of the Plana water system was already present in Serbia and was on a high level. Our water supply system had somewhat different character and purpose than these two examples, and chronologically is probably in between them. It appears as a system that, after the positioning the main leg, i. e., after the basic principle of water supplying was established, developed further, following the emerging new needs and was directed into new areas. This may suggest that the task of maintaining and developing, i. e., the knowledge of water supply systems, became a part of Plana system, thus enabling further development of mining and metallurgy and making it independent from natural water lows. Large lead smelteries at Pazarište, below Vučak mountain, at open area highly convenient for work, whose extraordinary amounts of slag demonstrate this was the main smelting centre of Plana, could have worked only thanks to the “Majdan furrow”. This canal brought the water from the distance of 6 km, and, speaking in modern terms, there must have been a maintenance service that would keep in work such an open canal year-round and was capable to ix any problem at the pipeline. Our water supply system with its construction elements reminds the most to water supply systems from Antique times, such as one discovered in Rakovac in Srem (Veselinović 1952, 127), where we have ceramic pipes covered by brick coating. The type of stone, that was readily available, could have been used for covering only, while the pipes were the only possible solution in Plana, giving the natural circumstances. The extent of this hydraulic system, its buildinig, developing and adjusting to the economic needs of the center, suggest one very organised community with highly developed specializations, inancially strong and capable od successful resolving of dificult technical tasks and long-term planning. References Dimitrijević, S. 1968. Nova serija novih vrsta srpskog srednjovekovnog novaca, Starinar XVIII, 119-138 Blagojević, M. 1981. Perpera i litra u doba kneza Lazara, Istorijski glasnik 1-2, 47-61 Ivanišević, V. 2001. Novčarstvo srednjovekovne Srbije, Beograd Jiriček, К. 1952. Istorija Srba I, Beograd Jović, D. 2008. Stari dubrovački vodovod, Završni ispit na Građevinskom fakultetu Sveučilišta u Zagrebu, Zagreb
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Kovačević, M. 2008. Srednjovekovno rudarsko naselje Plana, Glasnik Društva konzervatora Srbije 32, 80-85 Radan-Jovin, M. 1969. Odnos utvrđenja i objekata u kompleksu manastira Studenice, Saopštenja VIII, 63-80 Mišić, S. 2007. Korišćenje unutrašnjih voda u srpskim zemljama srednjeg veka, Beograd Seferović, R., Stojan, M. 2006. Čudo vode: prolegomena za ranorenesanski vodovod u Dubrovniku, Anali Dubrovnik 44, 95-137 Simić, V. 1955-1957. Plana, Srednjovekovno naselje rudarske privrede, Glasnik Etnografskog instituta SANU knj. IV-VI, 1-18 Simić, V. 1956. Rudarstvo u toponomastici kopaničke oblasti, Glasnik Prirodnjačkog muzeja Srpske zemlje, Serija A, Knjiga 7, Sveska 3, Beograd Veselinović, L. R. 1952. Nalazi iz Rakovca u Sremu, Rad vojvođanskih muzeja 1, Novi Sad, 127-129
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Tatjana Mihailović Narodni muzej Kraljevo VODOVOD PLANE – SREDNJOVEKOVNI TEHNIČKI PODUHVAT Srednjovekovni trg Plana, bio je od XIII do kraja XV veka centar kopaoničkog rudarstva i metalurgije, sa tri velika rudna revira u dužini od 20 km. U samom gradu bilo je oko 500 kuća, sa rudarskom kulom, dve crkve i prostorom carine, dok su oko grada u prostranom privrednom arealu bila naselja rudara, topioničara i kovača. Snimljeno je 2700 rudarskih radova, što je preko 20% svih radova na Kopaoniku i time Plana nadmašuje Trepču ili Belo Brdo. Do sada je dokumentovano 58 topionica, koje su proizvodile zlato u prahu, obično i glamsko srebro, olovo, bakar i gvožđe. U Plani je bila i kovnica novca koji se nazivaju u izvorima „grossi de Plana“. Ovaj veliki privredni centar u svojoj ranoj fazi koncentrisanoj na rudarstvo i preradu zlata, realizovao je veliki hidrotehnički sistem. Njegova svrha je bila da omogući kontinuirani dotok vode na velike nadmorske visine od 750-1100 m, poveže glavne zone eksloatacije zlata i obezbediti punjenje bazena na Glavama (najudaljenijem prostoru revira), koji su namenjeni ispiranju. Na mestu Probijeno brdo 2011. godine radom buldožera otkriven je vodovod in situ u proilu puta, u blizini njegovog izvorišta na Kolskoj reci. Narodni muzej u Kraljevu je u novembru sledeće godine preduzeo sondiranje vodovoda u dužini od 2 m, radi otkrivanja njegove strukture. U proleće 2013. godine nastavljeno je istraživanje hidrotehničkog sistema. Reč je o složenom postrojenju za pitku i tehničku vodu istovremeno. Realizovano je kao cevovod od glinenih cevi, pokriven zaštitnim pokrivačem od kamena, koji je vodu iz Kolske reke sprovodio trasom dugom oko 12 km, za šta je bilo upotrebljeno 25-30 000 cevi. Paralelno ga je pratila otvorena vada-kanal za tehničku vodu neophodnu za ispiranje rude i rad topionica. Iskopavanje vodovoda in situ pokazalo je da se sastoji od keramičkih cevi koje su zaštićene pokrivačem, čije su bočne strane izgrađene od sitnijeg lomljenog kamena koje nose veće ploče za pokrivanje, ređanim nasatično. Ispod su keramičke cevi prosečne dužine oko 40 cm, čiji prečnik merodavan za protok vode je od 5,5-6 cm. Pad cevi je 2% i u uslovima gravitacionog vodovoda proračun protoka vode, na bazi postojećih podataka, je oko 1,85 l/s odnosno 110 l/min. Postojanje različitih tipova cevi ukazuje na jedinstveni tehnički nalog izdat većem broju keramičkih radionica, koje su različito rešile osnove elemente poštujući zadate tehničke mere, što
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omogućava njihovo nesmetano spajanje. Za osnovni krak vodovoda bilo je potrebno 25-30 000 cevi, što otvara pitanje njihove proizvodnje i transporta u pripremnoj fazi rada na vodovodu. Nerešeno pitanje je sam početak vodovoda koji podrazumeva prečišćavanje vode i rezervar u koji se sabira pre puštanja u cevi. Na Kolskoj reci nema tragova takvog postrojenja. U samoj Plani pronalažene su cevi drugačijih tehničkih karakteristika, pre svega izrazito gleđosane, koje ukazuju na poznije uvođenje vode u grad. Slično je i sa otvorenim kanalima za vodu, od kojih je najstarija glavna vada koja je pratila glavni krak cevovoda omogućujući rad u revirima zlata. U pozijoj fazi karakterističnoj za XIV vek, kada dominira rudarstvo i metalurgija cinka, olova i srebra, realizovana je velika „rimska ili majdanska brazda“ (duga 6 km), koja je omogućila formiranje velikih topionica olova na Pazištu ispod Vučaka. Hidrotehnički sistem je poslužio razvijanju metalurgije nezavisno od prirodnih tokova reka, koje su kao Kolska u jednom trenutku postale pregusto eksploatisane. Dobro očuvani stari vodovodni sistem, poput dubrovačkog renesanskog vodovoda sa jedne strane, ukazuje kao analogija, na izgradnju vodovoda i kao tehničkog i kao društvenog poduhvata, koji podrazumeva visoku organizovanost i kvalitetan način uprave. Takođe svedoče o skupoj investiciji i visokoj svesti o zajedničkom interesu. Sa druge strane tu je stariji primer vodovoda iz same Srbije, iz manastira Studenice (dr. polovina XII veka), koji je istražen u manjoj meri, ali koji svedoči o visokim standardima tehničkog izvođenja i baštinjenje znanja o vodosnabdevanju. Vodovod Plane, njegov najstariji deo, mogao bi se datovati u drugu polovinu XIII veka i vezati za prvu fazu, rudarstvo i metalurgiju zlata. Tokom sledećeg perioda on se razvija u skladu sa novim potrebama, a znanje o vodosnabdevanju postalo je trajno prisutno u Plani. Obim ovog hidrotehničkog sistema, njegovo građenje, razvijanje i prilogođavanje privrednim potrebama centra, ukazuje na jednu dobro organizovanu zajednicu, razvijenih specijalizacija, inansijski snažnu, sposobnu da uspešno rešava teške tehničke zadatke i planira dugoročno.
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