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SUMMARY 

The proposed research focuses on the exploitation strategies of non-flint raw 

materials during Middle Palaeolithic in different European contexts. It is mainly 

aimed to observe how the Levallois and the discoid knapping methods have been 

applied and adapted to low quality raw materials.  

Lithologies like vein quartz, quartzite, jasper, porphyry and other volcanoc, 

metamorphic and sedimentary rocks have always been considered as second-

choice raw materials, used to produce lithic tools only where flint was missing or 

difficult to collect. Lithic industries realized on these kinds of raw materials have 

often been described as “primitive”, ascribing to a supposed technical inability of 

the knappers the results of a technological behaviour extremely adapted to the 

mechanical and petrographic characteristics of the lithic raw materials.  

The research especially aims to point out any sort of adaptation to the physical 

and mechanical characteristics of the raw materials during the employment of the 

Levallois knapping method, both the lineal and the recurrent modalities, or of the 

discoid knapping method: i.e. the choice of pebbles with convexities suitable for 

this kind of exploitation or limited phases of shaping of the cores surfaces. The 

technological studies performed, also allow to make some considerations about 

the technological criteria defining Levallois and discoid knapping methods and 

the features that it is useful to consider distinguishing recurrent centripetal 

Levallois from discoid exploitation strategies.  

To achieve the objectives of the present research, four Middle Palaeolithic 

European sites have been selected. All the sites share the presence in their lithic 

assemblages of vein quartz as main or complementary raw material and a 

significant presence of discoid and Levallois reduction sequences applied on 

different lithologies (vein quartz, quartzite, porphyry, syenite, flint and chert).  

The first considered site is the Ciota Ciara cave, located in Piedmont, north-

western Italy that present a huge lithic assemblage coming from four 

stratigraphic units (S.U. 13 – 892 artefacts; S.U. 103 – 430 artefacts; S.U. 14 – 

4001 artefacts; S.U. 15 – 1787artefacts). The main lithic raw material employed is 

vein quartz followed by a local variety of chert (spongolite) and by allochthonous 

good quality raw materials present just in some units and represented in the site 

mainly by finished tools. The upper level has already been subject to a 
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technological analysis and to the study of the supply areas of lithic raw materials. 

In the proposed research the entire lithic assemblage is considered both for the 

technological study and for the identification of the supply areas of raw materials 

not yet objects of the previous study. At today, the Ciota Ciara cave is the only 

Palaeolithic site of the region systematically excavated through a 

multidisciplinary approach while all the other evidence of a Middle Palaeolithic 

frequentation of the region come from unauthorized excavations and sporadic 

findings. For these reasons, the study of the lithic assemblage of the Ciota Ciara 

cave and the determination of the supply areas of lithic raw materials represents 

a fundamental starting point to understand the economic behaviour, the 

technical capabilities, and the modalities of land mobility of the Neanderthal 

groups that occupy the region during Middle Palaeolithic. Considering the lithic 

assemblage, the intense use of vein quartz not only for opportunistic reduction 

sequences but also to produce predetermined tools through Levallois and discoid 

methods, gives the chance to deeply analyse which adaptation strategies have 

been adopted for the exploitation of this raw material and also which 

technological criteria can be used to distinguish and identify these two knapping 

methods.  

The second considered site is Payre, located in the middle Rhône valley and with 

a lithic assemblage that has been subject to several technological analyses which 

defined different aspects of the economic behaviour of the human groups that 

inhabited the site between MIS 8 and MIS 5. The present research focuses on the 

discoid reduction sequences on flint and vein quartz present in stratigraphic unit 

D (2315 artefacts), corresponding to the last phase of frequentation of the site. 

This is the only considered lithic assemblage where flint is the dominant raw 

material and vein quartz is the complementary one. In this way, we can not only 

make a comparison between the different raw materials at an intra-site level, but 

Payre level D also gives the chance to compare the discoid reduction sequences 

on flint to those of the lithic raw materials present in the other considered sites. 

Even if chronologically and geographically the considered sites are quite far from 

each other, a pure technological comparison can be made, and it is useful to better 

appreciate the technological variability caused by the employment of raw 

materials with so different petrographic and mechanical features.  
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Pedra Dreta and Can Garriga are two Middle Palaeolithic sites located in the Ter 

river valley, close to Girona and dated through the 230Th/U method to OIS 5. 

Their lithic assemblages were studied through the Logical Analytical System soon 

after the end of the excavations, in the 90s. In this study we consider the lithic 

assemblages recovered during the systematic excavations that took place in 1991 

(PD: 550 artefacts; CG: 283 artefacts) because the archaeological materials 

belonging to previous interventions lack a precise stratigraphic reference. In Can 

Garriga, the lithic assemblage analyzed corresponds to the artefacts coming from 

the archaeological Level 1. Level 2 and 3 are not considered since the lithic 

artefacts clearly referable to these archaeological levels are respectively 33 and 

32. As for Payre level D, the focus of this new technological analysis are the 

Levallois and discoid reduction sequences that in Pedra Dreta and Can Garriga 

are applied on different lithologies: vein quartz, quartzite, porphyry and syenite. 

These lithic assemblages also give the chance to make some consideration on the 

concept of predetermination and on the technological criteria useful to identify 

the intention to produce predetermined tools in a context dominated by an 

opportunistic behaviour. 

The technological analysis of the lithic assemblages from the Ciota Ciara cave 

(Italy), Payre – level D (France), Pedra Dreta and Can Garriga (Spain) is based on 

the concept of chaîne operatoire. For the technological analysis of each 

considered lithic assemblage an Access 2016 database has been realized, where, 

beside the general references of each piece (site name, stratigraphic unit, square, 

number), different technological features are considered. Concerning vein quartz, 

the subdivision in morpho-structural groups has been applied to see if a 

preferential choice was made for particular petrographic characteristics.  

The study of the supply areas of lithic raw materials of the Ciota Ciara cave was 

performed in different phases: characterization of the lithologies present in the 

archaeological record through stereomicroscope observation, geological 

sampling, comparison between the geological samples and the archaeological 

materials through stereomicroscope observations and µ-XRF analysis. The 

results obtained for the Ciota Ciara cave allowed to determine the land mobility 

and the technological behaviour of the Middle Palaeolithic human groups that 

frequented the region. Beside an intense exploitation of local resources located 
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few hundred meters from the site, lithic raw materials were collected in a range 

of at least 30 km in a straight line from Monte Fenera.  

The technological study performed on the considered lithic assemblages led to 

achieve interesting results concerning each context, the exploitation of non-flint 

raw materials and to general observations about the technological criteria useful 

for the identification of Levallois and discoid reduction sequences. 

In the end of this study clearly appears that if it is undeniable that the quality of 

the raw materials and the morphologies of the natural blanks available strongly 

affect the choice of the knapping methods, it is evident that Middle Palaeolithic 

hunter-gatherers adapt technological concepts proper of their background to the 

resources available, showing great technological skills and the capability to 

practice complex adaptation strategies. 
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INTRODUCTION 

The present research is the result of a three years’ work carried out in different institutions:  

Universitat Rovira i Virgili and Institut Català de Paleoecologia Humana i Evolució Social 

(Tarragona, Spain), Università degli Studi di Ferrara (Ferrara, Italy), and Muséum 

national d'Histoire naturelle and Musée de l'Homme (Paris, France). 

The aim of the proposed research is to deeply analyse one of the issues mainly discussed 

in the last years in the field of lithic technology: the modalities of exploitation of lithic raw 

materials different from flint, particularly for what concerns the application of the 

Levallois and the discoid technology, as defined by E. Boëda (1994, 1993), on vein quartz 

and other low-quality raw materials, thus evaluating the variability of these methods 

depending on technological expedients and adaptations to the raw material constraints. 

A consequent consideration is the identification of some technological criteria useful to 

define Levallois and discoid exploitation strategies and to distinguish between recurrent 

centripetal Levallois and discoid cores and products. 

To fulfil the objectives of the research, four Middle Palaeolithic European sites have been 

selected: Ciota Ciara cave (Piedmont, Italy), Payre (Rhône valley, France), Pedra Dreta 

and Can Garriga (Girona, Spain). All the sites have lithic assemblages characterized by the 

exploitation of different lithic raw materials and only at Payre flint is dominant. 

In Chapter 1 the objectives of the present research are presented in detail, followed by a 

state of the art concerning the definition of Levallois and discoid methods and the results 

of technological and experimental studies about vein quartz conducted in the last years to 

define reliable criteria for the analysis of vein quartz lithic artefacts.  

In Chapter 2 are briefly described the main characteristics of the considered lithic 

assemblages and are exposed the reasons which led to the choice of that specific contexts. 

After the detailed description of the methodologies adopted for the technological analysis. 

As for the Ciota Ciara cave has been completed also a study about the supply areas of lithic 
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raw materials, part of chapter 2 is dedicated to the description of the laboratory analysis 

and of the field works conducted.  

Chapter 3, 4 and 5 concern the technological study of the lithic assemblages from the Ciota 

Ciara cave, Pedra Dreta and Can Garriga, Payre – Level D. After each chapter a brief 

discussion of the results obtained has been included as well as an appendix with the 

diacritical scheme of Levallois and discoid cores. The study conducted on the lithic 

assemblage of the Ciota Ciara cave represents the first complete study of the site. Then the 

work presented here, beside focusing on the main aims of the research, also concerns the 

general technological study of the assemblage and presents the results of the analysis 

aimed at the identification of the raw materials supply areas. For the other considered 

sites, technological studies have already been completed, so in the present work attention 

was given to the Levallois and discoid component of the lithic assemblages. Chapter 4, 

concerning Pedra Dreta and Can Garriga, is structured as the paper recently submitted 

for publication to L’Anthropologie that includes also the results of the use-wear analysis 

performed on both the lithic assemblages (Berruti, 2017). 

Chapter 6 concerns the discussion of all the results obtained from the different 

archaeological contexts considered and in Chapter 7 conclusive observations are reported.  

The last part of this work consists in two Appendix, the first showing the results of the 

laboratory analysis conducted on the archaeological and geological samples of the Ciota 

Ciara cave for the identification of the supply areas, the second presenting side-works 

conducted during this last three years. 
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CHAPTER 1 

OBJECTIVES AND STATE OF THE ART 

During the European Middle Palaeolithic, the use of several kind of lithic raw materials, 

other than flint, to produce tools is very well attested (e.g. Baena et al., 2012; Berruti et al., 

2016; Berruti and Cura, 2016; Blaser et al., 2002; Carbonell et al., 2005; Cauche, 2007; 

Cologne et al., 2009; Cura, 2003; Cura and Grimaldi, 2009; de Lombera-Hermida et al., 

2011; Degorce and Castel, 2006; Delagnes and Meignen, 2006; Delagnes and Rendu, 

2011; Di Modica and Bonjean, 2009; Gibaja et al., 2002; Janot, 1988; Jaubert et al., 2005; 

Lamotte et al., 2014; Lazuén et al., 2011; Matilla, 2005; Menras, 2009; Moncel et al., 2014, 

2013, 2008; Moncel and Daujeard, 2012; Moncel and Lhomme, 2007; Mora et al., 2004; 

Mourre et al., 2008; Mourre and Thiébaut, 2008; Nicoud, 2010; Ortega and Maroto, 

2001; Rodriguez, 2004; Thiébaut et al., 2012; Tuffreau et al., 2009; Vallverdú et al., 2005). 

Even thought, all the classical definitions in the field of lithic technology concerning 

knapping methods and techniques and tools’ typology are mainly based on observations 

on flint lithic assemblages (e.g. Boëda, 1994, 1993; Bordes, 1961; Inizan et al., 1995; Tixier 

et al., 1980). So, since the dawn of the discipline, all the lithic raw materials different from 

flint were classified as “second rate raw materials”, and their technological study has been 

approached without considering their petrographic characteristics and their specific 

response to knapping (de Lombera-Hermida et al., 2011; de Lombera-Hermida and 

Rodríguez-Rellán, 2016; Mourre, 1996; Rodríguez-Alvarez, 2016). For example, the 

workability of vein quartz is limited by the presence of cleavage planes and internal flaws 

that determines its high rate of fragmentation and consequently the production of a lower 

quantity of suitable cutting edges per unit mass (Bordes, 1947; Tallavaara et al., 2010). For 

these reasons, the lithic assemblages were flint was absent or not predominant have been 
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described as rough or as belonging to underdeveloped cultures, i.e. the Alpine Mousterian 

(Battaglia, 1953; Lo Porto, 1957).  

Just in recent years the attention of the researchers has been addressed toward raw 

materials different from flint to understand how they were exploited, which was their role 

in the techno-economic behavior of the Neanderthal groups and for which purposes they 

were exploited. This new attention is particularly evident concerning vein quartz and 

quartzite since they are raw materials widely diffused and employed in Middle 

Palaeolithic sites (e.g. Cologne and Mourre, 2006; de Lombera-Hermida, 2009; Driscoll, 

2011; Mourre, 1996; Tallavaara et al., 2010).  

Focusing the analysis on lithic assemblages where vein quartz and other raw materials 

different from flint are dominant or important complementary lithic resources, the main 

goals of the proposed research are: 1) to better understand how much and in which way 

their mechanical and petrographic properties affected the production of tools, especially 

in terms of organization and management of the reduction sequences; 2) when 

predetermined knapping methods (Levallois and discoid) are applied, the aim of the 

technological study is to understand how the traditional criteria defining these methods 

(Boëda, 1994, 1993; Peresani, 2003) are adapted to the raw material properties; 3) to 

contribute in the great current debate in lithic technology which concerns the existence or 

not of diagnostic criteria that could guarantee an unambiguous identification and  

distinction between discoid and Levallois cores and products, especially concerning the 

recurrent centripetal modality (e.g. Peresani, 2003). Indeed, unlike flint, vein quartz and 

other “second rate” raw materials are usually characterized by short reduction sequences 

(e.g. de Lombera-Hermida et al., 2011; Rodríguez-Alvarez, 2016), thus giving the chance 

to observe the entire exploitation of the cores, from the first removals to their 

abandonment. In other words, dealing with these raw materials and particularly focusing 

on vein quartz, we have the chance to observe in more detail which geometric and 
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volumetric criteria were looked for to obtain that products we classify as belonging to 

discoid or Levallois reduction sequences. Moreover, each of the considered assmeblages, 

give the chance to make considerations about some important and debated concepts like 

predetermination and expedient or curated behaviour (e.g. Vaquero and Romagnoli, 

2017) 

 

1.1. Vein quartz and lithic technology 

Quartz is one of the most diffused mineral on the earth and even if it is a very common 

raw material in several prehistoric site, it received just a few attention from the researchers 

(Bracco, 1997; de Lombera-Hermida et al., 2011). This is probably due to the general 

appearance of vein quartz lithic assemblages, typologically and morphologically less 

standardized than flint lithic industries for the tendency of quartz to fracture (de 

Lombera-Hermida and Rodríguez-Rellán, 2016; Driscoll, 2011; Mourre, 1996; 

Rodríguez-Alvarez, 2016). Moreover, stigma resulting from knapping are less visible on 

quartz flakes and cores, thus making the technological study more difficult, while the 

criteria based on the study of flint collections applied on quartz can create some confusion 

or uncertainties in classification (de Lombera-Hermida, 2009; Driscoll, 2011; Knutsson, 

2014; Rodríguez-Alvarez, 2016).  

The first technological studies on quartz lithic assemblages are those carried out in the 70s 

when the influence of the New Archaeology led to the development of studies based on 

“secondary” raw materials (Broadbent, 1973; Callahan, 1987; de Lombera-Hermida and 

Rodríguez-Rellán, 2016; Moloney et al., 1996; Sternke et al., 2009). Thanks to the studies 

conducted in those territories where quartz was dominant, like northern Europe or the 

north west of the Iberian peninsula,  in recent years new technological and experimental 

approaches led to a better understanding of quartz lithic technology and technical criteria 

independent from those elaborated for flint are emerging (Bracco, 1997; de Lombera-
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Hermida, 2009; de Lombera-Hermida et al., 2011; de Lombera-Hermida and Rodríguez-

Rellán, 2016; Driscoll, 2011; Knutsson et al., 2015; Mourre, 1996; Rodríguez-Alvarez, 

2016; Rodríguez-Rellan, 2016; Tallavaara et al., 2010). At today it is well-founded that the 

geological environment is not the only cause determining the use of quartz during 

Palaeolithic, but also other factors, like the general technological behaviour of the 

considered human groups, have to be taken into account (e.g. Bracco, 1997; de Lombera-

Hermida et al., 2011; Martinez Cortizas and Llana Rodriguez, 1996; Mourre, 1996, 1994; 

Rodríguez-Alvarez, 2016) 

A first important step in the understanding of quartz technology was made when it was 

no more considered as an homogeneous raw material, classified according to its 

appearance, opacity and colouring (de Lombera-Hermida et al., 2011; de Lombera-

Hermida and Rodríguez-Rellán, 2016; Rodríguez-Rellan, 2016). This classification does 

not consider its petrographic characteristics and its modalities of formation and therefore  

it does not allow to gather any  information about criteria of selection of the raw material 

depending on technological or functional needs (Ballin, 2008; de Lombera-Hermida et 

al., 2011; Llana Rodríguez, 1991). Moreover, these kind of classifications, still diffused 

among archaeologists, are subjective and difficult to replicate (Rodríguez-Rellan, 2016).  

The most recent studies about quartz lithic industries are based upon a precise knowledge 

about quartz formation processes (temperature, pressure, host rock, chemical solution) 

that determine the presence of cleavage plans, the dimension of the crystals and therefore 

the response to knapping and the characteristics of the lithic tools  (Bons, 2001; Collina-

Girard, 1997; de Lombera-Hermida et al., 2011; de Lombera-Hermida and Rodríguez-

Rellán, 2016; Driscoll, 2011; Knutsson, 2014; Martinez Cortizas and Llana Rodriguez, 

1996). Thanks to this new approach, the variability and complexity of vein quartz lithic 

assemblages is known, and quartz is no more considered just as a secondary raw material 

used only in the absence of flint. The application on quartz of complex reduction 
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sequences (i.e. Levallois method), led to understand the high technological and 

behavioural complexity of the Palaeolithic human groups who had a great knowledge of 

the lithic raw materials, of their availability on the territory and who developed technical 

and adaptive strategies to the lithic resources and to the surrounding environment (de 

Lombera-Hermida and Rodríguez-Rellán, 2016). 

 

1.2. The Levallois method 

The appearance of the Levallois knapping method is considered to be the technological 

innovation that marks the beginning of Middle Paleolithic in Eurasia (Adler et al., 2014; 

Peretto et al., 2016). The first identification and definitions of this knapping method date 

back to the end of the XIXth  and the beginning of the XXth  century, when the term 

Levallois was introduced in the study of lithic assemblages at first to indicate “very long 

and wide flakes, ovoid in shape, nice pieces with clear ridges which are the largest of their 

epoch” (De Mortillet, 1883) and later  to refer to cores with an accurate bifacial 

preparation and a faceted striking platform (Commont, 1909).  

F. Bordes, in the 60s, is the first scholar who based his definition of the Levallois method 

on his own flintknapping experience and he is also the first one who refers to Levallois as 

a method for producing flakes with predetermined morphologies, even if he did not 

clearly define useful criteria for the identification of Levallois products (Bordes, 1961, 

1947).  Another technological perspective on Levallois débitage is that of H. Kelley who 

underlines the importance of the angle between the striking platform surface and the 

knapping surface (Kelley, 1954).  

However, it is just in the 80s and in the 90s with the works of E. Boëda (Boëda, 1995, 1994, 

1993, 1991; Boëda et al., 1990; Boëda and Pelegrin, 1980) that a precise technological 

definition of the Levallois method is achieved. He describes six criteria which are 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



12 
 

characteristics of the Levallois method (Fig. 1.1) and that distinguish it from the other 

knapping methods (Boëda, 1995, 1994):  

 1. the volume of the core is conceived as two asymmetrical convex secant surfaces 

which intersection defines a plane; 

 2. the two surfaces are organized hierarchically: one is conceived to produce 

predetermined blanks; the other is conceived as a striking platform. During a single 

production sequence their roles cannot be reversed; 

 3. the flaking surface is prepared in such a way that the products obtained are 

predetermined. The technical criteria of predetermination consist in the maintenance of 

the lateral and distal convexities that serve to direct the shock wave of each predetermined 

blank;  

 4. the fracture plane of the predetermined blanks is parallel to the plan of intersection 

of the two surfaces; 

 5. the striking platform surface is prepared in such a way that the predetermining and 

predetermined blanks respond to fixed objectives; the maintenance of  this surface 

depends on the method chosen for the detachment of predetermined blanks,  but they 

always share one characteristic:  the surface of the striking platform which is to receive the 

percussion for the removal of a predetermined blank is oriented, in relation  to the flaking 

surface, so that the line created by the intersection of these two surfaces (hinge)  is 

perpendicular to the flaking axis of the predetermined blank; 

 6. the only technique employed is the direct percussion by hard hammer. 

According to E. Boëda (1994), even if the concept of predetermination is fundamental in 

the definition of the Levallois method, its originality in comparison with other knapping 

methods, relies in the synergy between predetermination and the other technical criteria 

listed above, typical of Levallois, that together define a specific volumetric conception of 

the core and imply particular rules in core management. 
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The Levallois method consists of different modalities of production of predetermined 

blanks, differentiated by the use of the exploitable volume to produce one or several flakes 

(Boëda, 1995, 1994).  The goal of the preferential Levallois method (Fig. 1.2) is to produce 

a single predetermined flake for each prepared flaking surface. To produce another 

predetermined blank, it is necessary to restore the lateral and distal convexities of the 

flaking surface and to set up again the surface of the striking platform (Boëda, 1995, 1994).   

 
Fig. 1.1. Six technical criteria define the Levellois method: volume of the core shaped in two asymmetrical 
convex secant surfaces which intersection defines a plane (1); surfaces hierarchized (2); distal and lateral 
convexities of the flaking surface (3); fracture plan parallel to the plan of intersection of the two surfaces (4); 
axes of percussion perpendicular to the hinge (5); direct percussion by hard hammer (6). (Modified from 
Boëda, 1995) 
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The second modality includes the recurrent Levallois methods (Figg. 1.3 and 1.4) where 

the flaking surface is exploited to produce a series of predetermined blanks. In this case, 

each removal is predetermined and predetermining, since their detachment prepares the 

necessary convexities for the production of the next predetermined blank (Boëda, 1995, 

1994). In the recurrent modality, depending on the wanted morphological features 

desired for the blanks, the flaking surface is managed in different ways, thus leading to the 

distinction of a recurrent unipolar modality (Fig. 1.4), a recurrent bipolar modality (Fig. 

1.4) and a recurrent centripetal modality (Boëda, 1995, 1994) (Fig. 1.3). 

 

 
 

Fig. 1.2. Preferential Levallois (from Eren and Lycett, 2012) 
 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



15 
 

 
 

Fig. 1.3. Recurrent centripetal Levallois (from Boëda, 1994) 

 

All the Levallois methods are characterized by a discontinuous rate of production of 

predetermined blanks, since both in the preferential and in the recurrent modalities, after 

the removal of one or of a series of predetermined flakes, the surface needs to be reshaped 

to restore the necessary convexities.  
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Fig. 1.4. Recurrent unipolar Levallois (top) and recurrent bipolar Levallois (bottom) (from Boëda, 1994). 

 

Since the beginning of the studies about Levallois technology, great attention has been 

paid to the Levallois cores and to the identification of their modalities of exploitation and 

management of their volumetric criteria (Boëda, 1995, 1994, 1993; Bordes, 1980; 

Brantingham and Kuhn, 2001).  To a lesser extent, the attention of the researchers has 

been focused on the problems of the identification of the Levallois products. In recent 

years, the development of geometric morphometrics studies seems to have helped in the 

definition of some general features specific of the Levallois predetermined products: in 

comparison to blanks obtained from other knapping methods, they appear to be 

characterized by a moderate thickness distributed across the cross-section and by a 
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greater general symmetry (e.g. Eren and Lycett, 2012). Even though, as E. Boëda already 

pointed out in his works (Boëda, 1995, 1994), products with similar morphological 

characteristics can be obtained through different methods and just a technological 

analysis conducted through a careful interpretation of the negatives visible on the dorsal 

face of the flakes and of all the other visible technological features permits to determine to 

which method the considered product belongs to.  

The definition of the Levallois method and of the six technological criteria characterizing 

it, had a great impact on the researches in lithic technology, and shortly afterwards many 

debates arose concerning the discreteness of the method, the methodology of 

technological analysis and its variability (Chazan, 1997; Dibble and Bar-Yosef, 1995). 

Particularly interesting for the aims of the proposed research, is the issue raised by 

different scholars during the conference held in 1993 about “The definition and 

interpretation of Levallois Technology” and concerning whether a method that does not 

involve a shaping of the core, but where the cores are chosen among nodules that naturally 

have the shape of a Levallois core, fits under the definition of Levallois (Chazan, 1997; 

Dibble and Bar-Yosef, 1995). As it is known, when lithic raw materials different from flint 

are involved, the use of natural surfaces and convexities is much more frequent, even for 

predetermined methods, and avoiding phases of core preparation is a technical expedient 

often put into action to reduce the occurrence of knapping accidents (de Lombera-

Hermida and Rodríguez-Rellán, 2016; Moncel et al., 2008b; Mourre, 1996; Rodríguez-

Rellan, 2016).  

 

1.3. The discoid method: definitions and open issues  

The discoid method owes its name to the shape of the cores and it was defined for the first 

time by F. Bordes (Bordes, 1961) who provided a brief description of its technical features 

defined in comparison with the Levallois method. According to his definition, the discoid 
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method is characterized by a continuous rate of production of predetermined products 

according to a centripetal débitage direction and obtained from one or both the core 

surfaces (Fig. 1.5). The discoid method was at that time conceived both as a separate 

operative scheme and as the final stage of exploitation of Levallois cores (Bordes, 1961) 

but there was not a clear distinction between the two methods, particularly concerning 

the recurrent modalities of the Levallois method that were considered to be as discoid 

reduction sequences (Boëda, 1993; Bordes, 1961). 

 

 
 

Fig. 1.5. Scheme of a discoid reduction sequence (Boëda, 1993). 
 
 

Just in the 90s, E. Boëda recognizes the discoid method as a distinct flaking method with 

its own concept of volumetric predetermination (Boëda, 1993).  
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As for the Levallois method, E. Boëda lists six technical criteria that define the discoid 

method and underlines the differences between the Levallois and the discoid conception 

of exploitation (Fig. 1.6): 

 1. the volume of the core is conceived as two asymmetrical secant surfaces which 

intersection defines a plane; 

 2. the two surfaces are not hierarchized. During the reduction sequence, each of them 

can be the striking platform surface or the débitage surface; 

 3. the débitage surface is prepared in such a way that some of the obtained products 

are predetermined. The technical criteria of predetermination consist in the preparation 

of a peripheric convexity that is needed to control the lateral and distal removal of each 

predetermined blank; 

 4. the striking platform surface is prepared in such a way that the predetermined and 

predeterminant removals could correspond to the fixed objectives; 

 5. the plan of detachment of the predetermined and predeterminant products is secant 

as regard to the plan of intersection of the two surfaces; 

 6.  the only technique employed is the direct percussion by hard hammer. 

The great difference between Levallois and discoid methods is in the volumetric 

conception of the core: a discoid core is conceived as a volume able to provide an 

uninterrupted series of removals and the entire volume is exploitable; for a Levallois core, 

regardless the preferential or the recurrent modality chosen, the exploitable volume is 

limited to the volume included between the knapping surface and the plan of intersection 

of the two core surfaces. This is the reason E. Boëda proposes to refer to the Levallois 

method as a surface exploitation and to the discoid method as a volume exploitation 

(Boëda, 1994, 1993).  
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Fig. 1.6. Technical criteria defining the discoid and the Levallois reduction sequences (Boëda, 1993).  

 

Discoid predetermined products are classifiable in four categories according to the 

direction of débitage (Fig. 1.7): pseudo-Levallois points and debordant flakes, issued form 

a cordal direction, and quadrangular flakes or flakes larger than long issued from a 

centripetal direction (Boëda, 1993). The removals in cordal direction are necessary for the 

maintenance of the peripheric convexity, while centripetal removals are needed to avoid 

the formation of a too pronounced convexity on the core surfaces (Boëda, 1993). 

In general, all the obtainable products are characterized by an high average thickness and 

by a good aptitude for being handle (Lemorini et al., 2003). 
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Fig. 1.7. Discoid products obtained from a centripetal or a cordal débitage direction (Boëda, 1993). 

 

Even if E. Boëda (1994) strongly affirms that no confusion is possible between a discoid 

and a recurrent centripetal Levallois core since each core is the result of an operational 

scheme ruled by specific criteria and therefore it cannot present characteristics belonging 

to other operational schemes, a great debate arose concerning the variability of the discoid 

method and its distinction form the recurrent centripetal Levallois (e.g. Peresani, 2003).  

This debate is still an open issue and it concerns different aspects, from the technological 

definition of the methods to the economic and/or behavioral reasons that lead to the 

production of discoid rather than to Levallois flakes, more recently with the contribution 

of some use-wear studies focusing on the functional difference between Levallois and 

discoid products (Berruti, 2017; Brenet et al., 2013, 2009, Eren and Lycett, 2016, 2012, 

Kuhn, 1994, 1992; Lemorini et al., 2003; Mourre, 2003; Picin et al., 2014; Picin and 
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Vaquero, 2016; Slimack, 2003; Terradas, 2003; Vaquero et al., 2015, 2012; Vaquero and 

Carbonell, 2003).   

The great variability observed in the archaeological record led to a strong criticism toward 

binding and strict definitions and the six criteria listed by E. Boëda (1993) have been 

object of several studies (Mourre, 2003; Slimak, 2003; Terradas, 2003). Generally, this 

kind of analysis reach the conclusion that just a few of the six criteria are diagnostic to 

distinguish between discoid and recurrent centripetal Levallois reduction sequences and 

the effectiveness of each criteria depend on specific characteristics in each archaeological 

context (Peresani, 2003). As observed by Baena-Preysler et al. (2003), many factors can 

contribute to the variability of the discoid method, such as site function, skills, 

composition of the human group, raw materials employed and many other inestimable 

elements together with the fact that in an exhausted core a great variety of technical 

intentions can converge.  

For all these reasons, current studies in lithic technology include the discoid knapping 

concept in the great group of centripetal débitage recognizing, in the variability of the 

method, some overlapping with the Levallois concept (Fig. 1.8) that can occur at different 

stages of the reduction sequence and for technical and behavioral reasons difficult to 

estimate (Mourre, 2003).  To avoid misunderstandings, some scholars propose to 

distinguish two modalities in the discoid method: sensu lato, in which the objectives are 

varied and sensu stricto, in which the reduction sequence focuses on the production of 

pseudo-Levallois points and core-edge removal flakes (Mourre, 2003; Picin and Vaquero, 

2016). 

In general, most of the researchers agrees upon the general conclusion that the 

identification of discoid reduction sequences and the recognition of its variability has to 

be based not on a typological approach to each single core or flake, but on the study of the 
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entire lithic assemblages in the attempt to reconstruct all the reduction sequences applied 

(Boëda, 1993; Pasty, 2003; Slimak, 2003; Vaquero and Carbonell, 2003).   

 

 
 

Fig. 1.8. Relationship between different kind of centripetal débitages (Mourre, 2003). 

 

The present research is intended to be focused on one aspect of the debate about the 

discoid débitage that concerns the respect and the application of the volumetric and 

technical criteria of the discoid method defined by E. Boëda (1993) to different low-quality 

lithic raw materials (Arzarello et al., 2012a; Cura and Grimaldi, 2009; Daffara et al., 2014; 

Di Modica and Bonjean, 2009; Rosina and Cura, 2010), trying to understand if the 
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employment of the discoid method was an intentional choice or it was more likely an 

expeditive behaviour conditioned by the quality of the raw materials, their availability and 

by the dimension and morphology of the blanks collected to be discoid cores. 
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CHAPTER 2 

Materials and Methods 
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CHAPTER 2 

MATERIALS AND METHODS 

To achieve the objectives of the present research, four Middle Paleolithic European sites 

have been selec-ted (Fig. 2.1 and Tab. 2.1.). All the sites share the presence in their lithic 

assemblages of vein quartz as main or complementary raw material and a significant 

presence of discoid and Levallois reduction sequences applied on different lithologies 

(vein quartz, quartzite, porphyry, syenite, flint and chert).  

 
 
Fig. 2.1. Sites locations: Ciota Ciara cave (1) – Piedmont, Italy; Payre (2) -  Rhône valley, France; Pedra Dreta 
(3) and Can Garriga (4) – Ter river basin, Spain. 

 

The first considered site is the Ciota Ciara cave, located in Piedmont, north-western Italy 

that present a huge lithic assemblage coming from four stratigraphic units (13 – 892 

artefacts; 103 – 430 artefacts; 14 – 4001 artefacts; 15 – 1787 artefacts). The main lithic 

raw material employed is vein quartz followed by a local variety of chert (spongolite) and 

by allochthonous good quality raw materials present just in some units and represented 

in the site mainly by finished tools. The upper level has already been subject to a 

technological analysis and to the study of the supply areas of lithic raw materials. 
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(Arzarello et al., 2012a; Berruto, 2011; Daffara et al., 2014). In the proposed research the 

entire lithic assemblage is considered both for the technological study and for the 

identification of the supply areas of raw materials not yet considered by the previous 

study. At today, the Ciota Ciara cave is the only Palaeolithic site of the region systematically 

excavated through a multidisciplinary approach while all the other evidence of a Middle 

Palaeolithic frequentation of the region come from unauthorized excavations and 

sporadic findings. For these reasons, the study of the lithic assemblage of the Ciota Ciara 

cave and the determination of the supply areas of lithic raw materials represents a 

fundamental starting point to understand the economic behaviour, the technical 

capabilities, and the modalities of land mobility of the Neanderthal groups that occupy 

the region during Middle Palaeolithic. Considering the lithic assemblage, the intense use 

of vein quartz not only for opportunistic reduction sequences but also to produce 

predetermined tools through Levallois and discoid methods (Boëda, 1994, 1993), gives 

the chance to deeply analyse which adaptation strategies have been adopted for the 

exploitation of this raw material and also which technological criteria can be used to 

distinguish and identify these two knapping methods.  

The second considered site is Payre, located in the middle Rhône valley and with a  lithic 

assemblage that has been subject to several technological analysis (e.g. Baena et al., 2017; 

Bouteaux et al., 2008; Carmignani et al., 2017; Moncel et al., 2009, 2008; Moncel and 

Chacon, 2007) which defined different aspects of the economic behaviour of the human 

groups that inhabited the site between MIS 8 and MIS 5 (Masaoudi et al., 1997; Valladas 

et al., 2008). The present research focuses on the discoid reduction sequences on flint and 

vein quartz present in stratigraphic unit D (2315 artefacts), corresponding to the last 

phase of frequentation of the site. This is the only considered lithic assemblage where flint 

is the dominant raw material and vein quartz is the complementary one. In this way, we 

can not only make a comparison between the different raw materials at an intra-site level, 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



29 
 

but Payre level D also gives the chance to compare the discoid reduction sequences on flint 

to those of the lithic raw materials present in the other considered sites. Even if 

chronologically and geographically the considered sites are quite far from each other, a 

pure technological comparison can be made and is useful to better appreciate the 

technological variability caused by the employment of raw materials with so different 

petrographic and mechanical features.  

Pedra Dreta and Can Garriga are two Middle Palaeolithic sites located in the Ter river 

valley, close to Girona and dated through the 230Th/U method to OIS 5 (Garcia Garriga, 

2015; Giralt et al., 1995). Their lithic assemblages were studied through the Logical 

Analytical System (Carbonell et al., 1983; Eudald Carbonell et al., 1992; Carbonell and 

Rodríguez, 2002) soon after the end of the excavations (Rodriguez, 2004; Rodriguez et 

al., 1995). In this study we consider the lithic assemblages recovered during the systematic 

excavations that took place in 1991 (PD: 550 artefacts; CG: 283 artefacts) because the 

archaeological materials belonging to previous interventions lack a precise stratigraphic 

reference. In Can Garriga, the lithic assemblage analyzed corresponds to the artefacts 

coming from the archaeological Level 1. Level 2 and 3 are not considered since the lithic 

artefacts clearly referable to these archaeological levels are respectively 33 and 32. As for 

Payre level D, the focus of this new technological analysis are the Levallois and discoid 

reduction sequences that in Pedra Dreta and Can Garriga are applied on different 

lithologies: vein quartz, quartzite, porphyry and syenite. These lithic assemblages also give 

the chance to make some consideration on the concept of predetermination and on the 

technological criteria useful to identify the intention to produce predetermined tools in a 

context dominated by an opportunistic behaviour. 
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Site 
Considered 

archaeological 
layers 

Chronology Raw materials 
N° 

of lithic 
artefacts 

Ciota Ciara cave 
(Piedmont, Italy) 

SS.UU. 13, 14, 15, 103 

debated chronology 
between 

~ 100 and 300 Ka 
BP 

 

 
Vein quartz 
Spongolite 

Flint 
Radiolarite 

Rhyolite 
Opal 

Jasper 
Milonite 

Metamorphic rock 
 

7106 

Can Garriga 
(Gerona, Spain) 

Layer 1 

between 103.5 ± 3.2 
Ka and 87.7 ± 2.5 

Ka 
 

 
Vein quartz 
Quartzite 
Porphyry 
Syenite 

Hornfels 
Sandstone 

Metamorphic rock 
Granite 

Limestone 
Diorite 
Lydite 
Basalt 

 

283 

Pedra Dreta 
(Gerona, Spain) 

Layer 1 

between 88,2 ± 4 
Ka BP and 92 ± 4 

Ka BP 
 

 
Vein quartz 

Syenite 
Quartzite 
Porphyry 

Flint 
Hornfels 

Limestone 
Basalt 
Gneiss 

Metamorphic rock 
Schist 

 

550 

Payre 
(Rhône valley, 

France) 
Level D 

OIS 5e 
 

Vein quartz 
Flint 

2315 

 
Tab. 2.1. Archaeological sites considered in the proposed research with indication of archaeological layers 
analysed, chronology, lithic raw materials present, and number of lithic artefacts present in the lithic artefacts. 
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2.1. Technological study 

The technological analysis of the lithic assemblages from the Ciota Ciara cave (Italy), 

Payre – level D (France), Pedra Dreta and Can Garriga (Spain) is based on the concept of 

chaîne operatoire, defined for the first time in France during the ’50 and that includes all 

the technical procedures necessary to complete a single project, conceived to satisfy 

specific needs and implemented by the knapper according to its own skills (Geneste, 1991; 

Leroi-Gourhan, 1964; Pelegrin et al., 1988; Tixier, 1978). According to this approach, each 

step of production of the lithic tools is identified and positioned in time and space, from 

the collecting of the raw material to its discard after use. During the technological study of 

the considered lithic assemblages, a first level of analysis has been the technological 

interpretation of each object (core, flake, retouched tool, debris) to place it within the 

chaîne operatoire. A second and complementary level has been the identification of the 

relationships among the different objects of the chaîne operatoire.  

Two more concepts are the basis of the present technological analysis: i.e. knapping 

technique and method, distinguished by J. Tixier in 1967 (Inizan et al., 1995; Pelegrin, 

2000; Tixier, 1967). Technique is defined as the physical action that causes the 

detachment of a flake from the core and it includes: the way the force is applied, the kind 

of object employed, the gesture and body orientation, the core management. Each 

technique is recognisable thanks to diagnostic marks visible on the flakes (Inizan et al., 

1995; Pelegrin, 2000; Tixier, 1967). The method is the organisation of the reduction 

sequence, the series of actions done to achieve the objective by applying a conceptual 

scheme (Tixier, 1967). The identification of the methods is based on the analysis of the 

entire lithic assemblage, focusing on diagnostic elements and skipping those that are 

ubiquitous and that can be generated by different methods (Inizan et al., 1995; Pelegrin, 

2000). 
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For the technological analysis of each considered lithic assemblage an Access 2016 

database has been realized (Fig. 2.2), where, beside the general references of each piece 

(site name, stratigraphic unit, square, number), different technological features are 

considered. At first for each artefact is determined the raw material, the presence or not 

of post-depositional alterations, the dimensions (length, width, thickness) and if it is a 

flake, a core, or a debris. For flakes the knapping technique has been identified through 

the analysis of the stigmata present on the butt and on the ventral face (impact point, 

ripples, hackles) even if, due to the raw materials employed, these stigmata are not always 

readable. Particularly for vein quartz, we referred to specific works about the identification 

of the knapping stigmata and on its rate and modalities of fragmentation (Cologne and 

Mourre, 2006; de Lombera-Hermida, 2009; Di Modica and Bonjean, 2009; Driscoll, 

2011; Manninen, 2016; Mourre, 1996, 1994; Tallavaara et al., 2010). The technological 

criteria and the methodology adopted for the study of vein quartz objects are detailed in 

the following paragraph. Concerning the other raw materials (porphyry and syenite in 

particular), since specific experimental works about the formation of knapping stigmata 

are not yet available, we referred to the general technical criteria listed above. 

 
 
Fig. 2.2. Access 2016 database. Example of worksheet for the record of the technological data of the lithic 
artefacts from the Ciota Ciara cave. The same procedure of data collecting has been used for all the sites 
considered in the present research. 
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Then, for each flake, have been considered the characteristics of the butt (natural, flat, 

dihedral, faceted, linear, pointed), the bulb pronounced or not, the integrity 

(complete/incomplete flake, proximal/distal/lateral/mesial fragment), the visibility of 

the ripples, the direction of the negatives on the upper face, the presence and the position 

of natural surfaces (cortex/neocortex), the presence and the kind of knapping accidents 

(siret knapping accident, fractures perpendicular to the débitage axe, hinged flake, 

plunging flake). The retouched tools have been classified according to the typological list 

developed by F. Bordes (1961) while de description of the retouch refers to the work of 

L.M. Inizan et al. (1995) and it is based on the criteria of position, localization, distribution, 

delineation, extent, angle and morphology. 

The direction of the negatives on the upper face of the flakes and the presence and position 

of the cortex have been used to identify the knapping methods and the development of 

cores reduction. The definition of each method is based on the works of H. Forestier 

(1993) for S.S.D.A. (Système par surface de débitage alterné) reduction sequences and 

on the works of E. Boëda (1994, 1993) for the Levallois and the discoid methods. 

Concerning these last two methods other more recent works about their definition and 

variability have been taken into account (e.g. Di Modica and Bonjean, 2009; Peresani, 

2003, 1998; Picin et al., 2014; Picin and Vaquero, 2016; Romagnoli et al., 2016). 

For Levallois, discoid and centripetal cores (i.e. cores with few centripetal detachments 

not recognizable as discoid or Levallois cores) from each site, a diacritical scheme 

(Dauvois, 1976) has been realized to define all the steps of flake production and shaping 

of the core. Since for the Ciota Ciara cave the one proposed in this work is the first 

complete technological study, also the most representative opportunistic/S.S.D.A. cores 

have been drawn. As established, the representation of the different views is the 

orthogonal projection of the core’s surfaces, rotated of 90° as regard to the main view. 

Diacritical drawings differ from realistic archaeological illustrations because they depict 
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the sequence of operations involved in manufacture rather than a simulacrum of the lithic 

tool. 

 

 2.1.1. Data processing  

The data collected in the technological database described above have been processed 

through charts and tables aimed to highlight the technological features of each considered 

lithic assemblage. All the technological categories (flakes, cores, debris, unworked blanks) 

have been considered to evaluate the proportion of the different lithic raw materials 

identified in the assemblage and to give a general overview on the composition of the lithic 

industry and of its state of preservation. A comparison between vein quartz and the other 

raw materials present in the assemblage is present in all the analysis. 

The rate of fragmentation of the débitage products has been evaluated considering the 

proportion of complete flakes, incomplete flakes, lateral, distal, proximal and mesial 

fragments. Excluding the category of complete flakes, among incomplete and fragmented 

flakes have been distinguished the different typologies of fractures, occurred during or 

after débitage. The reconstruction of the modalities of exploitation of all the lithologies 

and the identification of the different knapping methods is based on the criteria listed 

above and all the flakes (complete, incomplete and fragmented) have been taken into 

account in the analysis concerning the presence and the position of the cortex and the 

direction of the negatives on the dorsal faces.  

Complete, incomplete flakes and proximal fragments were considered to distinguish the 

typology of the butts and to understand if natural, flat, or prepared surfaces have been 

used as striking platforms. The dimensional analysis concerns only complete products or 

incomplete flakes and, when significantly represented, cores were also included in this 

study to verify the consistency of their dimensional features with those of the products.  
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Specific analysis has been carried out when applicable, like the proportion of plunging 

flakes for each débitage method to see if the occurrence of plunging is a technological 

choice aimed to core management, or if it is due to the characteristics of the raw materials 

involved. Vein quartz flakes, cores and debris have then been divided, for each knapping 

method, according to the morphostructural groups methodology (see below).  

 

 2.1.2. Quartz properties and technological implications 

As already mentioned in Chapter 1, quartz is one of the most frequent minerals on Earth, 

it is a component of sedimentary, metamorphic and intrusive rocks  and its crystallization 

can occur at different stages of magmatic cooling and metamorphic processes (de 

Lombera-Hermida, 2009; Luedtke, 1992). Therefore, the term quartz indicates a huge 

variety of lithologies, different in their origin, colours, homogeneity, texture, and 

petrographic structure. Since the main factors influencing the mechanical properties of 

vein quartz are texture and presence of cleavages and since these features depend on 

temperature and pressure conditions during the formation of vein quartz, when 

considering a vein quartz lithic assemblage it is important to focus the attention first on 

these issues to understand the variability and the dynamics of vein quartz fracturing and 

its response to knapping (Bons, 2001; de Lombera-Hermida et al., 2011). For these 

reasons, in the present work the technological study of vein quartz (identification of 

knapping stigmata and fracture analysis) is based on those approaches that classify quartz 

according to its petrological characteristics (e.g. de Lombera-Hermida, 2009; de 

Lombera-Hermida et al., 2011; Driscoll, 2011; Manninen, 2016; Mourre, 1996; 

Rodríguez-Rellan, 2016; Tallavaara et al., 2010) 

According to these approaches, two main groups can be distinguished within quartz (de 

Lombera-Hermida, 2009; de Lombera-Hermida et al., 2011; Mourre, 1996):  
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- hyaline quartz (authomorphic), when it displays its crystal structure and crystal 

faces can be identified. The presence of crystallization cores, constant 

environmental conditions, a great span of time and space are required for its 

formation and therefore it is present only in specific geological and magmatic 

contexts like subvolcanic formations of hydrothermal origin (de Lombera-

Hermida, 2009; de Lombera-Hermida et al., 2011; Luedtke, 1992; Mourre, 1996); 

- vein quartz (xenomorphic), when it is formed by the aggregation of different 

microcrystals. The dimension of the crystals determines the great polymorphism 

of this group and it depends on divergences in temperature, space, growing rates 

and core density during the formation process (de Lombera-Hermida, 2009; de 

Lombera-Hermida et al., 2011; Luedtke, 1992; Mourre, 1996). After its 

crystallisation, vein quartz is subject to the tectonics evolution of the wall rock, 

thus determining the presence and frequency of internal flaws  that strongly 

affects its aptitude for knapping (Mourre, 1996).  

Depending on differences in cooling rates, temperature and core density, different 

textures can be observed even in the same vein (Fig. 2.3): in the outer part of the vein the 

cooling rates are higher and impurities due to the wall rock are more frequent, thus 

determining the formation of small crystals and giving quartz a grainy texture; in the inner 

part of the vein, the cooling rates are slower and more space is available for the formations 

of bigger crystals, thus determining the formation of microcrystalline or automorphic 

quartz (Ballin, 2008; Bons, 2001; Collina-Girard, 1997; de Lombera-Hermida, 2009; de 

Lombera-Hermida et al., 2011). At the same time, tectonic forces, or inclusions can 

produce internal flaws (Bons, 2001; Collina-Girard, 1997; de Lombera-Hermida, 2009).  
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Fig. 2.3. Formation of vein quartz and morpho-structural groups (modified from de Lombera-Hermida, 
2009) 

 

Depending on the presence of big or small crystals and internal flaws, the mechanical 

properties of vein quartz change significantly (Collina-Girard, 1997; de Lombera-

Hermida, 2009). For this reason, the technological study of vein quartz implements from 

the considered sites has been conducted through the methodology developed by Martinez 

Cortizas and Llana Rodriguez (1996), based on the macroscopic classification of quartz 

according to its morpho-structural variables (texture and homogeneity/continuity, i.e. 

internal flaws) and dividing it in four morpho-structural groups (Fig. 2.3): NN (no grainy, 

no planes); SN (grainy, no planes); NS (no grainy, planes); SS (grainy, planes) (Martinez 

Cortizas and Llana Rodriguez, 1996). In this way two main groups of xenomorphic quartz 

can be distinguished according to their macroscopic texture: quartz with a grainy texture 

and macrocrystalline quartz, this last representing quartzes that macroscopically do not 

have grainy in their texture even if they are not automorphic quartzes (de Lombera-

Hermida et al., 2011; Martinez Cortizas and Llana Rodriguez, 1996). The subdivision in 

four morpho-structural groups is a useful methodology to understand the technological 

choices made by the prehistoric communities with regards to the geological environment 
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and to the availability and accessibility of the lithic raw materials (de Lombera-Hermida, 

2009; de Lombera-Hermida et al., 2011).  

The identification of knapping scars on the surfaces of vein quartz artefacts needs to take 

into account these petrological characteristics, since they determine the mechanical 

properties and therefore the quartz response to knapping (de Lombera-Hermida, 2009; 

de Lombera-Hermida et al., 2011). Indeed, the presence of internal flaws and of crystalline 

surfaces made quartz a non-homogeneous raw material and determines the occurrence 

of accidental and unintentional breakages. The other characteristic of quartz crystals is 

their anisotropy, due to the crystalline structure and its orientation (de Lombera-

Hermida, 2009; de Lombera-Hermida et al., 2011; Mourre, 1996; Rodríguez-Rellan, 

2016). It depends on two factors: cleavages and diaclases. The first is due to the crystalline 

structure debilities, evident in the existence of preferential fracture plans (oblique) on 

quartz crystals; diaclases is the presence of internal flaws due to internal impurities or 

tectonic forces and is related more to homogeneity than to anisotropy (Bons, 2001; de 

Lombera-Hermida, 2009; de Lombera-Hermida et al., 2011). Some recent studies show 

that the presence of cleavage plans in quartz, even causing a preferential breaking 

direction and interfering with the Hertzian fracture mode, do not affect knapping to a 

great extent; therefore it seems that the main limiting factors in quartz knapping are 

internal flaws and homogeneity (de Lombera-Hermida, 2009; de Lombera-Hermida et 

al., 2011; Rodríguez-Rellan, 2016). All things considered and looking at the morpho-

structural groups, on NN and NS quartz (macrocrystalline) clevage may be due to the 

absence of the typical Hertzian scars, i.e. bulbs and ripple marks, while on SN and SS 

quartz (grainy or microcrystalline) the anisotropy needs to be explained in a different way: 

in this case the fracture planes do not pass through the crystals but they follow their 

surfaces and therefore crystals anisotropic characteristics do not affect the fracture planes, 

determining what has been defined as isotropie de compensation (Mourre, 1996). During 
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knapping activities, grainy quartz can so develop some typical characteristics of the 

Hertzian fracture (de Lombera-Hermida, 2009; de Lombera-Hermida et al., 2011; 

Mourre, 1996). Moreover, the grainy texture can better absorb the strength of the 

percussion force, thus increasing its elasticity (de Lombera-Hermida, 2009). 

Specific works concerning these issues are just a few and in the present study we based 

the identification of knapping scars on vein quartz artefact on the experimental work 

conducted by A. de Lombera-Hermida (2009) and on the study conducted by V. Mourre 

(1996). Starting from the consideration that quartz mechanical breakage, as flint, follows 

the Hertzian model but, due to the petrological characteristics of quartz, the force 

manifests itself in three-dimensional internal flaws (in the tangential and perpendicular 

planes), the author identifies several isolated or related scars or percussion marks (Figg. 

2.4 and 2.5) that can be recognised on the negative and ventral faces (de Lombera-

Hermida, 2009; Mourre, 1996):  

- radial fissures: result of the radial propagation of the force, their dimension 

depends on percussion angle, strength and quartz morphostructure; 

- proximal fissures: transverse and subsurface fractures located close to the impact 

point that can cause proximal step fractures; 

- striking platform fissures: concentric and radial fissures located beside the 

impact point and caused by partial Hertzian cones cracks created during hard 

hammer percussion; 

- steps: due to the low elasticity and fracture propagation model of quartz. The 

impact point leads to a small removal that leaves a small scar behind; 

- splintering: due to several radial and proximal fractures, it occurs on 

macrocrystalline quartz because of hammerstone impacts; 
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- edge battering: occurs on grainy quartz when the percussion point results in a 

whitish area caused by microstriae, quartz dust and partial Hertzian cones 

formed during hammerstone impacts; 

- scales: micro-flakes that form on ventral and scar surfaces.  

 
Fig. 2.4. Hertzian model observed on quartz: radial fissures (A); concentric fissures (B); subsurface and 
parallel fissures (C). (Modified from de Lombera-Hermida, 2009). 
 

 

A strong relationship has been observed between these scars and quartz morphostructure 

since it determines the appearance and the association of some of them: in general grainy 

textures increase elasticity and decrease the formation of fissures and cracks, while they 

cause the appearance of scars related to specific fracture mechanics like Hertzian cones 

and  micro flaking (de Lombera-Hermida, 2009).  

 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



41 
 

 
Fig. 2.5. Percussion marks on quartz experimental (A, B, C, E, F) and archaeological (D, G, H, J) artefacts: 
radial fissures (A); step (B); transverse fissures (C, D); striking platform fissures (E, F); splintering (G); scales 
(H); edge buttering (J). (modified from de Lombera-Hermida, 2009). 

 

As for the identification and interpretation of the knapping stigmata, also the analysis and 

classification of the fractures observed on quartz flakes is based upon specific studies (e.g. 

Driscoll, 2011; Manninen, 2016; Mourre, 1996; Tallavaara et al., 2010). Indeed, the 

tendency of quartz to shatter during knapping activities is one of the factors making the 

technological analysis more difficult, and to achieve good results in technological studies 

of quartz assemblages is necessary to carefully evaluate their rate of fragmentation. 

During the 80s and the 90s, archaeologists from Sweden and from the United States 

developed a method  called “fracture analysis” which main assumption is that the 

proportion of different fragment types, including complete flakes, during a reduction 

sequence is fixed (Callahan et al., 1992; Tallavaara et al., 2010). Even though the 

predictability of quartz flakes fragmentation cannot be proved experimentally (Tallavaara 

et al., 2010) since it depends on several and invaluable factors (i.e. personal knapping 
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skills and style, flake dimensions and quartz morphostructure), the general principles of 

this method are still valid to understand the modalities of fragmentation of a considered 

quartz lithic assemblage. According to “fracture analysis”, the fragmentation of quartz is 

not random, but it fallows the principles of material science and it is caused by different 

variants and by the combination of radial and bending fractures (Fig. 2.6): radial 

fracturing makes flakes to split radially from the point of percussion and occur depending 

on the applied force, while bending fractures, snapping flakes crosswise, form through 

vibrations developing in the flake during percussion (Tallavaara et al., 2010).  

 
 

Fig. 2.6. Examples of radial (top) and bending (bottom) fractures on quartz flakes. (From Tallavaara et al., 
2010) 

 

Since in the analysis proposed by Tallavaara et al. (2010) the only distinction is between 

bending and radial fractures while no specific categories are provided for lateral fragments 

created through a siret break or a non-siret break, the analysis of quartz fragments also 
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considers the experimental work proposed by K. Driscoll (2011) where is also introduced 

the concept of sequential fracture, which occurs when a fracture had been initiated from 

a previous strike and subsequently the second strike removes the main flake and the 

previous incipient flake (Fig. 2.7) (Driscoll, 2011). 

 
Fig. 2.7. Categories of flake fragments and breaks (from Driscoll, 2011). 

 

For the identification of Siret accidents on quartz flakes, the work is based on the 

classification proposed by V. Mourre (1996). When considering a quartz lithic 

assemblage, the right identification of Siret accidents is very important, since they are very 

frequent and present with a certain number of variations. All of them share the 

development of an accidental fracture plan passing through the impact point (Fig. 2.8) 

(Mourre, 1996, 1994). 

A further and last consideration must be done concerning the terminology used to 

indicate natural surfaces on quartz artefacts. When dealing with chert, the term cortex 

refers to an altered surface created by the physical and chemical phenomena typical of the 

depositional environment. These alterations made chert cortical surfaces not suitable for 

knapping activities, due essentially to their low efficiency in the propagation of the fracture 
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wave, and cortex removal is often the starting point for the exploitation of chert pebbles, 

nodules, or slabs. A different case is that of vein quartz natural surfaces, i.e. fluvial 

neocortical surfaces: they are the result of an alteration caused by transport which forms 

smooth and regular surfaces. It has been proved through experimental activities that the 

use of neocortical surfaces as striking platforms for vein quartz exploitation is one of the 

factors that contributes in reducing the occurrence of fractures and breakages (Mourre, 

1996, 1994). 

The methodology described above, that considers both quartz morphostructure and 

different criteria for the interpretation and classification of quartz fragments and 

fractures, is an efficient tool to gain an accurate technological analysis of quartz lithic 

assemblages and to understand technological choices, skills and behaviour of the 

considered Middle Palaeolithic human groups. 
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Fig. 2.8. Typology of siret accidents on quartz flakes. Top: accidental breakage along planes perpendicular to 
the fracture plane of the flake; middle: accidental breakage along planes secant to the fracture plane of the 
flake; bottom: accidental breakage along planes passing through the impact point and snapping the flake 
through its thickness. (From Mourre, 1996). 

 

2.2. Raw materials supply areas 

Starting from the 60’s, the identification of the supply areas of lithic raw materials 

is a very important issue in prehistoric studies, since it allows to understand the 

relationship between the people frequenting an archaeological site and the 

surrounding environment and also to define the economic behaviour and the 

modalities of exploitation of the geological resources put into action by the 

prehistoric human groups on a specific territory  (e.g. Binford, 1962; Martinez, 

1991; Olivares et al., 2009; Steward, 1955; Vaquero, 2007) 
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The study of the supply areas of lithic raw materials has been carried out for one 

of the archaeological sites considered in the present work, the Ciota Ciara cave. A 

brief report of the results achieved by previous studies, conducted to define the 

probable primary and secondary sources of local lithic raw materials (Berruto, 

2016, 2011), has been included in chapter 3.5 to give a complete outline of the 

land mobility of the Middle Palaeolithic human groups that inhabited the cave.  

The present work is aimed to the definition of the supply areas of those good-

quality raw materials present in the lithic assemblage of the Ciota Ciara cave 

mainly as finished tools, and that at first sight appeared to be of allochthonous 

origin. Their importance in the economy of the prehistoric groups varied through 

time (see chapter 3.6) and the proposed analysis concerns 171 lithic artefacts 

(flakes, debris, retouched tools and cores) coming from all the main 

archaeological levels of the Ciota Ciara cave. 

As many other researches focused on the study of raw materials supply areas, the 

present work has been conducted in different phases and combining several 

approaches: the petrographic characterization of the lithic raw materials presents 

in the assemblage, the land survey based on the geological information available, 

and the comparison between the samples collected and the archaeological 

materials completed with the aid of geochemical analysis (e.g. Aubry et al., 2012; 

Fernandes et al., 2006; Gurova et al., 2016; Navazo et al., 2008; Nazaroff et al., 

2013; Olivares et al., 2009; Spinapolice, 2012; Tarriño et al., 2015; Vallejo 

Rodríguez et al., 2017).  

The characterization of the raw materials attested in the lithic assemblage has 

been carried out through a non-destructive methodology as not to damage the 

archaeological finds (e.g. Aubry et al., 2012; Barcelo, 1996; Bustillo et al., 2009; 

Navazo et al., 2008). The first observation of all the pieces was completed through 
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a stereomicroscope in reflected light Optika SZ6745TR with magnification 

between 0.6x and 4.5x, equipped with an USB camera Moticam 2500 with a 5-

megapixel resolution, a lens providing a further 2x magnification and a LED-72T 

light ring (Fig. 2.9). This first phase of the analysis was carried out at the 

laboratories of the Department of Physics and Earth Science of the University of 

Ferrara.  

The criteria considered in this first analysis were: texture, type of impurities, 

colour, presence and typology of micro-fossils (Luedtke, 1992).  

 

 
 

Fig. 2.9. Stereomicroscope used for the first characterization of the lithic artefacts and of the 
geological samples collected in the surveyed areas. 

 
 

After the characterization of the raw materials present in the lithic assemblage a 

land survey based on the geological maps and on the data available in litirature 

have been set up (e.g. Aubry et al., 2012; Fernandes et al., 2008, 2006; Gurova et 

al., 2016; Navazo et al., 2008; Spinapolice, 2012; Vallejo Rodríguez et al., 2017). 

Geological data concerning the immediate surroundings of Monte Fenera and the 

Sesia valley have been updated in the last years thanks to the institution of the 

UNESCO Sesia Valgrande Geopark and some recent works completed by Italian 
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and international researches have been used to acquire the necessary knowledge 

for the territorial survey (e.g. Quick et al., 2003; Sinigoi et al., 2010). The updated 

geological maps of the area available at 

http://www.supervulcano.it/cartografia.html have been consulted together with 

the digital version of Italian geological map 1:100.000 available on the web site 

of ISPRA - Istituto Superiore per la Protezione e la Ricerca Ambientale 

(http://www.isprambiente.gov.it/it/cartografia) (Fig. 2.10).  

 
 
Fig. 2.10.  Example of geological map used to identify the area to be surveyed (from 
http://www.isprambiente.gov.it/it/cartografia). 
 
 

According to the information achieved from the study of the geological 

cartography and to the results of the microscopic observation of the raw materials 

of the lithic assemblage of the Ciota Ciara cave, outcrops and probable secondary 

deposits of lithic resources have been identified (e.g. Fernandes and Raynal, 

2010, 2006; Huet, 2007). Another element considered in the choice of the area 

to be surveyed was that usually, during Middle Palaeolithic, the lithic resources 
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collected and brought to the site were those located as close as possible to the site 

(Bourguignon et al., 2006; Delagnes et al., 2006; Féblot-Augustins, 1993; 

Fernandes et al., 2008; Jaubert and Delagnes, 2007; Locht and Goval, 2004; 

Meignen et al., 2009). 

During survey activities, samples of all the lithologies that at a macroscopic 

observation were consistent with those present in the archaeological record have 

been collected, both from the primary outcrops and from secondary deposits. 

Each surveyed area has been photographed and the primary outcrops were 

positioned through GPS technology.  

All the samples collected have been observed through the stereomicroscope in 

reflected light available at the Department of Physics and earth Science of the 

University of Ferrara already employed for the characterization of the raw 

materials present in the archaeological record (Fig. 2.9). To confirm the 

microscopic observations, a qualitative X-ray fluorescence (XRF) spectroscopy 

was performed on a selected sample of the archaeological artefacts and on the 

geological samples that, after the microscopic study, showed characteristics 

consistent with those of the lithic finds (e.g. Nazaroff et al., 2013; Olivares et al., 

2009; Skarpelis et al., 2017; Tarriño et al., 2015; West et al., 2012). This kind of 

analysis allow the characterization of the geochemical fingerprint of each lithic 

raw material regarding both its majority and minority components (Malyk-

Selivanova et al., 1998; Milne et al., 2009; Tarriño et al., 2015). Indeed, during 

rocks’ formation and diagenesis, inclusions incorporated from the surrounding 

environment, like clays, oxides or organic matter, may alter trace element 

geochemistry (Luedtke, 1992; Murray, 1994; Nazaroff et al., 2013). In this way, 

inclusions typical of a geographic area can be used to characterize particular 
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outcrops and deposits and can be very helpful in provenience studies (Nazaroff et 

al., 2013).  

The XRF analysis has been carried out in the laboratories of the Department of 

Physics and Earth Science of the University of Ferrara through an ARTAX 

portable µ-XRF equipped with a He gas flush for the excitation and detection 

beam channel (West et al., 2012) (Fig. 2.11). The object to be examined is 

irradiated by a collimated X-ray beam between 200 and 1500 μm. This high-

energy radiation incites element-specific X-ray fluorescence radiation in the 

sample. The intensity of this characteristic radiation is a measure of the quantity 

of the respective element in the sample. A cooled semi-conductor detector 

receives this characteristic X-ray radiation and converts it into current pulses 

which are amplified and digitised in the pre-amplifier and XSPV. The XDSP 

signal processor transfers the digital signals over the serial interface to the 

measurement computer where they are stored. The software computes the 

relative element composition of the sample considering the excitation energy, the 

detector effectiveness, and the spectral intensity distribution of the fluorescence 

lines. The principle of optical triangulation is used for the adjustment of the 

working distance between sample and measuring head (Fig. 2.12).  
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Fig. 2.11. ARTAX portable µ-XRF with indication of the main components. 

 

 
Fig. 2.12. Detail of the measuring head of ARTAX portable µ-XRF 

  

The data from the microscopic observations and from the X-ray fluorescence 

analysis (Fig. 2.13) of the archaeological materials and of the geological samples 
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have then been compared, thus identifying the geological formations where the 

lithic raw materials exploited at the Ciota Ciara cave where collected. In this way 

the mobility of the prehistoric groups that inhabited the cave during Middle 

Palaeolithic has been assessed and for the first time an outline of the economic 

behaviour of the human groups frequenting Piedmont has been achieved. 

 

 
Fig. 2.13. Example of µ-XRF spectra obtained from the analysis of one of the archaeological 
samples. 
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CHAPTER 3 

The Ciota Ciara Cave (north-western Italy) 

Supply areas of lithic raw materials and technological 

analysis of a vein quartz Middle Palaeolithic assemblage 
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CHAPTER 3 
 

THE CIOTA CIARA CAVE (north-western Italy) 
Supply areas of lithic raw materials and technological 
analysis of a vein quartz Middle Palaeolithic assemblage 
 

The Ciota Ciara cave is located in Piedmont, Monte Fenera’s karst, an isolated 

relief (899 m a.s.l.) in north-western Italy, in the municipality of Borgosesia, 

Vercelli district (Fig. 3.1). It is to date the most important Palaeolithic site of the 

region, the only one systematically excavated with a multidisciplinary approach 

and, together with the nearby Ciùtarun, the only Piedmotese Middle Palaeolithic 

site where human remains (Homo neanderthalensis) have been found (Mottura, 

1980; Strobino, 1992a; Villa and Giacobini, 2005, 1995, 1993). The Ciota Ciara 

cave is situated on the west side of Monte Fenera at 670 m a.s.l. and it can be 

accessed both from a big triangular entrance, facing south-west (665 m a.s.l.), and 

from a secondary entrance facing west (670 m a.s.l.), originated by the collapse 

of the rock wall and enlarged by the removal of a big boulder blocking this 

entrance (Brecciaroli Taborelli, 1995; Fedele, 1972, 1966) (Fig. 3.1).  It is a still 

active karst cave developed over more than 80 meters on its principal axe, with a 

positive difference in height of 15 meters from the main entrance to the bottom 

(Fig. 3.2). On the big main sector, straight and oriented NE-SW, is inserted a 

short branch going to the secondary entrance: the area where the two branches 

cross is a huge and wide space, enlarged during the years by dissolution and 

collapse of big boulders from the rock walls (Testa, 2005). A lateral and ascendant 

branch goes to the upper rooms, discovered and explored by G.A.S.B. (Gruppo 

Archeologico Speleologico di Borgosesia), Sala della Torre and Sala dei 

Pipistrelli (Testa, 2005) (Fig. 3.2). 
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Fig. 3.1. Ciota Ciara cave. Geographic location (a), main entrance (b) and secondary entrance (c). 

 

According to recent geomorphological studies, the internal deposit of the cave has 

a quite homogeneous matrix and it is the result of various different events such 

as debris flows and collapse episodes that alternate to phases with a more 

organized sedimentation with surface tractive flowing, probably linked to surface 

runoff processes outgoing the cave (Zambaldi, 2015). Another mechanism 

contributing towards the deposit formation is frost weathering, which caused 

degradation and collapse of the cave’s walls (Fedele, 1966; Zambaldi, 2015). 
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Fig. 3.2. Ciota Ciara. Planimetry (A) and section (B) of the cave (modified from Fedele, 1966). 

 

3.1. Geological background 

In the southern Alps, Monte Fenera represents the widest and stratigraphically 

most important portion of the Mesozoic sedimentary cover (Fig. 3.3): 

sedimentary portions are preserved where the presence of faults led to the their 

displacement and subsequent protection against erosion (Bertolani, 1974; 

Fantoni et al., 2005b). This peculiarity was already highlighted by scholars and 

geologists in the end of the XIXth century but it was just in the 80s that Monte 

Fenera has been subject of monographic studies  (Fantoni and Fantoni, 1991; 

Fantoni et al., 2005a).  

The Oligocene – upper Miocene karstification, occurred within the carbonate 

rocks of the mount, originated several caves, that favoured a human 

frequentation of the area from the Palaeolithic to the Early Middle Ages (Bini and 

Zuccoli, 2005; Gambari, 2005).  
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Fig. 3.3. Geological context of Monte Fenera. Geological map of the Cusio-Biellese area (top) 
(Beltrando et al., 2015); geological map of the Monte Fenera area (bottom) (Dal Piaz, 1992): Base 
of Serie dei Laghi: Gn=rose-coloured orto-gneiss associated to para-gneiss; Permian vulcanite: 
V1= aphyric  quartz-bearing latitite and riodacitic grey-greenish lavas; V2=reddish-brown felsic 
ryolithic alkaline lavas; V3=yellowish ignimbrite;V4=reddish ryolithic ignimbrite with flame-like 
structures and tuff; La=veins of lamprophyre; π=veins of granitic porphyry; q=hydrothermal 
quartz veins; sedimentary cover: T1=limestone-marl, calcarenite and sandstone (Lower Trias); 
T2=dolostone and dolomitic limestone (Middle-Upper Trias); L1=calcirudite, crinoid calcarenite 
and red sandstones (Middle Lias); L2=grey and black flinty limestone (Middle Lias); P1 and 
P2=Pliocene; Q=quaternary covers 
 

  

The stratigraphic series of Monte Fenera (Fig. 3.4) (Fantoni and Fantoni, 1991; 

Fantoni et al., 2005a), from the bottom to the top, is made up of: 

- Scisti dei laghi: metamorphic rocks belonging to the Serie dei Laghi sub-

unit and emerging on the eastern side of the base of the mount and along 

the Strona valley; 
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- Complesso vulcanico permiano: volcanic and volcaniclastic units 

characterized at the base by reddish, brownish or greyish lava flows, 

covered by red-violaceous tuffs; 

- Arenarie grigie di Fenera Annunziata: micro-conglomerates and 

sandstones with a grey or green dolomitic cement and clayish and silty 

intercalations, emerging on the west side of the mount; 

- Dolomia di S. Salvatore: thick carbonate series that extends in the middle 

part of the mount;  

- Brecce del Monte Fenera: Liassic deposits made up of breccias and mainly 

dolomitic clasts with reddish dolomitic cement, present only on the west 

side of the mount; 

- Arenaria di S. Quirico: sequence made up of alternation of reddish coarse-

grained sandstones, brownish fine-grained sandstones and grey or green 

sandstones; 

- Calcari spongolitici: in the lower part, greyish flinty limestones, alternated 

to sandstones and brownish arenaceous limestones are prevailing; in the 

upper part the limestones become marly and blackish; 

- Pliocene deposits: present only on the hills on the northern side of the 

Strona valley and on the hills in the north of Grignasco, these deposits have 

a lower portion made up of a discontinuous layer of polygenic 

conglomerates and grey sandstones that, going upwards, act as a transition 

to grey-bluish clays containing a rich fauna with molluscs and rare 

echinoderms; the upper part of the deposit is made up of yellowish 

sandstones. 
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Fig. 3.4. Monte Fenera stratigraphic series (Fantoni et al., 2005b) 

 

Looking at the Alpine geological background, Monte Fenera is close to the 

connection between the Po plain subsiding and the Alps rising (Fantoni et al., 

2005a). Since the Oligocene, the most external areas of the alpine chain have been 

subject to compressive deformations, leading to a general high rate rising but it 

has to be bear in mind that it is since the Messinian that the western Southern 

Alps are deactivated, just like their continuation buried under the plain (Fantoni 

et al., 2005a). The last stage of the Alpine exhumation dates to 10 Mya for the 

penninic basement of the Rosa mount, while in the Sesia valley all the dates are 
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around 20 Mya, because little vertical movements continued to affect these areas 

connecting the Alpine chain and the subsiding basin, leading to the continuous 

dismantlement by erosion of the rising chain during Miocene and Pleistocene and 

transport of the sediments to the basin that will become the Po plain (Fantoni et 

al., 2005a).  

Two main tectonic lineaments cross the considered area (Fig. 3.5): the Linea della 

Colma (LCo) and the Linea della Cremosina (LCr), linked to the Mesozoic 

extensional cycle and to the Alpine compressional cycle respectively, and to which 

is connected a system of minor faults and diffused fracturing. The LCo, directed 

150-170° N, marks the limit of the eastern side of Fenera’s sedimentary portion. 

The LCr is a sub-vertical fault of a regional relevance, which follows locally the 

axis of the Strona valley (Fantoni, 1991; Fantoni and Fantoni, 1991; Fantoni et al., 

2005b).  

 
 

Fig. 3.5. Geological map of the Sesia valley with indication of the main tectonic faults (Sbisà, 2010) 
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 3.1.1. Monte Fenera’s karst 

Monte Fenera’s karst is linked to the tectonic lineaments mentioned above, and 

particularly to two systems of minor faults directed ENE – WSW and NNW – 

SSE, and parallel to LCo and LCr (Fantoni et al., 2005a). Their presence led to an 

intense fracturing of the carbonate units of the mount, thus causing secondary 

porosity and the increase of both water circulation inside the mount and of the 

dissolution phenomena responsible for karstification (Fantoni and Fantoni, 1991; 

Fantoni et al., 2005a). Seventy-two caves have been discovered and explored at 

today: all of them have an horizontal development and open on the west side of 

the mount, in the central part of that side and in its southern extremity, in Ara, in 

the Dolomia di S. Salvatore unit, except for the Arenarie cave, which opens in 

the Arenarie di S. Quirico (Fantoni and Fantoni, 1991; Fantoni et al., 2005a). The 

karst formed as a result of the rising of the Alpine chain, with a geomorphological 

and climatic context different from the present, which allowed a wider catchment 

basin and more intense precipitations. The development of the karst should then 

be dated to the warm and subtropical climate of the Miocene, thus justifying the 

karstification within not very soluble rocks such as the dolomite rocks (Fantoni 

and Fantoni, 1991; Fantoni et al., 2005a). Many authors hypothesize that the 

maximum development of the Fenera’s karst took place during the Messinian 

crisis, even if we can’t exclude that enlargement phenomena of the karst cavities 

could have took place due to the alternation of glacial and interglacial periods. In 

this area, the strong fracturing of the carbonate platform due to the Alpine 

tectonics, let us suppose a reshaping of the Fenera’s karst, leading to the 

suspension of water circulation on a large scale, so that during Pleistocene it was 

already weak. Furthermore, from the upper Pliocene to Pleistocene, climatic 

changes lead to the erosion of the fluvial valleys with important slope collapses 
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and transport of detritus downstream, that, concerning carbonate lithologies, 

exposed the karst, thus causing the emerging of big cavities (Bini and Zuccoli, 

2005; Fantoni and Fantoni, 1991).  

 

3.2. History of the research and archaeological excavations 

The first information about Monte Fenera’s caves are in the historiographical 

works of local authors among which is worth to mention the one of G.P.F. Fassola 

that, in 1672, suggested their artificial origin, a belief that will be pass on by 

several authors until the XIXth century (Fedele, 1966). 

In the half of the XIXth century, during the realization of the first geological map 

of the region, the first systematic surveys in the Monte Fenera area are carried 

out with a naturalistic and geological intent (Busa et al., 2005; Fedele, 1966). 

However, we have to wait until 1880, when Corrado Parona presented his 

observations and naturalistic discoveries during a trip from Colma, a small village 

on the eastern side of the mount, to the caves area and to the bottom of the Sesia 

valley, to have a first systematic geological report about the caves. During these 

years excavations took place in some of the caves leading to the recovery of 

paleontological remains that will be largely lost. 

At the beginning of the XXth century there are both some information about the 

presence of archaeological remains on the mount, probably result of sporadic and 

unauthorized findings, of which we have no documentation, and writings about 

the caves, attraction for speleologists and fossils-diggers (Fedele, 1966). In the 

30s, Carlo Conti from Borgosesia, keen on archaeology and palaeontology, starts 

to be interested in the Monte Fenera’s deposits and publishes a monographic 

booklet (Conti, 1931). In 1936, Carlo Felice Capello, during his research about 

karst, mentions for the first time the presence of sporadic excavations in the Ciota 
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Ciara cave, with the discovery of bones and teeth referable to Ursus spelaeus and 

of pottery remains. The outbreak of World War II make suspend every kind of 

research (Fedele, 1966).  

The post-war period is rich in new researches concerning Monte Fenera thanks 

to the foundation of G.A.S.B. (Gruppo Archeologico e Speleologico di 

Borgosesia) and to the personal initiative of Carlo Conti. In 1953, C. Socin from 

the Institute of Geology of the University of Turin, made a first test pit in the Ciota 

Ciara cave, bringing to light several paleontological and some archaeological 

remains. Probably in the same years has to be dated an excavation carried out by 

C. Conti near the secondary entrance of the Ciota Ciara cave (Fedele, 1966). The 

turning point for the Ciota Ciara cave is 1964, when some cranial bones, 

apparently human, together with some lithic artefacts were collected at the 

entrance of the cave next to an unauthorized excavation. After the discovery, 

Giuseppe Isetti, from the University of Genova, and Brunetto Chiarelli, from the 

Institute of Anthropology of the University of Turin, were contacted and the same 

year, in February, a survey was carried out with the participation of Francesco 

Fedele and Federico Strobino (Fedele, 1985, 1966; Strobino, 1992b). A test pit 

was realized in the atrial portion of the cave, close to the area where bones and 

lithics were found (Fig. 3.6). The trench was 1 x 2 m wide and 1 m deep and the 

stratigraphic sequence identified was divided in two main parts: the upper one 

yellow-reddish, sterile, and the lower part, orange-greyish, with lithic artefact 

(mainly made up of quartz) and faunal remains (95% referable to Ursus spelaeus) 

(Fedele, 1966). Francesco Fedele then hypothesized a seasonal human 

frequentation of the cave and the production in situ of the lithic tools (Busa et al., 

2005; Fedele, 1966). In 1966, after G. Isetti’s death, a systematic excavation took 

place under the direction of F. Fedele, who decided to open two excavations inside 
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the Ciota Ciara cave, thus revealing for the first time a stratigraphic sequence of 

the Quaternary deposits of Monte Fenera (Fig. 3.6). The so called “minor 

excavation” was located 20 m far from the entrance of the cave and was 1,20x1,40 

m wide, while the main excavation was carried out in the eastern part of the hall, 

35 m far from the entrance and was 3 m deep. Within the stratigraphic sequence 

of the main excavation, F. Fedele identified, under the present walking surface:   

- stalagmite plate; 

- yellow complex, made up of sandy sediments; 

- orange complex, made up of sandy-silty sediments and with a small sized 

arenaceous and siliceous detrital component. 

F. Fedele recognised ten levels, further subdivided in units (Fedele, 1972, 1966). 

From this excavation were recovered lithic artefacts made up of quartz and 

spongolite, summarily described by F. Fedele, and faunal remains of Ursus 

spelaeus.  

 
Fig. 3.6. Ciota Ciara cave. Planemetry of the cave showing the areas investigated during the 50s 
and the 60s (modified from Fedele, 1966). 
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Ten years later, in 1976, the move of a big boulder in front of the secondary 

entrance of the Ciota Ciara cave, led to an archaeological intervention carried out 

by G.A.S.B. under the direction of the archaeologist A. Freschi, which allowed the 

discovery of some Roman bricks belonging to a forge and to a small residential 

structure (Brecciaroli Taborelli, 1995; Busa et al., 2005; Gambari, 2005). In 1989, 

P. Gallo and F. Strobino found out two human teeth and a tooth of Ursus 

spelaeus, within sediments transported outside the cave by water. G. Giacobini, 

from the University of Turin, was charged with the study of the human teeth 

which were identified as belonging to Homo neanderthalensis (Busa et al., 2005; 

Villa and Giacobini, 2005, 1993) (Fig. 3.7).  

 
Fig. 3.7. Human remains from the Ciota Ciara cave found in 1989 within reworked sediments. A) 
right mandibular molar, M2 and B) right maxillary premolar P1 1) buccal view, 2) lingual view, 3) 
mesial view, 4) distal view (Villa and Giacobini, 1993) 

 

In the 90s, new systematic researches were started at the Ciota Ciara cave by 

Soprintendenza Archeologica del Piemonte, under the direction of G. Giacobini 

and F.M. Gambari. The excavations were entrusted to the companies CORA 

(1991) and Archeosistemi (1992) and led to a first definition of the paleo-

environment and of the archaeological deposit of the cave  (Busa et al., 2005). 

They  allowed the recovery of paleontological remains and of a quartz  lithic 
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assemblage and they clarified the importance of the Late Ancient frequentation 

of the site (Brecciaroli Taborelli, 1995; Busa et al., 2005). 

After seventeen years, systematic researches have been started again by the 

University of Ferrara in 2009 and they are still on-going (Angelucci et al., 2016, 

2015; Arnaud et al., 2014; Arzarello et al., 2013, 2012b) 

 

3.2.1. The University of Ferrara at the Ciota Ciara cave:  

a new era of systematic excavations 

In 2009 the University of Ferrara starts the first modern and systematic 

excavation at the Ciota Ciara cave after a gap of almost twenty years. The first 

campaign was directed to the restoration of the previous excavations both in the 

Ciota Ciara cave and in the nearby Belvedere shelter. Concerning the Ciota Ciara 

cave, three excavation areas have been opened, corresponding to Isetti’s test pit,  

Fedele’s MF2, and CORA’s excavation. The first two excavations allowed to verify 

the stratigraphic sequences previously documented, while the third one, located 

in the atrium, led to the recovery of several Mousterian lithic artefacts in a good 

state of preservation. Due to the results obtained during the first campaign, in 

2010 and 2011 the investigations at the Ciota Ciara cave were directed to the 

atrium (Fig 3.8), on an area of 5 m2. During these excavations, S.U. 13 is 

completely removed and the subsequent S.U. 14 is exposed on the whole area. A 

huge quantity of materials has been recovered: faunal remains, mainly referable 

to Ursus spelaeus, micro-faunal remains, a huge lithic assemblage made up of 

local raw materials (quartz and spongolite) (Arzarello et al., 2012a, 2012b; Berruti 

and Arzarello, 2012; Berruto, 2011; Berto, 2012; Berto et al., 2016; Daffara, 2011; 

Daffara et al., 2014). Geophysical analysis have been carried out too (tomography 
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and georadar), allowing for the first time to make a correlation between the 

interior and the external levels of the cave deposit (Obradovic, 2011).  

 

 
 
Fig. 3.8. Planimetry of the Ciota Ciara cave with location of the area excavated by the University 
of Ferrara in the atrium (orange) and in the internal part of the cave (green). a) 2012 excavation 
area; b) small fireplace found in 2013; c) internal excavation area opened in 2017. 
 

During the following campaigns, the excavation area is enlarged of 2 m2 thanks 

to the demolition of a big boulder and S.U. 14 started to be excavated. This unit is 

characterized by a more intense human frequentation of the cave, documented 

by a very huge lithic assemblage made up of a variety of raw materials, that seem 

to be mainly local with a small number of lithic artefacts made up of 

allochthonous raw materials, which characterization and definition of the supply 

areas is subject of the present work. A more intense human frequentation is also 

inferable by the increasing in the number of faunal remains referable to 

a) 

b) 

c) 
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herbivorous (Rupicapra rupicapra, Cervus elaphus, Bos sp.) and by the finding 

of a little fireplace in the south-western corner of the excavation area, close to the 

cave wall (Fig. 3.8) (Arnaud et al., 2014; Arzarello et al., 2013). During the 

campaigns of 2014 and 2015, the excavation area has been further enlarged of 2 

m2 and the removal of S.U. 14 has been completed  (Angelucci et al., 2016, 2015), 

exposing the following S.U. 15 overall the investigated area. At the same time, a 

test pit was realized next to the entrance of the Ciota Ciara cave, where the 

dolomitic rock forms a wide sheltered area, to verify if also this area was involved 

in the Palaeolithic frequentation of the cave (Angelucci et al., 2016). Under 

reworked sediments, an individual burial was identified and, according to the 

modalities of the ritual and to the objects found, it has been defined as a Late 

Ancient burial (Fig. 3.9) chronologically placed between the IVth and the VIth 

century A.D. (Angelucci et al., 2016; Calandra, 2016). The burial was laying 

directly on the bed-rock, so this area was closed in 2016.  

 
 

Fig. 3.9. Late Ancient burial identified in the test pit opened in 2015 in the sheltered area just 
outside the cave 

 

In the last two excavation campaigns, S.U. 15 is removed, thus exposing on the 

entire area the following S.U. 16, archaeologically sterile and laying on the 

dolomitic bed rock. In 2017 the investigated area was further enlarged on 3 m2 
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and a test pit was opened inside the cave on 4 m2 (Fig. 3.8), close to the Isetti’s 

excavation, with the aim to remove the reworked sediments and to verify if parts 

of the stratigraphic sequence of the atrial area is preserved also inside the cave.  

During nine excavation campaigns, four main stratigraphic units (13, 14, 15 and 

16) have been investigated with a multidisciplinary approach, leading to a 

detailed paleoenvironmental reconstruction, to the understanding of the function 

of the site, of the human activities that took place in the Ciota Ciara cave, of the 

technological behaviour and of the mobility of the Neanderthals in the 

surrounding territories (Arzarello et al., 2012a; Berruti, 2017; Berruti and 

Arzarello, 2012; Berruto, 2016, 2011; Berto et al., 2016; Buccheri et al., 2016; 

Daffara et al., 2014). 

 

3.3. Stratigraphy and chronology  

The stratigraphic sequence currently visible in the atrium of the Ciota Ciara cave 

represents the middle-lower portion of an original sequence which upper part has 

been removed during previous excavations (Busa et al., 2005; Zambaldi, 2015) 

(Fig. 3.10).  
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Fig. 3.10. Stratigraphic sequence of the Ciota Ciara cave (Angelucci et al., 2015). 
 

 

Five main stratigraphic units have been identified: SS.UU. 13, 14, 15, 16 and 103. 

- S.U. 13: silty unit, brown/dark-brown coloured, containing few 

centimetric stones, probably originally divided in several sub-units, with a 

horizontal disposition. It lays upon S.U. 14. The limit is mainly marked by 

chromatic variation and by a different organic matter, even if it is not 

always clear; 

- S.U. 14: unit characterized by a silty matrix. It is made of a complex 

sequence of deposits linked to water circulation and resulting from the 

alternation between high energy phenomena, like debris flows, and low or 

medium-low energy tractive phenomena, going from the inside to the 

outside of the cave. According to chromatic changes, presence and 

dimension of stones, porosity, six sub-units have been identified: 14a, 14b, 

14c, 14d, 14e, 14f. The lower limit with S.U. 15 is represented by decimetric 

dolomite rock boulders and by the sandy fraction resulting from the 

dolomitic rock itself; 
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- S.U. 15: it is a breccia deposit linked to a collapse phase of the cave walls. 

The silty matrix seems to be the same observed in S.U. 14. It is located just 

beneath S.U. 14 and the limit between these two SS. UU. is marked by the 

appearance of decimetric boulders of dolomitic rock. This unit shows 

vertical changing of the boulders’ dimensions, maybe linked to different 

collapse phases; 

- S.U. 103: it is located just in the western portion of the excavation area and 

it cuts SS. UU. 13 and 14. In the upper part it slopes to south, while to the 

bottom it becomes vertical. It is mainly dark brown coloured with scattered 

streaks. The filling is a clast supported breccia with the matrix that fills all 

the voids.  

- S.U. 16: unit characterized by a clayey matrix with centimetric and 

decimetric sandstone and calcareous pebbles with a sub-vertical or vertical 

disposition. It lays upon the dolomitic cave floor and it is almost sterile 

(Angelucci et al., 2015; Zambaldi, 2015).  

The ESR/U-series dating method has been applied on three samples collected in 

2012 and belonging to S.U. 14 (Fig. 3.11): a lower third molar M3 of Rupicapra 

rupicapra, an upper second molar M2 of Cervus elaphus and a lower molar of 

bovid (Bos vel. Bison) (Vietti, 2016).  

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



73 
 

 
 

Fig. 3.11. Samples for combined ESR/U-series dating and their position in S.U. 14 (Vietti, 2016). 
 

 

The age obtained from these samples are 310±30 ka, 294±32 ka and 281±45 ka 

respectively, with a mean age of 289±43 ka (weighted quadratic mean) (Vietti, 

2016). These results are not consistent with the expected age of the human 

occupations of the Ciota Ciara cave related to S.U. 14, based on bio-chronological 

data: indeed, the enamel differentiation quotient (SDQ) of  Arvicola amphibius, 

the general composition of the faunal assemblage and the presence of Pliomys 

coronensis placed the deposition of this level during MIS 5 (Berto, 2012; Berto et 

al., 2016). However, the homogeneity of the ESR/U-series dating is undeniable 

and suggests a correlation of the human occupation with the end of MIS 9 or the 

beginning of MIS 8 (Vietti, 2016). New dating are on-going and other 
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archaeological levels are involved to clarify the coherence of the previous dating 

and to obtain a radiometric dating for the entire sequence. 

 

3.4. Faunal assemblage, paleoenvironmental reconstruction and 

archeozoological study. 

The palaeo-environmental reconstruction has been achieved through the faunal 

analysis. The large-mammal assemblage of the Ciota Ciara cave (SS.UU. 13, 103 

and 14) is mainly composed by carnivore remains: Ursus spelaeus, Ursus arctos, 

Canis lupus, Vulpes vulpes, Meles meles, Martes martes, Lynx lynx, Panthera 

leo, Panthera pardus and Marmota marmota. Herbivores are a minority within 

the faunal assemblage of all the SS.UU. but their importance grows considerably 

in S.U. 14. The following species have been identified: Rupicapra rupicapra, 

Cervus elaphus, cf. Dama, Bos primigenius, Bos sp., Bos vel. Bison, Sus scrofa, 

Stephanorinus sp. (Angelucci et al., 2015; Arnaud et al., 2014; Arzarello et al., 

2013, 2012a, 2012b; Berto et al., 2016). According to the M.N.I. calculated for the 

S.U. 14, the most represented taxa are Ursus spelaeus (18), Cervus elaphus (5) 

and Marmota marmota (3). All the other species are represented by just one or 

two individuals, indicating anyway a great biodiversity (Berto, 2012; Berto et al., 

2016) (Tab. 3.1). New data on the macro mammals’ assemblage concern the 

identification of Stephanorhinus hemitoechus, Capra ibex, Capreoleus 

capreoleus and Castor fiber (R. Cavicchi & B. Sala personal communication). 

After this new paleontological analysis, these data will contribute to a better 

understanding of the paleoenvironmental background of the human 

frequentation of the site. 
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  S.U. 103 S.U. 13 S.U. 14 

Taxon NISP MNI NISP MNI NISP MNI 

Ursus spelaeus 33 5 232 9 989 18 

Ursus arctos 15 1 24 2 17 2 

Panthera leo 1 1   14 2 

Panthera pardus       5 1 

Lynx lynx     1 1 4 1 

Canis lupus 1 1 8 1 11 2 

Vulpes vulpes     2 2 3 1 

Meles meles     6 1 2 1 

Martes martes       1 1 

Rupicapra rupicapra 3 1 9 2 26 2 

Cervus elaphus     8 2 104 5 

cf. Dama       1 1 

Bos primigenius     1 1 1 1 

Bos vel Bison     1 1 1 1 

Stephanorhinus sp.       4 2 

Sus scrofa       1 1 

Marmota marmota       68 3 

Erinaceus europeus     3 1 1 1 

 
 
Tab. 3.1. Faunal remains from the Ciota Ciara cave divided by S.U. NISP = number of individual 
specimens; MNI = minimum number of individuals (modified from Buccheri et al. 2016). 
 
 

Concerning the micro-mammal assemblage (SS.UU. 13, 103 and 14), the Ciota 

Ciara cave is the only Italian site with a so important presence of Plyomis 

coronensis and a so great biodiversity regarding bats species (Arzarello et al., 

2012a; Berto, 2012; Berto et al., 2016). The most represented species is 

Clethrionomys glareoulus that, together with Apodemus (Sylvaemus), Glis glis 

and Eliomys quercinus and the bats, indicates a woodland environment, further 

validated by the presence of Sciurus vulgaris (Berto, 2012; Berto et al., 2016). 

Nevertheless, a climatic change has been observed between S.U. 13 and S.U. 14: 

during the formation of S.U. 14, the surroundings of the site were characterized 

by an open woodland environment with exposed rocks and within this unit are 

present different markers of cold climate, i.e.  Cricetus cricetus, Microtus cf. 

gregalis and Chionomys nivalis.; S.U. 13 attests a lower presence of grassland 

species, like Microtus arvalis and Microtus terricola, together with the missing 
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of Chionomys nivalis, thus indicating a woodland environment (Angelucci et al., 

2015; Berto, 2012; Berto et al., 2016). 

An archaeozoological analysis has been conducted on the faunal remains of S.U. 

14 (Buccheri, 2014; Buccheri et al., 2016): beside the identification of different 

taphonomic alterations (roots activities, cracking, carnivore intervention, 

deposition of manganese oxides, concretions, trampling marks, water abrasion), 

cut marks related to butchering activities have been identified on 35 bones.  

 

 
 
Fig. 3.12. Archaeozoological study on faunal remains of S.U. 14: (a) location of cut-marks on Ursus 
spelaeus; (b) fossil vertebra with cut marks; (c) fossil rib with cut marks (from Buccheri et al. 
2016). 
 

Half of the remains is undeterminable, while the others belong to large or 

medium-sized animals. An interesting result is the presence of 12 cut marks on 

bones of Canis lupus (1) and Ursus spelaeus (12) related to activities of both fur 

and flesh extraction (Fig. 3.12). The other cut marks identified belong to four 

different activities: flesh removal, evisceration, fur removal and disarticulation 

(Buccheri, 2014; Buccheri et al., 2016). 
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3.5. Supply areas of lithic raw materials 

For the Ciota Ciara cave, the identification of the supply areas of lithic raw 

materials represents a very important step in the definition of the economic 

behaviour and of the land mobility of the human groups frequenting the site 

during Middle Palaeolithic. The results achieved during previous studies 

concerning local raw materials (Arzarello et al., 2012a; Berruto, 2016, 2011), and 

during the present work, focused on the allochthonous lithologies, become even 

more significant if we consider that, as mentioned before, the Ciota Ciara cave is 

the only Palaeolithic site in Piedmont object of systematic and multidisciplinary 

researches. The completion of the studies about the lithic industry of the Ciota 

Ciara cave for what concerns the raw materials supply areas, the technological 

and the functional study (Berruti, 2017) of the lithic assemblages belonging to the 

archaeological levels identified in the site, allow to provide here an exhaustive 

description of the modalities of frequentation of the Ciota Ciara cave and of the 

surrounding territories.  

 

 3.5.1. Previous studies 

Since the beginning of the archaeological excavations at the Ciota Ciara cave in 

2009, the importance of a detailed definition of the economic behaviour of the 

human groups that occupied the site during Middle Palaeolithic was clear. 

At first, the research has been focused on the identification of the outcrops and of 

the secondary deposits of the raw materials most represented in the site, vein 

quartz and spongolite, and a first study was completed concerning levels 13 and 

103 (Arzarello et al., 2012a; Berruto, 2011; Daffara et al., 2014). Later, due to the 

strong preponderance of vein quartz in all the archaeological levels, further 
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analysis have been conducted trying to define more precisely the deposits were 

this lithic resource was collected (Berruto, 2016). 

Since during previous interventions in the caves of Monte Fenera (Fedele, 1966; 

Strobino, 1992a) no specific researches were aimed to the identification of the 

supply areas of lithic raw materials, the first step of the new analysis has been the 

development of a research protocol and the acquisition of a wide knowledge about 

the geological local environment (Berruto, 2011). 

According to the data available, vein quartz is located within alteration structures 

of volcanic and volcanoclastic rocks, present at the base of Monte Fenera, while 

spongolite outcrops at the top of the mount, over the belt of carbonate rocks 

where the caves develop (Fantoni and Fantoni, 1991; Fantoni et al., 2005b; 

Reghellin, 2004).  

Starting from the geological data, a fieldwork protocol was established: primary 

and secondary deposits of quartz and spongolite were identified, positioned 

through GPS technology and geological samples were collected (Berruto, 2011). 

Since the first technological analysis of the lithic assemblage of the Ciota Ciara 

cave (Daffara, 2011) highlighted that the natural surfaces present on quartz and 

spongolite artefacts were attributable to the collecting of lithic raw materials in 

secondary deposits, close attention was paid to the identification of vein quartz 

and spongolite in secondary deposition (Berruto, 2011). During the field works, 

also other lithologies, sporadically attested in the assemblage, were collected, 

revealing their local origin: grey/black flint, jasper, opal and milonite (Berruto, 

2011). 

The samples collected on the field and the archaeological artefacts have then been 

analysed and compared through observations conducted at the stereomicroscope 

in reflected light and a more precise characterization was achieved through the 
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analysis of some of the samples with SEM (Scanning Electron Microscope – 

ZEISS EVO40, 20 Kw, 90 Pa, at variable pressure and LaB6 filament with a 20pA 

probe current), at the University of Ferrara (Berruto, 2011). 

The microscopic analysis of the samples collected and of the archaeological 

assemblage, allowed to precisely locate the local lithologies exploited at the Ciota 

Ciara cave during Middle Palaeolithic. The results have been particularly 

exhaustive for spongolite, while, as mentioned before, vein quartz has been 

subject of further analysis (Berruto, 2016).  

Outcrops of chert-like rocks have been identified between 720 and 899 m a.s.l., 

with vertical variations in the lithological characteristics indicating variations in 

the CCD (Carbonate Compensation Depth) during sedimentation (Berruto, 

2011): 

- spongolite, a sedimentary siliceous rock mainly composed by fossil 

remains of siliceous sponges (spicules), forms in open sea environments 

through slow accumulation of sediments rich in spicules on the seabed 

(D’Argenio et al., 2005). It is fine-grained and characterized by a 

homogeneous texture and by high hardness with conchoidal fracture 

(D’Argenio et al., 2005). In the archaeological record of the Ciota Ciara 

cave, two main kind of spongolite are present, characterized by a more or 

less pronounced porosity respectively (Berruto, 2011) (Fig. 3.13). Primary 

spongolite outcrops are located on Monte Fenera between 816 and 841 m 

a.s.l.: along the path called Strada dei Buoi are visible stratified spongolitic 

limestones with a considerable siliceous component; black and marly 

spongolitic limestones, with a lesser siliceous component, outcrop 

between a whetstone quarry and the top of the mount (Berruto, 2011). The 

same lithologies have been found in secondary deposition not far from the 
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Ciota Ciara cave, along the main current path and it is probable that the 

collecting of spongolite slabs and blocks took place in similar contexts 

(Berruto, 2011).  

 

 
 

Fig. 3.13. (A, B, C, D) different varieties of spongolite present in the archaeological record; (E, F) 
detail of the surface of spongolite samples collected at Monte Fenera; (G) primary outcrop of 
spongolitic limestone; (H) path with spongolite slabs and blocks in secondary deposition 
(modified from Berruto, 2011). 
 
 

- A better-quality variety of flint, barely present in levels 13 and 103 but 

more abundant in the other stratigraphic units (Figg. 3.32, 3.47, 3.61, 

3.78), has been localized on Monte Fenera at 720 m a.s.l., under a 

whetstone quarry: it appears in the form of well-defined cryptocrystalline 

grey nodules with optimal conchoidal fracture, but its distribution area is 

limited (Berruto, 2011) (Fig. 3.14).  
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Fig. 3.14. Flint outcrops on Monte Fenera, close to a whetstone quarry (Berruto 2011). 

 

As mentioned before, also other lithologies, barely attested in the lithic 

assemblage of the Ciota Ciara cave have been found during survey activities: 

- milonite, a metamorphic rock compact and resistant, that usually is found 

in long and narrow belts along geologic faults: it is the result of a 

dislocation metamorphism along a fault at low temperature, consistent 

with the lithologies present in the Monte Fenera area (Berruto, 2011; 

D’Argenio et al., 2005). Along the same path where spongolite secondary 

deposits were identified, some milonite blocks were found and the 

microscopic analysis confirmed that the samples collected were consistent 

with the pieces present in the lithic assemblage (Berruto, 2011) (Fig. 3.15); 

 
 
Fig. 3.15. microscopic observation of (A, B) milonite flake from S.U. 13 and (C, D) milonite 
collected in secondary deposition on Monte Fenera (modified from Berruto, 2011). 
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- hyalite, a variety of opal  usually present in the form of patina or 

encrustations (Berruto, 2011). A small number of lithic tools (21) of the 

Ciota Ciara cave has been realized on a white and opaque raw material that 

at the microscopic analysis show an amorphous texture and that is 

consistent with the whitish crust present on a marly spongolite slab 

collected in a secondary deposit at 873 m a.s.l. (Berruto, 2011; Gottlicher 

et al., 1998) (Fig. 3.16); 

 

 
 

Fig. 3.16. (A, B) Detail of a hyalite flake from the Ciota Ciara cave and (C) hyalite collected on 
Monte Fenera (modified from Berruto, 2011). 

 
 

- jasper, resulting from the combination between calcedony and clayey 

sediments or residual clays (D’Argenio et al., 2005), is present only in the 

lithic assemblage of level 14 (Fig. 3.47). A primary outcrop was found at 

the base of Monte Fenera in a former quartz quarry, at an altitude of 396-

406 m a.s.l. (Berruto, 2011) (Fig. 3.17). 

 
 

Fig. 3.17. (A) Primary outcrop of jasper and (B) detail of the surface (modified from Berruto, 2011). 
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Concerning vein quartz, the first analysis conducted were aimed to a precise 

characterization of this lithology, identifying all the elements useful to 

demonstrate the consistency between the lithic artefacts found in the site and vein 

quartz present in the primary outcrops and in the secondary deposits located at 

the base of the mount (Berruto, 2011). 

The observation through the stereomicroscope in reflected light allowed to 

identify different elements useful for the comparison between archaeological vein 

quartz artefacts and the sample collected during survey activities. The presence, 

on some archaeological pieces, of minerals that according to their colour and 

morphology can be identify as chlorite and actinolite indicates the formation of 

vein quartz in an environment characterized by a low metamorphic degree (Fig. 

3.18) (Berruto, 2011).  

Other important elements for the definition of vein quartz sources is the presence 

of micas. Biotite and muscovite are visible on the neocortex of the archaeological 

vein quartz artefacts (Fig. 3.18), confirming that they have been obtained through 

the exploitation of vein quartz formed in metamorphic rocks and in an 

environment with low metamorphic degree, linked to geologic faults (Berruto, 

2011).  

 
 
Fig. 3.18. Detail of the surface of vein quartz lithic artefacts from the Ciota Ciara cave: (A, B) detail 
of biotite and actinolite; (C, D) detail of biotite and muscovite (modified from Berruto, 2011). 

 

The same minerals and micas have been found on the surface of the vein quartz 

samples collected at the base of Monte Fenera, in correspondence of veins formed 
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inside the igneous rocks of the Permian Volcanic Complex and in the hercynian 

metamorphic rocks, confirming the local origin of this raw material (Berruto, 

2011) (Fig. 3.19).  

 

 
 

Fig. 3.19. Map with the location of the primary outcrops of vein quartz identified at the base of 
Monte Fenera (pink) and of primary and secondary deposits of spongolite and flint (blue) 
(modified from Berruto, 2011). 
 
 

Since vein quartz was collected for knapping activities not from the primary 

outcrops but, as indicated by the frequent presence of fluvial neocortex, in 

secondary deposits, starting from the approach developed by P. Fernandes et al. 

(2007), a specific methodology was elaborated for a more precise identification 

of vein quartz secondary deposits. This analytical technique is based on the 

microscopic observation of flint cortex to identify pre-depositional processes, 

linked to specific features of the secondary deposits from where they were 

collected (Fernandes et al., 2007). This methodology was adapted to the 

particular characteristics of vein quartz, generally more resistant than flint to 

alterations (Venditti et al., 2016): through the microscopic and macroscopic 

observation of the neocortex present on the archaeological finds, an intense 
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survey activity and the comparison between archaeological data and those from 

the samples collected, interesting results have been achieved (Berruto, 2016).  

Samples have been collected from different kind of alluvial deposits: current 

alluvial river deposits (i.e. Sesia river); current alluvial creek deposits (i.e. Strona 

creek); current alluvial stream deposits (i.e. Monte Fenera’s streams); Pleistocene 

alluvial deposits (i.e. remaining portions of fluvial terraces linked to the Sesia 

riverbed) (Berruto, 2016).  

The consideration of different parameters (lithology, presence of micas, 

neocortex morphology and appearance, colour, polish degree, presence and 

morphology of striations and scratches, pression cones, impact traces, holes and 

fractures) led to the identification of the probable secondary deposits where the 

prehistoric human groups frequenting the Ciota Ciara cave collected vein quartz 

(Berruto, 2016). The comparison between the archaeological material and the 

geological samples collected, reveals that the vein quartz exploited at the Ciota 

Ciara cave comes from Pleistocene alluvial deposits (Fig. 3.20) and from current 

river alluvial deposits (Fig. 3.20), no neocortex referable to the collecting of vein 

quartz in creeks and streams have been identified (Berruto, 2016). This results 

show that vein quartz was probably collected in fluvial deposits linked to the Sesia 

river fluvial deposits at a distance of at least 750 m in a straight line from the Ciota 

Ciara cave (Berruto, 2016). 
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Fig. 3.20. Example of a Pleistocene alluvial deposit close to Fenera S. Giulio, at the base of Monte 
Fenera and of a current alluvial deposit (Sesia river). (Modified from Berruto, 2016). 

 

3.5.2. Allochthonous raw materials 

Some of the lithologies present in the archaeological levels of the Ciota Ciara cave 

are present in the assemblage mainly as finished tools or as small flakes with 

technological characteristics suggesting their belonging to the modification and 

rejuvenation of tools’ edges (retouch fakes). For this raw materials, characterized 

by a homogeneous texture and by a good conchoidal fracture, has been 

hypothesise an allochthonous origin, both for their technological role in the lithic 

assemblage (Moncel, 2007) and for their petrographic characteristics. A first 

macroscopic observation led to the distinction between two different lithologies 

of sedimentary and volcanic origin respectively. This preliminary subdivision has 

then been confirmed by microscopic observations. 

The present work is aimed to the identification of primary and/or secondary 

deposits of these raw materials thus completing the reconstruction of the 

economic behaviour and of the land mobility patterns of the Middle Palaeolithic 

human groups that inhabited the Ciota Ciara cave.  

  

3.5.2.1. Radiolarites 

Tools and retouch flakes realized on a very good quality raw material, 

characterized by a red/dark-red colouring, are present in all the main 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



87 
 

stratigraphic units of the Ciota Ciara cave (13, 14 and 15) in different proportions 

(Figg. 3.32, 3.47, 3.61, 3.78). 97 lithic artefacts (flakes, retouched tools and 

retouch flakes) coming from the considered archaeological layers have been 

observed through a stereomicroscope in reflected light at different magnifications 

(for the technological characterisation see chap. 3.6.1, 3.6.2, 3.6.3 and 3.6.4) (Fig. 

3.21). 

The analysis highlights the presence, in all the 97 considered artefacts, of 

transversal sections of radiolarians, which skeletal material seem to have been 

substituted by calcedony (Fig. 3.21). The matrix is generally red, homogenous and 

do not present fissures or impurities (Fig. 3.21), thus confirming the good quality 

of this raw material for the production of lithic tools. According to the data 

obtained from the microscopic observation, the 97 artefacts have been identified 

as lithic tools made in radiolarite.  
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Fig. 3.21. Ciota Ciara cave, steromicroscope observation of radiolarite artefacts belonging to S.U. 
14 (A, B) and 15 (C, D). In all the pictures are well visible transversal sections of radiolarians, and 
the homogeneous texture that characterize this sedimentary biogenic rock.  
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The subsequent study of the geological maps (Fig. 3.22) revealed that the 

petrographic characteristics of the lithology present at the Ciota Ciara cave are 

consistent with those of the Lombardian Radiolarite Group, a Middle Jurassic 

formation which represent also the radiolarite outcrops nearest to the Ciota Ciara 

cave (~ 25-30 Km in a straight line) (Sciunnach, 2007a).  

 
 
 

Fig. 3.22. Detail of the geological map 1:100.000 with indication of the surveyed area. 
 
 

Radiolarites and siliceous limestones of the Lombardian basin consist of 

polychrome and well stratified flints, with intercalations of siliceous argillites, 

substituted in the upper part of the formation by red flint with radiolarians that 

can be found in layers or nodules within rose-coloured marly limestones or marls 

(Sciunnach, 2007a). From the bottom to the top, the Group is divided in two 

formations: Radiolarites of the Lombardian Radiolarite Group and Rosso ad 

Aptici (Sciunnach, 2007a). Its lateral boundaries are clear both eastward, in 

correspondence of the tectonic lineament of Valli Giudicatarie, and westward, in 

correspondence of the Lombard bank of Maggiore Lake (Sciunnach, 2007a). 

Within the Radiolarites of the Lombardian Radiolarite Group, two facies are 
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distinguished (Sciunnach, 2007b): the lower ribbon facies, formed by 

polychrome radiolarite slabs, and the upper knobby facies, formed by radiolarite 

nodules mainly dark-red coloured (Sciunnach, 2007b).  

The field work for the collecting of geological samples to be analysed and 

compared with the archaeological materials, has then been set up. Considering 

that usually, during Middle Palaeolithic, is unlikely to hypothesize a distance of 

more than a few tens of kilometres from the site for the collecting of lithic raw 

materials (e.g. Moncel, 2007 ), the nearest area where outcrops of radiolarites are 

indicated on the geological maps, have been primarily object of survey activities. 

The selected area corresponds to a small mount located in the Sangiano 

municipality (Varese, western Lombardy), ~ 30 Km in a straight line from the 

Ciota Ciara cave, and close to the western bank of Maggiore Lake. In this area, at 

an altitude between 397 and 420 a.s.l., three samples, from the primary outcrop 

(Fig. 3.23) and from secondary deposits located near the outcrops, have been 

collected and observed at the stereomicroscope in reflected light. The raw 

materials collected in the Sangiano area show petrographic characteristics like 

those of the archaeological materials previously analysed, with abundant 

radiolarians in a homogeneous reddish matrix (Fig. 3.24).  
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Fig. 3.23. Sangiano (VA – Lombardy). Primary outcrop of the Lombardian Radiolarite Group: 
within a thick layer of marly limestones are present abundant red flint nodules belonging to the 
formation of the Radiolarites of the Lombardian Radiolarite Group.  
 
 
 
 

 
 

Fig. 3.24. Stereomicroscope observation of the samples collected at Sangiano. The samples are 
consistent with the archaeological materials of the Ciota Ciara cave. In both the pictures are well 
visible the homogenous reddish matrix and the radiolarians skeletal that characterize the 
Radiolarites of the Lombardian Radiolarite Group. 
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To verify the provenience of the radiolarites exploited at the Ciota Ciara cave from 

the formations belonging to the Lombardian Rariolarite Group, a µ-XRF analysis 

has been performed on a selected sample of four archaeological materials 

(14F317, 14F353, 15-11F326, 15-15D368) and on the three geologic samples from 

Sangiano. The spectra presented in Fig. 3.25 and in Appendix 1 show that the 

consistency between the radiolarite artefacts of the Ciota Ciara cave and the 

geologic samples collected, already highlighted by the petrographic observations, 

is confirmed by the geochemical analysis. The results obtained (Fig. 3.31) show 

that the radiolarite present in the Ciota Ciara cave was collected from outcrops or 

secondary deposits belonging to the Lombardian Radiolarite group, that today 

are located at about 25-30 Km from the site (Sciunnach, 2007a) (Fig. 3.29). The 

exploitation of this raw material took place in proximity of the outcrops or in 

places located along the path connecting the Ciota Ciara cave and other sites, still 

unknown and probably frequented during the year in the context of seasonal 

movements.  
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A 

 

B 

 

C 
 

Fig. 3.25. µ-XRF spectra of a radiolarite sample from Sangiano (A), of the sidescraper 14 F3 53 
(B) and of the limace (15-15 D3 68).  
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3.5.2.2. Rhyolite 

Beside the group of artefacts realized on good quality radiolarites, a second group 

of artefacts is recognizable at the Ciota Ciara cave due to the good-quality raw 

material employed. At a macroscopic observation, the lithic artefacts belonging 

to this group seem to have been realized on a fine-grained volcanic rock with a 

light-red colouring and conchoidal fracture, providing a very good control of the 

results of knapping activities and the production of tools with sharp edges. This 

lithology is present in different proportion in all the archaeological layers of the 

Ciota Ciara cave (13, 14, 15 and 103) (Figg. 3.32, 3.47, 3.61, 3.78) and it is 

represented by retouched tools, flakes, small flakes referable to the modification 

or rejuvenation of the tools’ edges, debris and, to a lower extent, by cores. A total 

of 73 artefacts has been observed at different magnification with a 

stereomicroscope in reflected light (Fig. 3.26). The analysis highlights the 

presence of several millimeter sized quartz and feldspar phenocrysts dispersed in 

an aphanitic reddish matrix, thus confirming the volcanic origin of this lithology, 

and allowing to refer it to a variety of rhyolite.  

According to the geological data available, the petrographic characteristics 

observed on the lithic artefacts of the Ciota Ciara cave, are consistent with the 

rhyolites described by Quick et al. (2003) which primary outcrops are located on 

the opposite bank of the Sesia river, at a distance of about 2 km in a straight line 

from the Ciota Ciara cave (Fig. 3.27) (Quick et al., 2003). 
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Fig. 3.26. Ciota Ciara cave, steromicroscope observation of rhyolite artefacts belonging to S.U. 14 
(A, B) and 15 (C, D). In all the pictures are well visible the millimeter-size quartz and feldspar 
phenocrysts.  

 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



96 
 

 
 

Fig. 3.27. Geologic map with geographic information of the left orographic side of the lower Sesia 
valley and surrounding territories (modified from Quick et al., 2003). 
 
 

Since the characteristics of the smooth natural surfaces present on the rhyolite 

lithic artefacts of the Ciota Ciara cave show alterations consistent with a fluvial 

transport, i.e. fluvial neocortex, it is likely that rhyolite blanks for knapping 

activities were collected in secondary deposits.  

For this reason, survey activities were carried out along the Sessera river and in 

correspondence of its confluence with the Sesia river (Fig. 3.28). 
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Fig. 3.28. Sessera valley (VC – Piedmont). Survey activity were carried out in this area to collect 
geological samples of rhyolite. Monte Fenera is visible on the background and reddish rhyolite 
pebbles are quite common along the Sessera river.  

 

During survey activities were collected rhyolite pebbles that at a macroscopic 

observation had characteristics consistent with those of the archaeological 

artefacts in terms of texture and colour. The samples collected were observed at 

the stereomicroscope in reflected light showing the presence of quartz 

phenocrysts in an aphanitic matrix (Fig. 3.29). From a petrographic point of view 

the samples collected are comparable to the rhyolite knapped at the Ciota Ciara 

cave.  

 
 
Fig. 3.29. Stereomicroscope observation of the samples collected along the Sessera river. In the 
aphyric matrix are well visible quartz and feldspar phenocrysts.  
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To confirm the provenience of the rhyolites knapped at the Ciota Ciara cave from 

the outcrops located close to the Sessera river, a µ-XRF analysis has been carried 

out on a selected sample of five archaeological materials (14D4121, 14E3260, 

14E31276, 14F2825, 15-13F31527) and on the three geologic samples collected 

(Fig. 3.30). The spectra presented in Fig. 3.28 and in Appendix 1 show that the 

consistency between the rhyolites artefacts present in the lithic assemblage of the 

Ciota Ciara cave and the geologic samples, already highlighted by the 

petrographic observations, is confirmed by the geochemical analysis. The results 

obtained (Fig. 3.31) show that the rhyolite exploited at the Ciota Ciara cave during 

Middle Palaeolithic is of sub-local origin, it was collected in secondary deposits 

located at a distance of about 2 km from the site, probably during movements 

linked to other subsistence activities, and the production of tools took place 

mainly outside the cave, even if the presence of one core in S.U. 14 and of two 

cores in S.U. 15 suggest that occasionally rhyolite was knapped in the site. 
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A 

 

B 

 

C 

Fig. 3.30. µ-XRF spectra of a rhyolite sample from the Sessera river (A), of the notch 14 E3 1276 
(B) and of the flake 15-13 F3 1527.  
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Fig. 3.31. Maps of the supply areas of the lithic raw materials of the Middle Palaolithic levels of 
the Ciota Ciara cave: spongolite, flint and hyalite outcrops and/or secondary deposits (brown) are 
located at the top of Monte Fenera, between 720 and 899 m a.s.l.; the vein quartz secondary 
deposits exploited (yellow) are located at the base of Monte Fenera at about 750 m from the site; 
rhyolite secondary deposits (purple) are present along the Sessera valley, close to the confluence 
with the Sesia river at ~2km from the site; outcrops of radiolarites of the Lombardian Radiolarite 
Group (red) are located between ~20 and ~30 km from the site. 
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3.6. Technological analysis 

The technological analysis of the lithic assemblage of the Ciota Ciara cave has 

been partially completed in 2011 with the analysis of the lithic assemblage from 

S.U. 13 (Arzarello et al., 2012a; Daffara, 2011; Daffara et al., 2014). The present 

research deals with the analysis of the lithic assemblages of S.U. 14, 15, 103 and 

with an upgrade of the previous study on S.U. 13, further excavated in the last 

years after the enlargement of the investigated area (see chapter 3.2.1). The 

subdivision of vein quartz artefacts in morpho-structural groups has been 

performed for all the materials from S.U. 14, 15 and 103, while most part of the 

lithic artefacts belonging to S.U. 13, stored at Museo di Archeologia e 

Paleontologia “C. Conti” in Borgosesia (VC, Italy) has not been considered for this 

specific analysis. 

Since the lithic industry of the Ciota Ciara cave is mainly realized on vein quartz 

of local origin and Levallois and discoid exploitation strategies are widely attested 

in the site on different raw materials, we had the chance to observe in detail the 

technological choices applied and to make some comparisons between raw 

materials with different petrographic features.  

 

 3.6.1. S.U. 13 

Level 13 has been the first archaeological layer of the Ciota Ciara cave 

systematically investigated at the re-opening of the excavations in 2009 

(Arzarello et al., 2012a, 2012b).  As mentioned in section 3.3, the upper part of 

the stratigraphic sequence of the Ciota Ciara cave is missing due to previous 

excavations and to unauthorized interventions (Busa et al., 2005; Zambaldi, 

2015): level 13 is partially preserved, but the general dynamics of the human 

frequentation of the site during its deposition are anyway understandable from 
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the palaeontological, technological and functional data collected (Arzarello et al., 

2012a; Berruti, 2017; Berruti and Arzarello, 2012; Berto et al., 2016). All the 

studies carried out agree upon a general interpretation of this unit as a result of 

sporadic and brief frequentations of the cave by hunter-gatherers’ human groups. 

Its lithic assemblage has already been object of a technological analysis (Daffara, 

2011; Daffara et al., 2014) but the continuation of the researches in the site, with 

the extension of the investigated area, made increase the lithic assemblage 

belonging to this unit (Angelucci et al., 2016, 2015; Arnaud et al., 2014; Arzarello 

et al., 2013). The work presented here represents an upgrade of the data already 

published (Arzarello et al., 2012a; Daffara et al., 2014) focusing the analysis on 

vein quartz Levallois and discoid reduction sequences.  

The lithic assemblage of S.U. 13 is composed by 891 artefacts issued from the 

exploitation of almost exclusively local raw materials (Fig. 3.32) (Angelucci et al., 

2015; Berruto, 2016, 2011) among which vein quartz is, by far, dominant, 

representing 86,2% of the assemblage followed by spongolite and grey/black flint 

in similar proportions (6,6% and 5,8% respectively). Other lithic raw materials of 

local and allochthonous origin (opal, milonite, rhyolite and radiolarite) are 

sporadically attested and often represented just by one artefact (Fig. 3.32). A local 

metamorphic rock is also present in the assemblage as a hammer fragment.  
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Fig. 3.32. Ciota Ciara cave, S.U. 13. Raw materials present in the lithic assemblage. 

 

The state of preservation of the assemblage is generally good but not homogenous 

since vein quartz is less affected by chemical and mechanical alterations like 

white patina and rounding (Fig. 3.33). This diversity can not be interpreted as a 

consequence of different modalities of deposition but, as demonstrated by recent 

studies, it is caused by the different petrographic features of the considered raw 

materials that lead to a different response to mechanical and chemical post 

depositional agents (Venditti et al., 2016). Therefore, despite slight differences in 

the state of preservation, all the lithic artefacts of S.U. 13 can be considered part 

of a unique assemblage. No alterations linked to human activities (i.e. heat 

treatment) have been identified, thus confirming the interpretation of this level 

as a result of repeated but brief human frequentations (Arzarello et al., 2012a; 

Berruti, 2017; Berruti and Arzarello, 2012; Daffara et al., 2014). 
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Fig. 3.33. Ciota Ciara cave, S.U. 13. Post depositional alterations identified on vein quartz artefacts 
and on all the other raw materials present in the assemblage. 

 

The general composition of the lithic assemblage suggests that the reduction 

sequences are complete for quartz and spongolite with the presence of flakes, 

cores, debris retouched tools and 2 unworked blanks (Tab. 3.2). The presence of 

only unretouched flakes and debris in grey/black flint indicates that the 

exploitation of this raw material took place mainly out of the site. (Tab. 3.2). 

 

Raw material Flakes Cores Retouched tools Debris Unworked blanks Total 

Quartz 444 31 16 276 1 768 

Spongolite 32 3 2 21 1 59 

Grey/black flint 29 - - 23 - 52 

Other 6 1 1 4 - 12 

Total 511 35 19 324 2 891 

% 57,4% 3,9% 2,1% 36,4% 0,2% 100,0% 

 
Tab. 3.2. Ciota Ciara cave, S.U. 13. Composition of the lithic assemblage 
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Rhyolite and radiolarite flakes are mainly linked to the rejuvenation of the edges 

of tools that were probably brought out of the site. Some/most part of pieces 

classified as debris could be linked to this kind of activity as well. 

The rate of fragmentation is higher for quartz than for spongolite (Fig. 3.34) even 

if the petrographic characteristics of most part of the spongolite assemblage, i.e. 

the presence on several cleavages and internal flaws, significantly affect the 

response to knapping of this raw material in terms of a considerable occurrence 

of fractures, making the proportion of complete flakes generally low (Fig. 3.34). 

 

 
 

Fig. 3.34. Ciota Ciara cave, S.U. 13. Rate of fragmentation of vein quartz flakes compared to that 
of the other raw materials present in the assemblage (spongolite, grey/black flint, radiolarite, 
rhyolite, opal, milonite, indet. raw material). 

 

This tendency to break during knapping proper of quartz and spongolite is one of 

the factors influencing both the dimensions of the products and the technological 

behaviour of the knappers for what concerns the choice of the blanks to be 

exploited and of the knapping method to be adopted (de Lombera-Hermida et al., 

2016; Driscoll, 2011; Tallavaara et al., 2010).  
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Fig. 3.35. Ciota Ciara cave, S.U. 13. Typology of the fractures identified on the flakes and 
comparison between vein quartz flakes and flakes obtained from the other raw materials present 
in the assemblage (spongolite, grey/black flint, radiolarite, rhyolite, opal, milonite, indet. raw 
materials). Tot. quartz fractures = 459; tot. spongolite/flint/other raw materials fractures = 42. 

 

Looking at the typology of the fractures present on the products issued form the 

exploitation of the different raw materials present in level 13, it is evident the 

tendency of vein quartz to break according to radial planes, in most cases passing 

through the impact point of the flake and generating fractures classifiable as siret 

accidents according to the definition proposed by V. Mourre (1996). The great 

amount of cleavages and internal flaws in both the main raw materials, is the 

reason for the high number of fractures of undetermined origin, since breakages 

following natural fracture planes can occur during knapping and use or can be 

due to post depositional factors (Driscoll, 2011; Mourre, 1996; Tallavaara et al., 

2010). Sometimes, the different intensity of post depositional alterations between 

the fracture surface and the remaining part of the flake made possible to attribute 

the cause of the breakage to post depositional factors, but the general scarce 

occurrence of strong post depositional alterations made it possible just in a few 

cases (Fig. 3.35). 

Regardless the knapping method employed, the presence of cortex or, concerning 

quartz flakes, neocortex, is limited (Fig. 3.36). Rhyolite, radiolarite and opal 
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flakes do not show any portion of natural surfaces, thus supporting the hypothesis 

that their exploitation was performed out of the Ciota Ciara cave. Considering 

vein quartz flakes, when neocortical surfaces are present, they are located on one 

side of the flake (lateral position) or on the entire dorsal face (Fig. 3.36). More 

than 90% of the spongolite flakes do not have cortex visible on the dorsal face, 

but the slight presence of flakes with total, lateral and proximal cortex confirms 

that spongolite blanks were exploited in the site since the beginning of the 

reduction sequences (Fig. 3.36). Lateral cortex is associated to an 

opportunistic/S.S.D.A. exploitation (Forestier, 1993) and to unipolar removals 

for all the raw materials, thus suggesting that this kind of débitage starts directly 

from the natural surfaces of the cores, exploiting suitable convexities, and 

proceeds using the same striking platform until the convexity is exhausted.  

 

 
 

Fig. 3.36. Ciota Ciara cave, S.U. 13. Presence and position of neocortex on vein quartz flakes and 
of cortex on flakes obtained from spongolite, grey/black flint, radiolarite, rhyolite, opal, milonite 
and indet. raw materials. Tot. vein quartz flakes = 460; tot. spongolite/flint/other raw materials 
flakes = 70. 

 

One of the elements involved in the identification of the different knapping 

methods is the direction of the negatives of previous removals on the dorsal faces 
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of the flakes (Fig. 3.37). The number of undetermined or unreadable negatives is 

higher for spongolite and flint than for vein quartz (Fig. 3.37) because they are 

more affected by post depositional alterations (Fig. 3.33). Concerning vein quartz, 

as already mentioned in Chapter 2, the registration of the knapping scars on its 

surface is not always as clear as for other raw materials and, together with the 

general high rate of fragmentation, it determines a scarce legibility of this 

technological feature (Fig. 3.37).  

 

 
 
Fig. 3.37. Ciota Ciara cave, S.U. 13. Direction of the negatives of previous removals visible on the 
dorsal faces of the flakes. Tot. vein quartz flakes = 460; tot. spongolite/flint/other raw materials 
flakes = 70.  

 

Unipolar, bipolar and orthogonal removals are associated to 

opportunistic/S.S.D.A. reduction sequences (Forestier, 1993) for all the raw 

materials, while convergent and centripetal scars belong to discoid and Levallois 

knapping methods (Boëda, 1994, 1993). Flakes with crossed negatives on the 

dorsal face are issued from opportunistic, Levallois or discoid exploitations. The 

attribution of this products to the different knapping methods is based on other 

technological characteristics such as the débitage direction and the consistency 
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between the technological characteristics observed on the cores and those of the 

products. 

The knapping methods performed in S.U. 13 are those typical of Middle 

Palaeolithic lithic assemblages (Tab. 3.3): opportunistic/S.S.D.A., discoid and 

Levallois combined with a sporadic presence of a Kombewa s.l. débitage (Inizan 

et al., 1999; Tixier and Turq, 1999) that however is part of the opportunistic 

component of the considered lithic assemblage. The general good state of 

preservation of the lithic industry allowed to refer almost all the products to the 

knapping method from where they were issued. The attribution of some flakes to 

an undetermined reduction sequence is mainly caused by the occurrence of 

fractures that limited the chance to identify diagnostic technological features. 

Retouch flakes and debris have been included in Tab. 3.3 since they contribute in 

clarifying the role of each raw material in the lithic assemblage. 

 
Raw 

material 
Opp. 

S.S.D.A. 
Discoid Levallois Kombewa 

s.l. 
Indet. Retouch 

flakes 
Debr

. 
Tot. 

Quartz F. = 371 F. = 31 F. = 9 F. = 4 F. = 28 
   

 
C. = 24 C. = 5 C. = 2 C. = - C. = - 

   

Tot. 395 36 11 4 28 17 276 767 

% 44,4% 4,0% 1,2% 0,4% 3,1% 1,9% 31,0
% 

86,3% 

Spongolite F. = 9 F. = 7 F. = 1 F. = - F. = 4 
   

 
C. = 1 C. = 2 C. = - C. = - C. = - 

   

Tot. 10 9 1 - 4 13 21 58 

% 1,1% 1,0% 0,1% - 0,4% 1,5% 2,4% 6,5% 

Grey/blac
k flint 

F. = 25 F. = - F. = - F. = - F. = - 
   

 
C. = - C. = - C. = - C. = - C. = - 

   

Tot. 25 - - - - 4 23 52 

% 2,8% - - - - 0,4% 2,6% 5,8% 

Others F. = 1 F. = - F. = - F. = - F. = 2 
   

 
C. = - C. = - C. = - C. = 1 C. = - 

   

Tot. 1 - - 1 2 4 4 12 

% 0,1% - - 0,1% 0,2% 0,4% 0,4% 1,3% 

Total 431 45 12 5 34 38 324 889 

% 48,5% 5,1% 1,3% 0,6% 3,8% 4,3% 36,4
% 

100,0% 

 
 
Tab. 3.3. Ciota Ciara cave, S.U. 13. Raw materials and débitage methods. F. = flakes; C. =cores. 
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Considering vein quartz and spongolite, that are the most represented raw 

materials, no differences are present in their modalities of exploitation and all the 

reduction sequences were performed in the site, as confirmed by the presence of 

both cores and flakes and by the high frequency of debris (Tab. 3.3). The 

S.S.D.A./opportunistic exploitation (Forestier, 1993) is clearly predominant, 

representing 48,5% of the entire assemblage, with a certain frequency of discoid 

reduction sequences (Tab. 3.3). The Levallois method is barely represented in this 

unit and performed almost exclusively on vein quartz (Tab. 3.3). Grey/black flint 

and the other local raw materials are just sporadically exploited and present in 

the assemblage almost only as débitage products belonging to 

S.S.D.A./opportunistic reduction sequences (Tab. 3.3).  

Given the dynamics of human frequentation of the cave during the deposition of 

unit 13 (Arzarello et al., 2012; Daffara et al., 2014) the incompleteness of some 

reduction sequences is probably due to the exploitation of a significative part of 

the lithic resources out of the cave, maybe during movements linked to hunting 

activities. A second hypothesis regarding grey/black flint is a different availability 

or access to this raw material during the periods of human presence at the Ciota 

Ciara cave linked to S.U. 13. 

Allochthonous raw materials, rhyolite and radiolarite, are scarcely attested in the 

lithic assemblage but the presence of one retouched tool, of some debris (4) and 

of 4 small flakes referable to phases of maintenance or rejuvenation of the tools’ 

edges, suggest their role of complementary lithic resources brought to the site as 

finished tools, strongly reshaped before being discarded (Tab. 3.3). The 

identification of retouch flakes is based on the consistency between their 

technological features (direction of the scars on the dorsal face, dimensions and 
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characteristics of the butts) and the characteristics of the retouch present on some 

of the products (see section 3.6.1.3).  

In conclusion, in S.U. 13 just vein quartz and spongolite were intensively and 

systematically exploited in the site, while all the other raw materials, local or 

allochthonous have the role of complementary resources, exploited out of the 

cave, and occasionally introduced in the site as débitage products and retouched 

tools.  

 

 3.6.1.1. Opportunistic/S.S.D.A. technology 

Opportunistic/S.S.D.A. reduction sequences (Forestier, 1993) are predominant 

in the lithic assemblage of level 13 and all the raw materials, local and 

allochthonous, have been exploited through these knapping methods (Tab. 3.3). 

The technological behaviour linked to these reduction sequences is however well 

understandable just for vein quartz and spongolite, since only for these raw 

materials both flakes and cores are represented (Tab. 3.3).  

Considering vein quartz, the reduction sequences start with the choice of fluvial 

pebbles, decimetric blocks collected in secondary deposits or of big flakes with 

suitable convexities. The characteristics of the butts (Fig. 3.38) show a 

preferential use of flat or neocortical surfaces as striking platforms. Concerning 

the S.S.D.A modality of exploitation, are considered flat surfaces also those 

produced by previous removals. Dihedral and linear butts are present on 

products issued from the S.S.D.A. method.  
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Fig. 3.38. Ciota Ciara cave, S.U. 13. Typology of the butts belonging to opportunistic/S.S.D.A. 
reduction sequences. Tot. vein quartz butts = 196; tot. spongolite/flint/other raw materials butts 
= 17. 
 
 

Most of the cores are discarded before its complete exhaustion, sometimes due to 

fractures occurred during knapping activities, even if each core is usually quite 

intensely exploited, showing between two and four adjacent striking platforms 

(Fig. 3.39). Each of them is exploited until the exhaustion of the convexity which 

occurs after a short series of unipolar detachments, two or three. These data are 

consistent with the high frequency of unipolar negatives on the dorsal faces of 

opportunistic/S.S.D.A. products and with the rareness of bipolar and orthogonal 

scars (Fig. 3.37).  

The desired vein quartz products are medium-sized flakes (Fig. 3.40), sometimes 

plunging or hinged due to inner flaws present in the cores which determine a bad 

propagation of the force in the raw material. The characteristics of the cores 

strongly influence their morphology and all the products are characterized by a 

considerable thickness. 

Looking at the dimensional characteristics of the opportunistic/S.S.D.A. cores, a 

further consideration must be done: as it will be observed also for other units of 

the lithic assemblage of the Ciota Ciara cave, their dimensions are consistent with 
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but generally bigger than those of the products (Fig. 3.40). Thus, the smallest 

opportunistic/S.S.D.A. flakes are not referable to the last phase of exploitation of 

the cores, but their dimension are those desired by the knappers and the cores 

were generally discarded before their complete exhaustion.  

 
 

Fig. 3.39. Ciota Ciara cave, S.U. 13. Vein quartz opportunistic/S.S.D.A. cores and flakes: (a) 
opportunistic flake with neocortical dorsal face; (b) opportunistic flake with neocortical butt; (c) 
S.S.D.A. flake; (d, f) S.S.D.A. cores; (e) opportunistic core with neocortical striking platform.  
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Fig. 3.40. Ciota Ciara cave, S.U. 13. Dimensional analysis of opportunistic/S.S.D.A. flakes and 
cores. Fragmented flakes are not included. The dimensions of the cores are consistent with those 
of the products obtained. 
 

Spongolite and flint opportunistic/S.S.D.A. reduction sequences, even if 

complete, are represented only by one core and thirty-four flakes, of which the 

most part is fragmented and do not allow considerations about the objectives of 

the débitage. Even though, the products contemplated in the dimensional 

analysis suggest that for these raw materials the objective of the 

opportunistic/S.S.D.A. method were similar to those of vein quartz (Fig. 3.40). 

The spongolite opportunistic core found (Fig. 3.41) and the characteristics of the 

butts of spongolite and flint flakes show that flat surfaces were chosen as striking 

platforms (Fig. 3.38). These data, together with the absence of dihedral butts (Fig. 

3.19), suggest that multidirectional reduction sequences as described by H. 

Forestier (1993) were probably rarely applied to spongolite and grey/black flint 

and that core exploitation was not intense. The characteristics of the products in 
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terms of dimensions suggest that, concerning spongolite, were exploited slabs 

collected in secondary deposits: they were knapped probably according to their 

thickness, perpendicularly as regard as the internal clevage planes to limit the 

occurrence of fractures during débitage.  

Both for quartz and for other raw materials, a small portion of the lithic 

assemblage on level 13 is referable to a Kombewa s.l. knapping method, i.e. to the 

use of big flakes issued from other knapping methods as cores (Tab. 3.3 and Fig. 

3.41). A big spongolite flake issued from an opportunistic exploitation  (Fig. 3.41) 

has been previously interpreted as indicative of the probable use of flakes as cores 

besides he absence of products issued from a débitage-on-flake and of any trace 

of percussion on the spongolite flake (Daffara, 2011). In the last years, the 

evidences emerged from the widening of the excavated area seem to support that 

hypothesis.  

 
 
Fig. 3.41. Ciota Ciara cave, S.U. 13. (a) spongolite opportunistic core; (b) fragmentes kombewa s.l. 
core on undetermined raw material; (c) spongolite opportunistic flake. 
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3.6.1.2. Levallois and discoid technology 

Levallois and discoid reduction sequences are attested just on vein quartz and 

spongolite and the Levallois ones are complete only for vein quartz (Tab. 3.3). 

Even if limited in number, Levallois and discoid products and cores allow to make 

some observations concerning the general organization of the reduction 

sequences, starting from the choice of the blanks to be exploited until the 

adaptation of the theoretical criteria defining these two methods (Boëda, 1994, 

1993; Peresani, 2003) to the raw materials constraints. 

Two vein quartz Levallois cores are present in the considered assemblage 

belonging to the recurrent centripetal Levallois and to the preferential modality 

respectively (Appendix A).  

 
 

Fig. 3.42. Ciota Ciara cave, S.U. 13. Vein quartz Levallois and discoid flakes: (a, b) Levallois 
preferential flakes; (c) Mousterian point; (d, e) discoid flakes. 
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The recurrent centripetal core has a natural striking platform, part show a 

neocortical surface, the other consists in natural fracture planes; one of the lateral 

convexities of the knapping surface has been prepares through two short 

centripetal removals while the phase of plein débitage corresponds to the 

detachment of two oval medium-sized flakes (Appendix A).  

The preferential Levallois core has a mostly natural striking platform with two 

removals perpendicular to the intersection plane of the two core surfaces 

preparing the surface in correspondence of the impact point of the predetermined 

flake. On the knapping surface one of the lateral convexities is natural while three 

centripetal removals prepare the distal and the other lateral convexity (Appendix 

A). The débitage direction is always parallel to the intersection plane between the 

core surfaces. The characteristics of these cores indicate that Levallois reduction 

sequences were performed only on pebbles with natural suitable convexities, thus 

leading to a great influence of the core morphology on that of the desired 

products. Both the cores have just one phase of exploitation, after which they have 

been discarded and do not have traces of further exploitations through different 

knapping methods, i.e. opportunistic or discoid.  

Even if the products issued from the Levallois method are just nine, the 

dimensional analysis gives results consistent with the observations made on the 

cores regarding the general morphology of the predetermined products: oval, 

medium-sized flakes sometimes elongated (Fig. 3.43). In level 13, two findings 

attest the production of quartz points: a complete Mousterian point (Fig. 3.42) 

and a distal fragment of a Levallois point.  
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Fig. 3.43. Ciota Ciara cave, S.U. 13. Dimensionl analysis of Levallois and discoid flakes and cores. 
The morphology of the cores strongly influences the dimensions of the products. Fragmented 
flakes are not considered. Since no significative differences have been observed between Levallois 
and discoid reduction sequences according to the raw material employed, for the dimensional 
analysis a subdivision just according to the knapping method has been done. 

 

Discoid reduction sequences are attested and complete only for vein quartz and 

spongolite (Tab. 3.3). Unifacial and bifacial modalities are present on these raw 

materials that have been exploited in a similar way through the discoid method 

and in both cases,  cores are represented by centimetric blanks with natural 

suitable convexities (Appendix A and Fig. 3.44). They are exploited with few 

centripetal removals with débitage direction secant to the plane of intersection of 

the two core surfaces. Usually they present just one phase of exploitation that is 
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enough to exhaust the core (Appendix A). The products obtained are small flakes 

(Fig. 3.43 and 3.44) sometimes with a lateral plunging.  

 

 
 

Fig. 3.44. Ciota Ciara cave, S.U. 13. Spongolite discoid flakes (a, b) and core (c). 
 
 

The typology of the butts belonging to Levallois and discoid exploitation 

strategies confirm the observations made on the cores regarding the preferential 

choice of flat surfaces as striking platform and represented by neocortical 

surfaces or by fracture planes (Fig. 3.45). 
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Fig. 3.45. Ciota Ciara cave, S.U. 13. Typology of the butts of Levallois and discoid products and 
comparison between vein quartz and spongolite. Tot. vein quartz butts = 23; tot. spongolite butts 
= 7.  
 

The identification of discoid and Levallois products is mainly based on the 

direction of the negatives on the dorsal faces of the flakes and on the débitage 

direction, inferable from the angle between the butt and the ventral face, more 

pronounced for secant removals typical of a discoid knapping method (Boëda, 

1993; Peresani, 2003).  

Despite the low number of artefacts belonging to Levallois and discoid reduction 

sequences in level 13, some technological adaptation to the characteristics of the 

raw materials are however clear. The choice of blanks with natural suitable 

convexities together with the shortness of the knapping sequences, are expedient 

aimed to reduce the influence of the internal clevages and flaws present in vein 

quartz, that increases going on with the knapping activities (Mourre, 1996). As 

already observed for opportunistic/S.S.D.A. reduction sequences, also the 

general pronounced thickness of vein quartz discoid and Levallois products is 

caused by an adaptation to the raw material properties (e.g. de Lombera-Hermida 

et al., 2016; Driscoll, 2011; Tallavaara et al., 2010).  
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The data collected during this upgrade about the technological analysis the S.U. 

13 confirm the scarce development of all the knapping sequences present in the 

lithic assemblage and support the hypothesis, already formulated and proved by 

the results of palaeontological and functional studies (Arzarello et al., 2012a; 

Berto et al., 2016; Daffara et al., 2014), of brief and sporadic human 

frequentations of the cave during the deposition of level 13. 

 

 3.6.1.3. Retouched tools 

Retouched tools are only 19 in the lithic assemblage of S.U. 13 and are mainly 

realized on vein quartz flakes issued from opportunistic/S.S.D.A. knapping 

sequences (13) (Tab.3.2).  

Retouch is always not invasive on vein quartz flakes; its inclination is abrupt or 

semi-abrupt and it is localized just on one side of the blank. The tools obtained 

are denticulates (5, of which 3 have a notch on the opposite edge), notches (2), 

simple or transversal scrapers (4) and convergent scarpers (2). Just for the 

Mousterian point retouch is more invasive, bifacial, and located on the lateral 

margins of the flake and on its distal part (Fig. 3.27).  

Three more retouched tools are represented by a rectilinear convergent scraper 

in radiolarite, by a notch and a denticulate in spongolite (Fig. 3.46) 

As already pointed out, radiolarite, even if sporadically attested in this level, was 

a complementary lithic resource for the human groups of the Ciota Ciara cave and 

it was brought to the site only as finished tools which edge were reshaped several 

times before the tool was discarded. 
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Fig. 3.46. Ciota Ciara cave, S.U. 13. Retouched tools: (a) denticulate + notch; (b, c, e) denticulates; 
(d) notch; (f) spongolite denticulate + notch; (g) radiolarite rectilinear convergent scraper. 

 

 3.6.2. S.U. 14  

Archaeological level 14 of the Ciota Ciara cave corresponds to the periods of most 

intense frequentation of the site. As mentioned before, the increasing in the 

human presence in the site is attested by the greater number of herbivorous 

faunal remains, by the presence of a small fireplace found in the south-western 

corner of the excavated area (Fig. 3.8) and by the huge lithic assemblage 

characterized by the exploitation of various lithic resources (Arnaud et al., 2014; 

Arzarello et al., 2013).  

Despite the problems linked to the chronology of this unit (see paragraph 3.3) 

(Berto et al., 2016; Vietti, 2016), the technological analysis of the lithic 

assemblage of S.U. 14, quantitatively the most abundant of the sequence, and the 

definition of the supply areas of lithic raw materials, represent the most 
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important steps to understand the technological behaviour of the human groups 

which inhabited the site during Middle Palaeolithic, especially regarding the 

employment of vein quartz for Levallois and discoid reduction sequences. 

The considered lithic assemblage is composed by 3999 artefacts realized through 

the exploitation of different local and allochthonous raw materials (Fig. 3.47), 

among which vein quartz is the main lithology (78,0%) followed by local varieties 

of chert (spongolite – 12,7% and grey/black flint – 5,3%), opal (0,4%) and jasper 

(0,1%). The local metamorphic rocks, collected in the river beds close to Monte 

Fenera (0,2%) are present just in the form of hammers’ fragments.  

S.U. 14 is the archaeological level of the Ciota Ciara cave where allochthonous raw 

materials are more represented (radiolarite – 1,7% and rhyolite – 1,3%) (Fig. 

3.47) and where their complementary role within the economy of the prehistoric 

human groups is better assessable. 

 

 
 

Fig. 3.47. Ciota Ciara cave – S.U. 14. Raw materials present in the lithic assemblage. 

 

As already observed for S.U. 13, the state of preservation of the lithic assemblage 

is generally good but not homogeneous, because vein quartz artefacts are less 
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affected by post depositional alterations (Venditti et al., 2016) (Fig. 3.48). Since 

this diversity cannot be interpreted as a consequence of different modalities of 

deposition but, as demonstrated by recent studies, it is caused by the different 

petrographic features of the considered raw materials, all the lithic artefacts from 

S.U. 14 can be considered part of a unique assemblage.  The presence of rounding 

and white patina on several of the spongolite and flint artefacts made sometimes 

difficult to read the knapping scars and to interpret the negatives on the upper 

faces of the flakes, thus not making possible the identification of the knapping 

method for some of the products. 

Looking at the general composition of the assemblage of this unit, it is evident 

that the reduction sequences are not complete for all the raw materials (Tab. 3.4). 

The considerable presence of quartz and spongolite cores and debris let assume 

that the reduction sequences linked to these raw materials has been performed in 

the site. Concerning grey/black flint, of local origin as well, the presence of all the 

steps of the reduction sequences (flakes, cores, debris and retouched tools) let 

assume that the exploitation of this raw material took place in the site. Other local 

raw materials like opal and jasper are sporadically exploited and are present in 

this unit mainly as unretouched flakes. 
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Fig. 3.48.  Ciota Ciara cave. Post depositional alterations present on the lithic artefacts of S.U. 14. 
 

Rhyolite and radiolarite have the same role in the assemblage, despite they were 

collected at distances significantly different one to the other. Both are present in 

S.U. 14 as retouched tools or unretouched flakes, often linked to the reshaping of 

the tools’ edges (Tab. 3.4 and 3.5). Just one core in rhyolite is present and linked 

to the opportunistic component of the débitage (Tab. 3.5).  

Raw material Flakes Cores Retouched tools Debris Unworked blanks Total 

Quartz 2150 111 50 807 1 3119 

Spongolite 280 17 9 191 11 508 

Grey/black flint 139 3 5 63 - 210 

Rhyolite 37 1 6 6 - 50 

Radiolarite 50 - 3 14 - 67 

Other 30 - 1 9 5 45 

Total 2686 132 74 1090 17 3999 

% 67,2% 3,3% 1,9% 27,3% 0,4% 100,0% 

 

Tab. 3.4. Ciota Ciara cave, S.U. 14. Composition of the lithic assemblage. 
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As expected, the rate of fragmentation is higher for quartz than for all the other 

raw materials (Fig. 3.49) even if the high presence of inner flaws in spongolite 

blanks contributes to the increase in the occurrence of fractures during knapping 

activities, making the percentage of complete flakes generally low. Both in quartz 

and spongolite the tendency to break during exploitation through hard hammer 

percussion is one of the factors affecting both the technological choices of the 

knappers in terms of selection of the blanks and of the method and the final 

dimensions of the products (de Lombera-Hermida et al., 2016; Driscoll, 2011; 

Tallavaara et al., 2010).  

 
 

Fig. 3.49. Ciota Ciara cave, S.U. 14. Rate of fragmentation of vein quartz flakes compared to that 
of the other raw materials present in the assemblage (spongolite, grey/black flint, radiolarite, 
rhyolite, opal, jasper, indet. raw material). 
 

 

Another consequence of the tendency to break during knapping of most of the 

raw materials present in level 14, is the great number of fractures of 

undetermined origin (Fig. 3.50): fractures following natural inner flaws can occur 

both during knapping and during use or can be due to post depositional 

mechanical factors (Driscoll, 2011; Mourre, 1996; Tallavaara et al., 2010). Quartz 

tends to fracture according to radial plans passing through the impact point of 

the flake and most of them correspond to Mourre’s definition of siret accidents 
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(Mourre, 1996) while a significant part of the determinable fractures on 

spongolite, flint and rhyolite flakes is due to post depositional causes.  

 

 
 
Fig. 3.50. Ciota Ciara cave, S.U. 14. Typology of the fractures identified on the flakes and 
comparison between quartz flakes and flakes obtained from the other raw materials present in 
the assemblage (spongolite, grey/black flint, radiolarite, rhyolite, opal, jasper, indet. raw 
materials). Tot. vein quartz fragmented flakes = 1588; tot. spongolite and other raw materials 
fragmented flakes = 379. 

 

Regardless of the knapping method employed, surfaces with cortex or, 

concerning quartz flakes, neocortex, are reduced in number (Fig. 3.51). Flakes in 

rhyolite, radiolarite, jasper and opal do not show natural surfaces since they have 

been probably introduced in the site as finished tools or correspond to phases of 

rejuvenation of the tools’ edges. Concerning vein quartz flakes, neocortex is 

mostly located on one side of the flake (lateral position) or on the entire dorsal 

face (Fig. 3.51), while when cortical surfaces are present on spongolite flakes, in 

most of cases they affect all the dorsal face. Lateral cortex is for both quartz and 

spongolite mostly associated to opportunistic/S.S.D.A. reduction sequences 

(Forestier, 1993) and to unipolar removals, thus indicating that this kind of 

débitage starts directly from the natural surfaces of the cores, exploiting suitable 

convexities, and proceeds using the same striking platform until the convexity is 
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exhausted. Some of the quartz flakes with a dorsal natural surface are small in 

size and could be linked to the initial phases of shaping of the cores’ convexities 

in Levallois or discoid reduction sequences (Boëda, 1994, 1993), more articulated 

in this level than in the others of the sequence.  

 

 
 
Fig. 3.51. Ciota Ciara cave, S.U. 14. Presence and position of neocortex on quartz flakes and of 
cortex on flakes obtained from spongolite, grey/black flint, radiolarite, rhyolite, opal, jasper, 
indet. raw materials. Tot. vein quartz flakes = 2200; tot. spongolite and other raw materials flakes 
= 559. 

 

When visible, the direction of the negatives of previous removals on the dorsal 

faces of the flakes is one of the elements that allowed the identification of the 

different knapping methods employed level 14 (Fig. 3.52). 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



129 
 

 
 
Fig. 3.52. Ciota Ciara cave, S.U. 14. Direction of the negatives of previous removals visible on the 
dorsal faces of the flakes. Tot. vein quartz flakes = 2200; tot. spongolite and other raw materials 
flakes = 559. 
 
 

Being spongolite and flint artefacts more affected by post depositional 

alterations, the number of flakes with unreadable negatives is higher than for 

quartz (Fig. 3.52). For all the raw materials, unipolar, bipolar and orthogonal 

removals are exclusively associated with opportunistic/S.S.D.A. reduction 

sequences (Forestier, 1993), while crossed negatives can correspond also to a 

Levallois or to a discoid method (Boëda, 1994, 1993; Peresani, 2003). Convergent 

and centripetal removal are instead present only on Levallois and discoid 

products. 

The reduction sequences identified in this level are those typical of Middle 

Palaeolithic lithic assemblages: opportunistic/S.S.D.A., Levallois and discoid, 

together with a sporadic presence of a débitage-on-flake classifiable as Kombewa 

s.l. (Inizan et al., 1999; Tixier and Turq, 1999) that however belongs to the 

opportunistic component of the débitage (Tab. 3.5). As mentioned before, due to 

post depositional alterations but also to the general high rate of fragmentation of 

the considered assemblage, for some flakes it was not possible to identify the 
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knapping method from where they are issued. The categories of debris and 

retouch flakes have been included in Tab. 3.5 since they contribute to better 

understand the general characteristics of the assemblage and the role played by 

each raw material.  

 

Raw 
material 

Opp. 
S.S.D.A. 

Discoid Levallois 
Kombewa 

s.l. 
Indet. 

Retouch 
flakes 

Debr. Tot. 

Quartz F. = 1437 F. = 252 F. = 137 F. = 17 F. = 296    

 C. = 71 C. = 33 C. = 5 C. = 2 C. = -    

Tot. 1508 285 142 19 296 62 807 3119 

% 37,9% 7,2% 3,6% 0,5% 7,4% 1,6% 20,3% 78,3% 

Spongolite F. = 141 F. = 24 F. = 12 F. = 4 F. = 59    

 C. = 15 C. = 2 C. = - C. = - C. = -    

Tot. 156 26 12 4 59 49 191 497 

% 3,9% 0,7% 0,3% 0,1% 1,5% 1,2% 4,8% 12,5% 

Grey/black 
flint 

F. = 73 F. = 8 F. = 7 F. = 1 F. = 20    

 C. = - C. = 2 C. = 1 C. = - C. = -    

Tot. 73 10 8 1 20 35 63 210 

% 1,8% 0,3% 0,2% 0,03% 0,5% 0,9% 1,6% 5,3% 

Rhyolite/ 
Radiolarite 

F. = 30 F. = 14 F. = 15 F. = - F. = 11    

 C. = 1 C. = - C. = - C. = - C. = -    

Tot. 31 14 15 - 11 26 20 117 

% 0,8% 0,4% 0,4% - 0,3% 0,7% 0,5% 2,9% 

Others F. = 12 F. = 4 F. = 3 F. = - F. = 3    

 C. = - C. = - C. = - C. = - C. = -    

Tot. 12 4 3 - 3 9 9 40 

% 0,3% 0,1% 0,1% - 0,1% 0,2% 0,2% 1,0% 

Total 1780 339 180 24 389 181 1090 3983 

% 44,7% 8,5% 4,5% 0,6% 9,8% 4,5% 27,4% 100 % 

 
Tab. 3.5. Ciota Ciara cave, S.U. 14. Raw materials and débitage methods. F. = flakes; C. =cores. 

 

Considering the two main raw materials, it is evident that no differences are 

present in the modalities of exploitation of vein quartz and spongolite (Tab. 3.5). 

On both these raw materials, all the knapping methods are employed with a clear 

preponderance of opportunistic/S.S.D.A. reduction sequences (Forestier, 1993). 

For quartz, the reliable number of debris, that represent about fifth of the entire 
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assemblage (20,3%), and the presence of cores linked to all the knapping methods 

identified, indicates that its exploitation took place in the site. A different 

interpretation is needed for part of the spongolite reduction sequences: while 

both cores and products belonging to the opportunistic/S.S.D.A. and the discoid 

methods are present, no Levallois core is attested. Given the low number of 

spongolite Levallois flakes (12) it is realistic to suppose that this method has been 

barely employed on spongolite, but different hypothesis can be also done:  

- Levallois cores have been not abandoned but further exploited through 

opportunistic methods and have not been recognized during the 

technological analysis;  

- the Levallois flakes present in the spongolite assemblage suggest that only 

good quality spongolite blanks, characterized by a homogenous texture 

and without inner flaws or impurities, have been selected for this kind of 

débitage and it can be supposed that they were exploited directly where 

they were collected.  

Given the characteristics of the opportunistic/S.S.D.A. spongolite cores found, we 

are in favour of the second hypothesis, both for the modalities of exploitation of 

the opportunistic cores and for their textural features.  

Concerning grey/black flint (Tab. 3.5), despite the number of cores is low, the 

presence of all the steps of the reduction sequences suggest that they could have 

been performed in the site. All the knapping methods are attested also on 

grey/black flint thus revealing that it was generally treated as quartz and 

spongolite. Other local raw materials like opal and jasper, quantitatively less 

available on Monte Fenera, were exploited sporadically but in the same way as all 

the other local raw materials, as attested by the presence of opportunistic, discoid 

and Levallois products in the assemblage. They were exploited out of the cave and 
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just finished tools were brought in the site. The presence of 9 retouch flakes (6 on 

opal and 3 on an undetermined raw material) suggests that phases of 

rejuvenation of the tools’ edges were carried out in the site. The technological 

characteristics these flakes are consistent with an abrupt or semi-abrupt retouch 

and the presence of crossed negatives on their dorsal surfaces shows that the 

modification of the tools’ edges was intense, and that more than one generation 

of retouch was present. 

Rhyolite and radiolarite are instead complementary lithic resources, brought in 

the site as finished tools which margins have been intensively rejuvenated. In 

level 14 there is not any preferential choice of the raw material according to the 

knapping method and a selection is made just concerning the better quality raw 

materials (rhyolite and radiolarite): the tools obtained from their exploitation 

were not discarded till they were exhausted, differently from what observed on 

quartz and spongolite retouched tools that show always just one generation of 

retouch.  

Quartz artefacts have been divided according to the morpho-structural groups 

methodology (e.g. de Lombera-Hermida et al., 2011; Martinez Cortizas and Llana 

Rodriguez, 1996) to see if any preferential choice was made according to the 

petrographic characteristic of this raw material (Tab. 3.6). 

The data obtained indicate a predominance of the group NS (54,0%) on the others 

for all the considered knapping methods exception made for Levallois reduction 

sequences where the group SN is prevailing. In general, a texture with macro-

crystal is preferred despite the presence of clevages and internal flaws (Tab. 3.6). 

A certain conditioning of the geological environment in terms of presence and 

availability of the different categories of quartz has however also to be considered. 

 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



133 
 

Method Morphostructural groups 
 NN NS SN SS 

Opportunistic 
S.S.D.A. 

Flakes = 42 Flakes = 712 Flakes = 631 Flakes = 17 

 Cores = 3 Cores = 46 Cores = 18 Cores = 1 

Tot. 45 758 649 18 

Discoid Flakes = 42 Flakes = 142 Flakes = 101 Flakes = - 
 Cores = - Cores = 16 Cores = 15 Cores = - 

Tot. 42 158 116 - 

Levallois Flakes = 6 Flakes = 45 Flakes = 82 Flakes = - 
 Cores = - Cores = - Cores = 5 Cores = - 

Tot. 6 45 87 - 

Indet. Flakes = 10 Flakes = 127 Flakes = 123 Flakes = 1 
 Cores = - Cores = - Cores = - Cores = - 

Tot. 10 127 123 1 

Retouch flakes 4 25 32 - 

Debris 20 514 230 4 

Total 127 1627 1237 23 

% 4,2% 54,0% 41,0% 0,8% 

 
Tab. 3.6. Ciota Ciara cave, S.U. 14. Quartz morphostructural groups and knapping methods. NN 
= no grainy, no planes; NS = no grainy, planes; SN = grainy, no planes; SS = grainy, planes. 

  

3.6.2.1. Opportunistic/S.S.D.A. technology 

Opportunistic/S.S.D.A. reduction sequences (Forestier, 1993) are clearly 

predominant in the assemblage and all the raw materials, local and 

allochthonous, have been exploited in this way. Since a significative number of 

cores and flakes is present just concerning vein quartz and spongolite, the 

technological study will be focused on these two raw materials.  

Vein quartz opportunistic/S.S.D.A. reduction sequences start with the choice of 

cores with suitable convexities, i.e. fluvial pebbles, decimetric blocks in secondary 

deposits or big flakes often with natural surfaces. The characteristics of the butts 

(Fig. 3.53) suggest that neocortical or flat surfaces (i.e. natural fracture surfaces 

occurred during fluvial transport) were preferentially chosen as striking 

platforms. In case of S.S.D.A. exploitation strategies flat surfaces correspond also 

to those obtained from previous removals. The reduction sequences are generally 

short, and the cores are discarded before their complete exhaustion. In most cases 

just two adjacent, orthogonal or, rarely, opposed striking platforms are exploited 
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and when the convexities suitable for knapping are exhausted the core is 

abandoned (Fig. 3.54). This data is consistent with the low frequency of bipolar 

scars on the dorsal faces of opportunistic flakes (Fig. 3.52). Otherwise, the core is 

discarded due to fractures occurred during knapping and caused by internal flaws 

or cleaveges. For these reasons the cores belonging to the S.S.D.A. method as 

defined by H. Forestier (1993) are a minority in S.U. 14 lithic assemblage. 

 

 
 
Fig. 3.53. Ciota Ciara cave, S.U. 14. Typology of the butts belonging to opportunistic reduction 
sequences. Tot. vein quartz butts = 837; tot. spongolite butts = 161. 
 

Each striking platform is exploited to obtain a limited number of products (Fig. 

3.54), usually no more than two or three, sometimes plunging, hinged or 

fragmented due to a bad propagation of the force in the raw material. The wanted 

products are medium-sized flakes (Fig. 3.55) which morphology is strongly 

conditioned by the characteristic of the core. Vein uartz opportunistic flakes 

usually have triangular section and pronounced thickness, that can be interpreted 

as an adaptation to the characteristic of the raw material: recent studies and 

experimentations demonstrate that increasing thickness is a good expedient to 
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avoid the occurrence of fractures during knapping activities (e.g. de Lombera-

Hermida et al., 2016; Driscoll, 2011; Tallavaara et al., 2010).  

 

 
 
Fig. 3.54. Ciota Ciara cave, S.U. 14. Vein quartz opportunistic/S.S.D.A. cores and flakes: all the 
cores have been discarded before their exhaustion: (a) S.S.D.A. core on fluvial pebble; (b) 
opportunistic core; (c) connection between the proximal and the distal part of an opportunistic 
flake with natural dorsal face; (d) opportunistic core; (e) lateral fragment (siret accident) of 
S.S.D.A. flake with crossed negatives on the dorsal face; (f) opportunistic flake with natural dorsal 
face probably corresponding to the initialization of a vein quartz pebble; (g) opportunistic flake 
with lateral neocortex issued from the exploitation of a small quartz pebble. 
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Fig. 3.55. Ciota Ciara cave, S.U. 14. Dimensional analysis of opportunistic/S.S.D.A. flakes and 
cores. Fragmented flakes are not included. No differences in the dimension of the wanted 
products are visible depending on the raw material employed and the dimensions of the cores are 
consistent with those of the products obtained.  

 

Spongolite opportunistic reduction sequences are aimed to the production of 

flakes with dimensional features comparable to those of quartz and the sporadic 

presence of grey/black flint flakes issued from an opportunistic method suggest 

that even in this case the objectives of the knapping activity were similar (Fig. 

3.55). The characteristics of the butts (Fig. 3.53) indicate that as well as for quartz, 

were preferentially chosen flat surfaces naturally present on the cores to start the 

débitage. There are however some differences in cores’ exploitation between the 

two raw materials due to adaptations to the raw materials properties. Spongolite 
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cores are centimetric or, rarely, decimetric slabs rich in internal parallel cleavage 

plans that can strongly affect the characteristics of the final products. These slabs 

are usually exploited according to their thickness (Fig 3.56), perpendicularly as 

regard to the cleavage planes. Even if a specific experimental study has not been 

carried out yet, we can suppose that the systematic occurrence of this kind of 

expedient is due to an adaptation of the knapping sequences to the petrographic 

characteristics of this particular raw material. The initial morphology of the core 

strongly influences the dimensional properties of the final products. The 

thickness of the flake is generally high, further consequence of the cores’ 

morphology: spongolite slabs presents knapping angles close to 90° thus forcing 

knappers to hit the striking platform far from the core’s edges.  Due to raw 

material constraints, most of the cores present just one or two opposite striking 

platforms, exploited till the exhaustion of the natural convexity to obtain a low 

number of finished products before their abandonment (Fig. 3.56). A last 

consideration must be made concerning opportunistic/S.S.D.A. cores of S.U. 14. 

The dimensional analysis (Fig. 3.55) indicates that their dimensions are 

essentially consistent with those of the products even if they are generally bigger. 

It means that the smallest opportunistic products do not correspond to the final 

phase of exploitation of the cores before their exhaustion, but their dimensions 

were desired, while, as already highlighted, the cores were discarded before their 

complete exhaustion. 
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Fig, 3.56. Ciota Ciara cave, S.U. 14. Spongolite opportunistic cores where is clear the preferential 
exploitation of spongolite slabs according to their thickness as well as the abandonement of the 
cores before their exhaustion.  

 

3.6.2.2. Levallois and discoid technology 

Levallois and discoid reduction sequences (Boëda, 1994, 1993; Peresani, 2003) 

are largely attested in the considered lithic assemblage and are applied on all the 

raw materials, however just for vein quartz and grey/black flint they are complete, 

given the presence of both cores and products (Tab. 3.5).  

The technological study of vein quartz Levallois and discoid cores (Appendix A) 

and flakes allow to make some considerations about the application of these two 

volumetric concepts to a raw material that do not guarantee the perfect control of 

the results of the knapping activity (e.g. de Lombera-Hermida, 2009; de 

Lombera-Hermida et al., 2011; Mourre, 1996).  

Vein quartz Levallois cores present in the assemblage (Appendix A and Fig. 3.57) 

highlight the use of the preferential and of the recurrent centripetal modalities to 
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produce flakes with an oval/quadrangular morphology usually short and large 

even if some elongated flakes are sporadically attested in the assemblage (Fig. 

3.58). Fluvial pebbles with natural suitable morphologies and convexities are 

chosen as cores, thus making the dimensions of the products strongly influenced 

by the morphological features of the core (Fig. 3.57). All the cores show just one 

phase of exploitation after which they are discarded. No evidences of further 

exploitation through discoid or opportunistic methods are attested in the end of 

the reduction sequence. 
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Fig. 3.57. Ciota Ciara cave, S.U. 14. Vein quartz Levallois and discoid cores and products: (a) 
preferential Levallois flake; (b, c) recurrent centripetal Levallois flakes; (d) recurrent centripetal 
Levallois core; (e) preferential Levallois core; (f, g, h) discoid flakes, (i) unifacial discoid core with 
a natural striking platform surface on a small quartz pebble; (j) bifacial discoid core on pebble; 
(k) bifacial discoid core on flake. 
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Fig. 3.58. Ciota Ciara cave, S.U. 14. Dimensionl analysis of Levallois and discoid flakes and cores. 
The morphology of the cores strongly influences the dimensions of the products. Levallois and 
discoid reduction sequences seem to be aimed to the production of flakes with similar 
morphological features. Fragmented flakes are not considered. Since no significative differences 
have been observed between Levallois and discoid reduction sequences according to the raw 
material employed, for the dimensional analysis a subdivision just according to the knapping 
method has been done. 
 
 

The core surfaces are barely prepared, being the striking platform surface 

completely natural or shaped through just a few detachments according to a 

centripetal direction (Fig. 3.57). In the preferential modality, a single removal, 

usually perpendicular to the plan of intersection of the two core surfaces, prepares 

the portion of the core to be hit through hard hammer percussion for the 

detachment of the preferential flake (Fig. 3.57). On the knapping surface two or 
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three removals, mainly centripetal, are needed to set the distal and the lateral 

convexities. After the detachment of the preferential flake the cores are discarded.  

Just one of the Levallois vein quartz core is referable to the recurrent centripetal 

modality (Fig. 3.57). Also in this case the convexities are naturally present on the 

core, but the striking platform surface is prepared through chordal and 

centripetal removals in correspondence of the impact points of the 

predetermined flakes. Four removals are present on the knapping surface 

corresponding to one phase of exploitation after which the core has been 

abandoned. The research for predetermined products is inferable from the use of 

both centripetal and chordal removals for the maintenance of suitable convexities 

even for a so short production phase (Fig. 3.57). 

 

 
 

Fig, 3.59. Ciota Ciara cave, S.U. 14. Spongolite Levallois and discoid core and flakes. (a, c) 
recurrent centripetal Levallois flakes on good quality spongolite; (b) denticulate on a recurrent 
centripetal Levallois flint flake; (d) preferential Levallois flint flake; (e) flint recurrent centripetal 
Levallois core with natural striking platform; (f, g, h, i) discoid flakes on good quality spongolite. 
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No Levallois cores are attested for spongolite, while a recurrent centripetal core 

is present in the grey/black flint assemblage (Appendix A and Fig. 3.59). No 

significative differences are evident between this Levallois reduction sequence 

and those observed on vein quartz: the striking platform surface is natural with 

not any removal for the preparation of its convexity, thus confirming the choice 

of blanks with natural suitable convexities even in case of better quality raw 

materials. The main difference is the presence of more than one phase of 

exploitation on this flint core, that has been completely exhausted before being 

discarded. The researched products share the same morphological and 

dimensional characteristics observed on vein quartz cores. 

The discoid method is well documented in the assemblage of S.U. 14 and the 

reduction sequences are complete for vein quartz, spongolite and grey/black flint 

(Tab. 3.5). On vein quartz, both the unifacial and the bifacial modalities are 

present (Appendix A and Fig. 3.57) with short reduction sequences aimed to 

produce short and large flakes, often quadrangular and characterized by a 

thickness generally higher than for products issued from Levallois reduction 

sequences (Peresani, 2003; Picin and Vaquero, 2016). The cores are discarded 

mainly before their complete exhaustion and after just one or two exploitation 

phases. Natural surfaces are often still present on the core surfaces and when an 

unifacial exploitation is employed the striking platform surface is usually 

neocortical or represented by a natural fracture plane (Fig. 3.57). Also for the 

discoid method the cores are chosen among blanks with suitable natural 

convexities and their morphology strongly influence the dimensions of the 

obtained products. Some discoid cores are realized on big flakes, probably issued 

form an opportunistic débitage (Fig. 3.57).  The negatives of the removals visible 

on the cores usually follow a centripetal direction, while chordal detachments are 
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visible just when on the core are present two exploitation phases: the 

maintenance of the core convexities took place just in the longest discoid 

reduction sequences while when only one exploitation phase is completed the 

removals follow exclusively a centripetal direction (Fig. 3.57). No differences have 

been observed between the different raw materials in discoid reduction sequences 

concerning the selection of the cores, their modalities of exploitation or the 

wanted products. Also on spongolite, discoid reduction sequences are short and 

applied just on blanks with natural suitable convexities (Fig. 3.59). The cores are 

exploited through a few centripetal detachments to produce short and thick flakes 

(Fig. 3.58).  

The débitage direction is always markedly secant to the intersection plane 

between the two core surfaces, thus showing a different volumetric conception of 

the core compared to those of the Levallois reduction sequences characterized by 

a parallel débitage direction.  

The observations about Levallois and discoid reduction sequences made 

concerning cores are consistent with what can be noticed on the products (Figg. 

3.57 and 3.59). The identification of Levallois and discoid products was based on 

the criteria listed in Chapter 2 and on the specific features of the considered 

assemblage: the direction of the negatives on the dorsal face, the débitage 

direction and the consistency between the technological characteristics observed 

on the cores and those of the products. Concerning fragmented flakes, the 

observation of just the direction of the negatives or of the typology of the butts 

was not considered to be sufficient to clearly assign them to discoid or Levallois 

reduction sequences, so the opportunistic component of the débitage could have 

been slightly overestimated. A good example is that of the negatives visible on the 

upper face of the flakes: considering the observations made on the cores, while 
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centripetal and convergent negatives for sure belong to a discoid or to a Levallois 

exploitation, crossed negatives could belong both to discoid or opportunistic 

methods.   

The characteristics of the butts confirm the choice of natural or flat surfaces (i.e. 

prepared through a single removal) as striking platform surfaces (Fig. 3.60). A 

slight difference can be highlighted between vein quartz and the other raw 

materials when the Levallois and the discoid methods are applied, since on vein 

quartz, the choice of natural (i.e. neocortical) surfaces seems to be preferred.  

Prepared butts, dihedral and faceted, are attested just on the better quality raw 

materials and just in Levallois reduction sequences: radiolarite (2 faceted, 1 

dihedral) and grey/black flint (2 faceted). So, even if the only grey/black flint 

Levallois core found in the assemblage show a natural striking platform, 

occasionally flint Levallois cores where more carefully prepared. Discoid 

products, on vein quartz and on the other raw materials as well, show exclusively 

flat or natural butts. 

 

 
 
Fig. 3.60. Ciota Ciara cave, S.U. 14. Typology of the butts of Levallois and discoid products and 
comparison between vein quartz and the other raw materials present in the assemblage. Tot. vein 
quartz butts = 286; tot. spongolite and othe raw materials butts = 69. 

 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



146 
 

Among Levallois and discoid products, plunging flakes are quite rare (Fig. 3.61). 

Considering the characteristics of the raw materials mainly employed (quartz and 

spongolite) in terms of presence of cleavages and inner flaws together with their 

textural features, the occurrence of plunging flake could be due more to a wrong 

propagation of the force rather than to a deliberate choice of the knappers with 

the aim of core maintenance. If we compare the proportion in the occurrence of 

plunging flakes in Levallois and discoid methods to those of 

opportunistic/S.S.D.A. reduction sequences (Fig. 3.61) we can see that for all the 

considered methods not-plunging flakes are clearly predominant and just lateral 

plunging flakes are proportionally more frequent in the discoid method. Indeed, 

discoid reduction sequences, even if short, are frequently longer than the 

Levallois and even than the opportunistic/S.S.D.A. ones and in this case a more 

important frequency of lateral plunging flakes could be related also to the 

maintenance of the cores convexities. 
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Fig. 3.61. Ciota Ciara cave, S.U. 14. Occurrence of plunging flakes according to the main reduction 
sequences present in the assemblage. Tot. vein quartz flakes = 252 discoid – 137 Levallois – 1437 
opportunistic/S.S.D.A.; tot. Spongolite and other raw materials flakes = 50 discoid – 37 Levallois 
– 256 opportunistic/S.S.D.A. 
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The data obtained from the technological analysis of discoid and Levallois 

reduction sequences of S.U. 14 show some characteristics that can be linked to 

the adaptation of the technological criteria proper of these two knapping methods 

to the characteristics of the raw materials employed, particularly vein quartz and 

spongolite. These adaptations are evident first in the predominance of natural 

surfaces as striking platforms and in the choice of cores with natural convexities 

already suitable for these kind of exploitations, avoiding or strongly reducing the 

need of phases of shaping of the core. The systematic discard of the cores before 

their complete exhaustion, involving just the raw materials with the worst 

response to knapping (vein quartz and spongolite), cannot be explained just with 

the abundance of these lithologies in the surrounding of the site: the presence of 

clevages and internal flaws, that distinguish vein quartz and spongolite, strongly 

affects the core exploitation and their effects increase going on with débitage, in 

terms of occurrence of knapping accidents (Mourre, 1996). Moreover, if we look 

at the better quality raw materials present in the assemblage (radiolarite, rhyolite, 

grey/black flint), even if cores are scarce, the technological features of the 

products, like the presence of prepared butts, let suppose that Levallois and 

discoid reduction sequences could have been longer and more articulated for 

these raw materials, with characteristics similar to the classical definitions of 

these two knapping methods (Boëda, 1994, 1993).  

 

 3.6.2.3. Retouched tools 

Retouch is barely present in the lithic assemblage of level 14 (Tab. 3.4 and 3.5) 

but some observations can be made about the importance of retouch and of tool’s 

edge rejuvenation depending on the raw materials involved. 
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Vein quartz flakes present a direct or inverse, marginal retouch which modify the 

flakes’ edges to obtain simple scarpers (11), convergent or double scarpers (4) 

denticulates (21) and notches (13) (Fig. 3.62); flint, spongolite, rhyolite and 

radiolarite retouched tools have a more invasive retouch (direct, inverse or 

bifacial) and, even if the typology of the tools is not different from vein quartz (9 

denticulates, 5 notches, 5 simple scrapers, 3 convergent or double scarpers and 2 

Quinson points), the edges often show more than one phase of retouch, indicating 

that these tools were reshaped several times before being discarded (Fig. 3.62).  

As already mentioned, rhyolite and radiolarite have been brought to the site 

almost exclusively as finished tools and most of the unretouched flakes belonging 

to these lithologies refer to retouch and maintenance of the tools’ edges (Tab. 3.5). 
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Fig. 3.62. Ciota Ciara cave, S.U. 14. Retouched tools: (a) radiolarite rectilinear side-scraper; (b) 
radiolarite Quinson point; (c) flint convex side-scraper on a preferential Levallois flake; (d) flint 
Quinson point; (e) denticulate on rhyolite; (f) rhyolite retouched notch; (g) notch on a spongolite 
flake; (h) transversal scraper; (i) notch; (j) rectilinear side-scraper; (k, m) denticulates; (l) concave 
side-scraper on a recurrent centripetal Levallois flake. 
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3.6.3. S.U. 15 

Stratigraphic unit 15 is the last archaeological layer of the Ciota Ciara cave. It lays 

upon level 16, archaeologically sterile and placed upon the dolomitic bed rock (see 

paragraph 3.3).  

The lithic assemblage belonging to this unit is composed by 1788 lithic artefacts 

realized on local and allochthonous raw materials (Fig. 3.63). Quartz is still the 

predominant lithology in the lithic industry (50,6%) followed by other local raw 

materials in different proportions: spongolite (44,4%), grey/black flint (1,6%) 

and opal (0,2%) (Fig.3.61). Allochthonous raw materials are represented by 

radiolarite (1,2%) and rhyolite (1,2%) (Fig. 3.63). A small percentage of the 

artefacts is undetermined for what concerns the raw material, due to post 

depositional surface modifications, and metamorphic rocks (0,3%) are present 

both as hammer fragment and as flakes belonging to opportunistic reduction 

sequences (Fig. 3.63).  

 

 
 

Fig. 3.63. Ciota Ciara cave – S.U. 15. Raw materials present in the lithic assemblage. 
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Looking at the proportion of the different raw materials identified (Fig. 3.63) and 

at the general composition of the lithic assemblage of level 15 (Tab. 3.7), it seems 

clear that in this stratigraphic unit the importance of spongolite is rather 

increased if compared with that observed in other archaeological levels. 

 

 

Tab. 3.7. Ciota Ciara cave, S.U. 15. Composition of the lithic assemblage. 

 

Post depositional surface modifications, mainly of mechanical origin, strongly 

affect the lithic assemblage (Fig. 3.64). For what concerns mechanical post 

depositional alterations, contrary to what observed for the other archaeological 

layers, vein quartz artefacts are affected by post depositional alterations in a 

similar proportion than spongolite and other raw materials findings (Fig. 3.64). 

As already mentioned in the previous paragraphs, due to petrographic reasons, 

vein quartz is not affected by chemical post depositional surface modifications 

(Venditti et al., 2016), well attested in level 15 on all the other lithic raw materials 

(Fig. 3.64). The state of preservation of the lithic assemblage attests that after its 

deposition it was affected by quite intense post depositional phenomena, mainly 

linked to water circulation, in accordance with the results of the 

geoarchaeological studies recently completed (Angelucci et al., submitted paper; 

Zambaldi, 2015). The importance of post depositional surface modifications, 

made often difficult to identify knapping scars and to accurately define the 

Raw material Flakes Cores Retouched tools Debris Unworked blanks Total 

Quartz 611 20 9 265 - 905 

Spongolite 429 31 9 299 25 793 

Grey/black flint 20 - 3 4 1 28 

Rhyolite 12 2 1 6 - 21 

Radiolarite 12 - 5 5 - 23 

Other 10 1 - 6 2 18 

Total 1094 54 27 585 28 1788 

% 61,2% 3,0% 1,5% 32,7% 1,6% 100,0% 
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direction of the negatives on the dorsal faces of the flakes, especially regarding 

vein quartz and spongolite that even when their state of preservation is good do 

not show marked knapping scars on their surfaces (de Lombera-Hermida, 2009). 

The consistency of the post depositional surface modifications, despite slight 

differences between the different raw materials, and the presence of a refitting 

(Fig. 3.65) between two opportunistic spongolite flakes, attests that all the 

artefacts belong to a unique lithic assemblage. 

 

 
 

Fig. 3.64. Ciota Ciara cave. Post depositional alterations present on the lithic artefacts of S.U. 15. 

 
The composition of the lithic assemblage (Tab. 3.7) indicates that the knapping 

sequences are complete for what concerns vein quartz and spongolite, both 

present as flakes, retouched tools, cores, and debris. The presence of two cores 
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suggests that occasionally also rhyolite pebbles were brought to the site to be 

exploited, while radiolarite and grey/black flint were introduced in the Ciota 

Ciara cave only as finished tools (Tab. 3.7). The technological characteristics of 

most of the radiolarite and grey/black flint unretouched flakes, indicate their 

belonging to the modification or rejuvenation of the tools’ edges (Tab. 3.8). In the 

lithic assemblage of S.U. 15 there are several unworked spongolite blanks (25), 

most of them of decametric size and strongly affected by post depositional 

alteration (rounding), attesting that they were subjected to intense transport 

phenomena. Since the degree of post depositional alteration observed on them is 

stronger than that observed on the artefacts of level 15 and since the most altered 

and big of them belong to the lower portion of S.U. 15, a reliable hypothesis is 

their belonging to the interface between S.U. 15 and 16 rather than their 

intentional introduction in the site.  

 

 

Fig. 3.65. Ciota Ciara cave, S.U. 15. Refitting between two opportunistic spongolite flakes. 

 

As for the other archaeological levels, the rate of fragmentation is higher for vein 

quartz than for the other raw materials (Fig. 3.66). The frequent presence of 
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clevages and internal flaws in spongolite blanks makes however the rate of 

fragmentation quite elevated.  

 
 

Fig. 3.66. Ciota Ciara cave, S.U. 15. Rate of fragmentation of vein quartz flakes compared to that 
of the other raw materials present in the assemblage (spongolite, grey/black flint, radiolarite, 
rhyolite, opal, metamorphic rock, indet. raw material). 

 

The state of preservation of the lithic assemblage, together with the frequent 

occurrence of breakages following the internal fracture planes of vein quartz and 

spongolite, determines that a significant part of the fractures remains of 

unspecified origin (Fig. 3.67). This kind of fractures can indeed occur both during 

knapping activities or as a consequence of post depositional factors, like 

trampling (Driscoll, 2011; Mourre, 1996; Tallavaara et al., 2010).  

Concerning fractures simultaneous to the débitage, vein quartz tends to fracture 

following radial planes, often passing through the impact point of the flake. These 

breakages are therefore classifiable as siret accident (Mourre, 1996). For the other 

raw materials, most of fractures is of post depositional origin (Fig. 3.67). 
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Fig. 3.67. Ciota Ciara cave, S.U. 15. Typology of the fractures identified on the flakes and 
comparison between quartz flakes and flakes obtained from the other raw materials present in 
the assemblage (spongolite, grey/black flint, radiolarite, rhyolite, opal, metamorphic rock, indet. 
raw materials). Tot. vein quartz fragmented flakes = 434; tot. spongolite and other raw materials 
fragmented flakes = 292. 

 

Cortical and neocortical surfaces are rarely present on the dorsal faces of the 

flakes, regardless the knapping method employed (Fig. 3.68).  

Flakes in radiolarite, opal and grey/black flint never show cortical surfaces, thus 

confirming the hypothesis that they were knapped elsewhere and transported up 

to the Ciota Ciara cave as finished tools. Concerning vein quartz, spongolite and, 

to a lesser extent, rhyolite, when neocortical/cortical surfaces are present, they 

are mostly visible on the lateral side of the upper faces of the flakes (Fig. 3.68). 

Lateral natural surfaces are mainly associated to unipolar negatives of previous 

removals and to opportunistic/S.S.D.A. reduction sequences (Forestier, 1993) 

which start directly from the natural surfaces of the selected blanks exploiting 

natural convexities and proceed until their exhaustion. Vein quartz and 

spongolite flakes with a natural dorsal face are both of big or very small 

dimensions: the firsts can be related to the opening of striking platforms in 

opportunistic/S.S.D.A. reduction sequences, the latter to the initial phases of 

shaping of core convexities in Levallois or discoid exploitation strategies. 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



157 
 

 

 
 
Fig. 3.68. Ciota Ciara cave, S.U. 15. Presence and position of neocortex on quartz flakes and of 
cortex on flakes obtained from spongolite, grey/black flint, radiolarite, rhyolite, opal, jasper, 
indet. raw materials. Tot. vein quartz flakes = 620; tot. spongolite and other raw materials flakes 
= 501. 

 

The direction of the negatives of previous removals is one of the elements used to 

refer each flake to the knapping method it belongs to, but due to the quite intense 

post depositional surface modifications and to the general high rate of 

fragmentation of the considered lithic assemblage, for a significative number of 

spongolite flakes the direction of the negatives is undetermined (Fig. 3.69). When 

visible, unipolar negatives are predominant for all the raw materials and together 

with bipolar and orthogonal negatives they are exclusively associated to 

opportunistic/S.S.D.A. exploitations (Forestier, 1993). Convergent and 

centripetal scars are instead indicative of discoid or Levallois reduction strategies 

(Boëda, 1994, 1993; Peresani, 2003), while crossed negatives are visible on 

discoid, Levallois and also opportunistic/S.S.D.A. flakes.  

The general scarce evidence of bipolar and orthogonal negatives suggests that 

multidirectional exploitation strategies  (Forestier, 1993) were barely employed. 
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Fig. 3.69. Ciota Ciara cave, S.U. 15. Direction of the negatives of previous removals visible on the 
dorsal faces of the flakes. Tot. vein quartz flakes = 620; tot. spongolite and other raw materials 
flakes = 501. 

 

The knapping methods identified in level 15 are the same present in the previous 

considered archaeological layers (13 and 14) (Tab. 3.8): opportunistic/S.S.D.A., 

discoid and Levallois, together with a sporadic presence of a débitage-on-flake 

classifiable as Kombewa s.l. (Inizan et al., 1999; Tixier and Turq, 1999) that is 

included in the opportunistic component of the débitage. Part of the knapping 

products, especially for vein quartz and spongolite, is undetermined concerning 

the knapping method: as already mentioned, this is due to the high rate of 

fragmentation of the lithic assemblage and to post depositional factors.  

The categories of retouch flakes and debris have been included in Tab. 3.8 to 

better understand the general characteristics of the lithic assemblage of level 15. 
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Raw 
material 

Opp. 
S.S.D.A. 

Discoid Levallois 
Kombewa 

s.l. 
Indet. 

Retouch 
flakes 

Debr. Tot. 

Quartz F. = 410 F. = 64 F. = 41 F. = 4 F. = 84 
   

 
C. = 13 C. = 5 C. = 2 C. = - C. = - 

   

Tot. 423 69 43 4 84 17 265 905 

% 24,1% 3,9% 2,4% 0,2% 4,8% 1,0% 15,1% 51,5% 

Spongolite F. = 205 F. = 31 F. = 17 F. = 5 F. = 84 
   

 
C. = 26 C. = 4 C. = - C. = - C. = - 

   

Tot. 231 35 17 5 84 94 299 765 

% 13,1% 2,0% 1,0% 0,3% 4,8% 5,4% 17,0% 43,5% 

Grey/black 
flint 

F. = 8 F. = 3 F. = 4 F. = - F. = 3 
   

 
C. = - C. = - C. = - C. = - C. = - 

   

Tot. 8 3 4 - 3 5 4 27 

% 0,5% 0,2% 0,2% - 0,2% 0,3% 0,2% 1,5% 

Rhyolite 
Radiolarite 

F. = 10 F. = 4 F. = 4 F. = - F. = 4 
   

 
C. = 2 C. = - C. = - C. = - C. = - 

   

Tot. 12 4 4 - 4 7 11 43 

% 0,7% 0,2% 0,2% - 0,2% 0,4% 0,6% 2,4% 

Others F. = 7 F. = 1 F. = - F. = - F. = - 
   

 
C. = - C. = - C. = - C. = - C. = - 

   

Tot. 7 1 - - - 4 6 17 

% 0,4% 0,1% - - - 0,2% 0,3% 1,0% 

Total 681 112 68 9 175 127 585 1757 

% 38,8% 6,4% 3,9% 0,5% 10,0% 7,2% 33,3% 100,0
% 

 
Tab. 3.8. Ciota Ciara cave, S.U. 15. Raw materials and débitage methods. F. = flakes; C. =cores. 

 

Vein quartz and spongolite have been exploited in the same way and the presence 

of abundant cores and debris confirms that their knapping sequences were 

performed in the site (Tab. 3.8). On these raw materials all the knapping methods 

are employed with a clear preponderance of opportunistic/S.S.D.A. reduction 

sequences (Forestier, 1993). Analogously to what already observed in level 14, a 

further consideration must be made concerning spongolite reduction strategies 

since cores and products are present for all the knapping methods identified 

exception made for the Levallois method, represented just by 17 flakes. This low 

number of Levallois products suggest that the method was scarcely employed on 

spongolite by the absence of cores can be explained as already proposed for S.U. 

14: 
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- Levallois cores have been not abandoned but further exploited through 

opportunistic methods and have not been recognized during the 

technological analysis;  

- Spongolite blanks selected for the Levallois method have been exploited 

out of the cave, maybe near the secondary deposits where they were 

collected. 

Considering the characteristics of the opportunistic/S.S.D.A. cores present in the 

assemblage in terms of texture and exploitation modalities, in this case, we are in 

favour of the second hypothesis as well. 

No cores and a reduced number of debris are present for grey/black flint, 

radiolarite and the other raw materials, suggesting that their exploitation took 

place elsewhere, while in the site were performed only the modification or 

rejuvenation of the tools’ edges, as attested by the presence of small flakes 

technologically referable to this kind of activity (Tab. 3.8).  

Two rhyolite opportunistic cores show that occasionally this raw material of sub-

local origin was knapped in the site in the same modalities of the other lithologies 

present (Tab. 3.8). 

The flakes classified as retouch flakes (Tab. 3.8) are those with technological 

characteristics consistent with the type of retouch visible on the tools: abrupt/ 

semi abrupt, sometimes invasive. Mainly for radiolarite, the presence of crossed 

negatives on the upper faces of these small flakes confirm the continuous 

rejuvenation of the tools’ edges before the discard of the tool. 

Vein quartz artefacts have been divided according the morphostructural groups 

methodology (e.g. de Lombera-Hermida et al., 2011; Martinez Cortizas and Llana 

Rodriguez, 1996) to verify if there was or not a choice for specific characteristics 

depending on the knapping method (Tab. 3.9). 
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Method Morphostructural groups 
 

NN NS SN SS 

Opportunistic 
S.S.D.A. 

Flakes = 9 Flakes = 154 Flakes = 231 Flakes = 7 

 
Cores = - Cores = 8 Cores = 5 Cores = - 

Tot. 9 162 236 7 

Discoid Flakes = 5 Flakes = 27 Flakes = 30 Flakes = - 
 

Cores = - Cores = 2 Cores = 2 Cores = - 

Tot. 5 29 32 - 

Levallois Flakes = 1 Flakes = 13 Flakes = 26 Flakes = - 
 

Cores = - Cores = 1 Cores = 1 Cores = - 

Tot. 1 14 27 - 

Indet. Flakes = - Flakes = 33 Flakes = 49 Flakes = - 
 

Cores = - Cores = - Cores = - Cores = - 

Tot. - 33 49 - 

Retouch flakes - 7 10 - 

Debris 6 151 102 1 

Total 21 396 456 8 

% 2,4% 44,9% 51,8% 0,9% 

 
Tab. 3.9. Ciota Ciara cave, S.U. 15. Quartz morphostructural groups and knapping methods. NN 
= no grainy, no planes; NS = no grainy, planes; SN = grainy, no planes; SS = grainy, planes. 
 

 

The data obtained show a slight predominance of the group SN (51,8%) over the 

NS group (44,9%) concerning all the knapping methods attesting that the 

presence of grains was generally preferred to those of planes for the exploitation 

of vein quartz (Tab. 3.9). Conditioning in the raw materials choice due to the 

geologic environment have however always to be taken into account and the 

comparison between the different archaeological layer of the Ciota Ciara cave will 

help in making some hypothesis about this particular issue.  

 

3.6.3.1. Opportunistic/S.S.D.A. technology 

Opportunistic/S.S.D.A. exploitation strategies are clearly predominant in the 

lithic assemblage of S.U. 15 and they have been performed on all the lithologies 

attested in this level (Tab. 3.8). Even though, only for vein quartz and spongolite 

the reduction sequences are complete with the presence of flakes, cores and 
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retouched tools, so the overall characteristics of this kind of débitage can be 

deduced looking at these two local raw materials.  

For vein quartz, the reduction strategy starts from the choice of fluvial pebbles 

and decimetric blocks collected in secondary deposits or of big flakes 

characterized by the presence of convexities suitable for knapping. The typologies 

of the butts identified in the assemblage (Fig. 3.70), suggests that both for vein 

quartz and spongolite the reduction sequence starts preferentially from flat 

surfaces that can be already present on the core or that formed during the 

development of the débitage. Given the low number of orthogonal, bipolar and 

crossed negatives (Fig. 3.69) referable to opportunistic methods, probably most 

of the flat surfaces were already present on the cores (i.e. fractures planes formed 

during fluvial transport) and multidirectional (S.S.D.A.) strategies (Forestier, 

1993) were barely applied.  

 

Fig. 3.70. Ciota Ciara cave, S.U. 15. Typology of the butts belonging to opportunistic reduction 
sequences. Tot. vein quartz butts =251; tot. spongolite/other raw materials butts = 172. 
 

The technological analysis of vein quartz opportunistic cores confirms this 

observation: on most of them only one or two striking platforms are exploited and 

after the detachment of two or three flakes from each striking platform the core 

is discarded (Fig. 3.71). The wanted products are non-standardized flakes which 

dimensions are strongly influenced by the core morphology (Fig. 3.71 and 3.72). 
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Vein quartz opportunistic flakes usually have triangular section and pronounced 

thickness, that can be interpreted as an adaptation to the characteristic of the raw 

material (e.g. de Lombera-Hermida et al., 2016; Driscoll, 2011; Tallavaara et al., 

2010). 
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Fig. 3.71. Ciota Ciara cave, S.U. 15. Vein quartz opportunistic/S.S.D.A. cores and flakes: (a, b) 
flakes issued from the exploitation of a vein quartz pebble; (c, d) opportunistic flakes; (e, f) 
opportunistic cores on pebble (e) and on a vein quartz slab (f). 
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Fig. 3.72. Ciota Ciara cave, S.U. 15. Dimensional analysis of opportunistic/S.S.D.A. flakes and 
cores. Fragmented flakes are not included. No differences in the dimension of the wanted 
products are visible depending on the raw material employed and the dimensions of the cores are 
consistent with those of the products obtained.  

 
 

Spongolite opportunistic/S.S.D.A. reduction sequences are aimed to the 

production of flakes with dimensional characteristics like those of vein quartz, 

and which morphology is strongly influenced by the characteristics of the core 

(Fig. 3.72). The exploitation of the other lithologies attested in S.U. 15 share the 

same objectives (Fig. 3.72). As for vein quartz the exploitation starts from flat 

surfaces naturally present on the core or, rarely, formed during the development 

of the débitage. The main difference between vein quartz and spongolite is in the 

natural blanks chosen for the opportunistic/S.S.D.A. method: collected in 

secondary deposits, spongolite cores are usually centimetric or decimetric slabs. 
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They are exploited according to their thickness, perpendicularly to the several 

clevage planes present, an expedient that probably allow to better control the 

results of the knapping activity and helps in avoiding the occurrence of fractures. 

Due to core morphology, usually spongolite cores have one or two striking 

platforms, exploited through a reduced number of removals, and the cores are 

discarded before their exhaustion (Fig. 3.73).  

The dimensional analysis of vein quartz and spongolite cores (Fig. 3.72) shows 

that their dimensional features are consistent with those of the products issued 

from opportunistic/S.S.D.A. débitage but they are generally bigger, confirming 

that they were usually discarded after shot reduction sequences. 

 

 

Fig. 3.73. Ciota Ciara cave, S.U. 15. Spongolite opportunistic cores showing the preferential 
exploitation of spongolite slabs according to their thickness as well as the abandonement of the 
cores before their exhaustion. 
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3.6.3.2. Levallois and discoid technology 

Levallois and discoid exploitation strategies (Boëda, 1994, 1993; Peresani, 2003) 

are well attested in level 15 and are performed on all the main lithic raw materials 

even if only for vein quartz the knapping sequences are complete (Tab. 3.8).  

Two vein quartz cores are present in the considered lithic assemblage and they 

belong to the preferential and to the recurrent centripetal modality respectively 

(Fig. 3.74 and Appendix A). The preferential Levallois core (Fig. 3.74 and 

Appendix A) is realized on a vein quartz pebble and has a neocortical striking 

platform with just one detachment in correspondence of the impact point of the 

preferential flakes that prepares that portion of the core; it has been abandoned 

after only one exploitation phase with nine centripetal and sometime plunging 

removals that prepare the latera and distal convexities of the knapping surface; 

after the detachment of the preferential flake the core is abandoned. The 

recurrent centripetal Levallois core (Appendix A) show two exploitation phases: 

first the convexity of the striking platform surface is prepared through three 

centripetal detachments and the knapping surface is exploited to produce four 

predetermined flakes; the second exploitation phase consists in the exploitation 

of a third surface through two removals which dèbitage direction is perpendicular 

to the intersection plane between the Levallois core surfaces. In this last phase 

the core is exploited according to an opportunistic modality. For both cores, 

during the production of Levallois flakes, the débitage direction is parallel to the 

intersection plane between the two core surfaces. The wanted products are oval 

and quadrangular medium-sized flakes, sometimes elongated, which 

dimensional characteristics are strongly influenced by those of the blanks chosen 

as cores (Fig. 3.75). 
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Fig. 3.74. Ciota Ciara cave, S.U. 15. Vein quartz discoid and Levallois cores and products: (a, b, c) 
discoid flakes; (d) unifacial discoid core; (e) preferential Levallois core; (f, g) recurrent centripetal 
Levallois flakes; (h) preferential Levallois flake. 
 
 

Discoid reduction sequences are often attested in the lithic assemblage of S.U. 15 

and cores are present both for vein quartz and spongolite (Tab. 3.8). No 

significant differences are evident comparing vein quartz and spongolite discoid 

cores: for both the raw materials cores are chosen among centimetric pebbles or 

blocks collected in secondary deposits and presenting suitable convexities. 

The exploitation starts directly from the natural surfaces of the cores and after 

the removal of a few discoid flakes the cores are discarded even if not exhausted 

(Fig. 3.74, 3.76 and Appendix A). 

For the unifacial exploitation strategy the striking platform is always neocortical 

or represented by a natural flat surface. 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



169 
 

 
 
Fig. 3.75. Ciota Ciara cave, S.U. 15. Dimensionl analysis of Levallois and discoid flakes and cores. 
The morphology of the cores strongly influences the dimensions of the products. Levallois and 
discoid reduction sequences seem to be aimed to the production of flakes with similar 
morphological features. Fragmented flakes are not considered. Since no significative differences 
have been observed between Levallois and discoid reduction sequences according to the raw 
material employed, for the dimensional analysis a subdivision just according to the knapping 
method has been done. 

 

Due to the shortness of the production phases, no great attention is paid to the 

management of the cores convexities that usually are exploited through only 

centripetal detachments. As shown in Fig. 3.75 and 3.76, the wanted products are 

short and large flakes, with dimensional characteristics similar to those of the 

Levallois reduction sequences and that are strongly conditioned by the cores’ 

morphology. Regardless the raw material employed, discoid flakes are generally 

characterized by a greater thickness if compared to the Levallois products 
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(Peresani, 2003; Picin and Vaquero, 2016). In the discoid method the débitage 

direction is always markedly secant to the intersection plane between the two core 

surfaces. 

 
 
Fig. 3.76. Ciota Ciara cave, S.U. 15. Levallois and discoid technology on spongolite and other raw 
materials: (a, b) flint recurrent centripetal Levallois flakes; (c) spongolite recurrent centripetal 
Levallois flake; (d, e, f) spongolite discoid flakes; (g) spongolite discoid core. 
 

The observations made on discoid and Levallois cores are consistent with those 

inferable from the products. The characteristics of spongolite Levallois flakes and 

of grey/black flint, rhyolite and radiolarite Levallois and discoid products, even 

in the absence of cores, show that these reduction sequences were applied in the 

same way on all the raw materials, although the presence of a faceted butt in the 

radiolarite assemblage (Fig. 3.77) indicates that for this lithology Levallois 
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reduction sequences could have been more complex than for the other low quality 

raw materials present in the assemblage. The presence of dihedral butts among 

Levallois products (Fig. 3.77) confirms that the preparation of the striking 

platform surface, when present, was performed through just a few detachments. 

In most cases natural or flat surface already present on the core were chosen as 

striking platform surfaces, thus determining the considerable presence of flat and 

natural butts (Fig. 3.77). 

As for the other stratigraphic units, the identification of Levallois and discoid 

products is based on the combination of different technological criteria: the 

direction of the negatives on the upper faces of the flakes, the débitage direction, 

the consistency between the technological characteristics observed on the cores 

and those of the products, beside the general criteria listed in Chapter 2. For 

fragmented flakes and products strongly affected by post depositional alterations, 

the observation of just the direction of the negatives or of the typology of the butt 

has not been considered enough to assign them to discoid or Levallois 

exploitation strategies, therefore the opportunistic or undetermimed component 

of the débitage could have been slightly overestimated. 

 
 

Fig. 3.77. Ciota Ciara cave, S.U. 15. Typology of the butts of Levallois and discoid products and 
comparison between vein quartz and the other raw materials present in the assemblage. Tot. vein 
quartz butts = 81; tot. spongolite and othe raw materials butts = 49. 
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Concerning Levallois and discoid reduction sequences, the occurrence of 

plunging flakes is not very frequent (Fig. 3.78). As already observed for 

stratigraphic unit 14, if we compare the proportion of plunging flakes of discoid, 

Levallois and opportunistic exploitation strategies we can see that for all the 

knapping methods not-plunging flakes are predominant. A reliable explanation 

could be that the occurrence of plunging is due more to the characteristics of the 

raw materials employed than to a deliberate choice of the knappers: as already 

observed, the technological characteristics of discoid and Levallois cores, suggest 

that due to the shortness of the reduction sequences, no attention was generally 

paid to the management of cores’ convexities. Only for the discoid method the 

more frequent occurrence of lateral plunging can be explained as an expedient to 

maintain suitable convexities on the core until the end of the exploitation, while 

the occurrence of distal plunging for the Levallois products is more likely due to 

the scarce shaping of the core surfaces, thus determining a bad control on the 

knapping activities (Fig. 3.78). 

The data obtained from the study of the discoid and Levallois reduction 

sequences of level 15 show that some expedients were systematically used as 

adaptation of these knapping methods to the characteristics of the raw materials. 

They are evident in the choice of blanks with suitable convexities and with flat or 

neocortical surfaces that permit to start the production of predetermined blanks 

avoiding or considerably reducing the shaping of the core surfaces.  The 

technological features of Levallois and discoid products realized on better quality 

raw materials, like the presence of prepared butts, attests that on these lithologies 

the reduction sequence should have been more complex and long than on vein 

quartz and spongolite, for which the discard of the cores after only one phase of 
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exploitation is a further adaptation to the raw materials characteristics (Mourre, 

1996).  

 

Fig. 3.78. Ciota Ciara cave, S.U. 15. Occurrence of plunging flakes according to the main reduction 
sequences present in the assemblage. Tot. vein quartz flakes = 64 discoid – 41 Levallois – 410 
opportunistic/S.S.D.A.; tot. spongolite and other raw materials flakes = 10 discoid – 25 Levallois 
– 229 opportunistic/S.S.D.A. 
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3.6.3.3. Retouched tools 

Retouched tools are generally not frequent in the lithic assemblage of S.U. 15 

(Tab. 3.7 and Tab. 3.8) but some differences are evident between vein quartz and 

the other raw materials. 

The edges of vein quartz flakes are in most cases unmodified and only nine flakes, 

issued from opportunistic (6) discoid (2) and Levallois (1) reduction sequences, 

attest the occasional use of a marginal retouch to shape the tools’ edges. Retouch 

is always semi-abrupt, direct or inverse and usually located on only one of the 

flakes’ edges. The tools obtained are denticulates (3), notches (2) and scrapers (a 

concave transversal scraper, a lateral rectilinear scraper, a concave lateral scraper 

and a double scraper) (Fig. 3.79). 

Spongolite, grey/black flint, rhyolite and radiolarite retouched tools often show 

more than one generation of retouch on their edges (Fig. 3.79): it is more invasive 

and often located on both edges. Differently from what observed for vein quartz, 

the edges of better quality raw materials were continuously rejuvenated before 

the abandonment of the tool. In the lithic assemblage of level 15, eighteen 

retouched tools made in spongolite, grey/black flint, rhyolite and radiolarite have 

been found, realized on flakes issued from all the knapping methods attested in 

the assemblage. Typologically have been identified denticulates (9), notches (3), 

convex sidescraper (1), rectilinear sidescraper (2), a double bi-convex scraper, a 

double concave-convex scraper and a limace.  

As already pointed out, better quality raw materials like radiolarite, were brought 

to the site as finished tools and the rejuvenation of the tools’ edges in the site is 

attested by the presence of some small flakes technologically referable to retouch 

phases (Tab. 3.8). 
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Fig. 3.79. Ciota Ciara cave, S.U. 15. Retouched tools: (a) vein quartz denticulate; (b) vein quartz 
concave sidescraper; (c) spongolite denticulate on a discoid flake; (d) spongolitenotch on a discoid 
flake; (e) double scraper on a spongolite patinated flake; (f) limace on a radiolarite flake; (g) 
double scraper on a Levallois flint flake; (h) fragmented radiolarite denticulate on a discoid flake. 
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3.6.4. S.U. 103 

Stratigraphic unit 103 is localized in the south-western corner of the excavated 

area, close to the cave wall, and it represents the filling of a negative structure 

cutting levels 13, 14 and 15 (Angelucci et al., 2015; Zambaldi, 2015). According to 

the sedimentological and geochemical analysis carried out, despite its appearance 

is more chaotic than for the other archaeological levels and its lying becomes 

progressively vertical, its matrix do not differs from those of the other units 

(Angelucci et al., 2015; Zambaldi, 2015). As for the other levels, the deposition of 

level 103 is linked to gravitative, transport and alluvial phenomena directed from 

the inside of the cave towards the atrial area (Angelucci et al., 2015; Zambaldi, 

2015). Since, as already mentioned, the upper part of the stratigraphic sequence 

is missing, it is not possible to clearly identify the exact geometry of this negative 

structure, neither to define more accurately its modalities of formation and its 

precise stratigraphic relations with the main archaeological levels of the Ciota 

Ciara cave (Zambaldi, 2015).  

The lithic assemblage belonging to S.U. 103 is quantitatively less important than 

those described for levels 13, 14 and 15 but it shows technological features 

coherent with those already described for that units. The lithic assemblage is 

composed by 428 lithic artefacts realized on local raw materials (Fig. 3.80), with 

a clear predominance of vein quartz (53,0%) followed by the local varieties of 

chert, collected in secondary deposition close to the outcrops not far from the top 

of Monte Fenera (Berruto, 2011), and represented by spongolite (32,9%) and 

grey/black flint (13,3%). The other lithologies present in the assemblage, i.e. opal, 

quartzite and rhyolite, are each one represented by one piece, thus not permitting 

to make any technological consideration about their role within the considered 

lithic assemblage (Fig. 3.80). 
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Fig. 3.80. Ciota Ciara cave, S.U. 103. Raw materials present in the lithic assemblage 

 

The state of preservation of the lithic industry show that transport and selection 

phenomena have been more intense for this level and a consistent part of the 

assemblage is affected by rounding or, concerning spongolite and grey/black 

flint, by white patina (Fig. 3.81). These alterations, attested in all the stratigraphic 

units of the Ciota Ciara cave, are more intense on the lithic artefacts of S.U. 103, 

attesting that stronger transport phenomena are probably linked to its 

deposition. As already observed for the other levels, even in this case vein quartz 

is less affected than spongolite and grey/black flint by post depositional surface 

modifications (Fig. 3.81) due to its petrographic characteristics (Venditti et al., 

2016).  
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Fig. 3.81. Ciota Ciara cave. Post depositional alterations present on the lithic artefacts of S.U. 103.  

 

The composition of the lithic assemblage of S.U. 103 (Tab. 3.10) show that the 

reduction sequences are complete for all the raw materials: flakes, cores, debris 

and retouched tools are present for vein quartz, spongolite and grey/black flint 

while, as mentioned above, other raw materials are present too sporadically to 

made reliable hypothesis about their exploitation modalities (Fig. 3.80) 

 

Raw material Flakes Cores Retouched tools Debris Unworked blanks Total 

Quartz 136 7 5 78 1 227 

Spongolite 68 5 1 58 9 141 

Grey/black flint 31 1 3 21 1 57 

Other 3 - - - - 3 

Total 238 13 9 157 11 428 

% 55,6% 3,0% 2,1% 36,7% 2,6% 100,0% 

 

Tab. 3.10. Ciota Ciara cave, S.U. 103. Composition of the lithic assemblage. 
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The high number of debris, beside attesting that knapping activities were 

performed in the site, is also caused by the state of preservation of the lithic 

industry and by the high rate of fragmentation of the knapping products (Fig. 

3.82). Vein quartz and the other raw materials are proportionally in the same way 

affected by fractures occurred during knapping or due to post depositional 

factors, even if it was not easy to distinguish between the different typologies of 

breakages and an important part of them remains of undetermined origin (Fig. 

3.83). 

 

 
 

Fig. 3.82. Ciota Ciara cave, S.U. 103. Rate of fragmentation of vein quartz flakes compared to that 
of the other raw materials present in the assemblage (spongolite, grey/black flint, others). 

 

One of the problems affecting the determination of the origin of fractures is that 

most of them follows the natural clevage planes present in vein quartz and 

spongolite and therefore they could have occurred both during knapping or after 

deposition (Driscoll, 2011; Mourre, 1996; Tallavaara et al., 2010). The distinction 

has been possible just when different degrees of post depositional surface 

modifications affected the flakes and their fracture planes. As expected, radial 

fractures are more frequent for vein quartz artefacts and a considerable number 

of them is linked to siret accidents (Mourre, 1996). 
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Fig. 3.83. Ciota Ciara cave, S.U. 103. Typology of the fractures identified on the flakes and 
comparison between quartz flakes and flakes obtained from the other raw materials present in 
the assemblage. Tot. vein quartz fragmented flakes = 99; tot. spongolite/grey black flint 
fragmented flakes = 77. 

 

Natural surfaces are rarely present on the dorsal faces of the flakes for all the 

knapping methods, but the presence, for all the lithologies, of flakes with a 

complete or a partial natural upper face is another element in favour of the 

practice of knapping activities in the site (Fig. 3.84). As already observed for the 

archaeological levels previously considered, lateral cortex is always associated to 

unipolar negatives of previous removals on the upper faces of the flakes and to 

opportunistic/S.S.D.A. reduction sequences, attesting that they started directly 

from the natural surfaces of the cores exploiting the convexities already present 

until their exhaustion.   

 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



181 
 

 
 
Fig. 3.84. Ciota Ciara cave, S.U. 103. Presence and position of neocortex on vein quartz flakes and 
of cortex on flakes obtained from spongolite and grey/black flint. Tot. vein quartz flakes = 141; 
tot. spongolite and grey/black flint flakes = 106. 

 

Because of post depositional mechanical and chemical alterations and to the 

elevated rate of fragmentation of the considered lithic industry, the direction of 

the negatives of previous removals are not visible for a considerable portion of 

vein quartz and spongolite flakes (Fig. 3.85). Being spongolite and grey/black 

flint most affected than vein quartz by white patina and rounding, more than 50% 

of the flakes realized in these raw materials has unreadable negatives on its dorsal 

face (Fig. 3.85). For all the lithologies, unipolar and bipolar negatives are 

attributable to opportunistic reduction sequences while centripetal and 

convergent directions are linked to discoid and Levallois knapping methods. 

Crossed negatives do not seem to be diagnostic for the identification of the 

knapping method since they can be referred to opportunistic or to discoid and 

Levallois knapping sequences. As usual, the right attribution of each product to 

the method it belongs to depends on the combination of different technological 

criteria, like the characteristic of the butt and the angle between the butt and the 

ventral face.  
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Fig. 3.85. Ciota Ciara cave, S.U. 103. Direction of the negatives of previous removals visible on the 
dorsal faces of the flakes. Tot. vein quartz flakes = 125; tot. spongolite and other raw materials 
flakes = 92. 

 
 

The reduction sequences present in level 103 are the same already observed in 

the other archaeological layers (Tab. 3.11) and the modalities of exploitation 

linked to each knapping method are substantially like those of S.U. 13, 14 and 15. 

Opportunistic/S.S.D.A. and discoid reduction sequences are complete for vein 

quartz and spongolite while Levallois flakes and cores are both present only 

concerning vein quartz (Tab. 3.11). Grey/black flint, similarly to what already 

highlight for S.U. 13, is present in the site almost exclusively as débitage products, 

both retouched or unretouched (Tab. 3.10). A fragmented flint core is present in 

the lithic assemblage (Tab. 3.11), but its modality of exploitation cannot be 

determined because it is strongly affected by rounding. Anyway, it attests that 

occasionally also grey/black flint was knapped in the site even if to a less extent 

than vein quartz and spongolite. Retouch flakes have been identified according to 

their dimensional and technological characteristics in term of typology of the 

butt, direction of the negatives and consistency with the general features of the 

retouch phases observed on the tools.  A general overview on Tab. 3.11 let us 
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suppose that no difference in raw materials exploitation is present in level 103 

according to the knapping methods. Opportunistic/S.S.D.A. methods are 

preponderant for all the raw materials while discoid and Levallois knapping 

sequences are well represented for vein quartz while for the other raw materials 

their employment was probably less frequent (Tab. 3.11).  

 

Raw material 
Opportunistic 

S.S.D.A. 
Discoid Levallois Indet. Retouch flakes Debris Total 

Quartz F. = 87 F. = 13 F. = 2 F. = 23    

 C. = 3 C. = 2 C. = 1 C. = 1    

Tot. 90 15 3 24 16 78 226 

% 21,6% 3,6% 0,7% 5,8% 3,8% 18,7% 54,2% 

Spongolite F. = 36 F. = 4 F. = 1 F. = 17    

 C. = 4 C. = 1 C. = - C. = -    

Tot. 40 5 1 17 11 58 132 

% 9,6% 1,2% 0,2% 4,1% 2,6% 13,9% 31,7% 

Grey/black flint F. = 27 F. = - F. = 2 F. = 4    

 C. = - C. = - C. = - C. = 1    

Tot. 27 - 2 5 1 21 56 

% 6,5% - 0,5% 1,2% 0,2% 5,0% 13,4% 

Others F. = 1 F. = - F. = - F. = -    

 C. = - C. = - C. = - C. = -    

Tot. 1 - - - 2 - 3 

% 0,2% - - - 0,5% - 0,7% 

Total 158 20 6 46 30 157 417 

% 37,9% 4,8% 1,4% 11,0% 7,2% 37,6% 100,0% 

 
 
Tab. 3.11. Ciota Ciara cave, S.U. 103. Raw materials and débitage methods. F. = flakes; C. =cores. 
 

 
Vein quartz flakes, cores and debris have been divided according to the 

morphostructural groups methodology to see if, according to the knapping 

method used, it is possible to see a deliberate choice for specific petrographic 

characteristic (de Lombera-Hermida et al., 2011; Martinez Cortizas and Llana 

Rodriguez, 1996) (Tab. 3.12). 
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Method Morphostructural groups  
NN NS SN SS 

Opportunistic  
S.S.D.A. 

Flakes = 2 Flakes = 44 Flakes = 28 Flakes = 2 

 Cores = - Cores = 1 Cores = 2 Cores = - 

Tot. 2 45 30 2 

Discoid Flakes = 1 Flakes = 8 Flakes = 4 Flakes = - 

 Cores = - Cores = 2 Cores = - Cores = - 

Tot. 1 10 4 - 

Levallois Flakes = - Flakes = 1 Flakes = 1 Flakes = - 

 Cores = - Cores = 1 Cores = - Cores = - 

Tot. - 2 1 - 

Indet. Flakes = - Flakes = 15 Flakes = 7 Flakes = 1 

 Cores = - Cores = 1 Cores = - Cores = - 

Tot. - 16 7 1 

Retouch flakes - 8 8 - 

Debris 2 40 21 3 

Total 5 121 71 6 

% 2,5% 59,6% 35,0% 3,0% 

 
 
Tab. 3.12. Ciota Ciara cave, S.U. 103. Quartz morphostructural groups and knapping methods. 
NN = no grainy, no planes; NS = no grainy, planes; SN = grainy, no planes; SS = grainy, planes. 

 

The data obtained show that the presence of planes was generally more frequent 

than that of grains for all the knapping methods (59,6%). Groups NN and SN are 

barely present, as already pointed out for level 14 and 15, while the group SN is 

represented in all the reduction sequences identified (Tab. 3.12). Even if the 

subdivision in morphostructural groups underlines that the presence of planes 

was generally preferred for the exploitation of vein quartz, the presence of 

artefacts belonging to the SN group in all the reduction sequences, makes 

hypothesize that the preponderance of NS group could be due more to 

environmental causes than to a deliberate choice.  
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3.6.4.1. Opportunistic/S.S.D.A. technology 

The prevalence of unipolar negatives on the dorsal faces of opportunistic flakes, 

together with the scarcity of bipolar and crossed negatives referable to this 

method and the absence of orthogonal negatives, allow to hypothesize that 

opportunistic cores where not intensively exploited and that a multidirectional 

reduction sequence (Forestier, 1993) was just sporadically performed. This is 

probably caused by raw materials constraints: concerning vein quartz, specific 

studies show that the most the débitage proceeds, the most increases the 

occurrence of knapping accidents (de Lombera-Hermida et al., 2011; Driscoll, 

2011; Mourre, 1996); for spongolite, the morphology of the cores, i.e. centimetric 

slabs, do not provide useful angles and suitable convexities for a multidirectional 

exploitation (Fig. 3.86).  

 
 
Fig. 3.86. Ciota Coara cave, S.U. 103. Opportunistic/SSDA flakes and cores on vein quartz and 
spongolite: (a, b) quartz flakes, b has a concretion on the dorsal face; (c) spongolite opportunistic 
flake; (d) vein quartz opportunistic core; (e, f) spongolite opportunistic cores. 
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The typology of the butts (Fig. 3.87) show that natural and flat surfaces, already 

present on the cores or produced by previous removals, were preferred as striking 

platforms, while the absence of dihedral butts is another element showing that 

S.S.D.A. reduction sequences were sporadically performed both on vein quartz 

and on spongolite and grey/black flint.  

 

 
 
 

Fig. 3.87. Ciota Ciara cave, S.U. 103. Typology of the butts belonging to opportunistic/S.S.D.A. 
reduction sequences. Tot. vein quartz butts = 47; tot. spongolite and grey/black flint butts = 39. 
 
 

Cores are frequently discarded before their exhaustion, sometimes due to 

fractures occurred during knapping and caused by internal clevage planes or 

inner flaws.  Vein quartz cores are represented by decimetric fluvial pebbles and 

blocks mainly exploited through unipolar removals: no more than two or three 

detachments are obtained for each striking platform (Fig. 3.86).  

Spongolite cores are represented by slabs collected in secondary deposits (Fig. 

3.86): their opportunistic exploitation starts from two opposite surfaces through 

detachment obtained according to the thickness of the slab, perpendicularly as 

regard to the internal cleavage planes.  

Concerning grey/black flint, the absence of opportunistic cores does not permit 

to make precise considerations about how this knapping sequence was performed 
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on this raw material but the characteristics of the products (butts, direction of the 

negatives and dimensions) are consistent with those of vein quartz and 

spongolite. Then it can be supposed that grey/black flint was exploited through 

the same modalities of vein quartz and spongolite (Fig. 3.86 and 3.88). 

The morphology of the products obtained through opportunistic/S.S.D.A. 

reduction sequences are strongly influenced by that of the cores and even their 

thickness, generally important, is to be interpreted as an adaptation to the 

characteristics of the raw materials (de Lombera-Hermida et al., 2016; Mourre, 

1996). The dimensional analysis of the opportunistic/S.S.D.A. products shows 

that the wanted products were medium sized flakes and, even if the spongolite 

products considered in the analysis are low in number, it is evident that the 

objectives of these knapping sequences were the same for all the other raw 

materials involved (Fig. 3.88). The dimensions of the seven cores found, as for 

the other archaeological levels, are consistent with, but slightly bigger that those 

of the products, confirming that the cores have been abandoned before their 

exhaustion (Fig. 3.88).  
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Fig. 3.88. Ciota Ciara cave, S.U. 103. Dimensional analysis of opportunistic/S.S.D.A. flakes and 
cores. Fragmented flakes are not included. The dimensions of the cores are consistent with those 
of the products obtained. 

 

3.6.4.2. Levallois and discoid technology 

The Levallois method is represented by a total of five flakes and by one core, so 

just a few technological considerations can be made about how it was performed 

on the different lithic raw materials. The reduction sequence is complete just for 

vein quartz since no cores have been found for spongolite and grey/black flint.  

All the artefacts are referable to the recurrent centripetal modality and the 

characteristics of the butts, together with those showed by the only one core 

present in the assemblage, suggest that flat or neocortical surfaces were chosen 

as striking platforms without shaping of the core convexities (Fig. 3.89, 3.90 and 

Appendix A). The core show just one phase of exploitation through five 

centripetal removals, after which it was discarded even if not exhausted. The 
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débitage direction is parallel to the intersection plane between the two core 

surfaces (Fig. 3.89 and Appendix A).  

 

 
 
Fig. 3.89. Ciota Ciara cave, S.U. 103. Vein quartz and spongolite Levallois and discoid cores and 
flakes: (a, c) discoid flakes; (b, f, g) recurrent centripetal Levallois flakes; (d, h) discoid cores; (e) 
spongolite discoid flake; (i) recurrent centripetal Levallois core. 
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Fig. 3.90. Ciota Ciara cave, S.U. 103. Typology of the butts of Levallois and discoid products and 
comparison between vein quartz and spongolite. Tot. vein quartz butts = 13; tot. spongolite butts 
= 3.  

 

Discoid reduction sequences are slightly better attested than Levallois but also in 

this case the low number of products (17) and cores (3) referable to these 

knapping method (Tab. 3.11) do not allow to achieve reliable data on how the 

different raw materials were exploited. The three cores found (Appendix A) attest 

that both the unifacial and the bifacial modalities have been employed. The two 

discoid quartz cores show just a few centripetal detachments with a débitage 

direction secant to the intersection plane between the two core surfaces.  The 

discoid spongolite core show only two centripetal detachments on one of the 

surfaces, while the other is natural (Appendix A). It attests, also for this raw 

material, the use of blanks with suitable morphologies as cores to avoid the 

shaping of the core. 

Since most of the discoid and Levallois products is fragmented, it was not possible 

to deal with a dimensional analysis. According to the characteristics of the discoid 

and Levallois flakes identified, and also to the removals visible on the cores, it 

seems that the wanted products are oval or quadrangular flakes, characterized by 

a general high thickness (Fig. 3.89). Levallois flakes are generally longer and 
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spongolite and flint Levallois and discoid products are generally smaller. This is 

due to the strong conditioning of the initial cores morphology on the final 

characteristics of the products since spongolite blanks with morphologies 

suitable for a discoid exploitation are usually of small dimensions.  

 

 3.6.4.3. Retouched tools 

The typology of the nine retouched tools present in the lithic assemblage of level 

103 is not different from the one of the other stratigraphic units.  

The presence of small flakes with technological characteristics consistent with 

their belonging to the shaping or the rejuvenation of the tools’ edges shows that 

this kind of activities were carried out in the site together with the production of 

the tools through the different knapping method described above.  

Three denticulates, a transversal scraper and a rectilinear lateral scraper are the 

retouched tools realized on vein quartz discoid and opportunistic/S.S.D.A. flakes 

(Fig. 3.91). Retouch is direct or invers, always abrupt or semi-abrupt and no more 

than one generation is present on vein quartz tools. A convergent rectilinear 

scraper has been realized on a fragmented flint recurrent centripetal Levallois 

flake: since the patina present on the flake is not the same of the retouched 

surfaces, it means that this flake was collected and retouched after it was 

produced and discarded, and the fracture plane has been retouched too (Fig. 

3.91). Other two retouched tools (a notch + deniculate and a convex sidescraper) 

are made on grey/black flint but retouch is invasive just for the convergent 

rectilinear scraper, while the other tools have a direct or inverse short retouch. 

Only a notch is part of the spongolite assemblage of level 103 (Fig. 3.91). 
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Fig. 3.91. Ciota Ciara cave, S.U. 103. Retouched tools: (a, c) sidescrapers; (b, d) denticulates; (e) 
notch; (f) convergent rectilinear scraper on a flint recurrent centripetal Levallois flake. 

 

3.7. Discussion and conclusion 

The studies carried out about the lithic assemblage of the Ciota Ciara cave allows 

to achieve significative data about the technological behaviour and the mobility 

patterns of the prehistoric human groups frequenting Piedmont and Lombardy, 

two territories where the researches about Middle Palaeolithic are quite 

underdeveloped. The data obtained from the definition of the supply areas of 

lithic raw materials and from the technological study are indicative of an 

articulated economic and technological behaviour that includes a great 

knowledge of the natural resources available, both in the immediate surroundings 

of the site and on a wider scale, and of the mechanical properties of the different 

lithologies involved in the production of tools. 

Looking at the general composition of the considered lithic assemblages (Tabs. 

3.2, 3.4, 3.7 and 3.10) and to the proportions of the different technological 

categories (flakes, cores, debris, retouched tools, retouch flakes) according to the 

raw materials employed (Tabs. 3.3, 3.5, 3.8 and 3.11) it is evident that the general 
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technological behaviour did not change significantly during the different phases 

of human frequentation of the cave. Slight differences among the archaeological 

levels are visible in the presence/absence of some secondary lithologies (jasper, 

opal, milonite) and in the completeness or fragmentation of the reduction 

sequences linked to grey/black flint of local origin (Tabs. 3.3, 3.5, 3.8 and 3.11). 

The role of the main exploited raw materials (vein quartz and spongolite) and that 

of the allochthonous lithologies (radiolarite and rhyolite) do not change all along 

the sequence. The characteristics of the lithic assemblages belonging to the 

different archaeological layers of the Ciota Ciara cave in terms of completeness 

and complexity of the reduction sequences, and of variety of lithic resources 

employed, seems to depend only on the intensity of the human frequentation of 

the site, probably linked to changing in the climatic and environmental 

conditions (Berto et al., 2016). In accordance with the results achieved by other 

studies (Arzarello et al., 2012a; Berruti, 2017; Buccheri et al., 2016), S.U. 13 and 

15 attest repeated but brief occupations, probably linked to hunting activities, 

while S.U. 14 corresponds to long-term and repeated occupations with intense 

knapping activities performed in the site. S.U. 103 can correspond to 

frequentations like those of levels 13 and 15 but more realistic hypothesis could 

be made when its modalities of deposition will be precisely clarified (Zambaldi, 

2015).  

Even if geoarchaeological data confirm that the materials belonging to the 

different SS.UU. did not undergo important post-depositional phenomena 

(Zambaldi, 2015) and even if this data is confirmed by the technological 

coherence of each considered assemblage, no refitting have been found 

concerning vein quartz. It can be easily interpreted as a consequence of the 

response to knapping of this raw material that, when knapped through hard 
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hammer percussion, shatters producing a huge quantity of debris (e.g. de 

Lombera-Hermida, 2009; de Lombera-Hermida et al., 2016; Mourre, 1996), 

making the research of refitting quite unproductive. 

Together with vein quartz, that is the predominant raw material in all the levels 

(Fig. 3.32, 3.47, 3.63 and 3.80), the most exploited lithology is spongolite: they 

are introduced as natural blanks and knapped in the site according to 

opportunistic/S.S.D.A. (Forestier, 1993), discoid (Boëda, 1993; Peresani, 2003) 

and Levallois (Boëda, 1994) exploitation strategies (Fig. 3.92 and 3.93). Looking 

at the characteristics of these raw materials, the preponderance of vein quartz in 

the assemblage cannot be explained only through its greater availability in the 

local environment (Berruto, 2016, 2011) but the petrographic features of these 

lithologies must be taken into account, as well as the dimensions and 

morphologies of the blanks available. According to the characteristics of the 

natural surfaces visible in the archaeological record, both were collected in 

secondary deposits; the surveys carried out (Berruto, 2016, 2011) show that vein 

quartz is available in different morphologies, rounded pebbles and polygonal 

blocks of different size, while spongolite is mostly available as centimetric slabs, 

while polygonal blocks are mostly of reduced dimensions. Moreover, spongolite 

always presents several internal cleavages that strongly condition its response to 

knapping. Therefore, vein quartz seems to be more attractive than spongolite for 

knapping activities. The subdivision in morphostructural groups of the vein 

quartz artefacts (Tabs. 3.6, 3.9 and 3.12), show that generally the presence of 

planes is preferred to those of grains, regardless the knapping method employed 

(e.g. de Lombera-Hermida et al., 2011). Even thought, in level 15, a slight 

predominance of the SN group (grainy, no planes) is present: it could be ascribed 

to a deliberate choice of the knappers or to the collecting of vein quartz blanks in 
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secondary deposits different from those exploited in S.U. 13 and 14, as 

hypothesize by the recent study completed by G. Berruto (2016). 

A further observation must be made concerning grey/black flint, the best quality 

lithic raw material present in the Monte Fenera area (see chapter 3.5.1.). Its 

limited use in all the SS.UU. is ascribable to the limited extension of the outcrops 

(see chapter 3.5.1.) where, on the other hand, it appears to be available in blanks 

with considerable dimensions. For this reason, even if the number of cores is 

scarce (Tabs. 3.2, 3.4, 3.7 and 3.10), the reduction sequences linked to this raw 

material can be considered as complete, since it is likely to hypothesize that a 

considerable number of products could have been obtained from the exploitation 

of a reduced number of blanks. 

 

 
 

Fig. 3.92. Ciota Ciara cave. Schematic representation of vein quartz reduction sequences. 
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Fig. 3.93. Ciota Ciara cave. Schematic representation of spongolite reduction sequences. 

 

The strong relation between the initial morphology of the cores and the knapping 

methods is evident looking at vein quartz and spongolite exploitation strategies 

(Fig. 3.92 and 3.93). While the opportunistic/S.S.D.A. method is applied on 

almost all the types of blanks collected (rounded pebbles, polygonal blocks and 

slabs), discoid and Levallois methods are employed exclusively on cores with 

suitable morphologies, i.e. vein quartz rounded pebbles and small spongolite 

polygonal blocks (Fig. 3.92 and 3.93). This implies that the final dimensions of 

Levallois and discoid products is strongly influenced by those of the natural 

blanks selected as cores (Fig. 3.40, 3.58 and 3.75). 

Discoid and Levallois methods are well attested in the Ciota Ciara cave (Tabs. 3.3, 

3.5, 3.8 and 3.11) and give the chance to make several considerations about the 

adaptation of their technological criteria to the characteristics of the raw 
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materials, particularly concerning vein quartz. A first adaptation to vein quartz 

petrographic features is visible in the general shortness of the reduction 

sequences: both discoid and Levallois exploitations start from the natural 

surfaces of the cores (neocortical surfaces or natural fracture planes) avoiding 

phases of shaping of the cores, as it appears evident from the typology of discoid 

and Levallois butts (Fig. 3.45, 3.60, 3.77 and 3.90) and from the characteristics 

of the cores (Appendix A). Only for preferential Levallois cores, few removals are 

realized to prepare the lateral and distal convexities of the knapping surface or to 

prepare the striking platform in correspondence of the impact point of the 

preferential flake (Appendix A). After one phase of exploitation the cores are 

discarded. While for spongolite this is due to the reduced dimension of the cores 

(Appendix A), for vein quartz the cores are discarded even when a re-shaping of 

the core would have permitted the production of other predetermined products 

(Appendix A): as demonstrated by experimental studies (de Lombera-Hermida, 

2009; Mourre, 1996; Tallavaara et al., 2010) the most the exploitation proceeds, 

the most the results of the knapping activity are unpredictable due to the 

formation of further inner fracture planes in vein quartz cores. A further 

adaptation to the mechanical characteristics of vein quartz is the frequent use of 

neocortical surfaces as striking platforms, that contributes in reducing the 

occurrence of knapping accidents and fractures (Mourre, 1996, 1994).  

The development of discoid and recurrent centripetal production phases suggests 

that the intention to discard the core after the detachment of a reduced number 

of blanks was a usual technical behaviour at the Ciota Ciara cave. As observed in 

SS.UU. 14 and 15 (Fig. 3.61 and 3.78), where these reduction sequences are most 

developed, it is not visible an attention for the management of the core 

convexities: the removals are rarely plunging or directed toward a chordal 
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direction (Appendix A) as usually observed on cores with several production 

phases (Peresani, 2003).  

All the elements presented above, typical of the discoid and Levallois reduction 

strategies at the Ciota Ciara cave, indicates that the general technical behaviour 

was strongly opportunistic, starting from the choice of the cores to be exploited 

till the exploitation of the natural convexities present on the cores and their 

abandonment after short production phases.  

Despite the adoption of many technological expedients, vein quartz discoid and 

Levallois reduction sequences at the Ciota Ciara cave are conceptually fully 

consistent with the classical definitions of the methods (Boëda, 1994, 1993) and 

with the variability recognized for both methods by several scholars (e.g. Chazan, 

1997; Di Modica and Bonjean, 2009; Dibble and Bar-Yosef, 1995; Eren et al., 

2011; Eren and Bradley, 2009; Eren and Lycett, 2012; Holdaway and Douglass, 

2012; Lycett and Eren, 2013; Menras, 2009; Peresani, 2003; Schlanger, 1996; 

Shimelmitz et al., 2016; Shimelmitz and Kuhn, 2017; Van Peer, 1992; Walker et 

al., 2013). The core volumetric concepts proper of the two methods are present 

(i.e. two non-hierarchized equally convex surfaces for the discoid method and two 

hierarchized differently convex surfaces for the Levallois method) together with 

a marked difference in the débitage direction, parallel to the intersection plane 

between the two core surfaces for Levallois, secant for discoid cores. When a 

unifacial centripetal exploitation is performed on a core, the distinction between 

the two methods becomes more difficult, since, as mentioned before, there are no 

great technological investments in the shaping of the core surfaces. In these cases, 

the main criteria used to distinguish between Levallois and discoid exploitations 

is the débitage direction (Peresani, 2003). The lack of phases of shaping of the 

cores made difficult also the identification of Levallois and discoid products, 
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especially when recurrent centripetal Levallois exploitations have been 

performed. Once again, the distinction of the recurrent centripetal Levallois 

products from the discoid ones is mainly related to the direction of the débitage. 

Another criterion is based on the general morphology of the products, shorter and 

thicker for the discoid, more elongated and thin for the Levallois method (Boëda, 

1993; Eren and Lycett, 2012; Kuhn, 1994; Lemorini et al., 2003; Picin and 

Vaquero, 2016). 

The demonstration that this low technological investment in Levallois and 

discoid reduction sequences is due to an adaptation to the characteristics of the 

lithologies involved and not to a supposed technological inability, as previously 

hypothesize (Lo Porto, 1957), comes from the Levallois and discoid products 

realized on allochthonous good-quality raw materials, radiolarite and rhyolite. 

Even if no Levallois or discoid cores are present for these lithologies, the 

technological characteristics of the products (i.e. faceted butts, number of 

negatives on the upper face of the flakes) let suppose that Levallois and discoid 

reduction sequences on this raw material were longer and more complex than 

those on vein quartz and spongolite, with a careful preparation of the core 

surfaces before the phase of plein dèbitage. 

The use-wear analysis performed on the lithic assemblages of S.U. 13 and 14  are 

consistent with the technological study conducted, attesting the practise of 

activities mainly linked to the maintenance of wooden objects, probably linked to 

hunting activities, in level 13 and the practice of a wide range of activities in level 

14, also linked to medium/long lasting workings, like hide processing (Berruti, 

2017; Daffara et al., 2014).  

A last observation must be made concerning these allochthonous raw materials, 

which supply areas are located at a certain distance from the site: ~ 30 Km for 
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radiolarite and ~ 2 Km in a straight line for rhyolite (see chapter 3.5). The 

presence of allochthonous good-quality raw materials is quite frequent in 

European Middle Palaeolithic sites and frequently in these contexts they are 

present only as finished tools with an high degree of edge rejuvenation (e.g. 

Bourguignon et al., 2004; Costamagno et al., 2006; Féblot-Augustins, 1999; 

Fernandes et al., 2006; Geneste, 1988; Hiscock et al., 2009; Jaubert and 

Delagnes, 2007; Kuhn, 1992; Meignen, 1988; Meignen et al., 2009; Porraz, 2005; 

Turq, 2000). The roles of rhyolite and radiolarite in the lithic assemblage of the 

Ciota Ciara cave is constant all along the sequence, testifying that, despite 

differences in the intensity of human presence in the site, the economic and 

technological behaviour of these human groups did not undergo significant 

changes. They were introduced in the site as finished tools and their edges have 

been rejuvenated several times before being discarded: according to Kuhn (1992) 

they can be interpreted as part of “personal toolkits”, versatile tools that could 

respond to any needs along the usual itinerary covered by the Middle Palaeolithic 

human groups and representing the capacity of predicting needs on a brief time-

scale. The absence of evidence attesting the transport of cores or unworked blanks 

in the Ciota Ciara cave, seems to exclude the possibility of a long-term planning 

of future needs (Kuhn, 1992). 

The Ciota Ciara cave is the evidence of the complex technological and economic 

behaviour of the Middle Palaeolithic human groups that frequented the site for 

brief or long-term seasonal occupations. The identification of raw materials 

supply areas located in the nearby Lombardy suggests that these territories have 

been frequented more intensely than it was thought during Middle Palaeolithic. 

These data, together with the results of recent researches conducted in the region 

(Rubat Borel et al., 2016, 2013), underline the necessity of further systematic 
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interventions aimed to the understanding of the Middle Palaeolithic settlement 

dynamics in this part of north-western Italy. 
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The Ter River Basin:  

 Pedra Dreta and Can Garriga 
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CHAPTER 4 
 

THE TER RIVER BASIN:  
PEDRA DRETA and CAN GARRIGA 

 

The Ter river basin is composed of different geomorphological formations 

containing archaeological sites of different ages: the Ter fluvial terraces, the La 

Garriga stream, the volcanic context and the karstic complex of Cau del Duc de 

Torroella de Montgrí and Ullà (Garcia Garriga, 2015; Pallí, 1976). A human 

frequentation of the area dated to the OIS 5 is attested by the Middle Palaeolithic 

sites of Pedra Dreta and Can Garriga, subjects to different archaeological 

interventions from the 70s to the 90s and located on the left margin of the Ter 

river, at the right side of the Garriga tributary stream, in Sant Julià de Ramis, to 

the north of Girona (Canal et al., 1978; Canal and Carbonell, 1989; E. Carbonell 

et al., 1992; Mora et al., 1987; Rodriguez et al., 1995; Sala et al., 1992). From a 

geomorphological point of view, they are related to the Ter fluvial terraces and to 

La Garriga stream. Pedra Dreta is located at the confluence of La Garriga stream 

and the Ter river while the open-air site of Can Garriga is in the distal side of the 

promontory, on an ancient glacis above the Ter second terrace. Few kilometres 

far from Pedra Dreta is located the Can Guilana volcano, which eruptions are well 

represented and identifiable in the different layers of the Ter river valley, 

especially at Can Garriga (Garcia Garriga, 2015; Rodriguez et al., 1995). The 

travertine structure forming the substrate at these sites were dated by the 230Th/U 

method, thus allowing their positioning within the OIS 5 (Garcia Garriga, 2015; 

Giralt et al., 1995). A new technological study of the lithic assemblages from Pedra 

Dreta and Can Garriga has been carried out, and it is mainly focused on the 

Levallois and discoid reduction sequences. The results of this study and of the 
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use-wear analysis are presented in the following paper recently submitted to 

L’Anthropologie. 
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The use of “second rate” raw materials during Middle Palaeolithic. 
Technological and functional analysis of two sites in north-eastern 

Iberia. 
L'utilisation de matières premières « mauvais » au Paléolithique moyen. 

Analyse technologique et fonctionnelle de deux sites dans le nord-est de l'Ibérie. 
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Abstract 

In recent years many issues arose regarding the technological and functional 

analysis of lithic assemblages dominated by “second rate raw materials” like vein 

quartz, metamorphic or volcanic rocks. Nevertheless, the technological study of 

this kind of assemblages and their consequent interpretation seems to be still 

based on the techno-typological criteria elaborated for flint artefacts, thus leading 

to the common inference that these lithic assemblages are archaic and mainly 

linked to opportunistic production systems. Pedra Dreta and Can Garriga, located 

in the north-east of the Iberian Peninsula, present two small lithic assemblages 

dominated by local raw materials (vein quartz, quartzite, porphyry, syenite, etc.) 

and by opportunistic reduction sequences but with the presence of Levallois and 

discoid châine operatoires. The technological analysis is aimed to answer two 

main issues that emerged during the study and that can contribute to the study 

of non-flint lithic assemblages: 1. Which criteria should we adopt to distinguish 
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between discoid and recurrent centripetal Levallois products? and 2. Is it possible 

that the Levallois products are the result rather of the opportunistic and 

expedient reduction sequences that are dominant in these assemblages than of a 

real use of the Levallois method?  

A use-wear analysis has also been conducted for the first time on Pedra Dreta and 

Can Garriga lithic assemblages. The peculiarities of the lithic raw materials 

employed made necessary the adoption of specific methodologies and the 

realization of a particular procedure for the analysis of porphyry’s tools.  

Keywords 

Lithic technology, use-wear analysis, Levallois and discoid technology, quartz, 

porphyry, Iberian Peninsula. 

 

Résumé 

Depuis plusieurs années, l’analyse technologique et fonctionnelle des 

assemblages lithiques dominés par des matières premières de mauvaise qualité 

telles que le quartz filonien, les roches métamorphiques ou volcaniques a soulevé 

de nombreuses questions. Néanmoins, l’étude technologique et l’interprétation 

de ce type d’assemblage semblent toujours être basées sur des critères techno-

typologiques élaborés pour des artéfacts en silex, ceci amenant fréquemment à 

une même conclusion : ces assemblages lithiques sont archaïques et 

principalement le fruit d’un système de production opportuniste. Les sites de 

Pedra Dreta et Can Garriga, situés au nord-est de la péninsule ibérique, 

présentent deux petits assemblages lithiques dominés par une matière première 

locale (quartz filonien, quartzite, porphyre, syénite etc…) et par une séquence de 

réduction opportuniste mais avec la présence de chaînes opératoires Levallois 

et discoïdes.  L’analyse technologique a pour but de répondre à deux principales 
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questions qui se sont soulevées durant l’étude de ce matériel et qui peuvent 

contribuer à l’analyse d’assemblage lithique sans silex: 1. Quels critères doit-on 

adopter ici pour distinguer les produits du débitage Levallois de ceux du 

débitage Levallois récurrent centripète? et 2. Est-il possible que ces produits 

Levallois soient le résultat des chaînes opératoires opportuniste, qui semble être 

dominant dans ces assemblages, et non le fruit d’une réelle utilisation de la 

méthode Levallois ? 

L’étude est complétée par une analyse tracéologique, effectuée pour la première 

fois sur les assemblages des sites de Pedra Dreta et Can Garriga. La 

particularité de la matière première implique l’utilisation de méthodologies 

spécifiques et la mise en place de procédures particulières pour l’analyse des 

instruments porphyriques. 

Mots clés 

Technologie lithique, analyse tracéologique, débitage Levallois et discoïde, 

quartz, porphyre, péninsule Ibérique. 

 

4.1. Introduction  

The use of raw materials different from flint, like vein quartz and quartzite, as raw 

materials to produce lithic tools is well attested in several European Middle 

Palaeolithic sites (e.g. Baena et al. 2012; Berruti and Cura 2016; Cologne et al. 

2009; Daffara et al. 2014; Di Modica and Bonjean 2009; Jaubert et al. 2005; 

Lazuén et al. 2011; Márquez et al. 2016; Menras 2009; Moncel and Lhomme 

2007; Mourre and Thiébaut 2008; Ortega and Maroto 2001) but, at today, works 

concerning the technological constraints linked to their exploitation, especially 

when predetermined knapping methods (i.e. Levallois methods) are employed, 

are still scarce (Clegg, 1977; Eren et al., 2011). Even if the interest toward vein 
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quartz and the role of raw materials properties in the final characteristics of the 

lithic assemblages increased in the last decades, the technological studies about 

quartz lithic industries and the resulting interpretations seem to be still based on 

the techno-typological criteria elaborated for flint artefacts, thus leading to the 

common inference that quartz lithic assemblages are archaic and mainly linked 

to opportunistic production systems (Knutsson, 2014; Rodríguez-Álvarez, 2016; 

de Lombera-Hermida & Rodríguez-Rellán, 2016). The same should be pointed 

out concerning use-wear analysis: although some years ago specific 

methodologies have been developed for the identification of wear traces on these 

kinds of raw materials, just in recent years a specific interest on this argument is 

born (e.g. Clemente-Conte et al., 2017; Clemente-Conte and Gibaja Bao, 2009; 

Driscoll, 2011; Knutsson et al., 2015; Moncel et al., 2008; Pereira, 1993; Sussman, 

1988; Venditti et al., 2016). 

The considered sites, Pedra Dreta (PD) and Can Garriga (CG) (Canal et al., 1978; 

Giralt et al., 1995; Mora et al., 1987; Rodriguez, 2004; Rodriguez et al., 1995; 

Rodriguez and Lozano Ruiz, 1999), show lithic assemblages composed of a 

mosaic of local raw materials where vein quartz is dominant, followed by 

quartzite, porphyry, syenite, hornfels, sandstone, metamorphic rocks, granite, 

limestone, diorite, lydite, schist and basalt. Levallois and discoid technologies are 

present on all the main raw materials, thus giving the chance to observe 

interesting expedients put into action by the knappers to face the constraints due 

to the mechanical and petrological properties of each raw material. Concerning 

use-wear analysis, one of the aims of this work was to test the effectiveness of the 

methodology chosen for the identification of wear traces on porphyry lithic 

artefacts. 
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4.2. Geomorphological setting, sites location and chronology 

The Ter river basin is composed of different geomorphological formations 

containing archaeological sites of different ages: the Ter fluvial terraces, the La 

Garriga stream, the volcanic context and the karstic complex of Cau del Duc de 

Torroella de Montgrí and Ullà (Garcia Garriga, 2015; Pallí, 1976). A human 

frequentation of the area dated to the OIS 5 is attested by the Middle Palaeolithic 

sites of PD and CG, subjects to different archaeological interventions from the 70s 

to the 90s and located on the left margin of the Ter river, at the right side of the 

Garriga tributary stream, in Sant Julià de Ramis, to the north of Girona (Fig. 4.1) 

(Canal et al., 1978; Canal and Carbonell, 1989; E. Carbonell et al., 1992; Giralt et 

al., 1995; Mora et al., 1987; Sala et al., 1992). From a geomorphological point of 

view, they are related to the Ter fluvial terraces and to La Garriga stream. Pallí 

(1976) describes four asymmetrical terraces formed by alternating erosional-

sedimentary fluvial activity: T4 (145 m a.s.l.) almost completely dismantled by 

erosive processes and composed of reddish-brownish clays soils; T3 (104 m a.s.l.), 

composed of carbonated brownish silt soils and restricted to the confluence 

interfluve of the La Garriga stream and some other locations which were 

preserved from erosion; T2 (65 m a.s.l.), composed of dark brownish silt soils and 

representing the present plain going from Salt to Sant Julià de Ramis, passing 

through Girona; T1 (60 m a.s.l.), composed of silt and clays from the recent river 

bed (Garcia Garriga, 2015; Giralt et al., 1995). During the investigations of 1995, 

an intermediate terrace was identified (Giralt et al., 1995) between the third and 

the second terrace described by Pallí (1976) (Fig. 4.1). 
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Fig. 4.1. Geographical location of the archaeological sites, Pedra Dreta and Can Garriga (top); 
longitudinal profile of the Ter terraces in Saint Julià de Ramis, modified from Giralt et al., 1995 
(bottom). 
Localisation géographique des sites archéologiques, Pedra Dreta et Can Garriga (en haut) ; 
profil longitudinal des terrasses du Ter à Saint Julià de Ramis, modifiées à partir de Giralt et 
al., 1995 (en bas). 

 

PD is located at the confluence of La Garriga stream and the Ter river while the 

open-air site of CG is in the distal side of the promontory on an ancient glacis 

above the Ter second terrace (T2). Few kilometres far from PD is located the Can 

Guilana volcano, which eruptions are well represented and identifiable in the 

different layers of the Ter river valley, especially at CG (Garcia Garriga, 2015; 

Rodriguez et al., 1995). The travertine structure forming the substrate at these 

sites were dated by the 230Th/U method, thus allowing their positioning within 

the OIS 5 (Garcia Garriga, 2015; Giralt et al., 1995).  

 

4.2.1. Pedra Dreta  

PD is located at the joining of the Garriga stream and the Ter river in the 

municipality of St. Julià de Ramis (Girona), on the National route II (Fig. 4.1). 

This area corresponds to the beginning of the gorge that the river Ter opens in 

the north-west of the Gavarres and it is the last plain of the Catalan pre-coastal 
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corridor before entering the marshlands of the Empordà and the lower Ter valley 

(Rodriguez et al., 1995). On the other side, few hundred meters away from PD, 

the Garriga stream goes deeper, dividing the PD area from the higher plain where 

is located the open air site of CG (Rodriguez et al., 1995).  

During the archaeological intervention of 1991, two stratigraphic sequences were 

exposed in PD, one inside the rock shelter and one just outside, to identify its 

original width and to define the sedimentation dynamics (Giralt et al., 1995). In 

the north and in the west part of the investigated area, was identified a structure 

made by cobblestone, interpreted as an anthropic modification due to the 

construction of medieval routes. Nevertheless, the artefacts collected are all 

referable to the Upper Pleistocene and so, even if in these areas the spatial 

relationship among the objects is lost, intrusions of modern materials were not 

identified (Canal and Carbonell, 1989; Rodriguez et al., 1995). 

The external sequence is composed of an alternation between conglomerates and 

coarse/fine grained sands at the base of the sequence, while the remaining part is 

composed of a layer of conglomerates and clays, followed by sands with travertine 

boulders characterized by a strong slope towards the exterior of the rock shelter 

(Giralt et al., 1995). 

The interior stratigraphic sequence shows a different sedimentation dynamic. 

From the bottom to the top, it is composed of carbonate sands, alternation of 

travertine and stalagmitic crusts, an edaphic layer with two horizons, A and B, 

within which the archaeological level is located, and a travertine sheet that closes 

the assemblage. At the top of the sequence, a level composed of travertine 

boulders may be linked to the later collapse of the rock shelter (Giralt et al., 1995). 

Horizons A and B, above which the Middle Palaeolithic occupation took place, are 

clay levels originated from stream flooding and are located between two 
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travertine sheets: the lower is dated to 88.200 ± 4.000 BP, the upper to 92.000 

± 4.000 BP (Fig. 4.2). These data state that the sedimentation and collapse of the 

rock shelter were quite rapid, covering a time range of the hominin settlement of 

some 4.000 years (E. Carbonell et al., 1992; Garcia Garriga, 2015; Giralt et al., 

1995; Sala et al., 1992). 

 

Fig. 4.2. Pedra Dreta. Interior stratigraphic sequence showing the 230Th/U chronology (modified 
from Giralt et al., 1995) 
Pedra Dreta. Séquence stratigraphique intérieure montrant les datations 230Th / U (modifiée à 
partir de Giralt et al. 1995). 

 

4.2.2. Can Garriga 

Can Garriga is an open-air site located in the municipality of St. Julià de Ramis 

(Girona), on the left side of the Ter river and of the National route II and on the 

right side of La Garriga stream (Canal and Carbonell, 1989; E. Carbonell et al., 

1992; Giralt et al., 1995; Mora et al., 1987; Rodriguez and Lozano Ruiz, 1999; Sala 

et al., 1992), few hundred meters from the site of Pedra Dreta (Fig. 4.1). The site 

is situated at the slope of a small hill, in the distal side of the promontory of an 

ancient glacis, above the Ter second terrace, seventy meters above the sea level 

and twenty-two meters above the Ter river (Giralt et al., 1995; Rodriguez, 2004). 

In Can Garriga were identified four archaeological levels and its investigation 
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allowed for the first time the reconstruction of the stratigraphic sequence of the 

last phases of the Middle Pleistocene and of the beginning of the Upper 

Pleistocene in the region (Giralt et al., 1995). 

In 1991, three stratigraphic sequences were exposed in Can Garriga, one to 

contextualise the archaeological levels and define the sedimentary dynamics (CG-

1) (Fig. 4.3), two to identify possible lateral lithological changes (CG-2 and CG-3) 

(Giralt et al., 1995).  

CG-1 consist in an alternation between carbonate sands and travertine levels 

while CG-2 and  

CG-3 show an alternation between sands and travertine levels with a reduced 

lateral extension, showing an important lateral variability.  

The analysis of these stratigraphic sequences led to the reconstruction of the 

sedimentation dynamics of the site, characterized by the alternation of glacis 

deposits, putting sands, and periods of stability, whereon little rafts appeared and 

generated travertines (Giralt et al., 1995; Rodriguez, 2004). As mentioned before, 

in Can Garriga were identified four archaeological levels, consequence of diverse 

occupations that took place in a moment of travertine regression (Fig. 4.3). The 

sedimentary dynamic of Can Garriga began with the formation of a travertine 

level on the second terrace (T2) of Ter river, dated in its downside in 128.8 ± 6.5 

Ka and in its topside in 112.2 ± 7.5 Ka. Next there is a tractive level, or of alluvion, 

(archaeological level 4) formed by the action of the superficial streams of La 

Garriga’s hill. On the top a travertine was localized, dated in 107.6 Ka. On the 

travertine lies the archaeological level 3, in paedogenic clays, with volcanic 

particles on its top, which analysis offered a magnetic inverse polarity, 

corresponding to the Blake episodes (118 Ka). Above this level of volcanic 

particles, the archaeological level 2 was deposited, in a deposit of clays and sands. 
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On its top, a travertine was dated in 103.5 ± 3.2 Ka, thus estimating the activity 

of Can Guilana volcano to about 100 Ka, simultaneous with the hominin 

settlement in the La Garriga stream valley (Garcia Garriga, 2015; Mora et al., 

1987). Above these, is the archaeological layer 1, also in clays and sands. Finally, 

a travertine level dated in 87.7 ± 2.5 Ka appeared. Can Garriga can therefore be 

correlated with the OIS 5 (Garcia Garriga, 2015; Giralt et al., 1995; Mora et al., 

1987; Rodriguez, 2004). 

 

Fig. 4.3. Can Garriga. Stratigraphy and dates of Can Garriga sequence, indicating the 
archaeological levels. On the left the stratigraphic sequence drawn in 1986, and on the right the 
new stratigraphy drawn in 1991. In 1991 column do not appear the level 1 neither the travertine 1, 
indicated in 1986 column. Legend (for 1991 stratigraphy): 1: sands, 2: sands with travertine 
nodules, 3: travertine, 4: sands with volcanic particles (from Rodriguez, 2004). 
Can Garriga. Stratigraphie et datations de la séquence de Can Garriga, indiquant les niveaux 
archéologiques. A gauche, dessin de la séquence stratigraphique réalisée en 1986 et à droite, 
stratigraphie dessinée en 1991. Dans la colonne de 1991, le niveau 1 et le travertin 1 
n’apparaissent pas alors qu’ils sont indiqués dans celle de 1986. Légende (pour la stratigraphie 
de 1991) : 1 : sables, 2 : sables avec nodules de travertin, 3 : travertin, 4 : sables avec particules 
volcaniques (d’après Rodrigez, 2004). 
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4.3. Materials and methods 

4.3.1. Technological study 

A new technological analysis of the lithic assemblages from Pedra Dreta and Can 

Garriga was performed to reconstruct the knapping sequences and the core 

reduction strategies employed, with particular attention to the Levallois and the 

discoid knapping sequences applied on raw materials like vein quartz, porphyry 

and syenite. Technical criteria have been used to answer the objectives of these 

work (Boëda, 1994, 1993; Boëda et al., 1990; Inizan et al., 1995; Peresani, 2003). 

For flakes, different technological features have been considered. The knapping 

technique has been identified through the analysis of the stigmata present on the 

butt and on the ventral face (impact point, ripples, hackles) even if, due to the raw 

materials employed, these stigmata are not always readable on the flakes. 

Concerning vein quartz, we based the technological study on specific works about 

the identification of the knapping stigmata and on its rate and modalities of 

fragmentation (Cologne and Mourre, 2006; de Lombera-Hermida, 2009; de 

Lombera-Hermida et al., 2011; Di Modica and Bonjean, 2009; Driscoll, 2011; 

Manninen, 2016; Moncel et al., 2008b; Mourre, 1996, 1994; Tallavaara et al., 

2010) while for other raw materials like porphyry and syenite no specific works 

have been published yet. 

The presence and the position of the cortex and the direction of the scars on the 

upper face of the flakes have been used to identify the knapping methods and the 

development of core reduction. The definition of each knapping method is based 

on the works of Forestier (1993), Boëda (1993) and Boëda et al. (1990). For 

Levallois, discoid and centripetal cores (i.e. cores with few centripetal 

detachments not recognizable as discoid or Levallois cores) a diacritical scheme 

has been realized (Appendix B) in order to define all the steps of flake production 
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and shaping of the core. The typological attribution of the retouched blanks is 

based on Bordes (1961). Concerning quartz artefacts, we applied the subdivision 

in four morpho-structural groups developed by Martinez Cortizas and Llana 

Rodriguez (1996) and de Lombera-Hermida et al. (2011). According to this 

approach, vein quartz can be divided in four morpho-structural groups 

depending on the presence/absence of grains and planes (i.e. internal flaws or 

crystalline surfaces): NN (no grain, no planes), NS (no grain, planes), SN (grain, 

no plains), SS (grain, plains). The aim is to see if we can observe a clear relation 

between the mechanical features of each morpho-structural group and the 

knapping method chosen. In Pedra Dreta, the assemblage analyzed corresponds 

to the lithic artefacts collected during the 1991 excavation, since the materials 

coming from previous interventions do not have any stratigraphic indication. The 

assemblage is composed by 550 lithic artefacts characterized by a general good 

state of preservation. The raw materials are local and collected in the 

surroundings of the site. In Can Garriga, the lithic assemblage analyzed 

corresponds to the artefacts clearly referable to the 1991 excavation and it consists 

of 283 pieces coming from the archaeological Level 1 and characterized by a 

general good state of preservation. Level 2 and 3 are not considered since the 

lithic artefacts clearly referable to these archaeological levels are respectively 33 

and 32. The raw materials are various but all local and collected in the 

surroundings of the site, in secondary deposition.  

 

4.3.2. Use-wear analysis 

The method employed for the use wear analysis is the integrated approach, which 

is the combination of two different methodologies: the Low Power Approach 

(LPA) (e.g. Odell, 1981; Semenov, 1964) and the High Power Approach (HPA) 
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(e.g. Keeley, 1980). Through the LPA approach, that requires the use of a 

stereomicroscope, it is possible to identify the type of action carried out with the 

lithic artefacts and the hardness of the material worked, while the HPA approach, 

that requires the use of a metallographic microscope, permits the identification 

also of the type of material worked. There are indeed some advantages working 

with the two methods together: the stereomicroscope (LPA) has a long working 

distance, wide depth of field and produces 3D images, it is less expensive in terms 

of time-consuming and large samples can be observed to verify the possible 

presence of use traces. However, due to the lower magnification, slight traces can 

be missed, but this can happen also with HPA. In the combined approach, the 

stereomicroscope analysis (LPA) represents an excellent tool for the screening of 

the material, for the selection of sample and for macroscopic observations (e.g. 

Lemorini et al., 2014; Wilkins et al., 2015; Moss, 1983; Beyries, 1987; Van Gijn, 

2014; Berruti and Daffara, 2014; Cruz and Berruti, 2015). The use-wear traces 

identified with the LPA need to be further studied through the HPA. The 

integrated approach is applied by different scholars on lithic artefacts made in all 

the most common raw materials such as flint, chert, obsidian, quartz and 

quartzite (e.g. Clemente-Conte and Gibaja Bao, 2009; Lemorini et al., 2014; 

Plisson et al., 2008). To reduce the intensity of the fastidious glare, typical of 

quartz-rich raw materials like quartz and quartzite (e.g. Clemente-Conte and 

Gibaja Bao, 2009; Igreja, 2009; Lemorini et al., 2014) the metallographic 

microscope was equipped with a Differential Interference Contrast Microscopy 

(also known as Nomarski filter) (Igreja, 2009; Knutsson et al., 2015). For this 

study, the same methodology has been applied for all the lithic artefacts, even that 

in limestone, hornfels, porphyry and syenite. 
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4.3.2.1. Experimental collection 

An experimental collection composed of about 50 artefacts obtained from the 

most abundant raw materials present in the archaeological sample (porphyry, 

quartz, syenite) was realized (Fig. 4.4). During the experimentation, the artefacts 

were used to perform different actions (cutting and scraping) on different 

materials (fresh and dry bone, dry and fresh wood, dry antler, fresh hide, meat 

and butchering activities) and monitored at different times (5-15-25 min.).  

 

4.3.2.2.  Selection of the sample for the use wear analysis  

Among the 550 lithics composing the assemblage considered for the 

technological study of Pedra Dreta, a sample of 68 artefacts was selected for the 

use wear analysis: 10 of quartzite, 1 of limestone, 1 of hornfesls, 10 of porphyry, 

36 of quartz belonging to different morpho-structural groups (12 NS; 21 SN; 1 SS; 

2 indet.), 1 of chert and the last 10 of syenite. Concerning Can Garriga, among the 

283 lithic artefacts considered for the technological study, a sample of 32 was 

selected for the use wear analysis, of which 8 finds are made in quartzite, 1 in 

hornfels, 3 in porphyry, 19 in quartz belonging to various morpho-structural 

groups (1 NN; 2 NS; 14 SN; 1 SS; 1indet.) and 1 in syenite. Five criteria were 

applied during the selection of the sample: completeness, presence of at least one 

functional edge (artefacts without potential functional edges were excluded from 

the analysis), morphology suitable for prehension or hafting, surface preservation 

(absence of marked post depositional alterations) and presence of removals and 

rounding localized on the edges of the artefacts and probably related to an ancient 

use (Berruti et al., 2016; Lemorini et al., 2014). This preliminary phase was 

divided in two parts. The first examination was carried out at the naked eye, 

followed by a second inspection with a stereo-microscope in reflected light. In 
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this way, it is possible to minimize the likelihood of confusing the modifications 

due to artefact's use rather than post-depositional processes. 

 

 

Fig. 4.4. Experimental collection: (a and b) natural marks on the edges of quartz unused flake 
(sper. 11); (c) wear traces on the edge of a quartz flake (exper. 13) used for bone-working (15 min); 
(d) wear traces on a quartz crystal on the edge rim of a porphyry flake (sper. 1) used for hide 
working (15 min). 
Collection expérimentale: (a et b) traces naturelles sur les bords d’un éclat en quartz inutilisés 
(expér. 11) ; (c) traces d’utilisation sur le bord d’un éclat en quartz (expér. 13) utilisé pour le 
travail des os (15 min.) ; (d) traces d’utilisation sur un cristal de quartz sur le bord d’un éclat de 
porphyre (expér. 1) utilisé pour le travail de la peau (15 min.) 

 

4.4. Results 

4.4.1. Technological study  

The lithic assemblage of Pedra Dreta (PD) is composed by 550 artefacts realized 

through the exploitation of local raw materials collected in the form of pebbles on 

the river banks close to the site. The most exploited raw material is vein quartz 

(64,5%), followed by syenite (20,0%), quartzite (6,5 %) and porphyry (6,2%). All 

the other raw materials, scarcely represented, are metamorphic or sedimentary 

rocks (hornfels, limestone, basalt, gneiss, schist) present near the site (Table 4.1). 

In Can Garriga (CG), the considered lithic assemblage is composed by 283 

artefacts coming from archaeological level 1. As for PD, the most common raw 
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material is vein quartz (63,6%) followed by quartzite (12,4%), porphyry (6,4%), 

hornfels (3,5%) and syenite (3,2%). Other lithologies like sandstone, granite, 

limestone, diorite, lydite and basalt are sporadically attested and all of them are 

available near the site (Table 4.2). From a technological point of view PD and CG 

show significant similarities, so the sites will be dealt with together.  

 

Table 4.1. Pedra Dreta. Raw materials and composition of the lithic assemblage. 
Pedra Dreta. Matières premières et composition de l’assemblage lithique. 

 

 

 

 

 

 

 

 

 

Raw material Flakes Cores Retouched tools Debris Pebbles Total % 

Quartz 238 19 3 92 3 355 64,5% 

Syenite 84 4 - 15 7 110 20,0% 

Quartzite 32 - - 3 1 36 6,5% 

Porphyry 24 3 1 5 1 34 6,2% 

Flint 4 - - 2 - 6 1,1% 

Hornfels 2 - - - - 2 0,4% 

Limestone 2 - - - - 2 0,4% 

Basalt - 1 - - - 1 0,2% 

Gneiss 1 - - - - 1 0,2% 

Metamorphic rock 1 - - - - 1 0,2% 

Schist 1 - - - - 1 0,2% 

Indet. - - - 1 - 1 0,2% 

Total 389 27 4 118 12 550 100,0% 
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Table 4.2. Can Garriga. Raw materials and composition of the lithic assemblage. 
Can Garriga. Matières premières et composition de l’assemblage lithique. 

 

The reduction sequences are generally short for all the raw materials and all the 

knapping methods and cores are usually discarded before their complete 

exhaustion. This could be due to the abundance of raw materials in the area, to 

the low quality of most of the raw materials, all characterized by the presence of 

several inner fractures or to the dimensions of the wanted products. A low 

number of cores is present in the lithic assemblages (PD: 27; CG: 27), therefore 

part of the production of lithic tools was probably done out of the site.  

Considering the kind of raw materials employed, even the number of debris is 

low, thus supporting the hypothesis that the production of lithic tools was carried 

out in other areas even if the scarce presence of debris could be due to excavation 

modalities or to taphonomic causes. Another problem caused by raw materials is 

the frequency of fragmented products: most of the accidents occurred during the 

Raw material Flakes Cores Retouched tools Debris Pebbles Total % 

Quartz 123 14 9 32 2 180 63,6% 

Quartzite 29 4 - 2 - 35 12,4% 

Porphyry 11 3 - 2 2 18 6,4% 

Syenite 9 - - - - 9 3,2% 

Hornfels 9 - - - 1 10 3,5% 

Sandstone 5 - - - 1 6 2,1% 

Metamorphic rock 4 - - 2 - 6 2,1% 

Granite 2 3 - - 2 7 2,5% 

Limestone 2 1 - - - 3 1,1% 

Diorite 1 - - - - 1 0,4% 

Lydite - 2 - 1 - 3 1,1% 

Basalt 2 - - 1 - 3 1,1% 

Indet. 2 - - - - 2 0,7% 

Total 199 27 9 40 8 283 100,0% 
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reduction sequences, with a high frequency of radial and bending fractures 

(Tallavaara et al., 2010) (Fig. 4.5).  

 

 

 

Fig. 4.5. Graphs showing the high rate of fragmentation of Pedra Dreta and Can Garriga lithic 
assemblages. 
Graphiques montrant le taux élevé de fragmentation des ensembles lithiques de Pedra Dreta et 
Can Garriga. 
 

The knapping methods are various and are those typical of Mousterian 

assemblages (opportunistic/S.S.D.A., discoid, Levallois) with a clear 

preponderance of opportunistic reduction sequences (PD: 81,7%; CG: 75,7%). 

Débitage on flake, Kombewa s.l.., is also attested in PD by a quartz core and a 
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syenite flake but, considering the sporadic presence of this method, it can be 

related to the opportunistic component of the production (Table 4.3 and Table 

4.4).  

Raw 
material 

Opportunistic Discoid Levallois Centripetal  
Kombewa 

s.l. 
Indet. Total 

Quartz Flakes = 205 Flakes =18 Flakes = 5 Flakes = 2 Flakes = - Flakes = 12  

 Cores = 14 Cores = 2 Cores = 1 Cores = - Cores = 1 Cores = -  

Tot. 219 20 6 2 1 12 260 

% 52,1% 4,8% 1,4% 0,5% 0,2% 2,9% 61,9% 

Syenite Flakes = 66 Flakes = 11 Flakes = 2 Flakes = - Flakes = 1 Flakes = 3  

 Cores = 2 Cores = - Cores = 1 Cores = 1 Cores = - Cores = 1  

Tot. 68 11 3 1 1 4 88 

% 16,2% 2,6% 0,7% 0,2% 0,2% 1,0% 21,0% 

Quartzite Flakes = 23 Flakes = 5 Flakes = 3 Flakes = - Flakes = - Flakes = 1  

 Cores = - Cores = - Cores = - Cores = - Cores = - Cores = -  

Tot. 23 5 3 - - 1 32 

% 5,5% 1,2% 0,7% - - 0,2% 7,6% 

Porphyry Flakes = 20 Flakes = 4 Flakes = 1 Flakes = - Flakes = - Flakes = -  

 Cores = 2 Cores = - Cores = 1 Cores = - Cores = - Cores = -  

Tot. 22 4 2 - - - 28 

% 5,2% 1,0% 0,5% - - - 6,7% 

Others Flakes = 10 Flakes = - Flakes = - Flakes = - Flakes = - Flakes = 1  

 Cores = 1 Cores = - Cores = - Cores = - Cores = - Cores = -  

Tot. 11 - - - - 1 12 

% 2,6% - - - - 0,2% 2,9% 

Total 343 40 14 3 2 18 420 

% 81,7% 9,5% 3,3% 0,7% 0,5% 4,3% 100,0% 

 
Table 4.3. Pedra Dreta. Raw materials and débitage methods. 
Pedra Dreta. Matières premières et méthodes de débitage. 
 
 

The characteristics of the butts (mainly flat and cortical) and the considerable 

presence of cortical flakes and of flakes with lateral cortex on the dorsal face, let 

assume that the opportunistic débitage started with the opening of a striking 

platform on one side of the selected pebble and it continued through the 

detachment of flakes according to a unipolar direction. The low number of 

negatives visible on the dorsal faces (two or three) indicates that just a few flakes 

were produced for each striking platform. After this first production sequence, 

the core is usually discarded but sometimes the production continues according 

to a S.S.D.A. reduction sequence (Forestier, 1993). The products obtained 
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through this method are usually short and large and just sometimes elongated 

(Fig. 4.6) even if it cannot be explained as a deliberate choice, but more likely as 

the result of a conditioning due to morphology and dimension of the pebbles 

collected. 

Raw 
material 

Opportunistic Discoid Levallois Centripetal Indet. Total 

Quartz Flakes = 105 Flakes = 7 Flakes = 4 Flakes = - Flakes = 16  

 Cores = 6 Cores = 5 Cores = - Cores = 3 Cores = -  

Tot. 111 12 4 3 16 146 

% 47,2% 5,1% 1,7% 1,3% 6,8% 62,1% 

Quartzite Flakes = 22 Flakes = 2 Flakes = 3 Flakes = - Flakes = 2  

 Cores = 3 Cores = - Cores = - Cores = - Cores = 1  

Tot. 25 2 3 - 3 33 

% 10,6% 0,9% 1,3% - 1,3% 14,0% 

Porphyry Flakes = 7 Flakes = 2 Flakes = 2 Flakes = - Flakes = -  

 Cores = 2 Cores = - Cores = - Cores = 1 Cores = -  

Tot. 9 2 2 1 - 14 

% 3,8% 0,9% 0,9% 0,4% - 6,0% 

Syenite Flakes = 6 Flakes = 1 Flakes = - Flakes = - Flakes = 2  

 Cores = - Cores = - Cores = - Cores = - Cores = -  

Tot. 6 1 - - 2 9 

% 2,6% 0,4% -% - 0,9% 3,8% 

Others Flakes = 21 Flakes = - Flakes = 1 Flakes = - Flakes = 5  

 Cores = 6 Cores = - Cores = - Cores = - Cores = -  

Tot. 27 - 1 - 5 33 

% 11,5% - 0,4% - - 14,0% 

Total 178 17 10 4 26 235 

% 75,7% 7,2% 4,3% 1,7% 11,1% 100,0% 

 
Table 4.4. Can Garriga. Raw materials and débitage methods. 
Can Garriga. Matières premières et méthodes de débitage 

 
 
Among the opportunistic component of the lithic assemblage, a centripetal 

exploitation that can’t be related to a discoid or a Levallois reduction sequence it 

is attested in PD by two flakes and in CG by four cores and it consists in the 

exploitation of a peripherical natural convexity through a small number of 

detachments in centripetal direction. 
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Fig. 4.6. Dimensional analysis of the flakes issued from an opportunistic/S.S.D.A. débitage in 
Pedra Dreta (left) and Can Garriga (right), fragmented artefacts are not included. The dimensions 
of the flakes are related to the initial dimensions of the collected raw materials. 
Analyse dimensionnelle des éclats issus d'un système de débitage opportuniste / S.S.D.A. dans 
Pedra Dreta (gauche) et Can Garriga (droit), des éclats fragmentés ne sont pas inclus. Les 
dimensions des éclats sont liées aux dimensions initiales des matières premières collectées. 
 

The Levallois method is attested just in the recurrent centripetal modality by 11 

flakes and 3 cores (PD) made in quartz, quartzite, syenite and porphyry and by 10 

flakes in quartz, quartzite, porphyry and hornfels (CG) (Table 4.3 and Table 4.4). 

Despite the exiguity of the sample, it is interesting to see how the criteria 

characteristic of the Levallois method (Boëda, 1994, 1993) have been adapted to 

the raw materials employed, thus indicating a great knowledge of the petrological 

and mechanical properties of the raw materials. The shaping of the core is 

minimized thanks to the choice of pebbles that already have suitable convexities 

for a Levallois exploitation. The convexity of the striking platform surface is 

prepared with a maximum of four centripetal detachments where necessary, 

while part of the surface is natural. No phases of shaping of the knapping surface 

are visible and the production of predetermined blanks starts with centripetal 

detachments parallel to the intersection plan between the striking platform and 

the knapping surface, exploiting the peripherical convexity sketchily prepared. 

The reduction sequences are short, and all the cores are discarded after just one 
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phase of exploitation. Levallois products are thin quadrangular flakes, often 

overflowing for the management of the production sequence and, as for the 

opportunistic products, their dimensions are strongly influenced by the 

morphology of the cores (Figg. 4.7-4.8).   

The discoid method is attested by 38 flakes and 2 cores (PD) and by 12 flakes and 

5 cores (CG), most of them in quartz, syenite and quartzite (Table 4.3 and Table 

4.4). The discoid exploitation starts from the natural surfaces of the selected 

pebbles and the low number of negatives on the dorsal faces of the flakes suggests 

a short production sequence after which the cores are discarded (Fig. 4.8). The 

discoid method is employed to produce thick, short and large flakes and no 

differences in the characteristics of the products are visible depending on the raw 

material (Fig. 4.7).   

 

 

Fig. 4.7. Dimensional analysis of the flakes issued from Levallois and discoid débitage in Pedra 
Dreta (left) and Can Garriga (right), fragmented artefacts are not included. 
Analyse dimensionnelle des éclats issus du débitage Levallois et Discoïde dans le sites de Pedra 
Dreta (gauche) et de Can Garriga (droit), les éclats fragmentés ne sont pas inclus. 

 

Retouch is barely present in both sites: four retouched tools have been identified 

in PD (2 notches, 1 denticulate and 1 transversal scraper) and 8 flakes are 
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classifiable as retouch flakes; in CG nine quartz retouched tools are present (3 

notches, 3 denticulate, 1 double scraper, 1 lateral scraper and 1 convergent 

scraper) while the presence of 12 retouch flakes let assume that part of the lithic 

tools was prepared or reshaped in the site. The scarcity of retouched tools could 

be explained as an adaptation to the characteristic of the raw materials or we can 

hypothesize that most of the retouched tools were used and discarded out of the 

site. We lean towards the first hypothesis since, as already observed in other sites 

and as tested through experimental activities (Berruti et al., 2016; Berruti and 

Arzarello, 2012; Clemente-Conte et al., 2017), for these kinds of raw materials the 

unretouched edges are more efficient than the retouched ones and in addition, 

due to the presence of inner fracture planes, retouch could cause the breakage of 

the lithic tools.  

Concerning quartz, the subdivision in morphostructural groups  (de Lombera-

Hermida et al., 2011; Martinez Cortizas and Llana Rodriguez, 1996) has been 

applied to understand if there was or not a choice of a certain kind of quartz 

according to the knapping method (Table 4.5 and Table 4.6). The most employed 

quartz is that referable to the SN group in CG and to the NS group in PD, while 

the categories SS and NN are barely represented in both sites.  Nevertheless, no 

significative differences are visible in the choice of certain kind of quartz 

according to the knapping method, as opportunistic and predetermined methods 

are applied in both sites on all the most represented morphostructural groups. 

We just observed that if in PD the difference between the most represented 

groups, SN and NS, is minimal, in CG the presence of plans seems to have been 

avoided by the knappers, with a clear preponderance of the SN groups among the 

others. 
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Fig. 4.8. Discoid and Levallois cores and flakes from Pedra Dreta and Can Garriga. Quartz 
discoid cores (a, b, d); quartz Levallois core (e); porphyry Levallois core (c); quartzite, syenite 
and porphyry discoid flakes (f, g, h).  
Nucléus et éclats discoïdes et Levallois de Pedra Dreta et Can Garriga. Nucléus discoïde en 
quartz (a, b, d) ; nucléus Levallois en quartz (e) ; nucléus Levallois en porphyre (c) ; éclats 
discoïdes en quartzite, syénite et porphyre (f, g, h). 
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Table 4.5. Pedra 
Dreta. Quartz lithic 
artefacts grouped by 
débitage method and 

morphostructural 
groups (SS = 
grainy/planes; SN = 
grainy/no planes; NS 
= no grainy/planes; 
NN = no grainy/no 
planes). 
Pedra Dreta. Éclats 
et nucléus en quartz 
divisés par méthode 
de débitage et par 
groupes morpho-
structurels (SS = 
grains/plans; SN = 
grains/sans planes; 
NS = sans 
grains/plans; NN = 
sans grains/sans 
plans). 

 

 

 

Table 4.6. Can 
Garriga. Quartz lithic 
artefacts grouped by 
débitage method and 

morphostructural 
groups (SS = 
grainy/planes; SN = 
grainy/no planes; NS 
= no grainy/planes; 
NN = no grainy/no 
planes). 
Can Garriga. Éclats 
et nucléus en quartz 
divisés par méthode 
de débitage et par 
groupes morpho-
structurels (SS = 
grains/plans; SN = 
grains/sans plans; 
NS = sans 
grains/plans; NN = 
sans grains/no 
plans). 

 

 

 

Method Morphostructural groups 
 

SS SN NS NN 

Opportunistic/S.S.D.A. Flakes = 
12 

Flakes = 
92 

Flakes = 
98 

Flakes = 1 

 
Cores = 3 Cores = 4 Cores = 6 Cores = - 

Tot. 15 96 104 1 

Discoid Flakes = - Flakes = 
10 

Flakes = 7 Flakes = 1 

 
Cores = - Cores = - Cores = 2 Cores = - 

Tot. - 10 9 1 

Levallois Flakes = 1 Flakes = 4 Flakes = - Flakes = -  
Cores = - Cores = - Cores = 1 Cores = - 

Tot. 1 4 1 - 

Centripetal déb. Flakes = - Flakes = 1 Flakes = 1 Flakes = -  
Cores = - Cores = - Cores = - Cores = - 

Tot. - 1 1 - 

Kombewa s.l. Flakes = - Flakes = - Flakes = - Flakes = -  
Cores = - Cores = 1 Cores = - Cores = - 

Tot. - 1 - - 

Indet. Flakes = - Flakes = 4 Flakes = 8 Flakes = -  
Cores = - Cores = - Cores = - Cores = - 

Tot. - 4 8 - 

Debris 3 18 66 6 

Total 19 134 189 8 

% 5,4% 38,3% 54,0% 2,3% 

Method Morphostructural groups 
 

SS SN NS NN 

Opportunistic/S.S.D.A. Flakes = 6 Flakes = 73 Flakes = 

20 

Flakes = 

1  
Cores = - Cores = 1 Cores = 3 Cores = 1 

Tot. 6 74 23 2 

Discoid Flakes = 1 Flakes = 4 Flakes = 1 Flakes = 

1  
Cores = - Cores = 1 Cores = 3 Cores = 1 

Tot. 1 5 4 2 

Levallois Flakes = - Flakes = 4 Flakes = - Flakes = - 
 

Cores = - Cores = - Cores = - Cores = - 

Tot. - 4 - - 

Centripetal déb. Flakes = - Flakes = - Flakes = - Flakes = - 
 

Cores = - Cores = 1 Cores = 2 Cores = - 

Tot. - 1 2 - 

Indet. Flakes = 1 Flakes = 12 Flakes = 2 Flakes = - 
 

Cores = - Cores = - Cores = - Cores = - 

Tot. 1 12 2 - 

Debris 3 11 13 5 

Total 11 107 44 9 

% 6,4% 62,6% 25,7% 5,3% 
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4.4.2. Use-wear analysis – Experimental collection 

The study of the experimental collection led to interesting observations 

concerning porphyry, that has a reaction to use similar to that of quartzite 

(Clemente-Conte and Gibaja Bao, 2009; Gibaja et al., 2009, 2002; Igreja, 2009; 

Lemorini et al., 2014). The experimentation carried out show that the edges of 

porphyry tools get rounded and broken very quickly, especially when used on 

hard materials. This is due to the porphyry structure which leads to a rapid 

detachment of the grains from the matrix. Edge removals are however present 

and permit to identify the hardness and the direction of the gesture. Micro-traces 

are identifiable on the quartz crystals (Fig. 4.4), when they are present on the 

active edges of the tools. In these cases, it is possible to identify of the material 

worked following the same procedure used for the quartz crystals in quartzite 

lithic tools (Clemente-Conte and Gibaja Bao, 2009; Gibaja et al., 2002; Igreja, 

2009; Lemorini et al., 2014). The crystals of quartz can be identified because they 

usually have vitreous lustre, colourless or milky\grey with crystalline habitus 

usually prismatic or massive (Rogers, 1935). The other raw materials analysed 

show a different pattern. At a low magnification (LPA), the analysis of the edges 

shows marked and widespread use-wear traces that lead to a rapid dulling of the 

blanks, thus attesting their lower efficiency compared to flint, chert, quartz and 

quartzite. The characteristics of the surfaces of these blanks have not allowed any 

profitable analysis with a metallographic microscope and no diagnostic features 

for identification and description of micro-polishes could have been detected. 

 

4.4.3. Pedra Dreta 

The state of preservation of the assemblage is generally good. Three types of post 

depositional alterations were found on the lithic artefacts (white patina, 
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concretion, and edge crumbling) but in all the cases, the development of the 

alterations is modest or scarce, and did not preclude the use wear analysis. The 

study of the selected sample allowed to identify 24 artefacts with use-wear traces: 

17 of them are made in quartz, 3 in porphyry, 2 in syenite, 1 in quartzite and the 

last one in hornfels. All of them have only one zone of use (Table 4.7).  

 

 
Table 4.7. Pedra Dreta. Use-wear traces identified grouped by action, débitage method and 
worked material. (T = transversal action; L = longitudinal action; Mix = mixed action; MH = 
medium hard material; H = hard material; MS = medium soft material; S = soft material; Butch. 
= Butchering activity; S.S. = sidescraper; D. = denticulate). 
Pedra Dreta. Traces d’utilisation identifiées, regroupées par geste, méthode de débitage et 
matière travaillée. (T = geste transversal; L = geste longitudinal; Mix = geste mixte; MH = 
matière moyennement dur; H = matière dure; MS = matière moyennement tendre; S = matière 
tendre; Butch. = dépeçage; S.S. = racloir latéral; D. = denticulé). 

 

Square N. Raw Material Method Tool MS group Action Hardness Material 

B3-C 69 Quartz SSDA 
 

SN T MS ? 

B3-B 46 Porphyry SSDA 
 

/ L MH Bone 

B3-C 68 Quartz SSDA 
 

SN L MS ? 

B3-C 53 Quartz Lev.  
 

SN T MS wood 

B3-C 71 Quartzite Disc. 
 

/ Mix S Butch. 

E4 7 Quartz Opp. 
 

NS T MH ? 

A4 19 Quartz Disc. 
 

SN L S Butch. 

A2 2 Quartz Disc. 
 

SN T MS Hide 

A2 2/ Quartz SSDA 
 

/ L MS Butch. 

E5 31 Quartz SSDA S.S. SN T MH Butch. 

E5 41 Quartz Centr. 
 

SN T MH Wood 

C5 73 Syenite SSDA 
 

/ L S ? 

B2 2 Quartz SSDA 
 

SN L MS Butch. 

A4 7 Quartz SSDA 
 

SN L MS Butch. 

A3-A 45 Hornfels SSDA 
 

/ L MH ? 

B2 18 Quartz SSDA 
 

SN L MS Butch. 

C4-A 81 Porphyry SSDA 
 

/ T MH Wood 

C4 78 Quartz SSDA 
 

SN L MS ? 

D5 27 Quartz Disc. 
 

NS L MH Bone 

D4 43 Porphyry Lev. 
 

/ L MS ? 

D4 102 Quartz SSDA D. / T MS Hide 

D4 72 Quartz SSDA 
 

SN T MS Butch. 

D4 44 Quartz SSDA 
 

/ MIX MH Wood 

B5-D 4 Syenite Disc. 
 

/ L MS ? 
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Traces referable to transversal actions have been recognized on 9 finds and for 8 

of them it was possible to identify the worked material (3 wood, 1 dry wood, 2 

hide, 1 butchering, 1 bone or antler); in the last case, it was identified only the 

hardness of the worked material (medium hard).  Most part of these artefacts are 

made of quartz except one (linked to dry wood working activities) that is made of 

porphyry. Traces referable to longitudinal actions have been recognized on 13 

finds and concerning 7 cases it was possible to identify the worked material (5 

butchering, 2 bone); in all the other cases, only the hardness of the worked 

material is known (1 medium hard, 4 medium soft and 1 soft). The artefacts with 

traces that allowed the identification of the worked material are made on quartz 

(Fig. 4.9) (5 butchering and 1 bone) and porphyry (1 bone) (Fig. 4.10).  

 

 

Fig. 4.9. Petra Dreta. Quartz flake (A4 19) with traces interpreted as butchering. (1) striae, micro 
hole, micro scars; (2) edge rounding (in the circle), polish with rough appearance.  
Pedra Dreta. Éclat de quartz (A4 19) avec traces d’utilisation interprétées comme dépeçage. (1) 
stries, micro-trou, micro- écaillements ; (2) arrondissement du bord (cercle), polissage rugueux. 
 

 
 

Fig. 4.10. Petra Dreta. Porphyry flake (B3-B 46) with edge removals typical of a longitudinal 
action, domed polish, micro holes and striae caused by bone working; note the striations oblique 
to the edge.  
Pedra Dreta. Éclat de porphyre (B3-B 46) avec écaillements caractéristique d’une action 
longitudinal, polissage en dôme, micro-trous et strie dus au travail de l’os ; notez les striations 
obliques au bord. 
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The other 6 artefacts of this group have traces that allow only the individuation 

of the hardness of the worked material, and are divided as follows: 1 artefact made 

in hornfels with traces of medium hard material working; 2 artefacts made in 

quartz, 1 made in syenite and 1 made in porphyry with traces referable to medium 

soft material working; 1 artefact made in syenite with traces of soft material 

working. Traces referable to mixed actions were identified on 2 quartz artefacts 

and are linked one with the working of soft animal tissue and the other with dry 

wood working. In the sample of artefacts with traces of use there are only two 

formal tools both made in quartz, one is a side scraper with traces of a transversal 

action on bone and the other one is a denticulate with traces of transversal work 

on hide. 

 

4.4.4. Can Garriga 

At the macroscopic level, the state of conservation of the lithic industry of Can 

Garriga level 1 is generally good and three types of post depositional alterations 

were found on the lithic artefacts: white patina, concretion and abrasion. The 

analysis of the selected sample highlighted an elevated presence of widespread 

abrasion of the surfaces and of the edges of the lithic tools (85% of the considered 

sample) (Asryan et al., 2014; Mazzucco et al., 2013) (Table 4.8).  
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Table 4.8. Can Garriga. Use-wear traces identified grouped by action, débitage method and 
worked material. (T = transversal action; L = longitudinal action; Mix = mixed action; MH = 
medium hard material; H = hard material; MS = Medium soft material; S = soft material; D. = 
denticulate; S. = scraper; N. = notch). 
Pedra Dreta. Traces d’utilisation identifiées, regroupées par geste, méthode de débitage et 
matière travaillée. (T = geste transversal; L = geste longitudinal; Mix = geste mixte; MH = 
matière moyennement dur; H = matière dure; MS = matière moyennmente tendre; S = matière 
tendre; Butch. = dépeçage; S.S. = racloir latéral; D. = denticulé; N. = encoche). 

 

The study of the archaeological sample allowed to identify 9 artefacts with traces 

of use. Among them, 8 are made in quartz (Fig. 4.11) and 1 in porphyry (Fig. 4.12). 

All the finds with wear traces have only one zone of use. A transversal action has 

been recognized on 6 quartz finds and, in 2 of these cases, the worked material (1 

wood and 1 dry bone) was identified, while in 2 cases were detected only 

indeterminable micro-polish on the artefacts edges but it was possible to identify 

the hardness of the worked material (middle hard and hard). In the last two cases, 

only the hardness of the worked material (medium hard) is known. A longitudinal 

action has been recognized on 2 finds, one made in quartz and one made in 

porphyry and in both cases, it was possible to identify the worked material (1 fresh 

wood, 1 hide). Mixed actions were identified on 1 quartz artefacts and they are 

linked to dry bone working. 

Square N. Raw Material Method Tool MS group Action Hardness Material 

G21 22 Quartz Discoid 
 

SN Mix MH Dry bone 

K21 10 Quartz SSDA N. SN T H Indet. pol. 

G22 1 Porphyry SSDA 
 

/ L MS Fresh wood  

K21 5 Quartz SSDA S. SS T MH ? 

G22 22 Quartz Levallois  D. SN T MS Fresh wood  

G21 24 Quartz Opp. D. SN T MH Indet. pol. 
 

R22 Quartz SSDA 
 

SN L MS Hide 

J21 16 Quartz Discoid 
 

SN T MS/ 

MH 

? 

K20 13 Quartz Levallois  
 

SN T MS Bone 
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Fig. 4.11. Can Garriga. Quartz flake (G21 22). Troughs and sleeks oriented perpendicularly to the 
edge. In line with the edge, deep surface cracks and micro holes typical of bone working. 
Can Garriga, éclat de quartz (G21 22). Dépressions et lissages orientés perpendiculairement au 
bord. Parallèles au bord, des fissurations de la surface et des micro trous typiques du travail de 
l’os. 

 

 

Fig. 4.12. Can Garriga, porphyry flake (G22 1). a) edge removal typical of a longitudinal action; b) 
quartz crystal near the edge; c) detail of the quartz crystal with traces of woodworking. 
Can Garriga, éclat de porphyre (G22 1). a) écaillements caractéristiques d’une action 
longitudinal ; b) cristal de quartz sur le bord de l’éclat ; c) détail du cristal de quartz avec des 
traces de travail du bois. 

 

4.5. Discussion 

The technological analysis of the lithic assemblages from Pedra Dreta and Can 

Garriga permits on one hand to observe Neanderthals capabilities in adapting 

their technology to the available raw materials, on the other to make some 

considerations about the criteria traditionally defining Levallois and discoid 

technologies (Boëda, 1994, 1993).  
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If we look at these two assemblages, their main feature is the dominant 

opportunistic component of the chaînes opératoires (Table 4.3 and Table 4.4), 

starting from the choice of the raw materials, strongly affected by the local 

environment, with the collection of fluvial pebbles in the proximity of the sites 

and within which quartz was the most suitable one. As shown, the knapping 

sequences are short and characterized by uni- or multidirectional exploitation 

strategies (S.S.D.A.)  (Forestier, 1993). Opportunistic reduction sequences are the 

easiest and most simple way to obtain tools with sharp edges, especially if the 

quality of the raw materials is low; for this reason several Middle Palaeolithic 

lithic assemblages where low quality raw materials are prevailing show as a 

common characteristic the preponderance of opportunistic knapping sequences 

(e.g. Berruti and Cura, 2016; Carbonell et al., 2005; Cologne et al., 2009; Daffara 

et al., 2014; de Lombera-Hermida et al., 2011; Lazuén et al., 2011; Menras, 2009; 

Modica and Bonjean, 2009; Tuffreau et al., 2009). The use of opportunistic 

methods on this kind of raw materials also helps in avoiding knapping accidents 

due to the presence of impurities or cleavages, even if the rate of fragmentation 

remains high (Cologne and Mourre, 2006; Mourre, 1996; Tallavaara et al., 2010). 

Nevertheless, Levallois and discoid technologies are often applied on these raw 

materials, even in contexts where they are not predominant (e.g. Matilla, 2010; 

Moncel et al., 2014, 2008; Moncel and Lhomme, 2007; Ortega and Maroto, 2001; 

Santagata et al., 2017; Thiébaut et al., 2012).  

When lithic assemblages with raw materials other than flint are considered, it is 

quite difficult to analyze the discoid/Levallois component, since, beside the 

traditional criteria proposed by Boëda (1994, 1993), we have to take into account 

how the Levallois or the discoid concept were adapted to the constraints of the 

raw material. In Pedra Dreta and Can Garriga the discoid exploitation starts 
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directly from the natural surface of the selected pebble (Fig. 4.8), as testified by 

natural butts and by the presence of neocortex on the upper faces of the products. 

The aim of these knapping sequences are short and large centripetal flakes, but a 

clear standardization of the products is not visible. The Levallois method is 

present just in the recurrent centripetal modality and even in this case the 

shaping of the core is minimal. Two issues then arise: 1. Which criteria should we 

adopt to distinguish between discoid and recurrent centripetal Levallois 

products? and 2. Is it possible that the Levallois products are the result rather of 

the opportunistic and expedient reduction sequences that are dominant in these 

assemblages than of a real use of the Levallois method? 

The problem of the distinction between recurrent centripetal Levallois and 

discoid has been longer debated (e.g. Boëda, 1993; Mourre, 2006, 2003; Picin 

and Vaquero, 2016; Vaquero and Carbonell, 2003) as well as the factors that led 

to the adoption of one method rather than another (Brenet et al., 2013, 2009; 

Mourre, 2003; Picin et al., 2014; Picin and Vaquero, 2016; Slimack, 2003; 

Vaquero et al., 2012) but if several observation and analysis have been done 

concerning chert assemblages, a lack concerning all the other raw materials is 

evident. In PD and CG, quartz, quartzite, or porphyry cores are not shaped before 

the phase of plein débitage so the characteristics of the butts, prepared/not 

prepared, are not considerable as distinctive features. So, considering the 

characteristics of the lithic assemblages analyzed, the main criteria that we can 

apply for the distinction of the recurrent centripetal Levallois products from the 

discoid ones is related to the direction of the débitage, parallel to the intersection 

of the core surfaces for the Levallois, secant for the discoid (Boëda, 1993). 

Another criterion is based on the general morphology of the products, shorter and 

thicker for the discoid, elongated and thin for the Levallois method (Boëda, 1993; 
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Eren and Lycett, 2012; Kuhn, 1994; Lemorini et al., 2003; Picin and Vaquero, 

2016). Even concerning cores, when the exploitation of the surfaces is minimal it 

is not possible to distinguish between discoid and recurrent centripetal Levallois 

cores and we preferred to refer this kind of artefacts to a general centripetal 

débitage. After the observation of the considered lithic assemblages and the 

comparison with other contexts where low quality raw materials are dominant 

(i.e. Daffara et al., 2014), it seems that in these cases the “grey zone” between 

discoid and recurrent centripetal Levallois is wider than traditionally observed in 

chert assemblages (Mourre, 2003), since some parts of the reduction sequences 

(shaping of the cores, preparation of the convexities) considered to be diagnostic 

for the distinction between the two methods are lacking or barely present. 

Another interesting issue arose from the technological analysis concerns the real 

existence or not of predetermined knapping sequences (recurrent centripetal 

Levallois) in a context where the opportunistic behavior is dominant. As shown 

before, especially concerning flakes, when butts are not prepared and when no 

products linked to core shaping and management are present, we have just a few 

elements for the identification of the recurrent centripetal Levallois. In a context 

of markedly expedient behavior it is realistic to imagine that the unifacial 

centripetal exploitation of a pebble could give results like those of recurrent 

centripetal Levallois.  

Levallois is a concept that, as defined by Boëda (1994), relies on six criteria 

concerning core geometry, direction of the flaking axis and of the detachment 

plane. Boëda (1994) and several other studies (Bar‐Yosef and Van Peer, 2009; 

Boëda et al., 1990; Chazan, 1997; Di Modica and Bonjean, 2009; Dibble and Bar-

Yosef, 1995; Eren et al., 2011; Eren and Bradley, 2009; Eren and Lycett, 2012; 

Fontana et al., 2013; Holdaway and Douglass, 2012; Lycett and Eren, 2013; 
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Menras, 2009; Peresani, 2011, 2001, Sandgathe, 2006, 2004; Schlanger, 1996; 

Shimelmitz et al., 2016; Shimelmitz and Kuhn, 2017; Van Peer, 1992; Walker et 

al., 2013) recognize a great variability within the Levallois concept and even the 

significance of some of the six criteria is not considered to be distinctive when we 

have to distinguish between the recurrent centripetal modality and the discoid 

method (Peresani, 2003). In PD, just three Levallois cores are present but some 

observations can be made concerning core geometry: both the surfaces are convex 

but one (the knapping surface) is less convex than the other (striking platform); 

the two surfaces are hierarchized; the detachment plane is parallel to the 

intersection between the two surfaces; the convexity of the striking platform is 

roughly prepared. So, even if the exploitation of these cores is clearly expedient 

considering in particular the choice of pebbles with suitable morphologies, it is 

equally evident that the Levallois concept is well present in the knappers’ mind, 

as already observed in Scladina cave, where a unifacial débitage is considered to 

be a much expanded version of Levallois (Di Modica and Bonjean, 2009). A small 

part of the lithic assemblages can then be referred to a predetermined way of flake 

production even if part of these chaînes opératoires stays within the general 

expedient behavior that characterize both the sites. 

In Pedra Dreta, the exploitation of animal carcasses is the most represented 

activity with 11 different finds (with traces referable to: butchering, fresh bone 

and fresh hide working); the presence of woodworking is testified by 4 finds (with 

traces referable to: dry wood and fresh wood or non-woody plants) (Table 4.7). 

The presence of these activities, with this proportion, falls in the normal scenery 

of the Middle Palaeolithic sites (e.g. Berruti and Arzarello, 2012; Lemorini, 2000; 

Martínez et al., 2005). The presence of woodworking activities, not prevalent 

throughout the lithic assemblage is well documented in many sites, (e.g. 
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Lemorini, 2000; Martínez et al., 2005) and it can be explained with the necessity 

of sharpening spears or manufacturing other wooden tools.  As shown in Table 

4.7, the animal carcasses processing includes different phases: butchering, work 

of fresh and dry hide, bone and soft animal tissue working. In the group of 

artefacts classified as butchering tools are placed artefacts with traces of contact 

with fleshy tissues in association with traces of contact with bone or fresh hide 

that are linked to activities such as skinning, evisceration, disarticulation and de-

fleshing of carcasses (Lemorini et al., 2006).  The traces referable to transversal 

work on bone can be related to periosteum removal for the extraction of marrow 

(Grayson, 1984; Longo, 1994). The results of the use wear analysis allow to 

hypothesize the site function. The presence of only two groups of activities 

suggests a specialization of the site and the high presence of traces principally 

linked to the exploitation of animal carcasses supports the interpretation of the 

site as a hunting or killing camp (Stiner, 2013). Despite the spatial relationship 

between the finds had been lost due to the construction of medieval routes (Canal 

and Carbonell, 1989; Rodriguez et al., 1995), the density of the instruments with 

traces of exploitation of animal carcasses in squares B3, B2, A4, A2, does not 

follow the general density of the lithic artefacts of Pedra Dreta. This can suggest 

the presence of a specialized butchering area not destroyed during the 

construction of medieval route.  

The analysis of the morpho-structural groups of quartz, shows that the group SN 

is the most present in the assemblage but, as for Can Garriga, this data is 

consistent with the percentage of the lithic industry made with this morpho-

structural group.  

On the edges of the lithic artefacts of level 1 of Can Garriga were found traces 

linked with different activities: wood, hide and bone working, while butchering 
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activities have not been identified (Table 4.8). The presence of these activities 

falls in the normal scenery of activities carried out in Middle Palaeolithic sites 

(Stiner, 2013). The presence of woodworking activities, although usually scarce, 

is documented in many sites, as well as the processing of bone and hide (e.g. 

Berruti and Arzarello, 2012; Lemorini, 2000; Martínez et al., 2005). In all these 

sites, the tools with traces of these activities are accompanied by other tools with 

traces linked to butchering. The absence of butchering traces in Can Garriga can 

be explained through the difficult "registration" of these traces on quartz and 

quartzite tools, as asserted by some scholars (Clemente-Conte and Gibaja Bao, 

2009; Gibaja et al., 2002). These traces are so labile and may have suffered a 

process of removal or of overlay due to the post-depositional alterations recorded 

in the sample (Venditti et al., 2016). The same post depositional alteration have 

probably destroyed most part of the faunal remains (Rodriguez, 2004). Anyway, 

it is possible to deduce the presence of this type of activities thanks to the presence 

of traces linked to other animal carcass processing activities, as bone and hide 

working. Especially, the traces referable to transversal work on bone can be 

related to periosteum removal  for the extraction of marrow (Grayson, 1984; 

Hardy, 2004; Longo, 1994). This conclusion is also supported by the presence, in 

level 1, of several large sized cobbles with scars that testify that they were used 

like anvils, probably employed to break up the bones after the periosteum 

removal (Rodriguez, 2004; Rodriguez et al., 1995). However, analyzed as a whole, 

including the traces of indeterminable materials, the use wear traces found on the 

edges of the lithic tools of Can Garriga seem to indicate that the site was 

specialized in the manufacturing of materials with a high or medium high 

hardness, comparable with bone working (Odell, 1981). Unfortunately, the small 

number of finds with use wear traces makes impossible to put in relation the use 
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wear analysis results with the technological and morphological features of the 

lithic industry.  

 

4.6. Conclusions 

The lithic assemblages from PD and CG show that the Neanderthal groups living 

in the area, during OIS 5, adopted expedient technological behaviors as 

adaptation to the raw materials present close to the site. This adaptation is clearly 

visible in the shortness of the reduction sequences and in the great predominance 

of opportunistic/S.S.D.A. knapping sequences. Even when predetermined 

knapping methods are employed (recurrent centripetal Levallois, discoid), the 

general behavior is expedient since just pebbles with suitable convexities are 

chosen to minimize or avoid the shaping of the cores. Nevertheless the 

exploitation of these cores follows the general criteria proper of the Levallois and 

the discoid methods (Boëda, 1993), thus underlining that even in a clearly 

opportunistic context these concepts were part of the technological expertise of 

these groups. 

The results of the use wear analysis can be used to hypothesize the function of the 

site. The predominance of activities linked to the animal carcass processing, 

suggests the interpretation of Pedra Dreta as a specialized settlement, linked to 

hunting activities, probably a hunting or killing camp where the preys were 

slaughtered to transport meat to the base camps (Stiner, 2013). Furthermore, the 

site is probably the result of one or of a series of ephemeral occupations. This 

hypothesis is consistent with previous studies and with the results of the 

technological analysis, which came at the same conclusions observing the 

shortness and the incompleteness of the chaînes opératoires (Canal and 

Carbonell, 1989; Rodriguez et al., 1995). 
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Concerning Can Garriga, the presence of different type of activities on different 

materials, especially bone and hide, and despite the absence of traces of meat 

processing, suggests the interpretation of the site as a specialized settlement, 

linked to animal carcass processing (Stiner, 2013), probably linked to the early 

stages of butchering, especially because marrow is one of the more perishable 

products of carcasses processing (Hurcombe, 2014). This hypothesis is consistent 

with previous studies which highlighted a spatial organization of the area and the 

presence of stone anvils used to break bones (E. Carbonell et al., 1992; Giralt et 

al., 1995; Rodríguez et al., 2004). 

 

Acknowledgements 

This work has been possible thanks to the International Doctorate in Quaternary 

and Prehistory (IDQP)’s scholarship and to the support given by Museu 

d'Arqueologia de Catalunya (Girona). The research of X.P. Rodriguez-Álvarez and 

R. Sala-Ramos has been developed as part of the Catalan AGAUR projects 

2014SGR899 and 2014SGR901. IPHES is a CERCA centre. The research of 

Robert Sala-Ramos has been performed with the support of the Spanish 

Ministery of Economy and Competitivity, project number CGL2016-80975-P. 

 

References 

Adler, D.S., Wilkinson, K.N., Blockley, S., Mark, D.F., Pinhasi, R., Schmidt-
Magee, B.A., Nahapetyan, S., Mallol, C., Berna, F., Glauberman, P.J., 
Raczynski-Henk, Y., Wales, N., Frahm, E., Jöris, O., Macleod, A., Smith, 
V.C., Cullen, V.L., Gasparian, B., 2014. Early Levallois technology and the 
Lower to Middle Paleolithic transition in the Southern Caucasus. Science 
345, 1609–1613. 

Angelucci, D.E., Arnaud, J., Arzarello, M., Berruti, G.L.F., Berruto, G., Bertè, D., 
Berto, C., Buccheri, F., Casini, A.I., Daffara, S., Luzi, E., Lopez Garcia, J.M., 
Peretto, C., Zambaldi, M., 2015. L’occupazione musteriana della grotta della 
Ciota Ciara, nuovi dati dalla campagna di scavo 2014. Quaderni della 
Soprintendenza Archeologica del Piemonte 30, 400–402. 

Angelucci, D.E., Arnaud, J., Arzarello, M., Berruti, G.L.F., Berté, D., Berto, C., 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



245 
 

Calandra, R., Caracausi, S., Boggio, C., Daffara, S., Luzi, E., Montanari 
Canini, G., Zambaldi, M., 2016. Borgosesia, Monte Fenera. Nuovi dati 
sull’occupazione della Grotta della Ciota Ciara. Quaderni della 
Soprintendenza Archeologica del Piemonte 31, 323–326. 

Angelucci, D.E., Zambaldi, M., Tessari, U., Vaccaro, C., Arnaud, J., Berruti, 
G.L.F., Daffara, S., Arzarello, M., 2018. New insights on Monte Fenera 
Palaeolithic (Italy): Geoarchaeology of the Ciota Ciara cave. 
Geoarchaeology. 

Arnaud, J., Arzarello, M., Berruti, G.L.F., Berruto, G., Bertè, D., Berto, C., 
Buccheri, F., Casini, A.I., Daffara, S., Luzi, E., Lopez Garcia, J.M., Peretto, 
C., 2014. Borgosesia, Monte Fenera. Grotta della Ciota Ciara. Nuovi dati 
sull’occupazione musteriana. Quaderni della Soprintendenza Archeologica 
del Piemonte 29, 204–206. 

Arzarello, M., Daffara, S., Berruti, G.L.F., Berruto, G., Bertè, D., Berto, C., 
Gambari, F.M., Peretto, C., 2012a. The Mousterian settlement in the Ciota 
Ciara cave: the oldest evidence of Homo neanderthalensis in Piedmont 
(Northern Italy). Journal of Biological Research LXXXV, 71–75. 

Arzarello, M., Daffara, S., Berruti, G.L.F., Berruto, G., Bertè, D., Berto, C., 
Peretto, C., 2013. Borgosesia, Monte Fenera. Grotta della Ciota Ciara. Nuovi 
dati sull’occupazione musteriana e aspetti divulgativi. Quaderni della 
Soprintendenza Archeologica del Piemonte 28, 300–302. 

Arzarello, M., Daffara, S., Berruti, G.L.F., Berruto, G., Bertè, D., Berto, C., 
Peretto, C., 2012b. Borgosesia, Monte Fenera. L’occupazione musteriana 
della grotta della Ciota Ciara. Quaderni della Soprintendenza Archeologica 
del Piemonte 27, 331–336. 

Asryan, L., Ollé, A., Moloney, N., 2014. Reality and confusion in the recognition 
of post-depositional alterations and use-wear: an experimental approach on 
basalt tools. Journal of Lithic Studies 1, 9–32. doi:10.2218/jls.v1i1.815 

Aubry, T., Luís, L., Mangado Llach, J., Matias, H., 2012. We will be known by 
the tracks we leave behind: Exotic lithic raw materials, mobility and social 
networking among the Côa Valley foragers (Portugal). Journal of 
Anthropological Archaeology 31, 528–550. doi:10.1016/j.jaa.2012.05.003 

Baena-Preysler, J., Carrion-Santafé, E., Requejo-Lopez, V., 2003. Recent 
discoveries of Discoid industries in Western Cantabria (North Spain), in: 
Peresani, M. (Ed.), Discoid Lithic Technology: Advances and Implications. 
BAR International Series 1120. Archaeopress, Oxford, pp. 117–126. 

Baena, J., Carrión, E., Cuartero, F., Fluck, H., 2012. A chronicle of crisis: The 
Late Mousterian in north Iberia (Cueva del Esquilleu, Cantabria, Spain). 
Quaternary International 247, 199–211. doi:10.1016/j.quaint.2011.07.031 

Baena, J., Moncel, M.-H., Cuartero, F., Chacón Navarro, M.G., Rubio, D., 2017. 
Late Middle Pleistocene genesis of Neanderthal technology in Western 
Europe: The case of Payre site (south-east France). Quaternary 
International 436, 212–238. doi:10.1016/j.quaint.2014.08.031 

Ballin, T.B., 2008. Quartz Technology in Scottish Prehistory. Scottish 
Archaeological Internet Reports (SAIR) 26. 

Bar-Yosef, O., Vandermeersch, B., Arensburg, B., Belfer-Cohen, A., Goldberg, P., 
Laville, H., Meignen, L., Rak, Y., Speth, J.D., Tchernov, E., Tillier, A.-M., 
Weiner, S., 1992. The excavations in Kebara Cave, Mt. Carmel. Current 
Anthropology 33, 497–550. 

Bar‐Yosef, O., Van Peer, P., 2009. The Chaîne Opératoire Approach in Middle 
Paleolithic Archaeology. Current Anthropology 50, 103–131. 
doi:10.1086/592234 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



246 
 

Barcelo, J.A., 1996. Heuristic classification and fuzzy sets. New tools for 
archaeological typologies. Analecta praehistorica leidensia 28, 155–164. 

Bargallò Ferrerons, A., 2008. Variability of the levallois and discoid methods at 
the middle Paleolithic of north-east Catalonia: Puig Marí (Maçanet de la 
Selva) and Can Planiol (Santa Coloma de Farners). Annali dell’Università 
degli Studi di Ferrara. Museologia Scientifica e Naturalistica 17–20. 

Battaglia, R., 1953. Le ossa lavorate della caverna Pocala nella Venezia Giulia e il 
problema del «Musteriano alpino». Bullettino di Paletnologia italiana 63, 
5–15. 

Beltrando, M., Stockli, D.F., Decarlis, A., Manatschal, G., 2015. A crustal-scale 
view at rift localization along the fossil Adriatic margin of the Alpine Tethys 
preserved in NW Italy. Tectonics 34, 1927–1951. 
doi:10.1002/2015TC003973 

Berruti, G., Viola, S., 2011. L’insieme litico tardo glaciale di Via del Maneggio. 
Studio preliminare tecno-funzionale, in: Gambari, F.M., Cerri, R. (Eds.), 
L’alba Delle Città. Le Prime Necropoli Del Centro Proto Urbano Di 
Castelletto Ticino. Novara, pp. 65–74. 

Berruti, G.L.F., 2017. Use-wear analysis of discoid-conception lithic industries. 
International Doctorate in Quaternary and Prehistory (IDQP). 

Berruti, G.L.F., Arzarello, M., 2012. L’analisi tracceologica per la ricostuzione 
delle attività nella preistoria: l’esempio della Grotta della Ciota Ciara 
(Borgosesia, VC). Annali dell’Università di Ferrara, Mus.Sci. Nat. 8, 117–
124. doi:ISSN 1824-2707 

Berruti, G.L.F., Bertè, D.F., Caracausi, S., Daffara, S., Ferreira, C., Garanzini, F., 
Rubat Borel, F., Scoz, L., 2016. New evidence of human frequentations in 
the western Alps: The project “Survey Alta Valsessera (Piedmont–Italy).” 
Quaternary International 402, 15–25. 
doi:http://dx.doi.org/10.1016/j.quaint.2015.10.073 

Berruti, G.L.F., Cura, S., 2016. Use wear analysis of quartzite lithic implements 
from the Middle Palaeolithic site of Lagoa do Bando ( Central Portugal). 
Journal of lithic studies 3, 1–24. doi:10.2218/jls.v3i2.1400 

Berruti, G.L.F., Daffara, S., 2014. Theory and methods of the use wear analyisis 
of the lithic tools. The example of the arrowhead from the Morgado 
superior Cave (Tomar, PT). Antrope 221–242. 

Berruti, G.L.F., Rosina, P., Raposo, L., 2016. The use-wear analysis of the 
quartzite lithic assemblage from the middle paleolithic site of Fox do 
Enxarrique (Rodao, Portugal). Mediterranean Archaeology and 
Archaeometry 16, 107–126. doi:10.5281/zenodo.160961 

Berruto, G., 2016. Approvvigionamento in materie prime litiche e paleo- 
ambiente: comportamento economico dei neandertaliani della grotta della 
Ciota Ciara (Borgosesia, VC). Università degli studi di Genova. Scuola di 
specializzazione in Beni Archeologici. 

Berruto, G., 2011. Comportamento economico dei neandertaliani della grotta 
della Ciota Ciara (Borgosesia, VC): analisi della provenienza delle materie 
prime. Università degli Studi di Ferrara. 

Berto, C., 2012. Distribuzione ed evoluzione delle associazioni a piccoli 
mammiferi nella penisola italiana durante il Pleistocene superiore. 
Università degli Studi di Ferrara. 

Berto, C., Bertè, D., Luzi, E., Lopez Garcia, J.M., Pereswiet-Soltan, A., Arzarello, 
M., 2016. Small and large mammals from Ciota Ciara cave (Borgosesia, 
Vercelli, Italy): an Isotope stage 5 assemblage. Comptes Rendus - Palevol 
15, 669–680. 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



247 
 

Bertolani, M., 1974. Guida geologico-petrografica della Valsesia - Valsessera e 
Valle Strona. Zanfa, Varallo. 

Beyries, S., 1987. Variabilité de l’industrie lithique au Moustérien: approche 
fonctionnelle sur quelques gisements français. British Archaeological 
Reports International Series 328, Oxford. 

Binford, L., 1962. Archaeology as anthropology. American Antiquity 28, 217–
225. 

Bini, A., Zuccoli, L., 2005. Evoluzione del carsismo nelle Alpi, in: Fantoni, R., 
Cerri, R., Dellarole, E. (Eds.), D’acqua E Di Pietra. Il Monte Fenera E Le 
Sue Collezioni Museali. Associazione culturale ZEISCIU Centro Studi, 
Alagna Valsesia, pp. 143–152. 

Blaser, F., Kurtanjek, D., Paunovic, M., 2002. L ’industrie du site néandertalien 
de la grotte de Vindija (Croatie): une révision des matières premières 
lithiques. L’Anthropologie 106, 387–398. doi:10.1016/S0003-
5521(02)01118-4 

Boëda, E., 1995. Levallois: a volumetric construction, methods, a technique, in: 
Dibble, H.L., Bar-Yosef, O. (Eds.), The Definition and Interpretation of 
Levallois Technology. Prehistory Press, Madison, pp. 41–68. 

Boëda, E., 1994. Le concept Levallois: variabilité des méthodes. Archéo éditions. 
Boëda, E., 1993. Le débitage discoïde et le débitage Levallois récurrent 

centripète. Bulletin de la Société préhistorique française 90, 392–404. 
Boëda, E., 1991. Approche de la variabilité des systèmes de production lithique 

des industries du paléolithique inférieur et moyen: chronique d’une 
variabilité attendue. Techniques & culture 37–79. doi:10.4000/tc.685 

Boëda, E., Geneste, J.-M., Meignen, L., 1990. Identification de chaînes 
opératoires lithiques du Paléolithique ancien et moyen. Paléo 2, 43–80. 
doi:10.3406/pal.1990.988 

Boëda, E., Pelegrin, J., 1980. Approche technologique du nucleus levallois a 
éclat. Etudes Préhistoriques 15, 41–48. 

Bons, P.D., 2001. The formation of large quartz veins by rapid ascent of fluids in 
mobile hydrofractures. Tectonophysics 336, 1–17. doi:10.1016/S0040-
1951(01)00090-7 

Bordes, F., 1980. Le débitage Levallois et ses variantes. Bulletin de la Societé 
Préhistorique Française 77, 45–49. 

Bordes, F., 1961. Typologie du Paléololithique ancien et moyen. 
Bordes, F., 1947. Étude comparative des différentes techniques de taille du silex 

et des roches dures. L’Anthropologie 51, 1–29. 
Bourguignon, L., Delagnes, A., Meignen, L., 2006. Systèmes de production 

lithique, gestion des outillages et territoires au Paléolithique moyen: où se 
trouve la complexité?, in: Astruc, L., Bon, F., Léa, V., Milcent, P.-Y., 
Philibert, S. (Eds.), Normes Techniques et Pratiques Sociales. De La 
Semplicité Des Outillages Pré- et Protohistoriques. XXVI Rencontres 
Internationales D’archéologie et D’histoire d’Antibes. Editions APDCA, 
Antibes, pp. 75–86. 

Bourguignon, L., Faivre, J.-P., Turq, A., 2004. Ramification des chaînes 
opératoires: une spécificité du Moustérien? Paléo 16, 37–48. 

Bouteaux, A., 2003. Etude archéozoologique du site de Payre en Ardèche, in: 
Patou-Mathis, M., Bocherens, H. (Eds.), Le Role de L’environnement Dans 
Les Comportements Des Chasseurs-Cueilleurs Préhistorique. Archaeopress, 
Oxford, pp. 99–110. 

Bouteaux, A., Julien, M.-A., Moncel, M.-H., Chacon-Navarro, M.G., 2008. 
L’ensemble ou unité archéostratigraphique D, in: Moncel, M.-H. (Ed.), Le 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



248 
 

Site de Payre. Occupations Humaines Dans La Vallée Du Rhone À La Fin 
Du Pléistocene Moyen et Au Début Du Pléistocène Supérieur. Mémoire de 
la Société Prhistorique Francaise, pp. 243–265. 

Bracco, J.-P., 1997. L’Exploitation du Quartz au Paléolithique., in: Préhistoire 
Anthropologie Méditerranéennes. Aix-En-Provence 18 E 19 Avril 1996. 
Premiére Table Ronde. Editions du CNRS. 

Brantingham, P.J., Kuhn, S.L., 2001. Constraints on Levallois core technology: a 
mathematical model. Journal of Archaeological Science 28, 747–761. 

Brecciaroli Taborelli, L., 1995. Un insediamento temporaneo della tarda 
antichità nella grotta “Ciota Ciara.” Quaderni della Soprintendenza 
Archeologica del Piemonte 13, 73–135. 

Brenet, M., Bourguignon, L., Colonge, D., Folgado, M., Jarry, M., Lelouvier, L.-
A., Turq, A., 2013. Les techno-complexes au début du Paléolothique moyen 
en Aquitaine septentrionale: complexité, complémentarité des productions 
de débitage et de façonnage et implications comportamentales, in: Jaubert, 
J., Fourment, N., Depaepe, P. (Eds.), Transitions, Ruptures et Continuité 
Durant La Préhistoire, Actes Du XXVIIe Congrès Préhistorique de France 
(Bordeaux-Les Eyzies, 2010). pp. 81–101. 

Brenet, M., Bourguignon, L., Folgado, M., Ortega, I., 2009. Élaboration D’un 
Protocole D’expérimentation Lithique Pour La Compréhension Des 
Comportements Techniques et Techno Économiques Au Paléolithique 
Moyen. Les Nouvelles de L’archéologie 118, 60–64. 

Buccheri, F., 2014. Analisi tafonomica dei resti paleontologici dell ’ US 14 della 
grotta della Ciota Ciara (Paleolitico Medio) Borgosesia, VC, Italia. 
Università degli studi di Ferrara. 

Buccheri, F., Bertè, D.F., Berruti, G.L.F., Cáceres, I., Volpe, L., Arzarello, M., 
2016. Taphonomic Analysis on Fossil Remains From the Ciota Ciara Cave 
(Piedmont, Italy) and New Evidence of Cave Bear and Wolf Exploitation 
With Simple Quartz Flakes By Neanderthal. Rivista Italiana di 
Paleontologia e Stratigrafia 122, 41–54. doi:10.13130/2039-4942/7674 

Busa, F., Gallo, L.M., Dellarole, E., 2005. L’attività di ricerca nelle grotte del 
Monte Fenera, in: Fantoni, R., Cerri, R., Dellarole, E. (Eds.), D’acqua E Di 
Pietra. Il Monte Fenera E Le Sue Collezioni Museali. Associazione culturale 
ZEISCIU Centro Studi, Alagna Valsesia, pp. 218–223. 

Bustillo, M.A., Castañeda, N., Capote, M., Consuegra, S., Criado, C., Díaz-del-
río, P., Orozco, T., Pérez-jiménez, J.L., Terradas, X., 2009. Is the 
macroscopic classification of flint useful? A petroarchaeological analysis 
and characterization of flint raw materials from the Iberian neolithic mine 
of Casa Montero. Archaeometry 51, 175–196. doi:10.1111/j.1475-
4754.2008.00403.x 

Calandra, R., 2016. Analisi antropologica della sepoltura Tardo – Antica “T1D” 
del Riparo della Ciota Ciara (Borgosesia , VC – Italia). Università degli studi 
di Ferrara. 

Callahan, E., Forsberg, L., Knutsson, K., Lindgren, C., 1992. Frakturbilder. 
Kulturhis-toriska kommentarer till det saregna sonderfallet vid bearbetning 
av kvarts. Tor 24, 27–63. 

Canal, J., Carbonell, E., 1989. Catalunya paleolítica, Patronat Francesc 
Eiximenis. Girona. 

Canal, J., Carbonell, E., Jiménez, E., Estevez, J., 1978. El yacimiento 
prewürmiense de Pedra Dreta (S. Julià de Ramis). Annals de l’Istitut 
d’Estudis de Girona XXIV, 227–249. 

Carbonell, E., Canals, A., Sauceda, I., Barrero, N., Carbajo, Á., Díaz, Ó., Díaz, I., 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



249 
 

Fernández, R., García, F.J., Peña, L., García, M., García, M., Gil, J., Guerra, 
S., León, L.M., Mancha, S., Mancha, E., Mejías, D., Merino, R.M., Morano, 
M., Morcillo, A., Muñoz, L., Rodríguez, A., Julià, R., Giralt, S., Falguères, C., 
2005. La grotte de Santa Ana (Cáceres, Espagne) et l’évolution 
technologique au Pléistocène dans la Péninsule ibérique. L’ Anthropologie 
109, 267–285. doi:10.1016/j.anthro.2005.04.016 

Carbonell, E., Guilbaud, M., Mora, R., 1983. Utilización de la lógica analítica 
para el estudio de tecno-complejos a cantos tallados. Cahier Noir 1, 3–64. 

Carbonell, E., Mosquera, M., Ollé, A., Rodríguez, X.P., Sala, R., Vaquero, M., 
Vergés, J.M., 1992. New elements of the logical analytic system. First 
International Meeting on Technical Systems to Configure Lithic Objects of 
Scarce Elaboration (Montblanc, 1992). 

Carbonell, E., Rodríguez, X.P., 2002. El sistema lògic analític: origen, 
desenvolupament i perspectives de futur. Cota Zero 17, 106–116. 

Carbonell, E., Rodriguez, X.P., Sala, R., 1992. Estat de la recerca del Plistocè 
Mitjà a Catalunya. Quadern de Treball 7, 6–13. 

Carmignani, L., Moncel, M.-H., Fernandes, P., Wilson, L., 2017. Technological 
variability during the Early Middle Palaeolithic in Western Europe. 
Reduction systems and predetermined products at the Bau de l’Aubesier 
and Payre (South-East France), PLoS ONE. 
doi:10.1371/journal.pone.0178550 

Cauche, D., 2007. Les cultures moustériennes en Ligurie italienne: analyse du 
matériel lithique de trois sites en grotte. L’Anthropologie 111, 254–289. 
doi:10.1016/j.anthro.2007.05.002 

Chacón, M.G., Bargalló, A., Gabucio, M.J., Rivals, F., Vaquero, M., 2012. 
Neanderthal Behaviors from a Spatio-Temporal Perspective: An 
Interdisciplinary Approach to Interpret Archaeological Assemblages, 
Settlement Dynamics of the Middle Paleolithic and Middle Stone Age. 
Kerns Verlag, Tubingen. doi:10.1073/pnas.0703993104 

Chazan, M., 1997. Redefining Levallois. Journal of human evolution 33, 719–
735. doi:10.1006/jhev.2002.0573 

Clegg, J., 1977. The four dimensions of artifactual variation. Stone tools as 
cultural markers: change, evolution and complexity 60–66. 

Clemente-Conte, I., Boëda, E., Farias-Gluchy, M., 2017. Macro- and micro-
traces of hafting on quartz tools from Pleistocene sites in the Sierra de 
Capivara in Piaui (Brazil). Quaternary International 427, 206–210. 
doi:10.1016/j.quaint.2015.12.015 

Clemente-Conte, I., Gibaja Bao, J.F., 2009. Formation of use-wear traces in 
non-flint rocks: the case of quartzite and rhyolite - differences and 
similarities, in: Sternke, F., Eigeland, L. (Eds.), Non-Flint Raw Material Use 
in Prehistory Old Prejudices and New Directions . BAR International 
Series, pp. 93–98. 

Collina-Girard, J., 1997. Les outillages sommaires sur supports naturels tenaces 
(quartz et quartzites). Technomorphologie et évolution psychique. In: 
Bracco, J.P. (Ed.), in: Bracco, J.. (Ed.), L’exploitation Du Quartz Au 
Paléolithique. Première Table Ronde, Préhistoire Anthropologie 
Méditerranéennes. Aix-En-Provence 18-19 Avril 1996. Éditions du CNRS, 
pp. 210–226. 

Cologne, D., Bruxelles, L., Jamois, M.-H., Chevreuse, F., 2009. Périché 
(Verneuil-sur-Venne, Haute-Vienne), un gisement Paléolithique moyen en 
Limousin cristallin. Mémoire de la Société préhistorique française XLVII, 
151–171. 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



250 
 

Cologne, D., Mourre, V., 2006. Quartzite et quartzites: aspects petrographiques, 
economiques et technologiques des materiaux majoritaires du Paleolithique 
ancien et moyen du sud-ouest de la France, in: Grimaldi, S., Cura, S. (Eds.), 
Technological Analysis on Quartzite Exploitation. Proceedings of the XV 
UISPP World Congress (Lisbon, 4-9 September 2006). BAR International 
Series 1998. Archaeopress. 

Combier, J., 1977. Rompon. Gallia Préhistoire 2, 594. 
Combier, J., 1972. Le dépots quaternaires de la vallée de l’Ardèche. Le gisement 

prémoustérien à Rhinocéros de Merck de Rompon. Gallia Préhistoire 15, 
109–115. 

Combier, J., 1967. Le Paléolithique de l’Ardèche dans son cadre 
palèoclimatique. Mémoire de l’Institut de Préhistoire de Bordeaux 4, 462. 

Combier, J., 1957. Rompon. Gallia Préhistoire 3, 111–112. 
Commont, V., 1909. L’industrie moustérienne dans la région du Nord de la 

France. Compte Rendu de la 5ième Session du Congrès Préhistorique de 
France 115–157. 

Conard, N.J., Soressi, M., Parkington, J.E., Wurz, S., Yates, R., 2004. A Unified 
Lithic Taxonomy Based on Patterns of Core Reduction. South African 
Archaeological Bulletin 59, 13–17. doi:10.2307/3889318 

Conti, C., 1931. Valsesia Archeologica. Note per una sua storia dalle origini alla 
caduta dell’Impero Romano. Bollettino della Società Storica Sudalpina 123, 
1–61. 

Costamagno, S., Liliane, M., Cédric, B., Bernard, V., Bruno, M., 2006. Les 
Pradelles (Marillac-le-Franc, France): A mousterian reindeer hunting 
camp? Journal of Anthropological Archaeology 25, 466–484. 
doi:10.1016/j.jaa.2006.03.008 

Cotterell, B., Kamminga, J., 1990. Mechanics of pre-industrial technology : an 
introduction to the mechanics of ancient and traditional material culture. 
Cambridge University Press. 

Cruz, A., Berruti, G.L.F., 2015. Use-Wear Analysis of the Knapped Lithic Grave 
Goods From Gruta Do Morgado Superior (Tomar , Portugal). Arqueología 
Iberoamericana 28, 81–94. 

Cura, S., 2003. Matière première et variabilité technologique au Paléolithique 
Moyen Portugais: l’example du site Sapateiros 2 (Baixo Alentejo, Portugal). 
Université Paris 1. 

Cura, S., Grimaldi, S., 2009. The quartzite exploitation in a middle Pleistocene 
open air site: Ribeira da Ponte da Pedra (central Portugal), in: Grimaldi, S., 
Cura, S. (Eds.), Technological Analysis on Quartzite Exploitation. 
Proceedings of the XV UISPP World Congress (Lisbon, 4-9 September 
2006). BAR International Series 1998. Archaeopress, pp. 49–56. 

D’Argenio, B., Innocenti, F., Sassi, F.P., 2005. Introduzione allo studio delle 
rocce. UTET. 

D’Errico, F., Gambari, F.M., 1983. Nuovi contributi alla conoscenza del 
Paleolitico piemontese. QuadPiem 2, 1–20. 

Daffara, S., 2011. Contributo allo studio delle strategie produttive di Homo 
neanderthalensis: i livelli musteriani della Ciota Ciara (Borgosesia - VC). 
Università degli Studi di Ferrara. 

Daffara, S., Arzarello, M., Berruti, G.L.F., Berruto, G., Bertè, D., Berto, C., 
Casini, A.I., 2014. The Mousterian lithic assemblage of the Ciota Ciara cave 
(Piedmont, Northern Italy): exploitation and conditioning of raw materials. 
Journal of Lithic Studies 1, 63–78. doi:10.2218/jls.v.1102 

Dal Piaz, G.V. (Ed.), 1992. Le Alpi dal Monte Bianco al Lago Maggiore. Società 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



251 
 

Geologia Italiana. 
Dauvois, M., 1976. Précis de dessin dynamique et structural des industries 

lithiques préhistoriques, Périgueux, Fanlac. P. Fanlac, Périgueux. 
de Lombera-Hermida, A., 2009. The Scar Identification of Lithic Quartz 

Industries, in: Sternke, F., Eigeland, L., Costa, L.J. (Eds.), Non-Flint Raw 
Material Use in Prehistory . Old Prejudices and New Directions. BAR 
International Series. Archaeopress, Oxford. 

de Lombera-Hermida, A., Rodríguez-Alvarez, X.-P., Peña, L., Sala Ramos, R., 
Despriée, J., Moncel, M.-H., Gourcimault, G., Voinchet, P., Falguères, C., 
2016. The lithic assemblage from Pont-de-Lavaud (Indre, France) and the 
role of the bipolar-on-anvil technique in the Lower and Early Middle 
Pleistocene technology. Journal of Anthropological Archaeology 41, 159–
184. doi:10.1016/j.jaa.2015.12.002 

de Lombera-Hermida, A., Rodríguez-Rellán, C., 2016. Quartzes matter. 
Understanding the technological and behavioural complexity in quartz 
lithic assemblages. Quaternary International 424, 2–11. 
doi:10.1016/j.quaint.2016.11.039 

de Lombera-Hermida, A., Rodríguez, X.P., Fábregas, R., Moncel, M.-H., 2011. 
La gestion du quartz au Pléistocène moyen et supérieur. Trois exemples 
d’Europe Méridionale. L’ Anthropologie 115, 294–331. 
doi:10.1016/j.anthro.2011.02.003 

de Lombera-Hermida, A., Rodriguez Rellan, C., 2010. Gestion y estrategias de 
abastecimiento de las materias primas locales (cuarzo, cuarzita y pizarra) 
en la prehistoria del NW peninsular, in: Dominguez-Bella, S., Muñoz, J.R., 
Gutiérrez Lopez, J.M., Pérez Rodriguez, M. (Eds.), Minerales Y Rocas En 
Las Sociedades de La Prehistoria. Encuadernaciones Martinez A.G.S.L. 
Puerto Real, Cadiz, pp. 49–60. 

De Mortillet, G., 1883. Le Préhistoire: Antiquité de l’Homme. C. Reinwald, 
Paris. 

Debard, E., 1988. Le Quaternaire du Bas-Vivarais d’après l’étude des 
remplissage d’avens, de grottes et d’abris sous roche. Dynamique 
sédimentaire, pléoclimatique et chronologie. Documents Laboratoire 
Géologie de Lyon, Lyon. 

Degorce, J., Castel, J., 2006. La gestion des quartz diaclasés de l’Albigeois 
cristallin (Tarn) au Paléolithique moyen. Bulletin de la société 
préhistorique française 103, 233–239. 

Delagnes, A., 1995. Variability within uniformity: three levels of variability 
within Levallois system, in: Dibble, H.L., Bar-Yosef, O. (Eds.), The 
Definition and Interpretation of Levallois Technology. Prehistory Press, 
Madison, pp. 201–212. 

Delagnes, A., Feblot-Augustins, J., Meignen, L., Park, S.-J., 2006. L’exploitation 
des silex au Paléolithique moyen dans le Bassin de la Charente: qu’est-ce 
qui circule, comment...et pourquoi? Bulletin de liaison et d’information de 
l’Association des Archéologues de Poitou-Charentes 35, 15–24. 

Delagnes, A., Meignen, L., 2006. Diversity of Lithic Production Systems During 
the Middle Paleolithic in France. Are there any chronological Trends?, in: 
Hoverrs, E., Kuhn, S. (Eds.), Transitions before the Transition: Evolution 
and Stability in the Middle Paleolithic and Middle Stone Age. Springer 
Science & Business Media, pp. 85–107. doi:10.1007/b106329 

Delagnes, A., Rendu, W., 2011. Shifts in Neandertal mobility, technology and 
subsistence strategies in western France. Journal of Archaeological Science 
38, 1771–1783. doi:10.1016/j.jas.2011.04.007 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



252 
 

Delpiano, D., Peresani, M., 2017. Exploring Neanderthal skills and lithic 
economy. The implication of a refitted Discoid reduction sequence 
reconstructed using 3D virtual analysis. Comptes Rendus - Palevol 16, 865–
877. doi:10.1016/j.crpv.2017.06.008 

Di Modica, K., Bonjean, D., 2009. The exploitation of quartzite in Layer 5 
(Mousterian) of Scladina cave (Wallonia, Belgium): flexibility and dynamics 
of concepts of debitage in the Middle Palaeolithic, in: Grimaldi, S., Cura, S. 
(Eds.), Technological Analysis on Quartzite Exploitation. Proceedings of the 
XV UISPP World Congress (Lisbon, 4-9 September 2006). BAR 
International Series 1998. Archaeopress, pp. 33–41. 

Dibble, H.L., 1991. Mousterian Assemblage Variability on an Interregional 
Scale. Journal of Anthropological Research 47, 239–257. 

Dibble, H.L., 1985. Raw-Material Variation in Levallois Flake Manufacture. 
Current Anthropology 26, 391–393. doi:10.1086/203286 

Dibble, H.L., Bar-Yosef, O., 1995. The definition and interpretation of Levallois 
technology. Prehistory Press, Madison, Wisconsin. 

Domanski, M., Webb, J.A., Boland, J., 1994. Mechanical properties of stone 
artefact materials and the effect of heat treatment. Archaeometry 36, 177–
208. doi:10.1111/j.1475-4754.1994.tb00963.x 

Driscoll, K., 2011. Vein quartz in lithic traditions: An analysis based on 
experimental archaeology. Journal of Archaeological Science 38, 734–745. 
doi:10.1016/j.jas.2010.10.027 

Driscoll, K., Menuge, J., 2011. Recognising burnt vein quartz artefacts in 
archaeological assemblages. Journal of Archaeological Science 38, 2251–
2260. doi:10.1016/j.jas.2011.03.028 

Ecker, M., Bocherens, H., Julien, M.-A., Rivals, F., Raynal, J.-P., Moncel, M.-H., 
2013. Middle Pleistocene ecology and Neanderthal subsistence : Insights 
from stable isotope analyses in Payre (Ardèche, southeastern France). 
Journal of Human Evolution 65, 363–373. 
doi:10.1016/j.jhevol.2013.06.013 

Eren, M.I., Bradley, B.A., 2009. Experimental evaluation of the Levallois “core 
shape maintenance” hypothesis. Lithic Technology 34, 119–125. 

Eren, M.I., Lycett, S.J., 2016. A statistical examination of flake edge angles 
produced during experimental lineal Levallois reductions and 
consideration of their functional implications. Journal of Archaeological 
Method and Theory 23, 379–398. 

Eren, M.I., Lycett, S.J., 2012. Why Levallois? A morphometric comparison of 
experimental “preferential” Levallois flakes versus debitage flakes. PloS one 
7, e29273. doi:10.1371/journal.pone.0029273 

Eren, M.I., Lycett, S.J., Roos, C.I., Sampson, C.G., 2011. Toolstone constraints 
on knapping skill: Levallois reduction with two different raw materials. 
Journal of Archaeological Science 38, 2731–2739. 
doi:10.1016/j.jas.2011.06.011 

Eren, M.I., Roos, C.I., Story, B. a., von Cramon-Taubadel, N., Lycett, S.J., 2014. 
The role of raw material differences in stone tool shape variation: An 
experimental assessment. Journal of Archaeological Science 49, 472–487. 
doi:10.1016/j.jas.2014.05.034 

Faivre, J.-P., 2011. Organisation techno-économique des industries du 
paléolithique moyen récent dans le nord-est aquitain. Archaeopress, 
Oxford. 

Faivre, J.P., Discamps, E., Gravina, B., Turq, A., Guadelli, J.L., Lenoir, M., 2014. 
The contribution of lithic production systems to the interpretation of 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



253 
 

Mousterian industrial variability in south-western France: The example of 
Combe-Grenal (Dordogne, France). Quaternary International 350, 227–
240. doi:10.1016/j.quaint.2014.05.048 

Fantoni, E., 1991. Rilevamento geologico del Monte Fenera e della Valstrona di 
Valduggia (Bassa Valsesia). Università degli Studi di Milano. 

Fantoni, E., Fantoni, R., 1991. Geologia del monte Fenera: ipotesi sulla genesi 
del sistema carsico. De valle sicida 2, 11–22. 

Fantoni, R., Barbieri, C., Bini, A., Bistacchi, A., Ceriani, A., Cossutta, F., 
Decarlis, A., Di Giulio, A., Ghelmi, M., Mancin, N., Rogledi, S., Zattin, M., 
2005a. Tra Alpi e Pianura Padana: l’evoluzione recente del margine alpino-
padano in bassa Valsesia, in: Fantoni, R., Cerri, R., Dellarole, E. (Eds.), 
D’acqua E Di Pietra. Il Monte Fenera E Le Sue Collezioni Museali. 
Associazione culturale ZEISCIU Centro Studi, Alagna Valsesia, pp. 130–
142. 

Fantoni, R., Decarlis, A., Fantoni, E., 2005b. Geologia del Monte Fenera, in: 
Fantoni, R., Cerri, R., Dellarole, E. (Eds.), D’acqua E Di Pietra. Il Monte 
Fenera E Le Sue Collezioni Museali. Associazione culturale ZEISCIU Centro 
Studi, Alagna Valsesia, pp. 86–91. 

Féblot-Augustins, J., 1999. Raw material transport pat- terns and settlement 
systems in the European Lower and Middle Palaeolithic: Continuity, 
change and variability, in: Roebroeks, W., Gamble, C. (Eds.), The Middle 
Palaeolithic Occupation of Europe. University of Leiden, Leiden, pp. 193–
214. 

Féblot-Augustins, J., 1993. Mobility Strategies in the Late Middle Palaeolithic of 
Central Europe and Western Europe: Elements of Stability and Variability. 
Journal of Anthropological Archaeology 12, 211–265. 
doi:10.1006/jaar.1993.1007 

Fedele, F., 1985. Il paleolitico in Piemonte le alpi occidentali. Bollettino del 
Gruppo Archeologico «Ad Quintum» di Collegno (Torino) 7, 23–44. 

Fedele, F., 1972. Aperçu des recherches dans les giesements du Monfenera 
(Valsesia, Alpes Pennines). Bulletin d’etudes prehistoriques alpines IV, 5–
68. 

Fedele, F., 1966. La stazione paleolitica del Monfenera in Valsesia. Rivista di 
Studi Liguri 1,2, 5–105. 

Fernandes, P., Le Bourdonnec, F.-X., Raynal, J.-P., Poupeau, G., Piboule, M., 
Moncel, M.-H., 2007. Origins of prehistoric flints : The neocortex memory 
revealed by scanning electron microscopy. Comptes Rendus - Palevol 6, 
557–568. doi:10.1016/j.crpv.2007.09.015 

Fernandes, P., Raynal, J.-P., Moncel, M.-H., 2006. L ’espace minéral au 
Paléolithique moyen dans le Sud du Massif central : premiers résultats 
pétroarchéologiques. Comptes Rendus - Palevol 5, 981–993. 
doi:10.1016/j.crpv.2006.09.009 

Fernandes, P., Raynal, J.P., 2010. Silex: une petroarcheologia refondée. Les 
c@hiers de Géopré 1, 68–79. 

Fernandes, P., Raynal, J.P., 2006. Pétroarchéologie du silex: un retour aux 
sources. Comptes Rendus Palevol 5. 

Fernandes, P., Raynal, J.P., Moncel, M.-H., 2008. Middle Palaeolithic raw 
material gathering territories and human mobility in the southern Massif 
Central, France: first results from a petro-archaeological study on flint. 
Journal of Archaeological Science 35, 2357–2370. 
doi:10.1016/j.jas.2008.02.012 

Fontana, F., Moncel, M.-H., Nenzioni, G., Onorevoli, G., Peretto, C., Combier, 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



254 
 

J., 2013. Widespread diffusion of technical innovations around 300,000 
years ago in Europe as a reflection of anthropological and social 
transformations? New comparative data from the western Mediterranean 
sites of Orgnac (France) and Cave dall’Olio (Italy). Journal of 
Anthropological Archaeology 32, 478–498. doi:10.1016/j.jaa.2013.08.003 

Forestier, H., 1993. Le Clactonien: mise en application d “une nouvelle méthode 
de débitage s”inscrivant dans la variabilité des systèmes de production 
lithique du Paléolithique ancien. Paléo 5, 53–82. 
doi:10.3406/pal.1993.1104 

Gambari, F.M., 2005. Archeologia del Monte Fenera, in: Fantoni, R., Cerri, R., 
Dellarole, E. (Eds.), D’acqua E Di Pietra. Il Monte Fenera E Le Sue 
Collezioni Museali. Associazione culturale ZEISCIU Centro Studi, Alagna 
Valsesia, pp. 230–233. 

Garcia Garriga, J., 2015. Long-term hominin occupation during the Middle and 
early Late Pleistocene: Chronostratigraphy of the Ter River basin (Girona, 
North-eastern Spain). Journal of Archaeological Science: Reports 3, 493–
512. doi:10.1016/j.jasrep.2015.07.005 

Geneste, J.-M., 1991. Systèmes techniques de production lithique: variations 
techno-économiques dans le processus de réalisation des outillages 
paléolithiques. Techniques et culture 17–18, 1–36. doi:10.4000/tc.5013 

Geneste, J.-M., 1988. Les industries de la grotte Vaufrey: Technologie du 
débitage, économie et circulation de la matière première, in: Rigaud, J.-P. 
(Ed.), La Grotte Vaufrey- Paléoenvironnement, Chronologie, Activités 
Humaines. Mémoires de la SPF, Paris, pp. 441–517. 

Giacobini, G., 1976. Note di preistoria piemontese: il Paleolitico. Studi 
Piemontesi V. 

Gibaja, J.F., Clemente, I., Carvalho, A.F., 2009. The use of quartzite tools in the 
early Neolithic in Portugal: Examples from the limestone massif of 
Estremadura., in: Araújo, M. (Ed.), Recent Functional Studies on Non Flint 
Stone Tools: Methodological Improvements and Archaeological Inferences. 
IGESPAR, Lisbon. 

Gibaja, J.F., Clemente, I., Mir, A., 2002. Análisis funcional en instrumentos de 
cuarcita: el yacimiento del paleolítico superior de la Cueva de la Fuente del 
Trucho (Colungo, Huesca), in: Análisis Funcional: Su Aplicación Al Estudio 
de Sociedades Prehistórica. pp. 79–86. 

Giralt, S., Vallverdù, J., Sala, R., Rodriguez, X.P., 1995. Cronoestratigrafia i 
paleoclimatologia de l’ocupaciò humana a la vall mitjana del Ter al pleistocè 
mitjà i superior, in: Augusti, B., Burch, J., Merino, J. (Eds.), 
Excavationsd’urgència a Sant Julià de Ramis (Anys 1991 - 1993). Centre 
d’Investigatcions Archeològiques, Girona, pp. 23–36. 

Gottlicher, J., Pettinghaus, H.J., Himmel, B., 1998. On the microstructure of 
geyserites and hyalites, natural hydrous froms of silica. Journal of Sol-Gel 
Science and Technology 13, 85–88. 

Goval, E., Hérisson, D., Locht, J.-L., Coudenneau, A., 2016. Levallois points and 
triangular flakes during the Middle Palaeolithic in northwestern Europe: 
Considerations on the status of these pieces in the Neanderthal hunting 
toolkit in northern France. Quaternary International 411, 216–232. 
doi:10.1016/j.quaint.2015.04.039 

Grayson, D.K., 1984. Quantitative Zooarchaeology: Topics in the analysis of 
archaelogical faunas. Orlando: Academic, Orlando. 

Guerreschi, A., Giacobini, G., 1998. Il Paleolitico e il Mesolitico nel Piemonte, 
in: Mercando, L., Venturino Gambari, M., Micheletto, E. (Eds.), 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



255 
 

Archeologia in Piemonte: La Preistoria. Vol. 1. Allemandi, Torino, pp. 87–
100. 

Gurova, M., Andreeva, P., Stefanova, E., Stefanov, Y., Kočić, M., Borić, D., 2016. 
Flint raw material transfers in the prehistoric Lower Danube Basin: An 
integrated analytical approach. Journal of Archaeological Science: Reports 
5, 422–441. doi:10.1016/j.jasrep.2015.12.014 

Hardy, B.L., 2004. Neanderthal behaviour and stone tool function at the Middle 
Palaeolithic site of La Quina, France. Antiquity 78, 547–565. 
doi:10.1017/S0003598X00113213 

Hardy, B.L., Moncel, M.-H., 2011. Neanderthal use of fish, mammals, birds, 
starchy plants and wood 125-250,000 years ago. PLoS ONE 6, 0–9. 
doi:10.1371/journal.pone.0023768 

Hiscock, P., Turq, A., Faivre, J.-P., Bourguignon, L., 2009. Quina procurement 
and tool production, in: Adams, B., Blades, B.S. (Eds.), Lithic Materials and 
Palaeolithic Societies. Blackwell Publishing, Oxford, pp. 232–246. 

Holdaway, S., Douglass, M., 2012. A twenty-first century archaeology of stone 
artifacts. Journal of Archaeological Method and Theory 19, 101–131. 

Huet, B., 2007. Les industries a composante lithologique mixte au Paleolithique 
moyen dans le massif armoricain (France): mise en evidence d’un 
comportement economique spécifique., in: Moncel, M.-H. (Ed.), Aires 
D’approvisionnement En Matières Premières et Aires D’approvisionnement 
En Ressources Alimentaires. Approche Intégrée Des Comportements. XV 
Congrès UISPP. Archaeopress, Oxford. 

Hurcombe, L., 2014. Perishable material culture in prehistory : investigating the 
missing majority. Routledge, New York. 

Igreja, M., 2009. Use-wear analysis of non-flint stone tools using DIC 
microscopy and resin casts: a simple and effective technique, in: Recent 
Functional Studies on Non Flint Stone Tools: Methodological 
Improvements and Archaeological Inferences. Proceedings of the 
Workshop, 23-25 . Lisbon. 

Inizan, M.-L., Reduron-Ballinger, M., Roche, H., Tixier, J., 1999. Préhistoire de 
la pierre taillée. Technology and terminology of knapped stones. C.R.E.P., 
Nanterre. 

Inizan, M., Reduron-Ballinger, M., Roche, H., Tixier, J., 1995. Technologie de la 
pierre taillée. CREP, Nanterre. 

Janot, A., 1988. Paléolithique inférieur et moyen de Lorraine, originalité des 
industries à quartzites. Bulletin de la Société préhistorique française 85, 
291–303. doi:10.3406/bspf.1988.9861 

Jaubert, J., Delagnes, A., 2007. De l’espace parcouru à l’espace habité au 
Paléolithique moyen, in: Vandermeersch, B., Maureille, B. (Eds.), Les 
Néandertaliens. Biologie et Cultures. Edition du CTHS, pp. 263–281. 

Jaubert, J., Farizy, C., 1995. Levallois Debitage: Exclusivity, Absence, or 
Coexistence With Other Operative Schemes (Garonne Basin, SW France), 
in: Bar-Yosef, O., Dibble, H.L. (Eds.), The Definition and Interpretation of 
Levallois Technology. Prehistory Press, pp. 227–248. 
doi:10.13140/RG.2.1.2330.1206 

Jaubert, J., Kervazo, B., Bahain, J.-J., Brugal, J.-P., Chalard, P., Falguères, C., 
Jarry, M., Jeannet, M., Lemorini, C., Louchart, A., Maksud, F., Martin, H., 
Mourre, V., Quinif, Y., Thiébaut, C., 2005. Coudoulous I (Tour-de-Faure, 
Lot), site du Pléistocène moyen en Quercy: bilan pluridisciplinaire. BAR 
International Series 1364, 227–251. 

Kalai, C., Moncel, M.-H., Renault-Miskovsky, J., 2001. Le Paléoenvironnement 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



256 
 

végétal des occupations humaines de la grotte de Payre à la fin du 
Pléistocène moyen et au début du Pléistocène supérieur (Ardèche, France). 
Trabajos de Prehistoria 58, 143–151. 

Keeley, L.H., 1980. Experimental Determination of Stone Tool Uses: A 
Microwear Analysis. University of Chicago Press, Chicago. 

Kelley, H., 1954. Contribution à l’étude de la technique de la taille levalloisienne. 
Bulletin de la Societé Préhistorique Française 51, 149–169. 

Knutsson, H., Knutsson, K., Molin, F., Zetterlund, P., 2016. From flint to 
quartz : Organization of lithic technology in relation to raw material 
availability during the pioneer process of Scandinavia. Quaternary 
International 424, 32–57. doi:10.1016/j.quaint.2015.10.062 

Knutsson, H., Knutsson, K., Taipale, N., Tallavaara, M., Darmark, K., 2015. How 
shattered flakes were used: Micro-wear analysis of quartz flake fragments. 
Journal of Archaeological Science: Reports 2, 517–531. 
doi:10.1016/j.jasrep.2015.04.008 

Knutsson, K., 2014. “Simple” need not mean “archaic.” Antiquity 88, 950–953. 
doi:10.1017/S0003598X00050894 

Kuhn, S.L., 1994. Formal Approach to the Design and Assembly of Mobile 
Toolkits. American Antiquity 59, 426–442. 

Kuhn, S.L., 1992. On planning and curated technologies in the Middle 
Paleolithic. Journal of Anthropological Research 48, 185–214. 

Lamotte, A., Huguenin, G., Campy, M., Deherripont, J.-L., Detrey, J., Morin, D., 
Corbeaux, H., 2014. Frettes (Haute-Saône, France): un gisement de plein-
air du paléolithique moyen, premiers résultats. L’Anthropologie 118, 449–
475. doi:10.1016/j.anthro.2014.10.005 

Lazuén, T., Fábregas, R., Lombera, A., Rodríguez, X.P., 2011. La gestión del 
utillaje de piedra tallada en el Paleolítico Medio de Galicia. El nivel 3 de 
Cova Eirós (Triacastela, Lugo). Trabajos de Prehistoria 68, 237–258. 
doi:10.3989/tp.2011.11068 

Lemorini, C., 2000. Reconnaître des tactiques d’exploitation du milieu au 
Paléolithique moyen. British Archaeological Reports 858. Archaeopress, 
Oxford. 

Lemorini, C., Peresani, M., Rossetti, P., Malerba, G., Giacobini, G., 2003. 
Techno-Morphological and Use-Wear Funtional Analysis: An Integrated 
Approach to the Study of a Discoid Industry, in: Peresani, M. (Ed.), Discoid 
Lithic Technology: Advances and Implications. BAR International Series 
1120. Archaeopress, pp. 257–275. 

Lemorini, C., Plummer, T.W., Braun, D.R., Crittenden, A.N., Ditchfield, P.W., 
Bishop, L.C., Hertel, F., Oliver, J.S., Marlowe, F.W., Schoeninger, M.J., 
Potts, R., 2014a. Old stones’ song: Use-wear experiments and analysis of 
the Oldowan quartz and quartzite assemblage from Kanjera South (Kenya). 
Journal of Human Evolution 72, 10–25. doi:10.1016/j.jhevol.2014.03.002 

Lemorini, C., Stiner, M.C., Gopher, A., Shimelmitz, R., Barkai, R., 2006. Use-
wear analysis of an Amudian laminar assemblage from the Acheuleo-
Yabrudian of Qesem Cave, Israel. Journal of Archaeological Science 33, 
921–934. doi:10.1016/j.jas.2005.10.019 

Lemorini, C., Venditti, F., Assaf, E., Parush, Y., Barkai, R., Gopher, A., 2014b. 
The Function of Recycled Lithic Items at Late Lower Paleolithic Qesem 
Cave, Israel: An Overview of the Use-Wear Data. Quaternary International 
361, 103–112. doi:10.1016/j.quaint.2014.07.032 

Leroi-Gourhan, A., 1964. Le geste et la parole. Albin Michel, Paris. 
Llana Rodríguez, C., 1991. Algunas consideraciones económicas del Paleolítico 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



257 
 

superior a través de los cuarzos y cuarcitas de grano grueso. Gallaecia 12, 
29–38. 

Lo Porto, F.G., 1957. Tracce del Musteriano Alpino in una grotta del Monfenera 
presso Borgosesia. Rivista di studi liguri 23, 287–294. 

Locht, J.-L., Goval, E., 2004. Reconstructing Middle Paleolithic hominid 
behaviour during OIS 5 in northern France, in: Conrad, N.J., Delagnes, A. 
(Eds.), Settlement Dynamics of the Middle Paleolithic and Middle Stone 
Age. Volume III. Kerns Verlag, Tübingen, pp. 329–356. 

Locht, J.-L., Swinnen, C., 1994. Le debitage discoïde du gisement de Beauvais 
(Oise): aspects de la chaîne opératoire autravers de quelques remontages. 
Paléo 6, 89–104. 

Longo, L., 1994. Le industrie litiche. L’analisi delle tracce d’uso., in: Peretto, C. 
(Ed.), Le Industrie Litiche Del Giacimento Paleolitico Di Isernia La Pineta. 
La Tipologia, Le Tracce Di Utilizzazione, La Sperimentazione. Cosmo 
Iannone, Isernia, pp. 355–466. 

López-Ortega, E., Bargalló, A., de Lombera-Hermida, A., Mosquera, M., Ollé, A., 
Rodríguez-Álvarez, X.P., 2017. Quartz and quartzite refits at Gran Dolina 
(Sierra de Atapuerca, Burgos): Connecting lithic artefacts in the Middle 
Pleistocene unit of TD10.1. Quaternary International 433, 85–102. 
doi:http://dx.doi.org/10.1016/j.quaint.2015.09.026 

Luedtke, B.E., 1992. An archaeologist’s guide to chert and flint. Cotsen Institute 
of Archaeology Press. 

Lycett, S., von Cramon-Taubadel, N., 2013. A 3D morphometric analysis of 
surface geometry in Levallois cores: patterns of stability and variability 
across regions and their implications. Journal of Archaeological Science 40, 
1508–1517. 

Lycett, S.J., Eren, M.I., 2013. Levallois economics: an examination of “waste” 
production in experimentally produced Levallois reduction sequences. 
Journal of Archaeological Science 40, 2384–2392. 
doi:10.1016/j.jas.2013.01.016 

Malyk-Selivanova, N., Ashley, G.M., Gal, R., Glascock, M.D., Neff, H., 1998. 
Geological-geochemical approach to “sourcing” of prehistoric chert 
artifacts, northwestern Alaska. Geoarchaeology 13, 673–708. 

Manninen, M.A., 2016. The effect of raw material properties on flake and flake-
tool dimensions: A comparison between quartz and chert. Quaternary 
International 424, 24–31. doi:10.1016/j.quaint.2015.12.096 

Márquez, B., Baquedano, E., Pérez-González, A., Arsuaga, J.L., 2016. Microwear 
analysis of Mousterian quartz tools from the Navalmaíllo Rock Shelter 
(Pinilla del Valle, Madrid, Spain). Quaternary International 424, 84–97. 
doi:10.1016/j.quaint.2015.08.052 

Martinez, A.M., 1991. Las Fuentes de Provision de Materias Primas Líticas en la 
Fachada Litoral de Murcia durante el final del Paleolítico. Tecnología y 
Cadenas Operativas Líticas. Treballs de Arqueologia II, 83–91. 

Martínez, K., García, J., Chacón, M.G., Fernández-Laso, M.C., 2005. Le 
Paléolithique moyen de l’Abric Romaní. Comportements écosociaux des 
groupes néandertaliens. L’Anthropologie 109, 815–839. 
doi:10.1016/j.anthro.2005.10.001 

Martinez Cortizas, A., Llana Rodriguez, C., 1996. Morphostructural variables 
and the analysis of their effect on quartz blank characteristics, in: Moloney, 
N., Raposo, L., Santonja, M. (Eds.), Non-Flint Stone Tools and the 
Palaeolithic Occupation of the Iberian Peninsula. Archaeopress, Oxford, pp. 
49–53. 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



258 
 

Martinez Lorenzo, M., Bordes, J.-G., Jaubert, J., 2014. L’industrie lithique du 
Paléolithique moyen récent de Roc de Combe (Payrignac, Lot, France), un 
nouvel exemple de Moustérien Discoïde à denticulés. Paléo 25, 1–24. 

Martínez Molina, K., García Garriga, J., Bargalló Ferrerons, A., Vallverdú Poch, 
J., Burjachs Casas, F., 2006. Un taller singular del paleolític mitjà: el 
jaciment del Puig Marí (Maçanet de la Selva, Girona):nuevas aportacions 
als mètodes de talla discoide i levallois. Cypsela 16, 111–125. 

Masaoudi, H., Falgueres, C., Bahain, J.-J., Moncel, M.-H., 1997. Datation du site 
Paléolithique moyen de Payre (Ardèche): nouvelle donnée radiométrique 
(méthodes U/Th et ESR). Comptes Rendus de l’Académie de Sciences 324, 
149–156. 

Matilla, K., 2010. La Chaise-de-Vouthon (Charente), fouilles P.David (1936-
1961) et fouilles A. Debénath (1967-1983): un example de débitage bipolaire 
sur enclume. PALEO. Revue d’archéologie préhistorique spécial, 63–74. 

Matilla, K., 2005. L’industrie sur galet de La Chaise-de-Vouthon, Charente: 
synthèse des résultats. L’ Anthropologie 109, 481–498. 
doi:10.1016/j.anthro.2005.06.014 

Mazzucco, N., Trenti, F., Clemente, I., Gibaja, J.F., 2013. Chert Taphonomical 
alterations: preliminary experiments., in: Palomo, A., Terradas, X. (Eds.), 
Experimentacion En Arqueologia. Sèrie Monogràfica Del MAC. pp. 255–
263. 

Meignen, L., 1988. Un exemple de comportement technologique différentiel 
selon les matières pre- mières: Marillac couches 9 et 10, in: Otte, M. (Ed.), 
L’Homme de Néandertal: La Technique. ERAUL, Liège, pp. 71–79. 

Meignen, L., Costamagno, S., Beauval, C., Bourguignon, L., Vandermeersch, B., 
Maureille, B., 2007. Gestion des ressources lithiques au Paléolithique 
moyen dans une halte de chasse spécialisée sur le Renne: Les Pradelles 
(Marillac-Le-Franc, Charente)., in: Moncel, M.-H., Moigne, A.-M., 
Arzarello, M., Peretto, C. (Eds.), Raw Material Supply Areas and Food 
Supply Areas. Integrated Approach of the Behaviours. BAR International 
Series 1725, Oxford, p. 127–140. 

Meignen, L., Delagnes, A., Bourguignon, L., 2009. Patterns of lithic material 
procurement and transformation during the Middle Paleolithic in western 
Europe, in: Adams, B., Blades, B.S. (Eds.), Lithic Materials and Palaeolithic 
Societies. Blackwell Publishing, Oxford, pp. 15–24. 

Menras, C., 2009. Les industries lithiques de trois occupations de plein air et 
leur place dans le contexte Moustérien du Languedoc méditerranéeen: Le 
Cadénas (Bédarieux, Hérault), Les Cours (Plaissan, Hérault) et Le Serre du 
Coucouyon (La Capelle et Masmolène, Gard). L’Anthropologie 113, 381–
398. doi:10.1016/j.anthro.2009.04.001 

Milne, S.B., Hamilton, A., Fayek, M., 2009. Combining visual and geochemical 
analyses to source chert on Southern Baffin Island, Arctic Canada. 
Geoarchaeology 24, 429–449. 

Moloney, N., Raposo, L., Santonja Gomez, M., 1996. Non-flint stone tools and 
the Palaeolithic occupation of the Iberian peninsula. British archaeological 
Reports - International Series; 649. 

Moncel, M.-H. (Ed.), 2008. Le site de Payre. Occupation humaines dans la 
vallée du Rhone à la fin du Pléistocene moyen et au début du Pléistocène 
supérieur. Mèmoire de la Société Préhistorique Francaise 46, Paris. 

Moncel, M.-H. (Ed.), 2007. Aires d’approvisionnement en matières premières et 
aires d’approvisionnement en ressources alimentaires. Approche intégrée 
des comportements. Archaeopress, Oxford. 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



259 
 

Moncel, M.-H., 1997. Observations sur l’analyse spatiale des vestiges et l’esapce 
dans le site de Payre (Ardèche, France). Réflexions sur les limites de 
l’analyse spatiale en grotte au Paléolithique moyen. Préhistoire Européenne 
10, 31–61. 

Moncel, M.-H., 1993. Le site de Payre (Commune de Rompon, Ardèche): une 
occupation humaine du Paleolithique moyen ancien. Quaternaire 4, 149–
157. doi:10.3406/quate.1993.2005 

Moncel, M.-H., Auguste, P., Bahain, J.-J., Debard, É., Desclaux, E., Falguères, 
C., Mercier, N., Patou-Mathis, M., Valladas, H., 2008a. Le cadre 
paléoenvironnemental des occupations humaines du site de Payre et 
implications sur le type d’occupation, in: Moncel, M.H. (Ed.), Le Site de 
Payre. Occupations Humaines Dans La Vallée Du Rhone À La Fin Du 
Pléistocene Moyen et Au Début Du Pléistocène Supérieur. Mémoire de la 
Société Prhistorique Francaise, pp. 269–279. 

Moncel, M.-H., Bahain, J.J., Falgueres, C., El Hazzazi, N., Kalai, C., Mjahad, M., 
Patou-Mathis, M., Renault-Miskovsky, J., 1993. Le site de Payre (Commune 
de Rompon, Ardèche) : un site paléolithique ancien moyen dans un 
contexte d’abri effondré. Premier bilan des études pluridisicipinaires : 
position chronologique, paléoenvironnement, paléoclimatologie. 
Quaternaire 4, 159–173. 

Moncel, M.-H., Borel, A., de Lombera-Hermida, A., Sala, R., Deniaux, B., 
2008b. Quartz et quartzite dans le site de Payre (MIS 7 et 5, Ardèche, 
France): données techno-économiques sur la gestion de roches locales au 
Paléolithique moyen. Comptes Rendus - Palevol 7, 441–451. 
doi:10.1016/j.crpv.2008.07.004 

Moncel, M.-H., Brugal, J.P., Prucca, A., Lhomme, G., 2008c. Mixed occupation 
during the Middle Palaeolithic: Case study of a small pit-cave-site of Les 
Pêcheurs (Ardèche, south-eastern France). Journal of Anthropological 
Archaeology 27, 382–398. doi:10.1016/j.jaa.2008.03.005 

Moncel, M.-H., Chacon, M.G., 2007. Contribution to the understanding of 
Neanderthal technical behaviour during the end of OIS 6 and late 
interglacial (OIS 5) in Southern Europe: the lithic assemblage of upper level 
in the site of Payre (Rhone valley, Sotheastern France). Eurasian Prehistory 
5. 

Moncel, M.-H., Chacón, M.G., Coudenneau, A., Fernandes, P., 2009. Points and 
convergent tools in the European Early Middle Palaeolithic site of Payre 
(SE, France). Journal of Archaeological Science 36, 1892–1909. 
doi:10.1016/j.jas.2009.04.018 

Moncel, M.-H., Chacón Navarro, M.G., La Porta, A., Fernandes, P., Hardy, B., 
Gallotti, R., 2014. Fragmented reduction processes: Middle Palaeolithic 
technical behaviour in the Abri du Maras shelter, southeastern France. 
Quaternary International 350, 180–204. doi:10.1016/j.quaint.2014.05.013 

Moncel, M.-H., Condemi, S., 1997. Des restes humains dans le site Paléolithique 
moyen ancien de Payre (Ardèche): dents et pariétal. Nouvelles découvertes 
de 1996. Bulletin Societé Préhistorique Francaise 94, 168–171. 
doi:10.3406/bspf.1997.10874 

Moncel, M.-H., Condemi, S., 1996. Découverte de dents humaines dans le site 
Paléolithique moyen de Payre (Ardèche): Comptes Rendus de l’Académie 
de Sciences 322, 251–257. 

Moncel, M.-H., Daujeard, C., 2012. The variability of the Middle Palaeolithic on 
the right bank of the Middle Rhône Valley (southeast France): Technical 
traditions or functional choices? Quaternary International 247, 103–124. 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



260 
 

doi:10.1016/j.quaint.2010.10.030 
Moncel, M.-H., Debard, É., Desclaux, E., Dubois, J.M., Lamarque, F., Patou-

Mathis, M., Villette, P., 2002. Le cadre de vie des hommes du Paléolithique 
moyen (stades isotopiques 6 et 5) dans le site de Payre (Rompon, Ardèche): 
d’une grotte à un abri-sous-roche effondré. Bulletin de la Societé 
Préhistorique Française 99, 249–275. 

Moncel, M.-H., Fernandes, P., Chacón Navarro, M.G., de Lombera-Hermida, A., 
Menéndez Granda, L., Youcef, S., Moigne, A.-M., Patou-Mathis, M., 
Daujeard, C., Rivals, F., Theodoropoulou, A., Valladas, H., Mercier, N., 
Bahain, J.-J., Voinchet, P., Falguères, C., Michel, V., Guanjun, S., 
Yokoyama, Y., Combier, J., 2013. Émergence et diversification des 
stratégies au Paléolithique moyen ancien (350 000 à 120 000 ans) dans la 
vallée u Rhône (France). Les sites d’Orgnac 3 et Payre, in: Jaubert, J., 
Fourment, N., Depaepe, P. (Eds.), Transitions, Ruptures et Continuité 
Durant La Préhistoire, Actes Du XXVIIe Congrès Préhistorique de France 
(Bordeaux-Les Eyzies, 2010). pp. 59–79. 

Moncel, M.-H., Lhomme, G., 2007. Les assemblages lithiques des niveaux du 
Paléolithique moyen de l’Abri des Pêcheurs (Ardèche, Sud-Est de la 
France). Des occupations néandertaliennes récurrentes dans un «fossé ». L’ 
Anthropologie 111, 211–253. doi:10.1016/j.anthro.2007.05.001 

Moncel, M.-H., Patou-Mathis, M., 2008. Les différentes phases d’occupations 
humaines à Payre et hypothèses sur les types d’occupation, in: Moncel, M.-
H. (Ed.), Le Site de Payre. Occupations Humaines Dans La Vallée Du 
Rhone À La Fin Du Pléistocene Moyen et Au Début Du Pléistocène 
Supérieur. Mémoire de la Société Prhistorique Francaise, pp. 309–315. 

Mora, R., Carbonell, E., Martínez, J., 1987. Can Garriga: un tecnocomplejo en 
contexto estratigráfico (Sant Julià de Ramis, Girona). Cuaternario y 
Geomorfología 1, 195–218. 

Mora, R., de la Torre, I., Martìnez-Moreno, J., 2004. Middle Palaeolithic 
mobility and land use in the southwestern Pyrenee: the example of Level 10 
in La Roca del Bous (Noguera, Catalunya, northeast Spain), in: Conrad, N. 
(Ed.), Settlement Dynamics of the Middle Paleolithic and Middle Stone 
Age. Volume II. Kerns Verlag, Tübingen, pp. 415–435. 

Moss, E.H., 1983. The Functional analysis of flint implements: Pincevent and 
Pont d’Ambon: two case studies from the French final Palaeolithic. British 
Archaeological Reports International Series 177. Archaeopress, Oxford. 

Mottura, A., 1990. Il paleolitico dei terrazzi pleistocenici astigiani: le industrie 
litiche. Il Quaternario III, 95–118. 

Mottura, A., 1980. Un frammento di osso temporale di tipo neandertaliano dalla 
grotta della Ciota Ciara. Antropologia contemporanea 3, 373–379. 

Mourre, V., 2006. Émergence et évolution de la prédétermination au 
Paléolithique, in: Astruc, L., Bon, F., Léa, V., Milcent, P.-Y., Philibert, S. 
(Eds.), Normes Techniques et Pratiques Sociales. De La Semplicité Des 
Outillages Pré- et Protohistoriques. XXVI Rencontres Internationales 
D’archéologie et D’histoire d’Antibes. Editions APDCA, pp. 61–74. 

Mourre, V., 2003. Discoide ou pas Discoide? Réflexions sur la pertinence des 
critères technique définissant le débitage Discoide, in: Peresani, M. (Ed.), 
Discoid Lithic Technology: Advances and Implications. BAR International 
Series 1120. Archaeopress, Oxford, pp. 1–18. 

Mourre, V., 1996. Les industries en quartz au Paléolithique. Terminologie, 
méthodologie et technologie. Paléo 8, 205–223. doi:10.3406/pal.1996.1160 

Mourre, V., 1994. Les industries en quartz au Paléolithique moyen. Approche 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



261 
 

technologique de séries du Sud-Ouest de la France. Université de Paris X. 
Mourre, V., Costamagno, S., Thiébaut, C., Allard, M., Bruxelles, L., Colonge, D., 

Cravinho, S., Jeannet, M., Juillard, F., Laroulandie, V., Maureille, B., 2008. 
Le site moustérien de la Grotte du Noisetier à Fréchet-Aure (Hautes-
Pyrénées) – premiers résultats des nouvelles fouilles, in: Jaubert, J., 
Bordes, J.-G. (Eds.), Les Sociétés Du Paléolithique Dans Un Grand Sud-
Ouest de La France: Nouveaux Gisements, Nouveaux Résultats, Nouvelles 
Méthodes. Société préhistorique française, pp. 189–202. 

Mourre, V., Thiébaut, C., 2008. L’industrie lithique du Moustérien final de la 
Grotte du Noisetier (Fréchet-Aure, Hautes-Pyrénées) dans le contexte des 
Pyrénées centrales françaises. Traballs d’Arqueologia 14, 87–104. 

Murray, R., 1994. Chemical criteria to identify the depositional environment of 
chert: General principles and applications. Sedimentary Geology 90, 213–
232. 

Navazo, M., Colina, A., Domínguez-Bella, S., Benito-Calvo, A., 2008. Raw stone 
material supply for Upper Pleistocene settlements in Sierra de Atapuerca 
(Burgos, Spain): flint characterization using petrographic and geochemical 
techniques. Journal of Archaeological Science 35, 1961–1973. 
doi:10.1016/j.jas.2007.12.009 

Nazaroff, A.J., Baysal, A., Çiftçi, Y., 2013. The Importance of Chert in Central 
Anatolia: Lessons from the Neolithic Assemblage at Çatalhöyük, Turkey. 
Geoarchaeology 28, 340–362. doi:10.1002/gea.21446 

Nicoud, É., 2010. Les chaînes opératoires sur galets en roches volcaniques et 
quartz dans l’industrie lithique du gisement Moustérien de champ grand 
(Saint-Maurice-sur-Loire, Loire). PALEO. Revue d’archéologie 
préhistorique spécial, 107–122. 

Obradovic, M., 2011. Integrated geophysical survey at the archaeological site of 
Ciota Ciara (Borgosesia, Italy). Università degli Studi di Ferrara. Erasmus 
Mundus. 

Odell, G.H., 1981. The mechanism of use-breakage of stone tools: some testable 
hypothesis. Journal of Field Archaeology 8, 197–209. 

Olivares, M., Tarriño, A., Murelaga, X., Baceta, J.I., Castro, K., Etxebarria, N., 
2009. Non-destructive spectrometry methods to study the distribution of 
archaeological and geological chert samples. Spectrochimica Acta - Part A: 
Molecular and Biomolecular Spectroscopy 73, 492–497. 
doi:10.1016/j.saa.2008.12.036 

Ortega, D., Maroto, J., 2001. Matières premières et technologie lithique du 
Moustérien final de la grotte des Ermitons (Pyrénées Méditerranéennes), 
in: Aubry, T., Carvalho, A.F. (Eds.), Les Premiers Hommes Modernes de La 
Péninsule Ibérique. Actes Du Colloque de La Commission VIII de l’UISPP. 
Vila Nova de Foz Coa, 1998. Instituto Português de Arqueologia, pp. 69–76. 

Otte, M., 1991. Evolution in the relationships between raw materials and 
cultural tradi- tion in the European Paleolithic, in: Montet-White, A., 
Holen, S. (Eds.), Raw Material Economies among Prehistoric Hunter-
Gatherers. University of Kansas, Lawrence, pp. 161–167. 

Pallí, L., 1976. Morfolitología de las terrazas del Ter en Girona. Anales de la 
Sección de Ciencias del Colegio Universitario de Girona 1. 

Pasty, J.-F., 2003. Le débitage Discoide au Paléolithique moyen en Auvergne 
(France): une variabilité attendue, in: Peresani, M. (Ed.), Discoid Lithic 
Technology: Advances and Implications. BAR International Series 1120. 
Archaeopress, Oxford, pp. 179–192. 

Pasty, J.-F., 2000. Le gisement Paléolithique moyen de Meillers (Allier): un 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



262 
 

exemple de la variabilité du débitage Discoïde. Bulletin de la Société 
préhistorique française 97, 165–190. doi:10.3406/bspf.2000.11085 

Pelegrin, J., 2000. Les technique de débitage laminaire au Tardiglaciaire: critère 
de diagnose et quelques réflexions. Memoires du Musèe de Prehistoire d’Ile 
de France 7, 73–86. 

Pelegrin, J., Karlin, C., Bodu, P., 1988. «Chaînes opératoires»: un outil pour le 
préhistorien. Technologie préhistorique. Notes et Monographies 
techniques. 

Pereira, J., 1993. A analise dos vestigios de uso em quartzito. Trabalhos de 
Antropologia e Etnologia 33, 51–68. 

Peresani, M., 2011. Fifty thousand years of flint knapping and tool shaping 
across the Mousterian and Uluzzian sequence of Fumane cave. Quaternary 
International 247, 125–150. doi:10.1016/j.quaint.2011.02.006 

Peresani, M. (Ed.), 2003. Discoid Lithic Technology: Advances and 
Implications. BAR International Series 1120. Archaeopress. 

Peresani, M., 2001. Méthodes, objectifs et flexibilité d’un système de production 
Levallois dans le Nord de l’Italie. Anthropologie 105, 351–368. 
doi:10.1016/S0003-5521(01)80021-2 

Peresani, M., 1998. La variabilité du débitage discoïde dans la grotte de Fumane 
(Italie du Nord)/The variability of discoid production at the grotte de 
Fumane. Paléo 10, 123–146. doi:10.3406/pal.1998.1133 

Peretto, C., Arzarello, M., Bahain, J.J., Boulbes, N., Dolo, J.M., Douville, E., 
Falguères, C., Frank, N., Garcia, T., Lembo, G., Moigne, A.M., Muttillo, B., 
Nomade, S., Pereira, A., Rufo, M.A., Sala, B., Shao, Q., Thun Hohenstein, 
U., Tessari, U., Turrini, M.C., Vaccaro, C., 2016. The Middle Pleistocene site 
of Guado San Nicola (Monteroduni, Central Italy) on the Lower/Middle 
Palaeolithic transition. Quaternary International 411, 301–315. 
doi:10.1016/j.quaint.2015.11.056 

Picin, A., Carbonell, E., 2016. Neanderthal mobility and technological change in 
the northeastern of the Iberian Peninsula: The patterns of chert 
exploitation at the Abric Romaní rock-shelter. Comptes Rendus - Palevol 
15, 581–594. doi:10.1016/j.crpv.2015.09.012 

Picin, A., Vaquero, M., 2016. Flake productivity in the Levallois recurrent 
centripetal and discoid technologies: New insights from experimental and 
archaeological lithic series. Journal of Archaeological Science: Reports 8, 
70–81. doi:10.1016/j.jasrep.2016.05.062 

Picin, A., Vaquero, M., Weniger, G.C., Carbonell, E., 2014. Flake morphologies 
and patterns of core configuration at the Abric Romaní rock-shelter: A 
geometric morphometric approach. Quaternary International 350, 84–93. 
doi:10.1016/j.quaint.2014.05.004 

Plisson, H., Dubreuil, L., Guilibert, R., 2008. The functional significance of 
Sauveterian microlithic assemblage: broadening the focus of investigation., 
in: Longo, L., Skakun, N. (Eds.), Prehistoric Tecnology 40 Years Later: 
Functional Studies and the Russian Legacy. Proceeding of the International 
Congress Verona Italy, 20-23 April 2005. BAR International Series, Oxford, 
pp. 147–156. 

Porraz, G., 2005. En marge du milieu alpin- Dynamiques de formation des 
ensembles lithiques et modes d’occupation des territoires au Paléolithique 
moyen. Université de Provence. 

Quick, J.E., Sinigoi, S., Snoke, A.W., Kalakay, T.J., 2003. Geologic map of the 
southern Ivrea-Verbano Zone, northwestern Italy. US Geological Survey, 
Denver. 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



263 
 

Reghellin, F., 2004. Studio stratigrafico di successioni mesozoiche del dominio 
sudalpino affioranti fra il lago Maggiore e il biellese. Università degli studi 
di Milano. 

Rios-Garaizar, J., Maidagan, D.G., Gómez-Olivencia, A., Iriarte, E., Arceredillo-
Alonso, D., Iriarte-Chiapusso, M.J., Garcia-Ibaibarriaga, N., García-
Moreno, A., Gutierrez-Zugasti, I., Torres, T., Aranburu, A., Arriolabengoa, 
M., Bailón, S., Murelaga, X., Ordiales, A., Ortiz, J.E., Rofes, J., Pedro, Z.S., 
2015. Short-term Neandertal occupations in the late Middle Pleistocene of 
Arlanpe (Lemoa, northern Iberian Peninsula). Comptes Rendus - Palevol 
14, 233–244. doi:10.1016/j.crpv.2014.11.006 

Rivals, F., Moncel, M.-H., Patou-Mathis, M., 2009. Seasonality and intra-site 
variation of Neanderthal occupations in the Middle Palaeolithic locality of 
Payre (Ardèche, France) using dental wear analysis. Journal of 
Archaeological Science 36, 1070–1078. doi:10.1016/j.jas.2008.12.009 

Rodríguez-Alvarez, X.P., 2016. The use of quartz during the Lower Palaeolithic 
in northeastern Iberia. Quaternary International 424, 69–83. 
doi:10.1016/j.quaint.2016.01.022 

Rodríguez-Rellan, C., 2016. Variability of the rebound hardness as a proxy for 
detecting the levels of continuity and isotropy in archaeological quartz. 
Quaternary International 424, 191–211. doi:10.1016/j.quaint.2015.12.085 

Rodriguez, X.P., 2004. Technical systems of lithic production in the Lower and 
Middle Pleistocene of the Iberian Peninsula. Technological variability 
between north-eastern sites and Sierra de Atapuerca sites. BAR 
International Series 1323. Archaeopress, Oxford. 

Rodriguez, X.P., Lozano Ruiz, M., 1999. El Pleistoceno Medio y Superior inicial 
del noreste de la peninsula ibérica. PYRENAE 30, 39–68. 

Rodriguez, X.P., Sala, R., Casellas, S., Vallerdú, J., 1995. Ocupaciò antròpica de 
la vall mitjana del Ter enl’inici del pleistocè superior, in: Augusti, B., Burch, 
J., Merino, J. (Eds.), Exacavacions D’urgència a Sant Julià de Ramis (Anys 
1991 - 1993). Centre d’Investigatcions Archeològiques, Girona, pp. 37–65. 

Rodríguez, X.P., Vaquero, M., Sala, R., Garcia, J., Maroto, J., Ortega, D., 
Lozano, M., 2004. El Paleolític inferior i mitjà a Catalunya. Fonaments 10, 
23–63. 

Rogers, A.F., 1935. A tabulation of crystal forms and discussion of form names. 
American Mineralogist 20, 838–851. 

Romagnoli, F., Bargalló, A., Chacón, M.G., Gomez de Soler, B., Vaquero, M., 
2016. Testing a hypothesis about the importance of the quality of raw 
material on technological changes at Abric Romaní (Capellades, Spain): 
Some considerations using high-resolution techno-economic perspective. 
Journal of lithic studies 3. doi:10.2218/jls.v4i2.1443 

Rosina, P., Cura, S., 2010. Interpretation of Lithic Remains in Fluvial Terrace 
Contexts: An Example from Central Portugal. Annales d’Universite 
“Valahia” Targoviste, Section d’Archeologie et d’Histoire 12, 7–24. 

Rubat Borel, F., Arzarello, M., Buonsanto, C., Daffara, S., 2013. San Carlo 
Canavese - San Francesco al Campo, località Vauda. reperti litici del 
Paleolitico medio. Quaderni della Soprintendenza Archeologica del 
Piemonte 28, 267–270. 

Rubat Borel, F., Berruti, G.L.F., Arnaud, J., Arzarello, M., Belo, J., Berruto, G., 
Bertè, D., Caracausi, S., Daffara, S., Ferreira, C., Reis, C.H., Rosina, P., 
2016. Candelo-Massazza-Verrone, loc. Baragge. Nuovi dati sul Paleolitico 
medio piemontese. Prospezioni geoarcheologiche nelle Baragge biellesi. 
Quaderni della Soprintendenza Archeologica del Piemonte 31, 219–222. 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



264 
 

Rufà, A., Blasco, R., Roger, T., Moncel, M.-H., 2016. What is the taphonomic 
agent responsible for the avian accumulation? An approach from the 
Middle and early Late Pleistocene assemblages from Payre and Abri des 
Pêcheurs (Ardèche, France). Quaternary International 421, 46–61. 
doi:10.1016/j.quaint.2015.05.016 

Sala, R., Prats, J.M., Rodriguez, X.P., Giralt, S., 1992. Registres arcqueològics i 
tecnocomplexes del pleistocè mitjà a la subdepressió de Terrassa. El context 
català. Limes 2, 7–28. 

Sandgathe, D.M., 2006. Examining the Levallois reduction strategy from a 
design theory point of view. Archaeopress, Oxford. 

Sandgathe, D.M., 2004. Alternative interpretation of the Levallois reduction 
technique. Lithic Technology 29, 147–159. 

Santagata, C., Moncel, M.-H., Raynal, J.-P., 2017. Neanderthals and volcanic 
rocks. Opportunistic behaviour or optimized management? Comptes 
Rendus Palevol 16, 474–487. 
doi:https://doi.org/10.1016/j.crpv.2016.12.001 

Sbisà, A., 2010. Structure and eruptive history of the Sesia caldera, northwest 
Italy. Università degli studi di Trieste. 

Schlanger, N., 1996. Understanding Levallois: lithic technology and cognitive 
archaeology. Cambridge Archaeological Journal 6, 231–254. 

Sciunnach, D., 2007a. Selcifero Lombardo, in: D’Italia, S. geologico (Ed.), Carta 
Geologica d’Italia 1:50.000 - Catalogo Delle Formazioni. Istituto Poligrafico 
e Zecca dello Stato, Roma, pp. 136–146. 

Sciunnach, D., 2007b. Radiolariti del selcifero lombardo, in: D’Italia, S. 
geologico (Ed.), Carta Geologica d’Italia 1:50.000 - Catalogo Delle 
Formazioni. Istituto Poligrafico e Zecca dello Stato, Roma, pp. 147–157. 

Semenov, S.A., 1964. Prehistoric Technology; an Experimental Study of the 
Oldest Tools and Artefacts from Traces of Manufacture and Wear. Cory. 
Adams and Mackay, London. 

Shimelmitz, R., Kuhn, S.L., 2017. The toolkit in the core: there is more to 
Levallois production than predetermination. Quaternary International in 
press. doi:10.1016/j.quaint.2017.08.011 

Shimelmitz, R., Weinstein-Evron, M., Ronen, A., Kuhn, S.L., 2016. The Lower to 
Middle Paleolithic transition and the diversification of Levallois technology 
in the Southern Levant: Evidence from Tabun Cave, Israel. Quaternary 
International 409, 23–40. doi:10.1016/j.quaint.2015.12.036 

Sinigoi, S., Quick, J., Demarchi, G., Peressini, G., 2010. The Sesia magmatic 
system. Journal of the Virtual Explorer 36. 

Skarpelis, N., Carter, T., Contreras, D.A., Mihailović, D.D., 2017. 
Characterization of the siliceous rocks at Stélida, an early prehistoric lithic 
quarry (Northwest Naxos, Greece), by petrography and geochemistry: A 
first step towards chert sourcing. Journal of Archaeological Science: 
Reports 12, 819–833. doi:10.1016/j.jasrep.2016.11.015 

Slimack, L., 2003. Les Débitages Discoïdes Moustériens: Évaluation D’un 
Concept Technologique., in: Peresani, M. (Ed.), Discoid Lithic Technology: 
Advances and Implications. BAR International Series. Archaeopress, pp. 
36–66. 

Slimak, L., 2003. Les débitages Discoide moustériens: évaluation d’un concept 
technologique, in: Peresani, M. (Ed.), Discoid Lithic Technology: Advances 
and Implications. BAR International Series 1120. Archaeopress, Oxford, pp. 
33–66. 

Spinapolice, E.E., 2012. Raw material economy in Salento (Apulia, Italy): new 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



265 
 

perspectives on Neanderthal mobility patterns. Journal of archaeological 
science 39, 680–689. 

Sternke, F., Eigeland, L., Costa, L.J., 2009. Non-Flint Raw Mateial Use in 
Prehistory. Old Prejudices and New Directions. Proceedings of the XV 
World Congress (Lis- bon, 4-9 September 2006), British Archaeological 
Reports. International Series. Archaeopress, Oxford. 

Steward, J.H., 1955. Theory of Culture Change. The Methodology of Multilineal 
Evolution. University of Illinois, Chicago. 

Stiner, M.C., 2013. An unshakable Middle Paleolithic? trends versus 
conservatism in the predatory niche and their social ramifications. Current 
Anthropology 54, S288–S304. doi:10.1086/673285 

Strobino, F., 1992a. La stazione preistorica del Monte Fenera, vicino a 
Borgosesia (Vercelli). Ricerche e scoperte in un deposito della Grotta “Ciota 
Ciara”: rinvenimento di due denti attribuiti all’uomo di Neanderthal. 
Bullettin d’études prehistoriques et archeologiques alpines III–IV, 207–
209. 

Strobino, F., 1992b. Nota sulla cronistoria delle ricerche sul Monte Fenera dalle 
origini agli anni Sessanta, prospettive per future indagini. De valle sicida 3, 
7–14. 

Sussman, C., 1988. A microscopic analysis of use-wear polish formation on 
experimental quartz tools. British Archaeological Reports International 
Series, vol. 395, Oxford. 

Tallavaara, M., Manninen, M. a., Hertell, E., Rankama, T., 2010. How flakes 
shatter: A critical evaluation of quartz fracture analysis. Journal of 
Archaeological Science 37, 2442–2448. doi:10.1016/j.jas.2010.05.005 

Tarriño, A., Elorrieta, I., García-Rojas, M., 2015. Flint as raw material in 
prehistoric times: Cantabrian Mountain and Western Pyrenees data. 
Quaternary International 364, 94–108. doi:10.1016/j.quaint.2014.10.061 

Terradas, X., 2003. Discoid flaking method: conception and technological 
variability, in: Peresani, M. (Ed.), Discoid Lithic Technology: Advances and 
Implications. BAR International Series 1120. Archaeopress, Oxford, pp. 19–
32. 

Terzani, C., Vannucci, S., Vaselli, O., Vianello, F., 1994. Le industrie litiche del 
giacimento paleolitico di Isernia La Pineta : la tipologia, le tracce di 
utilizzazione, la sperimentazione. Cosmo Iannone Editore, Isernia. 

Testa, P., 2005. Il fenomeno carsico sul Monte Fenera, in: Fantoni, R., Cerri, R., 
Dellarole, E. (Eds.), D’acqua E Di Pietra. II Monte Fenera E Le Sue 
Collezioni Museali. Associazione culturale ZEISCIU Centro Studi, Alagna 
Valsesia, pp. 152–163. 

Thiébaut, C., Mourre, V., Chalard, P., Colonge, D., Coudenneau, A., Deschamps, 
M., Sacco-Sonador, A., 2012. Lithic technology of the final Mousterian on 
both sides of the Pyrenees. Quaternary International 247, 182–198. 
doi:10.1016/j.quaint.2011.05.028 

Tixier, J., 1978. Méthod pur l’étude des outillages lithiques. Notice sur le 
travaux scientifiques présentées en vue du grade de Docteur en lettres. 
Université de Paris X – Nanterre. 

Tixier, J., 1967. Procédés d’analyses et questions de terminologie dans l’étude 
des ensembles industriels du Paléolithique recent et de l’Epipaléolithique 
en Afrique du Nord-Ouest, in: Bishop, W.W., Clark, J.D. (Eds.), 
Background to Evolution in Africa. University of Chicago Press, Chicago, p. 
771–820. 

Tixier, J., Inizan, M.-L., Roche, H., 1980. Préhistoire de la pierre taillée. 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



266 
 

Terminologie et technologie. C.R.E.P. 
Tixier, J., Turq, A., 1999. Kombewa et alii. Paléo 11, 135–143. 

doi:10.3406/pal.1999.1174 
Tuffreau, A., Goval, E., Lefevre, B., Boroneant, V., Boroneant, A., Dobos, A., 

Popescu, G., 2009. L’utilization du quartzite dans l’industrie moustérienne 
de Zabrani (Banat, Roumanie), in: Grimaldi, S., Cura, S. (Eds.), 
Technological Analysis on Quartzite Exploitation. Proceedings of the XV 
UISPP World Congress (Lisbon, 4-9 September 2006). BAR International 
Series 1998. Archaeopress, pp. 25–32. 

Turq, A., 2000. Paléolithique inférieur et moyen entre Dordogne et Lot. Paléo 
suppl 2. 

Turq, A., Roebroeks, W., Bourguignon, L., Faivre, J.P., 2013. The fragmented 
character of Middle Palaeolithic stone tool technology. Journal of Human 
Evolution 65, 641–655. doi:10.1016/j.jhevol.2013.07.014 

Valladas, H., Mercier, N., Ayliffe, L.K., Falguères, C., Bahain, J.-J., Dolo, J.-M., 
Froget, L., Joron, J.-L., Masaoudi, H., Reyss, J.-L., Moncel, M.-H., 2008. 
Radiometric dates for the Middle Palaeolithic sequence of Payre (Ardèche, 
France). Quaternary Geochronology 3, 377–389. 
doi:10.1016/j.quageo.2008.01.001 

Vallejo Rodríguez, S., Urtiaga Greaves, K., Navazo Ruiz, M., 2017. 
Characterization and supply of raw materials in the Neanderthal groups of 
Prado Vargas Cave (Cornejo, Burgos, Spain). Quaternary International 435, 
35–48. doi:10.1016/j.quaint.2015.09.054 

Vallverdú, J., Allué, E., Bischoff, J.L., Cáceres, I., Carbonell, E., Cebrià, A., 
García-Antón, D., Huguet, R., Ibáñez, N., Martínez, K., Pastó, I., Rosell, J., 
Saladíe, P., Vaquero, M., 2005. Short human occupations in the Middle 
Palaeolithic level i of the Abric Romaní rock-shelter (Capellades, Barcelona, 
Spain). Journal of Human Evolution 48, 157–174. 
doi:10.1016/j.jhevol.2004.10.004 

Van Gijn, A.L., 2014. Science and interpretation in microwear studies. Journal 
of Archaeological Science 48, 166–169. doi:10.1016/j.jas.2013.10.024 

Van Peer, P., 1992. The Levallois reduction strategy. Prehistory Press, Madison, 
Wisconsin. 

Vaquero, M., 2007. Preface, in: Moncel, M.H. (Ed.), Aires D’approvisionnement 
En Matières Premières et Aires D’approvisionnement En Ressources 
Alimentaires. Approche Intégrée Des Comportements. Actes Du XV 
Congrès Mondial. Archaeopress, Oxford. 

Vaquero, M., Bargalló, A., Chacón, M.G., Romagnoli, F., Sañudo, P., 2015. Lithic 
recycling in a Middle Paleolithic expedient context: Evidence from the 
Abric Romaní (Capellades, Spain). Quaternary International 361, 212–228. 
doi:10.1016/j.quaint.2014.05.055 

Vaquero, M., Carbonell, E., 2003. A temporal perspective on the variability of 
the discoid method in the Iberian Peninsula, in: Peresani, M. (Ed.), Discoid 
Lithic Technology: Advances and Implications. BAR International Series 
1120. Archaeopress, pp. 67–82. 

Vaquero, M., Chacón, M.G., García-Antón, M.D., Gómez de Soler, B., Martínez, 
K., Cuartero, F., 2012. Time and space in the formation of lithic 
assemblages: The example of Abric Romaní Level J. Quaternary 
International 247, 162–181. doi:10.1016/j.quaint.2010.12.015 

Venditti, F., Tirill, J., Garcea, E.A., 2016. Identification and evaluation of post-
depositional mechanical traces on quartz assemblages: An experimental 
investigation. Quaternary International 424, 143–153. 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



267 
 

doi:10.1016/j.quaint.2015.07.046 
Vietti, A., 2016. Combined Electron Spin Resonance and U-series dating 

(ESR/U-series) of fossil tooth enamel: application to dental remains from 
different Palaeolithic Italian sites. Universtià degli Studi di Torino. 

Villa, G., Giacobini, G., 2005. I resti umani neandertaliani del Monte Fenera, in: 
Fantoni, R., Cerri, R., Dellarole, E. (Eds.), D’acqua E Di Pietra. II Monte 
Fenera E Le Sue Collezioni Museali. Associazione culturale ZEISCIU Centro 
Studi, Alagna Valsesia, pp. 234–238. 

Villa, G., Giacobini, G., 1995. Dente neandertaliano dal Ciutarun. Quaderni della 
Soprintendenza Archeologica del Piemonte 15. 

Villa, G., Giacobini, G., 1993. Borgosesia, Monte Fenera. Denti neandertaliani 
dalla grotta Ciota Ciara. Quaderni della Soprintendenza Archeologica del 
Piemonte 11, 300–303. 

Walker, M.J., López-Martínez, M., Carrión-García, J.S., Rodríguez-Estrella, T., 
San-Nicolás del-Toro, M., Schwenninger, J.L., López-Jiménez, A., Ortega-
Rodrigáñez, J., Haber-Uriarte, M., Polo-Camacho, J.L., García-Torres, J., 
Campillo-Boj, M., Avilés-Fernández, A., Zack, W., 2013. Cueva Negra del 
Estrecho del Río Quípar (Murcia, Spain): A late Early Pleistocene hominin 
site with an “Acheulo-Levalloiso-Mousteroid” Palaeolithic assemblage. 
Quaternary International 294, 135–159. doi:10.1016/j.quaint.2012.04.038 

Wengler, L., 1990. Économie des matières premières et territoire dans le 
moustérien et l’atérien maghrébin: Exemples duMaroc oriental. L’ 
Anthropologie 94, 321–334. 

West, M., Ellis, A.T., Potts, P.J., Streli, C., Vanhoof, C., Wegrzynek, D., 
Wobrauschek, P., 2012. Atomic spectrometry update—X-ray fluorescence 
spectrometry. Journal of Analytical Atomic Spectrometry 27, 1603. 
doi:10.1039/c2ja90045a 

Wilkins, J., Schoville, B.J., Brown, K.S., Chazan, M., 2015. Kathu Pan 1 points 
and the assemblage-scale, probabilistic approach: a response to Rots and 
Plisson, “Projectiles and the abuse of the use-wear method in a search for 
impact.” Journal of Archaeological Science 54, 294–299. 
doi:10.1016/j.jas.2014.12.003 

Zambaldi, M., 2015. La Grotta della Ciota Ciara (Borgosesia, VC): primi 
contributi per uno studio geoarcheologico. Università degli Studi di 
Ferrara. Master Erasmus Mundus. 

 

 

 

 

 

 

 

 

 

 

 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



268 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



269 
 

 

 

CHAPTER 5 

Payre – Level D 

  

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



270 
 

 

  

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



271 
 

CHAPTER 5 

PAYRE – LEVEL D 

The Middle Palaeolithic site of Payre is located on the right edge of the middle 

Rhône valley (Fig. 5.1) and it represents one of the rare archaeological contexts 

dated between the end of OIS 8 and the beginning of OIS 5 in the area (Moncel, 

1993; Moncel et al., 2008a, 2002; Moncel and Chacon, 2007; Valladas et al., 

2008).  

 

Fig. 5.1 Geographical location of Payre on a plateau in the middle Rhône valley. Grey=limestone; 
dark grey=stalagmitic floor; black line=limits of the cave (Moncel et al., 2009) 

 

The cave is part of an active karstic system, it opens to south-east, on a cliff 60 m 

above the Payre river, close to a plateau, and since 1990 till 2002 systematic 

excavations took place in the site, leading to the identification of different levels 
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of human occupation, associated to a huge assemblage of lithic artefacts, fauna 

and some human remains (Baena et al., 2017; Bouteaux et al., 2008; Carmignani 

et al., 2017; Ecker et al., 2013; Hardy and Moncel, 2011; Moncel et al., 2008a, 

2008b, 2002, 1993; Moncel, 1993; Moncel et al., 2009; Moncel and Chacon, 

2007; Moncel and Condemi, 1997, 1996; Rivals et al., 2009; Rufà et al., 2016; 

Valladas et al., 2008). The position of the site, in a convergence of different 

environments, made it a strategic point for the exploitation of different 

ecosystems despite the changing morphology of the cave that, at the end of OIS 

6, mainly collapsed, thus becoming a rock shelter (Ecker et al., 2013; Moncel et 

al., 2008a, 2002, 1993; Moncel and Chacon, 2007; Rivals et al., 2009).  

The lithic assemblage from level D has already been subject to different analysis 

(Bouteaux et al., 2008; de Lombera-Hermida et al., 2011; Hardy and Moncel, 

2011; Moncel et al., 2009, 2008b; Moncel and Chacon, 2007), it is characterized 

by the exploitation of different raw materials and dominated by opportunistic and 

discoid reduction sequences. The present study focuses on the discoid component 

of Payre – level D lithic assemblage since it gives the chance to observe how the 

concept of discoid débitage was applied and adapted to the characteristics of the 

different raw materials.  

 

5.1. Geomorphological setting  

Payre belongs to a karstic complex of the Jurassic and Cretaceous formations 

which covers a large part of the right bank of the middle Rhône valley (Debard, 

1988) and it is located on the edge of a limestone plateau which represents one of 

the western borders of the Rhône valley (Fig. 5.1) (Moncel et al., 2002). The site 

is on the limit of two geological formations: the Tithonian-Portlandian formation, 

which represents the top of the cliff and the Grads plateau above the site, and the 
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upper Kimmerdgian formation visible at the bottom of the slope. By tectonic 

faults, north to the Grads plateau, are visible volcanic and metamorphic grounds 

and in the area are also present evidences of Tertiary volcanism, like Miocene 

basaltic flows (Moncel et al., 2002).  

Oriented to south-east, the Payre site is located 60 m above a small river, the 

Payre, just a few kilometers from its confluence with the Rhône. This river is part 

of a fluvial system, oriented west-east from the foothills of the Massif Central to 

the Rhône valley. The Payre valley enlarges near the site, before its confluence 

with the Rhône and after a canyon more than 2 km long. The cliff where the 

archaeological site is located has stepped slopes, consisting in limestone banks, 

more frequent towards the top of the cliff, and it is in this part that the karstic 

system of Payre develops (Moncel et al., 2002). Several cavities and rock shelters 

are present all along the Payre canyon, but due to the exploitation of the slopes 

through quarrying activities, it is impossible to know which topography the 

Neanderthals found and how they have had accessed the cave (Moncel et al., 

2002). The karstic complex to which the Payre site belongs is made of two caves 

and three fissures, articulated around a huge limestone terrace that occupies an 

area of about 180 m2. A cave and a fissure open in this terrace and at first, they 

were considered to be two different sites (Payre II and Payre I respectively) (Fig. 

5.2) but geological studies indicate that the cave, composed by two chambers with 

a narrow entrance, became a rock shelter after erosion on the valley side caused 

a roof collapse. Therefore, Payre I and Payre II are now considered as a single site 

(Moncel et al., 2002; Valladas et al., 2008).  
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Fig. 5.2. Plan of the Payre site (Moncel et al., 2002) 

 

5.2. Archaeological excavations, stratigraphy and chronology 

The archaeological interest of the Payre area is known since 1950 when some test 

pits were opened in the western part of the terrace by J. Combier, E. Beaux, M. 

Sierra-Salvado and L. Taupenas who identified an archaeological level with lithic 

industries and a huge faunal assemblage (Combier, 1977, 1972, 1967, 1957; 

Moncel et al., 2002; Moncel and Chacon, 2007).  

In 1990 systematic excavations started in the area, at first concentrated in Payre 

II and subsequently extended towards Payre I (Fig. 5.2). The investigation of the 

area led to a precise understanding of the sedimentation dynamics and of the site 

formation processes, exposing a  5 m thick stratigraphic sequence divided, from 

the bottom to the top, in five units (G, F, E, D-C and A-B), each of them including 
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some sub-layers (Moncel et al., 2008a, 2002; Moncel and Chacon, 2007; Rivals 

et al., 2009; Valladas et al., 2008) (Fig. 5.3).  

At the bottom of the sequence are the remnants of the stalagmitic floor (H7-H2), 

deposited on both sides of the cave on the limestone substratum and dated by 

ESR and TIMS to OIS 8-7 (Valladas et al., 2008). The overlaying level G, 

composed of orange clays with pebbles and blocks, lies on the stalagmitic floors 

in the Eastern part of the site and directly on the substratum in the center of the 

site. The top portion of the sediment is eroded and partially bresciated.  It 

contains two main occupation phases, yielding most of the human remains (eight 

teeth and a fragment of a left parietal bone) all scattered on a small area and 

concentrated in a unique layer. They belong to three or four Neanderthal 

individuals, from both children and adults (Moncel and Condemi, 1997, 1996). 

This deposit is dated to MIS 8-7 by U/Th, ESR and TL dating processed on bones 

and teeth (Masaoudi et al., 1997; Valladas et al., 2008). Level F corresponds to 

seven cyclic deposits of grey sediment and beds of rubble and clay. It contains 

four human occupations alternating with cave bear occupations. The U/Th, ESR 

and TL dates indicate that it belongs to MIS 8-7.  The subsequent Level E 

corresponds to the collapse of the cave roof and to the enlarging of the cave 

entrance at the beginning of MIS 5 (U/Th and ESR dating) and it is rich in stones 

and large blocks. After the collapse of the cave ceiling, the covered surface tended 

to reduce progressively and the last human occupations (Level D and C) took 

place in open air within sheltered area during OIS 5 (U/Th and ESR dating). 

Layers B and A are composed of sediments from the active karst and do not 

contain any archaeological remains. In general, the stratigraphic sequence of 

Payre is characterized by the alternation between sedimentation layers and 
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erosional phases, probably linked to the collapse of the cave ceiling (Moncel and 

Chacón, 2007; Valladas et al., 2008).  

 

 

 

Fig. 5.3. Payre stratigraphic sequence with indication of the levels of human occupation, 
chronology and paleoenvironmental data (Rivals et al., 2009). 
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5.3 Paleoenvironmental reconstruction and human occupation 

dynamics 

The paleoenvironmental reconstruction of the different phases of human 

occupation of the Payre site is the results of several studies on the faunal remains, 

on the  micromammals assemblage and of biochemical and pollinic analysis that 

suggest an environment composed of highly developed forestal areas and open 

spaces which favoured a great diversity of taxa in several ecological 

compartments (Kalai et al., 2001; Moncel et al., 2008a, 2002; Moncel and 

Chacon, 2007; Rivals et al., 2009; Rufà et al., 2016).  

The data obtained indicate that the three main occupation levels (units G, F and 

D) correspond to temperate and humid interstadial phases (Fig. 5.3) with some 

differences in the composition of the faunal assemblage between levels (Moncel 

et al., 2008a, 2002; Moncel and Chacon, 2007), all dominated by herbivore 

species. The mammal species are: Dicerorhinus hemitoechus, Stephanoinus 

kirchbergensis, Equus cf. mosbachensis, Bos primigenius, Bison sp., Cervus 

elaphus sp., Capreoleus capreoleus sp., Megaloceros sp., Capra ibex, cf. 

Hemitragus sp., Rupicapra sp., Sus scrofa sp., Ursus deningeri-spelaeus, Ursus 

arctos, Canis lupus sp., Vulpes vulpes, Panthera (Leo), Panthera pardus, 

Crocuta crocuta sp., Meles meles, Martes martes, Castor fiber, Lepus sp., and 

unspecified herbivores (Elephas).  Macro-fauna and avian remains suggest a 

temperate climate with a rather open and rocky landscape (Moncel, 2008; 

Moncel et al., 2008a, 2002; Moncel and Chacon, 2007; Rivals et al., 2009). 

In the sequence were found twenty-three micro mammals species. Looking in 

particular at Unit D, the micromammals association (Pliomys lenky, Microtus 

brecciensis (Iberomys), Arvicola terrestris and Arvicola sapidus) indicates an 

open humid environment corresponding to the end of the Middle Pleistocene and 
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the beginning of the Upper Pleistocene (Moncel, 2008; Moncel et al., 2002; 

Rivals et al., 2009).  

All the biostratigraphic data set that the base of the sequence deposited in a 

temperate period, drier in level G than in level F, while level D deposited during 

a milder climatic phase. According to pollen analysis, this unit has to be assigned 

to a sub-stage of MIS 5, probably MIS 5d (Kalai et al., 2001; Moncel et al., 2008a; 

Moncel and Chacon, 2007). 

Faunal and zooarchaeological studies indicate that human occupations 

alternated with carnivores and they were more intense at the lower levels, as 

attested by the evidence of human modifications on bones (cut marks, burnt 

bones, etc.) and of abundant lithic industries and hearths (level Ga) (Rivals et al., 

2009; Rufà et al., 2016). In all levels, the Neanderthal subsistence strategies were 

based upon the hunting of bovids (Bos primigenius and Hemitragus bonali), 

cervids (Cervus elaphus  and Capreolus capreolus) and Equus ferus and the 

scavenging of rhinoceros and elephant (Bouteaux, 2003; Moncel et al., 2008a, 

2002, 1993; Moncel and Patou-Mathis, 2008; Rivals et al., 2009). Seasonality 

was assessed for each level through zooarchaeological studies (Moncel and Patou-

Mathis, 2008): in level G, were hunted equids, cervids and bovines even if equids 

were not hunted in summer and cervids and bovines not in winter; in level F, 

hunting of bovines and equids, according to the age-at-death estimated, took 

place from summer to autumn; in level D, Cervus elaphus was hunted during 

winter combined with an opportunistic predation of other herbivores (Bouteaux, 

2003; Moncel, 1997; Moncel et al., 2002; Moncel and Chacon, 2007). G and F 

seem to correspond to short or annual occupations focused on the hunting of 

different species in various environment, while level D probably correspond to a 

specialized hunting on Cervus elaphus (Moncel, 2008; Moncel et al., 2008a; 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



279 
 

Moncel and Patou-Mathis, 2008). The study conducted by Rivals et al. (2009) 

concerning dental wear analysis led to a more precise definition of the seasonality 

bringing some evidence on the relative duration of occupations. According to 

these analysis, level G is the one where human impact on the faunal assemblage 

is stronger, thus suggesting repeated seasonal human settlement in the cave in 

relation to game availability; level F correspond to short settlements during the 

warm season; level D would represent longer occupations, while humans 

inhabited shelters at that time (Moncel and Patou-Mathis, 2008; Rivals et al., 

2009; Rufà et al., 2016). Probably, the changing morphology of the cave, just a 

rock shelter during the deposition of level D, influenced the modalities and the 

frequency of human settlement in the cave (Rivals et al., 2009; Rufà et al., 2016): 

the smaller morphology of the cave after the collapse of the ceiling during the 

deposition of level F is considered to be one of the factor determining a better 

environment for the establishment of carnivore dens, thus accentuating the 

sporadic character of human occupation (Rufà et al., 2016). 

 

5.4. The lithic assemblage of Payre level D 

The lithic assemblage of Payre level D is composed by 3044 artefacts made of 

different kind of raw materials (flint – 77,8%, basalt - 11,6%, quartz – 8,2%, 

quartzite – 1,5%, limestone – 0,8%, others – 0,6%) gathered on the plateaus and 

along the sides of the valley southwards and eastwards around the site (Moncel 

and Chacon, 2007). Quartz, basalt and limestone pebbles (grey, black, marly or 

siliceous) were collected downhill in the Payre river while quartzite and flint 

pebbles are from the Rhône valley, less than 1 km from the site. Most of the flint 

knapped in level D was however collected in nodules from the plateau located 10 

km south, in Barremian/Bedoulian formations, while a small number of flint 
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nodules is from the Tithonian-Portlandian limestone of the cave (Moncel and 

Chacon, 2007).  

Many of the raw material was introduced in the site as whole or tested 

pebbles/nodules. Just basalt, quartzite, limestone and rarely quartz were 

occasionally introduced in the form of big flakes (Bouteaux et al., 2008; Moncel 

and Chacon, 2007).  

Concerning basalt and local/semi-local flint, the châines operatoires are 

complete but as flint was mainly knapped for the production of different kind of 

flakes, often retouched to obtain mainly scrapers and convergent tools (Fig. 5.4), 

basalt was sometimes shaped into choppers with some pebbles used as hammers 

(Fig. 5.5) (Bouteaux et al., 2008; Moncel et al., 2009; Moncel and Chacon, 2007).  

Quartzite is found in the site as unretouched flakes, originated from shaping or 

rejuvenation of unifacial tools on large cortical flakes produced out of the site 

through simple débitage methods (Fig. 5.6) (Bouteaux et al., 2008; Moncel et al., 

2008b; Moncel and Chacon, 2007).  

Limestone flakes were obtained from either knapping large pebble or shaping, 

which took place outside the excavated area (Fig. 5.7) (Bouteaux et al., 2008; 

Moncel and Chacon, 2007).  
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Fig. 5.4. Payre – Level D. Processing system of flint (modified from Moncel and Chacon, 2007) 

 

 

Fig. 5.5. Payre – Level D. Processing system of basalt (modified from Moncel and Chacon, 2007) 
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Fig. 5.6. Payre – Level D. Processing system of quartzite (modified from Moncel and Chacon, 
2007) 

 

 

 

Fig. 5.7. Payre – Level D. Processing system of limestone (modified from Moncel and Chacon, 
2007) 

 

Quartz artefacts are mostly made from thick flakes with discoidal and 

opportunistic/multidirectional cores (Fig. 5.8).  The low number of cores and 

debris indicate that it was partially knapped out of the site. According to the 

characteristics of the cortex, two kinds of blanks were collected: medium-sized 

rounded pebbles and big flakes or tabular fragments obtained from big pebbles.  
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Just a few pieces are retouched such as sidescrapers and convergent tools 

(Bouteaux et al., 2008; Moncel et al., 2008b; Moncel and Chacon, 2007).  

 

 

Fig. 5.8. Payre – Level D. Processing system of quartz (modified from Moncel and Chacon, 2007) 

 

 

The lithic assemblage from Payre – level D is not very different from those of the 

other levels of human frequentation of the site. Local and semi-local flint are the 

most exploited raw materials through mainly a unifacial débitage on a surface 

secant to a cortical surface, not prepared. The débitage develops according to the 

morphology of the core, thus leading to the great variability in the management 

of flint and quartz cores (Bouteaux et al., 2008). The exploitation of each raw 

material is organized depending on their mechanical features. In particular, 

quartz and flint products have similar modules, thus leading to the interpretation 

of quartz both as a supplementary raw material used in the same ways as flint, 

and as a raw material used in a different way due to its petrographic features 

(Bouteaux et al., 2008; Moncel et al., 2008b). On the other hand, quartzite, 

considering the châines operatoires and the characteristics of the products, is for 

sure a raw material with a specific function (Moncel et al., 2008b). 
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5.5. New insight on discoid technology in Payre – level D 

Discoid débitage (Boëda, 1993; Peresani, 2003) in Payre – level D is extensively 

employed together with opportunistic/S.S.D.A. (Forestier, 1993) reduction 

sequences. Among the different raw materials present in this archaeological level, 

just on quartz and flint this method is regularly used.  The huge number of discoid 

cores and products gives the chance to observe how this method was applied on 

flint and quartz, two raw materials with very different petrographic and 

mechanical characteristics. The present study focuses in particular on the 

analogies and differences in discoid cores management depending on the raw 

material used and on the technological criteria that allow the identification of 

discoid cores and products. 

To pursue the proposed objectives, all the flint and quartz artefacts from Payre 

level D available at Institut de Paléontologie Humaine (IPH) in Paris were 

considered, for a total of 2315 lithic artefact (Tab. 5.1). For a better understanding 

of the discoid technology of the considered level, for quartz and flint discoid cores, 

a diacritical scheme has been realized (Appendix C). The identification of discoid 

reduction sequences is based on the general criteria listed in Chapter 2 while the 

identification of discoid products takes into account criteria linked to the 

peculiarities of the considered lithic assemblage: according to the characteristics 

of the discoid débitage development and management observed on the cores, just 

the products with technological features (i.e. the direction of the negatives on the 

dorsal face and the débitage direction) fully in compliance with those 

characteristics have been considered as discoid products. 
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Raw material Flakes Cores Retouched tools Debris Total % 

Flint 1552 102 227 251 2132 92,1% 

Quartz 130 24 12 17 183 7,9% 

Total 1682 126 239 268 2315 100% 

 
Tab. 5.1 Payre - Level D. Composition of the considered lithic assemblage. 

 

The state of preservation of the considered assemblage is not homogeneous, since 

quartz artefacts show a general good state of preservation while several post 

depositional surface modifications affect flint artefacts (Figg. 5.9 and 5.10). As 

already pointed out by recent researches (i.e. Venditti et al., 2016), quartz can 

better survive mechanical and chemical attacks, while flint is much more inclined 

to be affected on its surface by post-depositional processes. This is due to the 

different internal structure and to the different processes that lead to the 

formation of surface modifications on these raw materials, even under the same 

conditions (Venditti et al., 2016). So, despite these differences in the state of 

preservation, quartz and flint artefacts of Payre level D are part of a unique 

assemblage. 

The strong presence of white patina and rounding on flint artefacts made 

sometimes difficult the reading and the interpretation of the knapping scars and 

for this reason some products have been classified as “indeterminate” concerning 

the knapping method (Tab. 5.2).  

The rate of fragmentation is higher for quartz than for flint products (Fig. 5.11). 

As for the formation of post depositional surface modification, the internal 

structure of the raw materials plays a determining role, especially during the 

production of the tools through knapping. Bending and radial or Siret accidents 

are very common for quartz artefacts and are due to the presence of internal flaws 

and to properties like its relatively low tensile and compressive strength (Cotterell 
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and Kamminga, 1990; Domanski et al., 1994; Mourre, 1996; Tallavaara et al., 

2010). 

 

Fig. 5.9. Payre – Level D. Post depositional surface modifications observed on quartz artefacts. 

 

 

Fig. 5.10. Payre – Level D. Post depositional surface modifications observed on flint artefacts. 
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Fig. 5.11. Payre – Level D.  Rate of fragmentation of quartz and flint flakes. 

 

As mentioned before, quartz and flint have similar reduction sequences and on 

both these raw materials opportunistic/S.S.D.A. and discoid methods are mainly 

applied, followed by a negligible presence, only on flint, of a débitage-on-flake 

classifiable as Kombewa s.l. but, given its sporadic nature and the common 

exploitation of large flakes as cores for multidirectional or centripetal débitage, 

this products and cores have later been included in the opportunistic component 

of the lithic assemblage (Tab. 5.2).  

Raw material 
Opportunistic 

S.S.D.A. 
Discoid 

Kombewa 
s.l. 

Indet. Total 

Quartz Flakes = 96 Flakes = 28 Flakes = - Flakes = 18  

 Cores = 11 Cores = 13 Cores = - Cores = -  

Tot. 107 41 - 18 166 

% 5,3% 2,0% - 0,9% 8,3% 

Flint Flakes = 1336 Flakes = 230 Flakes = 4 Flakes =170  

 Cores = 53 Cores = 46 Cores = 2 Cores = 1  

Tot. 1389 276 6 171 1842 

% 69,2% 13,7% 0,3% 8,5% 91,7% 

Total 1496 317 6 189 2008 

% 74,5% 15,8% 0,3% 9,4% 100,00% 

 
Tab. 5.2. Payre - Level D. Raw materials and débitage methods. 
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Concerning quartz, the subdivision in morpho-structural groups has been applied 

(de Lombera-Hermida et al., 2011; Martinez Cortizas and Llana Rodriguez, 1996) 

(Tab. 5.3). According to this approach vein quartz can be divided in four different 

groups depending on the presence/absence of grains and plains (i.e. internal 

flaws or crystalline surfaces) that determines its mechanical characteristics and 

therefore its aptitude and response to knapping activities (NN: no grain/no 

planes; NS: no grain/planes; SN: grain/no planes; SS: grain/planes). This 

approach is useful to see if there was or not a choice for particular characteristics 

of the lithic raw material according to the knapping method employed and it was 

already applied to the entire sequence of Payre (de Lombera-Hermida et al., 

2011). Its application just at level D allows to appreciate the peculiarities of this 

level. 

 

Method Morpho-structural groups 

  NN NS SN SS 

Opportunistic S.S.D.A. Flakes = - Flakes = 50 Flakes = 33 Flakes = 2 

 Cores = - Cores = 8 Cores = 2 Cores = - 

Tot. - 58 35 2 

Discoid Flakes = 1 Flakes = 14 Flakes = 13 Flakes = - 

 Cores = - Cores = 9 Cores = 4 Cores = - 

Tot. 1 23 17 - 

Indet. Flakes = - Flakes = 11 Flakes = 3 Flakes = - 

 Cores = - Cores = - Cores = - Cores = - 

Tot. - 11 3 - 

Debris - 9 4 - 

Total 1 101 59 2 

% 0,6% 62,0% 36,2% 1,2% 

 
Tab. 5.3. Payre - Level D. Quartz morpho-structural groups and knapping methods. 
 
 

The data obtained show that a choice has not been made according to the 

knapping method, but a general and clear prevalence of the NS group is evident 

(62%) (Tab. 5.3). As for the lower levels, the grainy types of quartz are barely 
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present in the assemblage reflecting the scarcity of this kind of quartz in the 

surroundings of the site (de Lombera-Hermida et al., 2011). Nevertheless, in 

Payre - level D the presence of inner flaws and crystalline surfaces does not 

preclude the use of more complex reduction sequences (i.e. discoid method) even 

on vein quartz. 

The analysis of the discoid reduction sequences of Payre – level D led to some 

interesting observations on the variability of the method and on the adaptation 

of its technical criteria to the raw materials employed, even if it is applied on 

quartz and flint both in the unifacial and in the bifacial modality with no 

significant differences between the two raw materials (Fig. 5.12).  

Discoid flint cores always have more than one phase of exploitation and are often 

completely exhausted (see Appendix C). Infrequently, the core is discarded before 

its complete exhaustion and it seems to happen when a shaping of the core is 

needed to restore the convexities. In this way the following exploitation would 

have been characterized by the production of flakes with dimensional and 

morphological characteristics different from those wanted during the previous 

phases.  

 
 

Fig. 5.12. Payre – Level D.  Unifacial and bifacial discoid débitage on quartz and flint. 
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The management of the core convexities, aimed to assure a continuous 

production of flakes with the wanted dimensional and morphological 

characteristics, is pursued during the production phases, through the detachment 

of debordant flakes, often according to a chordal direction, or through the 

detachment of a centripetal, invasive flake that removes the central convexity 

when it becomes too pronounced (Fig. 5.13). The production phases correspond 

to series of centripetal detachments with a débitage direction always secant 

regarding the plan of intersection of the core surfaces. The products obtained are 

short and wide flakes, often debordant to assure a good management of the core 

convexities and with convergent edges (Fig. 5.13). Discoid bifacial cores on flint 

show no hierarchization of the two surfaces, since both are used as striking 

platform surface and as knapping surface. Even that, in the last phase of 

exploitation of these cores, the surfaces are sometimes not equally convex and the 

débitage direction becomes more parallel to the plan of intersection of the two 

surfaces (see Appendix C). In this last production phase, the two surfaces seem to 

be hierarchized, since flakes are obtained only from one of the surfaces that 

progressively becomes flatter than the other. The result is a core with one surface 

more convex than the other and with a clear distinction between knapping surface 

and striking platform surface. Sometimes a third surface, perpendicular to the 

others, is exploited with the detachment of an elongated flake (Fig. 5.14). Despite 

the intensive exploitation of these cores makes it difficult to observe, the presence 

of some natural surfaces let assume that for the bifacial discoid débitage, 

pebbles/big flakes with suitable convexities are chosen, thus reducing or avoiding 

the shaping of the core convexities. 
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Fig. 5.13. Payre – Level D. Discoid flint flakes. (a) core management flake; (b) discoid centripetal 
invasive flake removing the central convexity of the core; (c, d) discoid debordant flakes. 
 
 

Unifacial flint cores are very frequent in the considered assemblage (Fig. 5.12) 

and are often realized on the ventral face of big flakes. The surfaces of the core 

are always hierarchized and in the end of the exploitation the core shows one 

surface more convex than the other. As for the bifacial cores, the exploitation is 

aimed to the production of short and thick flakes mainly through a centripetal 

direction. The flakes are often debordant, thus helping in the management of the 

surface convexity. The striking platform is prepared through small and not 

invasive centripetal detachments but sometimes it is completely natural (Fig. 

5.14). Even in this case, a choice of blanks with suitable convexities is evident to 

immediately start the phase of production of flakes with the researched 

morphology.  
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Fig. 5.14. Payre – level D. Discoid flint cores. (a, b) bifacial cores; (c) exhausted bifacial core with 
a third surface exploited in the last phase of flake production; (d) unifacial core with a natural 
striking platform surface; (e) unifacial core with a striking platform partially prepared with 
centripetal detachments. 
 

Quartz discoid cores show just one phase of exploitation, exception made for one 

case, and short reduction sequences (Fig. 5.15). All the cores are discarded before 

their complete exhaustion probably because the presence of inner flaws and 

crystalline surfaces makes very difficult the management of the core convexities 

and the control of the knapping activity (de Lombera-Hermida et al., 2011; 

Driscoll, 2011; Mourre, 1996). Natural surfaces, i.e. neocortex, are often still 

visible on the cores thus attesting the collecting of pebbles with a suitable 

morphology for a discoid exploitation. As for flint, both bifacial and unifacial 

discoid exploitation are present. The production phase starts directly from the 

natural surface of the pebbles and proceeds with centripetal detachments, 

e 

a 
b 

c d 
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sometimes debordant and often not very invasive. Considering the shortness of 

the reduction sequences on quartz, the presence of debordant detachments could 

have a different meaning than for flint. As described before, on flint discoid cores 

the detachment of debordant flakes is useful for the core managements and is 

aimed to guarantee a continuous production of flakes without need for a shaping 

of core convexities; on quartz cores, where the exploitation is for the 

overwhelming majority limited to a single series of flake production, the presence 

of debordant detachments seems to be due more to quartz inner flaws than to an 

intentional gesture. The products obtained are short and thick flakes with 

morphological characteristics not significantly different from the flakes obtained 

from flint (Fig. 5.16).  

As mentioned before, quartz and flint discoid products, have been identified 

depending on the compliance of their technological features with those observed 

on the cores in terms of direction of the negatives, débitage direction and 

dimensions. Concerning complete and uncomplete flakes, all these criteria have 

been applied, while for fragmented flakes it was clearly more difficult to identify 

discoid products based on just the direction of the negatives or the characteristics 

of the butts. So, for fragmented products the opportunistic component could have 

been overestimated.  As observed on discoid cores, the centripetal direction was 

the preferred to produce short and thick flakes, while very rare are detachments 

consistent with the presence of orthogonal negatives (Fig. 5.17) that should be 

better referred to a multidirectional exploitation of the core surfaces. The 

débitage direction of discoid cores is almost exclusively secant as regard for the 

plan of intersection of the two core surfaces and just in a few cases, in the end of 

the core exploitation, it becomes parallel.  
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This technological feature is recorded on the discoid flakes by the morphology of 

the butts which angle with the ventral face is more inclined than that formed by 

a parallel débitage direction. Only the complete/uncomplete products consistent 

with both these criteria and the fragmented products consistent with one of them 

have been identified as discoid flakes. 

The results obtained show that flint and quartz cores were exploited in similar 

ways even if flint was exploited more intensively than quartz cores, as confirmed 

by the number of negatives visible on the flakes (2 or 3 for quartz, usually more 

than 3 on flint) (Fig. 5.17).  

The differences between quartz and flint in core shaping and management are on 

the other hand visible in the characteristics of the butts of the discoid flakes, since 

just on flint flakes are present, even if sporadic, faceted and dihedral butts (Fig. 

5.18), index of a preparation of the striking platform or of the presence of more 

than one phase of exploitation. For both quartz and flint products the butts are 

mainly flat (Fig. 5.18), confirming that the exploitation starts mostly from 

surfaces already present on the core.  
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Fig. 5.15. Payre – level D. Quartz discoid flakes and cores. (a-d) discoid flakes with centripetal 
negatives on the dorsal face; (e) bifacial core; (f) unifacial core with natural striking platform; (g) 
unifacial core, two centripetal detachment prepare the striking platform. 
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Fig. 5.16. Payre – level D. Dimensional analysis of quartz and flint discoid products, fragmented 
flakes are not included. The wanted products are short and large flakes and no differences are 
visible between the two raw materials. Blanks with suitable dimensions were chosen to obtain 
flakes with the wanted dimensions. Elongated flakes are related to core management or to the 
exploitation of a third surface during the final stage of exploitation. 
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Fig. 5.17. Payre – level D. Direction of the negatives visible on the upper face of quartz and flint 
discoid flakes. 

 
 
 

 

Fig. 5.18. Payre – level D. Typology of the butts of quartz and flint discoid flakes. 
 
 

Considering the dimensional features of the discoid products (Fig. 5.16) 

compared with those of the products issued from opportunistic/S.S.D.A. 

reduction sequences (Fig. 5.19) we can suppose that the discoid method was 

employed to produce flakes with specific morphological features, generally 

shorter and wider than the opportunistic/S.S.D.A. products. The characteristics 

of the products are in both cases clearly influenced by the morphology of the 

pebbles and flakes selected as cores, but according to the characteristics of the 

13 13

1

194

34

2
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Centripetal Crossed Orthogonal

Payre level D - Discoid débitage - direction of the negatives

Quartz Flint

2

18

0 0
17

174

19
1 2

0%

20%

40%

60%

80%

100%

Natural Flat Dihedral Faceted Linear

Payre level D - discoid débitage - butts

Quartz Flint

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



298 
 

considered lithic assemblage it seems that the method influenced the choice of 

the raw materials to be collected and not the opposite. A final observation has to 

be made concerning quartz opportunistic/S.S.D.A. products: while for flint 

artefacts is evident the research of given morphological characteristics, quartz 

artefacts show very irregular dimensional features, thus attesting a stronger 

influence of the raw material initial morphology (Fig. 5.19).  

Retouch is often used in Payre level D to modify or rejuvenate the edges of tools 

issued from the different knapping methods present in the assemblage (Fig. 

5.20), particularly to obtain or modify convergent edges, i.e. convergent scarpers 

(Moncel et al., 2009; Moncel and Chacon, 2007) with a sporadic evidence of 

denticulates and notches (Fig. 5.21). Retouch was partially carried out in the site 

as confirmed by the presence of 34 small flakes linked to rejuvenation or 

modification of tools’ edges. 
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Fig. 5.19. Payre – level D. Dimensional analysis of quartz and flint opportunistic/S.S.D.A. 
products, fragmented flakes are not included. The wanted products are mainly elongated flakes. 
The morphology of the products is also related to the initial morphology of the raw materials 
collected.   
 
 
 
 
 
 
 
 
 

 

0

10

20

30

40

50

60

70

80

90

100

110

120

0 10 20 30 40 50 60 70 80 90 100 110 120

W
id

th
 (

m
m

)

Lenght (mm)

Payre level D - Opportunistic/S.S.D.A. débitage

Quartz Flint

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



300 
 

 

 
 
Fig. 5.20. Payre – level D. Relationship between retouched and unretouched flakes divided by 
knapping method. 

 

 

 
Fig. 5.21. Payre – level D. Typology of quartz and flint retouched tools. 
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5.6. Discussion and conclusion 

Level D represents the last and more recent phase of human frequentation of the 

site of Payre and it gave back a huge lithic assemblage characterized by using 

different local and semi-local raw materials and by a technological variability that 

allow to make some considerations on the definition of discoid débitage.  

Even if from the point of view of the lithic raw materials exploited and of the 

supply areas, no significant differences have been observed in comparison with 

the lower levels of the sequence (units F and G) (Fernandes et al., 2008, 2006; 

Moncel et al., 2002), from a technological perspective some remarks have to be 

made.  

The lithic assemblages from levels F and G (e.g. Moncel et al., 2008b, 2009; 

Baena et al., 2017) have recently been subject to a new technological analysis 

(Carmignani et al., 2017) which highlights the peculiarities of the reduction 

sequences adopted. Quartz cores are very sporadic in these levels, one from level 

Fa and six from level Ga (Carmignani et al., 2017), so a comparison can be made 

just considering flint. In the lower levels of the Payre’s sequence, the centripetal 

exploitation of the cores surfaces is widely attested and it is mainly conducted 

through centripetal and chordal removals each of them participating in the 

maintenance of the core convexities as well as observed in level D (Baena et al., 

2017; Carmignani et al., 2017). Two main differences are evident between level D 

and the lower levels and they concern the presence, in levels G and F, of a 

peripheral parallel planes exploitation strategy and the presence of some cores 

with secant centripetal removals limited to one side of the core, thus causing some 

uncertainties in the attribution of this exploitation strategies to a discoid 

conception (Carmignani et al., 2017). In level D, the centripetal exploitation of 

flint cores falls clearly inside the classical discoid concept defined by E. Boëda 
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(1993) with a débitage conducted through mainly centripetal removals in a 

direction always secant as regard to the plan of intersection of the two core 

surfaces (Fig. 5.14; Appendix C). Flint cores are intensely exploited and even 

when they are discarded before their complete exhaustion no part of their volume 

appears unexploited. Just in the final phase of exploitation the débitage direction 

becomes almost parallel to the plan of intersection of the two core surfaces, that 

now seem to be hierarchized (Fig. 5.14), since one of them is used as striking 

platform while the other becomes the knapping surface. In these cases, the 

attribution of the cores to the discoid method is more difficult since at first they 

seem to belong to a Levallois reduction strategy (Boëda, 1994). Even though, the 

absence of phases of shaping or re-shaping of the core convexities, the débitage 

direction still generally secant and the absence, in the considered assemblage, of 

products with unquestionable Levallois features (Boëda, 1994), lead to be in favor 

of an attribution to a final phase of a discoid reduction strategy. According to the 

criteria listed by E. Boëda (1993) for the identification and definition of discoid 

reduction sequences, discoid cores should respect six criteria defining core 

geometry and shaping, the hierarchization of the surfaces, the débitage direction 

and the technique of percussion. The debate about the effectiveness of these 

criteria is currently ongoing and within the discoid method a high variability has 

been recognized, even questioning its status of predetermined method (e.g. 

Peresani, 1998, 2003; Pasty, 2000; Bourguignon et al., 2004; Martínez Molina et 

al., 2006; Faivre, 2011; Thiébaut et al., 2012; Turq et al., 2013; Martinez Lorenzo 

et al., 2014; Picin et al., 2014; Romagnoli et al., 2016; Carmignani et al., 2017; 

Delpiano and Peresani, 2017).  The analysis of the lithic assemblage of Payre level 

D give the chance to contribute to one particular aspect of this wide debate: the 

concept of hierarchization of the core surfaces., i.e. when should we consider two 
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surfaces as hierarchized? In the Levallois method we have a clear distinction 

between the striking platform surface and the knapping surface, which deeply 

differ from each other also in their geometry and general morphology (Boëda, 

1994). In the discoid débitage the two surfaces are not hierarchized, and both are 

in turn knapping surface and striking platform surface (Boëda, 1993; Peresani, 

2003). Nevertheless, in the considered assemblage, in the end of the core 

exploitation it happens that each of the surfaces gets a precise role. In these cases, 

we talk about hierarchization of the core surfaces, as well as we do when unifacial 

discoid cores are considered, thus making difficult the attribution of these cores 

to discoid or Levallois reduction sequences. The hierarchization of the core 

surfaces is in fact one of the most diagnostic criteria for the distinction between 

the two methods (Peresani, 2003). Considering the lithic assemblage of Payre 

level D, the concept of hierarchization of the core surfaces seems to be completely 

absent: beside an opportunistic/S.S.D.A. exploitation, the flint cores are 

exploited according to a discoid scheme with centripetal and chordal removals 

obtained from a peripherical striking platform. When the cores are almost 

exhausted it happens that all the flakes start to be detached just from one of the 

core surfaces. Since this kind of hierarchization of the surfaces is not intentional 

but due to the maximization of the raw material exploitation, we should not talk 

of hierarchized surfaces when describing these cores. The same has to be said 

concerning unifacial discoid cores, where the exploitation of just one surface 

through centripetal or chordal removals can be considered as an opportunistic 

behavior conditioned by the raw material characteristics, morphology and 

dimensions (Peresani, 2003). Within a discoid reduction sequence, the 

exploitation of just one of the core surfaces during the entire reduction sequence 

or just in its last phase, conceptually, is not different from the opening of a third 
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débitage surface perpendicular to the others as last phase of exploitation (Fig. 

5.14), since all these expedients are aimed to obtain as much flakes as possible 

from a single core. Two surfaces should then be considered as hierarchized just 

when their roles are clear since the beginning of the core exploitation, which 

correspond to the chance to observe on the core the configuration of their 

geometric features.  

Different considerations have to be made about quartz cores, since the knapping 

methods employed are strongly conditioned by its response to knapping, which 

is determined by its petrographic features (Arzarello et al., 2012a; G L F Berruti 

et al., 2016; Cologne and Mourre, 2006; Daffara et al., 2014; de Lombera-

Hermida and Rodríguez-Rellán, 2016; Degorce and Castel, 2006; Driscoll, 2011; 

Manninen, 2016; Martinez Cortizas and Llana Rodriguez, 1996; Mourre, 1994, 

1996). Discoid quartz cores in Payre level D show just one phase of exploitation, 

exception made for one core (Fig. 5.15; Appendix C), thus giving the chance to 

observe the entire exploitation of these cores, differently from what happens with 

flint cores that are intensively exploited. The shortness of the discoid reduction 

sequences, together with the frequent presence of natural surfaces highlights 

that, for quartz, the choice of blanks with a suitable morphology was far away 

more important than for flint. Moreover, the dimensional and morphological 

characteristics of the products are more determined by the core natural 

convexities than by the previous removals, which is the greater difference 

between quartz and flint discoid reduction sequences observed in Payre level D. 

On the other hand, the general characteristics of the discoid reduction sequences 

on quartz, allow to refer them, together with flint cores, to the classical discoid 

concept (Boëda, 1993) since we observe a bifacial or unifacial exploitation of cores 

with two surfaces, equally convex, through removals secant with regards to the 
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plan of intersection of the two surfaces and directed toward the middle of the 

core.   

In conclusion, the main differences between flint and quartz discoid reduction 

sequences in Payre level D are determined by the petrographic characteristics of 

the raw materials but a differential exploitation between them is not attested: in 

this lithic assemblage quartz is a complementary raw material, used in the same 

way as flint for the production of flakes with the wanted dimensional and 

morphological characteristics and with some adaptation (shortness of the 

reduction sequences, frequent exploitation of natural surfaces) necessary for the 

application of the discoid concept to this lithic raw material. If compared to the 

lithic assemblages of the lower levels (units G and F), we observe, all along the 

sequence, the acquisition of a discoid concept, going from partial centripetal 

exploitation of the core volume to the bifacial and intense exploitation of the 

entire core. In addition, in level D the discoid method is systematically applied 

also on vein quartz through some expedients which testify the great knowledge 

not only of the raw material properties but also of the discoid method itself.  

 

 

 

 

 

 

 

 

 

 

 

 

 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



306 
 

 

 

 

  

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



307 
 

 

 

 

CHAPTER 6 

Discussion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



308 
 

 

  

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



309 
 

CHAPTER 6  

DISCUSSION 

The proposed research is aimed to deeply investigate the modalities of 

exploitation of non-flint lithic raw materials during Middle Palaeolithic, with 

particular attention to vein quartz exploitation strategies, a matter that in the last 

years became one of the main issues in the field of lithic technology (e.g. Blaser 

et al., 2002; Bracco, 1997; de Lombera-Hermida, 2009; de Lombera-Hermida et 

al., 2016, 2011; de Lombera-Hermida and Rodríguez-Rellán, 2016; Degorce and 

Castel, 2006; Driscoll, 2011; Driscoll and Menuge, 2011; Janot, 1988; Knutsson 

et al., 2016; López-Ortega et al., 2017; Moncel et al., 2008; Moncel and Lhomme, 

2007; Rodríguez-Rellan, 2016; Venditti et al., 2016). 

It is known that the mechanical properties of a lithic raw material affect its 

response to knapping, the way in which the reduction sequences are performed 

and the characteristics of the products for what concerns integrity, dimensions 

and general morphology (e.g. Cologne and Mourre, 2006; de Lombera-Hermida 

and Rodriguez Rellan, 2010; Mourre, 1996, 1994). The focus of this research were 

the modalities of exploitation of different kind of raw materials for what concerns 

discoid and Levallois reduction sequences, in order to understand which 

technological expedients were applied to adapt those concepts to the raw 

materials characteristics and the technological variability originated by such 

expedients.  

Three of the considered archaeological contexts (Ciota Ciara cave, Pedra Dreta 

and Can Garriga) share some characteristics, like the predominant exploitation 

of vein quartz and of local low-quality raw materials like volcanic, sedimentary, 

and metamorphic rocks, with Levallois and discoid reduction sequences attested 
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on almost all the main lithologies employed (Tabs. 3.3, 3.5, 3.8, 3.11, 4.3, 4.4). 

Payre – level D is the only lithic assemblage where a good-quality flint is the 

predominant raw material followed by vein quartz: discoid reduction sequences 

are widely attested, thus giving the chance to observe analogies and differences 

between the two lithologies (Tab. 5.2). 

During this analysis, different issues arose, linked not only to the specific object 

of the research but more broadly to the criteria defining the Levallois and the 

discoid method and to the concept of predetermination. The results obtained also 

allow to make some considerations in the debate concerning if and how much the 

raw materials exploited and available in the environment affect the choice of the 

knapping method (Bar-Yosef et al., 1992; Delagnes and Rendu, 2011; Meignen et 

al., 2007; Moncel et al., 2008c; Otte, 1991; Picin and Carbonell, 2016; Picin and 

Vaquero, 2016; Wengler, 1990). 

 

 6.1. Technological adaptations to the raw materials properties 

The conditioning of the mechanical properties of the lithic raw materials 

exploited in an archaeological site on the characteristics of the reduction 

sequences is known, but the description of the technological adaptations applied 

is often inaccurate, thus attributing to non-flint reduction sequences the 

character of archaic, rough or not accurate production systems (de Lombera-

Hermida and Rodríguez-Rellán, 2016; Mourre, 1994; Rodríguez-Alvarez, 2016; 

Rodríguez-Rellan, 2016). This is a great limit in the field of lithic technology, since 

raw materials like vein quartz have been widely employed during Middle 

Palaeolithic and the accurate study of the reduction sequences on this kind of raw 

materials permits to appreciate the technological effort and the expertise 

necessary to control the results of the knapping activities. In other words, the 
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exploitation of such raw materials seems to demand great knowledges of the 

lithologies and greater adaptation capabilities than the exploitation of flint to 

obtain the wanted products.  

In different European Middle Palaeolithic contexts a differential use of the lithic 

raw materials collected has been observed (e.g. Delagnes and Meignen, 2006; 

Faivre et al., 2014; Jaubert and Farizy, 1995; Rios-Garaizar et al., 2015; 

Romagnoli et al., 2016): according to their better or worse aptitude for knapping, 

they have been used for Levallois or for discoid/opportunistic reduction 

sequences, driving some authors to suppose a strict correlation between Levallois 

knapping sequences/good-quality raw materials (i.e. flint) and between discoid 

knapping sequences/low-quality raw materials.  

The results of the study carried out suggest that if a strong conditioning of the 

quality of the raw materials on the development of Levallois and discoid 

reduction sequences is undeniable, generalize such kind of correlations is quite 

misleading. In Payre – level D, the main reduction sequences are referable to 

opportunistic/S.S.D.A. and discoid exploitation strategies (Tab. 5.2), equally 

applied on flint and vein quartz. The two raw materials have been treated in the 

same way, with differences linked only to technological adaptation to the raw 

materials characteristics. At the Ciota Ciara cave, the good-quality raw materials 

introduced in the site (i.e. radiolarite and rhyolite) are exploited in the same way 

as all the other lithologies, according to opportunistic, Levallois and discoid 

exploitation strategies (Tabs. 3.5 and 3.8). As well as in Payre – level D, the 

differences in the reduction sequences are due to technological adaptation to the 

raw material properties. As already observed by Meignen et al. (2009), the 

Western European Middle Palaeolithic show an high degree of variability that 

scarcely fits with the rigidity of our habitual classifications. Therefore, if a 
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differential use of the raw materials is observable in specific contexts, this can’t 

be generalized and assumed as a constant behaviour, as already pointed out by F. 

Romagnoli et al. (2016). 

The technological analysis of the lithic assemblages from the Ciota Ciara cave, 

Pedra Dreta, Can Garriga and Payre – level D, highlights the presence of some 

common technological behaviour that can be interpreted as adaptations to the 

raw materials mechanical and petrographic characteristics. The following 

considerations mainly descend from the study of vein quartz artefacts, since it is 

quantitatively the most exploited raw material, but some technological 

characteristics are shared by all the raw materials different from flint present in 

the considered assemblages. 

The adaptation to the raw materials starts from the beginning of the chaînes 

operatoires: all the considered sites share the collecting of natural blanks with 

suitable convexities in order to start the production of flakes directly from the 

natural surfaces of the cores.  

According to the results obtained from all the considered lithic assemblages, the 

morphology of the core is the main element influencing the choice of the 

knapping method to employ, more than the raw material characteristics. This is 

particularly evident at the Ciota Ciara cave and at Payre – level D (Fig. 3.92, 3.93, 

5.15), while for Pedra Dreta and Can Garriga the limited number of cores do not 

allow to make thorough considerations (Tabs. 4.3 and 4.4). 

Opportunistic/S.S.D.A. exploitation strategies are applied to all the blanks 

morphologies, i.e. rounded pebbles, polygonal blocks, slabs and flakes, while 

discoid and Levallois reduction sequences are always applied only on rounded 

pebbles and, at the Ciota Ciara cave, also on spongolite small polygonal blocks 

(Fig. 3.93). The aim is clearly to reduce the need of shaping the core surfaces 
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before the phase of plein débitage. As observed by different authors (de Lombera-

Hermida, 2009; Mourre, 1994; Tallavaara et al., 2010), when raw materials like 

vein quartz are knapped, the most the débitage proceeds, the most the results of 

the knapping activity are unpredictable because of the formation of further inner 

fracture planes that strongly affect the continuation of the exploitation. After the 

choice of pebbles with suitable morphologies, the general shortness of the 

reduction sequences on vein quartz (and in general on raw materials rich in 

internal cleavages and internal flaws), is a second expedient to control the results 

of knapping activities.  

Most of the cores analysed show no more than one phase of exploitation or the 

detachment of a very reduced number of flakes (two or three) after which the core 

is discarded. Concerning the Levallois method, adaptations linked to the need of 

short reduction sequences is evident in the low technological investment in the 

shaping of the core convexities: the striking platforms are in most cases 

neocortical surfaces and the convexities on the knapping surfaces are already 

present on the collected natural blank or roughly prepared through a limited 

number of centripetal detachments (Appendix A, B, C). Levallois cores, 

regardless the preferential or recurrent modality employed, are abandoned after 

one phase of exploitation, no reshaping of the core has been observed in all the 

contexts studied. Analogously, for discoid reduction sequences, the production 

starts directly from the natural surfaces of the core and the intention to discard it 

after a limited number of detachments is evident in the generally scarce presence 

of removals linked to the management of the core convexities, like chordal or 

plunging removals (Peresani, 2003). The adaptation of discoid exploitation 

strategies to vein quartz properties is particularly evident in Payre – level D: flint 

discoid cores are usually exploited till their exhaustion, showing several 
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exploitation phases and the removal of plunging flakes or of invasive flakes 

removing the central convexity of the core; quartz discoid cores are abandoned 

after only one phase of exploitation and neocortical surfaces are often still present 

on the core surfaces. The case of Payre – level D clearly shows that the scarce 

exploitation and maintenance of vein quartz core is not caused by scarce 

technological skills, but, on the contrary, by a good knowledge of the lithologies 

and of the possibility that each of them has in terms of production of blanks with 

the wanted characteristics.  

The common use of neocortical surfaces as striking platforms is another 

adaptation to vein quartz features, since, as demonstrated by experimental 

studies, this expedient helps in reducing the occurrence of fractures during 

knapping activities (Mourre, 1996).  

On the products, the results of the technological expedients listed above are 

visible in the characteristics of the butts, mainly flat or natural even concerning 

discoid or Levallois exploitation strategies, in the reduced number of negatives 

visible on the dorsal faces, that together with the frequent presence of natural 

surfaces confirm the shortness of the reduction sequences, and in the general 

high thickness, another expedient adopted to reduce the occurrence of fractures 

(de Lombera-Hermida et al., 2016; Mourre, 1996).  

The proportion of the different knapping methods in the considered assemblages 

shows that when vein quartz and other non-flint raw materials are dominant, 

opportunistic/S.S.D.A. reduction sequences seem to prevail, another element 

that contributes in the description of these lithic assemblages like archaic or 

belonging to human groups with scarce technological skills. In our opinion, this 

predominance of opportunistic knapping methods, has to be read just as a further 

adaptation to the raw material characteristics. Being the employment of Levallois 
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or discoid reduction sequences strictly subject to the availability of natural blanks 

with suitable morphologies, the easiest way to obtain lithic tools is to exploit all 

the type of natural blanks available through simple reduction strategies (e.g. 

Matilla, 2010; Moncel et al., 2014, 2008; Moncel and Lhomme, 2007; Ortega and 

Maroto, 2001; Santagata et al., 2017; Thiébaut et al., 2012).  

A last consideration must be made concerning the subdivision of vein quartz 

artefacts in morpho-structural groups (de Lombera-Hermida et al., 2011; 

Martinez Cortizas and Llana Rodriguez, 1996). The results of this analysis show 

that in Pedra Dreta, Payre – level D and Ciota Ciara levels 14 and 103, the group 

NS (no grainy/planes) is predominant in the lithic assemblage while in Can 

Garriga and in Ciota Ciara level 15 the group SN (grainy/no planes) is preferred 

for knapping activities (Tabs. 3.12, 3.9, 3.6, 4.5, 4.6, 5.3). Some recent works 

applying this methodology show that, generally, the presence of planes affects the 

results of knapping activities to a lesser extent than the presence of grains, and 

therefore the group NS is preferred especially concerning complex reduction 

sequences, i.e. Levallois  (e.g. de Lombera-Hermida et al., 2011). In the 

considered assemblage the predominance of one of the morpho-structural groups 

is never linked to the knapping method. This element, together with differences 

observed in the same sequence (Ciota Ciara cave) or between sites located in the 

same geographic context (Pedra Dreta and Can Garriga), let us suppose that the 

predominance of one group over the others could be due more to its 

predominance in the secondary deposits where the blanks where collected than 

to a deliberate choice of the knappers. Moreover, the choice of the blanks for 

Levallois and discoid exploitations seems to be linked more to their morphology 

than to the morpho-structural group. Even though, to confirm or deny this 

hypothesis a more precise knowledge of the geologic environment and of the 
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proportion of the different morpho-structural groups in the environment is 

necessary.  

 

 6.2. Levallois and discoid technological criteria 

The Levallois and the discoid methods have been clearly defined in the ‘90s 

thanks to the works of E. Boëda (1994, 1993), who identified the six technological 

criteria proper of each method and highlighted the main conceptual differences 

between the Levallois and the discoid exploitation (see Chapter 1). Soon after, 

different problems related to the effectiveness of those criteria in describing the 

technological variability observed in the archaeological record, opened a great 

debate about these two dèbitage methods that is still ongoing (e.g. Chazan, 1997; 

Dibble and Bar-Yosef, 1995; Eren et al., 2011; Eren and Bradley, 2009; Peresani, 

2003; Shimelmitz et al., 2016). One of the main issues in this debate is the 

distinction between the recurrent centripetal Levallois and the discoid method 

(Mourre, 2003; Pasty, 2003; Terradas, 2003), especially when the cores are 

intensively exploited. During the development of this research it became evident 

how much the definitions of the different knapping methods are based on 

observations linked to flint exploitations, and just a slight attention has been paid 

to the modalities of application of the Levallois and the discoid concepts on non-

flint raw materials (Chazan, 1997; de Lombera-Hermida and Rodríguez-Rellán, 

2016; Dibble and Bar-Yosef, 1995; Moncel et al., 2008b; Mourre, 1996; 

Rodríguez-Rellan, 2016). 

After the study of the lithic assemblage of the Ciota Ciara cave, Payre – level D, 

Pedra Dreta and can Garriga and the observation of a significative quantity of 

discoid and Levallois cores and products realized on various raw materials (Tab. 
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6.1), some considerations can be made about some of the fundamental concepts 

defining the two knapping methods. 

 

Site Levallois cores Levallois flakes Discoid cores Discoid flakes 

Ciota Ciara cave vein quartz = 11 vein quartz = 189 vein quartz = 43 vein quartz = 360 

 flint = 1 spongolite = 31 spongolite = 9 spongolite = 67 

  flint = 13 flint = 2 flint = 10 

  radiolarite = 17 others = 1 radiolarite = 9 

  rhyolite = 2  rhyolite = 9 

  others = 3  others = 5 

Pedra Dreta vein quartz = 1 vein quartz = 5 vein quartz = 2 vein quartz = 18 

 syenite = 1 syenite = 2  syenite = 11 

 porphyry = 1 porphyry = 1  porphyry = 4 

  quartzite = 3  quartzite = 5 

Can Garriga  vein quartz = 4  vein quartz = 7 

 - quartzite = 3 vein quartz = 5 quartzite = 2 

  porphyry = 2  porphyry = 2 

  others = 1   

Payre - level D - - flint = 46 flint = 230 

   vein quartz = 13 vein quartz = 28 

 
Tab. 6.1. Levallois and discoid cores and products present in the considered sites divided 
according to the raw material employed. 
 

The concept of predetermination, i.e. the production of flakes with specific 

characteristics for what concerns shape and dimensions, in Middle Palaeolihic 

lithic assemblages is traditionally linked to Levallois exploitation strategies and 

to the specific core configuration proper of this method, where the preparation of 

the lateral and distal convexities on the knapping surface gives the knapper a 

good degree of control over the results of the knapping activity (Boëda, 1994; 

Boëda et al., 1990; Picin et al., 2014; Shimelmitz and Kuhn, 2017). The problems 

linked to the identification of Levallois reduction sequences on cores that do not 

show phases of core configuration has already been highlighted (Chazan, 1997; 

Dibble and Bar-Yosef, 1995) but never deeply investigated, being the most of the 

technological definitions linked to flint lithic assemblages. The study of the 
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Levallois cores and products present in the four considered lithic assemblages, 

and particularly at the Ciota Ciara cave, where this débitage method is well 

represented on vein quartz, let us suppose that looking just at the presence of 

phases of core configuration to define predetermination is quite oversimplifying. 

According to the criteria listed by E. Boëda (1994), the Levallois method is defined 

by the presence on the core of two hierarchized surfaces not equally convex and 

the production develops according to the exploitation of surfaces through a 

débitage direction that is parallel to the plan of intersection between the striking 

platform and the knapping surface. As already mentioned, especially when vein 

quartz is involved in the production of tools, the reduction sequences needs to be 

short to assure the maintenance of good control on the knapping activity 

(Mourre, 1996). This could be the reason determining the application of Levallois 

knapping strategies exclusively on natural blanks that already have suitable 

morphologies and that allow to start the production of Levallois flakes without a 

great technological investment in core configuration. Vein quartz, porphyry and 

syenite cores have been recognized as Levallois cores when their volumetric 

characteristics were consistent with the definition of the method. The 

exploitation of natural convexities is not automatically related to opportunistic 

exploitation strategies, but it is the result of the adaptation of a volumetric 

concept clearly present in the knappers’ mind to the constraints due to the 

mechanical and petrographic characteristics of the raw materials employed. All 

the Levallois cores studied at the Ciota Ciara and at Pedra Dreta share some 

characteristics: the dimensions of the blanks collected (mainly rounded pebbles) 

often determines that no more than one exploitation phase can took place for 

each core, but even when a reshaping of the convexities would have permitted the 

production of further predetermined flakes, the cores are discarded; when a slight 
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modification of the natural convexities present on the core is necessary, this is 

obtained through a few, usually two or three, centripetal removals, while the 

striking platform is in most cases represented by natural surfaces; the débitage 

direction is always parallel to the plan of intersection between the core surfaces; 

the Lavallois method is present in two modalities, preferential and recurrent 

centripetal, no recurrent unipolar or bipolar modalities are attested.  

What is constant in all the considered lithic assemblages, is that the performing 

of Levallois reduction sequences is more influenced by the morphology of the 

blanks chosen as cores than by the raw material. All the elements traditionally 

considered to be essential for the method should be considered as factors strictly 

dependent on the lithic raw materials exploited in the site: what seems to be 

important in the identification of Levallois reduction sequences is the way in 

which the volume of the core is perceived. Since flint allow to maintain a good 

control of the knapping results also along articulated reduction sequences, blanks 

with various morphological characteristics can be used as Levallois core and their 

convexities shaped to obtain the wanted volume. With raw materials like vein 

quartz or porphyry the shaping of the core could compromise the results of the 

knapping sequence, therefore it is necessary to look for cores that naturally 

accomplish the volumetric parameters of a Levallois reduction strategy.  

One more issue needs to be debated concerning the Levallois method: if the 

production of Levallois flakes with low-quality raw materials is so strongly 

affected by the initial morphology of the cores, where is predetermination? i.e. 

the exploitation of rounded pebbles through reduction sequences that accomplish 

the volumetric criteria proper of the Lervallois method, was aimed to the 

production of predetermined tools or was it just the easiest way to exploit that 

natural morphologies?  It is not easy to answer this question, since several of the 
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Levallois cores present in the considered lithic assemblages show that the phase 

of plein débitage starts directly from the natural surfaces of the pebble; on the 

other hand, especially concerning Levallois preferential cores,  the presence of 

centripetal removals on the knapping surface arranging the natural lateral and 

distal convexities before the detachment of an invasive flake, suggest that the 

choice of pebbles with that characteristics was intentionally aimed to the 

production of Levallois flakes, which morphologies were clearly predetermined. 

Concerning discoid technology, the concept of predetermination has been widely 

debated between scholars that recognize to this knapping method a high degree 

of predetermination, basing their observations on the presence of certain blank-

morphologies like pseudo-Levallois points (Boëda, 1993; Locht and Swinnen, 

1994; Mourre, 2003), and those  considering discoid as an expedite method used 

to reduce efficiently the core volume through series of recurrent centripetal 

removals and considering pseudo-levallois points or core edge removals as by-

products used to maintain the core convexities (Vaquero et al., 2012). The great 

variability recognized in the discoid method concerning core morphologies and 

modalities of core exploitation, made this knapping method more flexible than 

Levallois, thus generating a huge quantity of variables compared to the classical 

definition of the method (Boëda, 1993; Peresani, 2003). 

When low-quality lithic raw materials are employed, the shortness of the 

knapping sequences allows to avoid all the problems in the identification of 

discoid exploitation strategies connected to the intense exploitation of the cores. 

All the discoid cores realized in vein quartz, porphyry or syenite are characterized 

by just one phase of exploitation (Appendix A, B, C) with the removal of only one 

series of centripetal flakes. As mentioned before, this is particularly evident in the 

lithic assemblage of Payre – level D where discoid flint cores are mostly exhausted 
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while vein quartz discoid cores have been discarded after one exploitation phase 

(Appendix C): concerning flint some of the core show characteristics that can 

generate confusion in their attribution to a discoid or to a recurrent centripetal 

Levallois reduction sequence, while for vein quartz discoid core the modalities of 

exploitation of the core volume clearly fit with a discoid conception of the 

débitage (Boëda, 1993; Peresani, 2003). Beside the shortness of the reduction 

sequences, another great difference between flint and low-quality raw materials 

discoid reduction strategies is the general morphology of the products obtained: 

in all the considered lithic assemblages, low-quality raw materials discoid 

products are obtained almost exclusively through centripetal removals producing 

short and large quadrangular flakes, while in Payre – level D the intense 

exploitation of flint discoid cores generates a greater variety of discoid products, 

like elongated flakes removing the central convexity of the core or core-edge 

removals (Fig. 5.13) (Peresani, 2003; Picin et al., 2014). The absence of 

detachments aimed to the management of the cores convexities, highlights that 

the intention to discard the cores after a short production phase was clear since 

the beginning of the discoid exploitation, as already observed for the vein quartz 

discoid cores of the Ciota Ciara cave (see Chapter 3.7).  

As for the Levallois method, discoid knapping strategies are applied only on 

natural blanks with suitable morphologies and the discoid exploitation starts 

directly from the natural surfaces of the cores. Cores are exploited through 

centripetal removals with a débitage direction always secant to the plane of 

intersection of the core surfaces. Dimensions and morphology of the products are 

strongly influenced by those of the cores, leading to the hypothesis that the 

discoid method could represent, in the considered contexts, just and expeditive 

core exploitation (Picin et al., 2014; Picin and Vaquero, 2016; Vaquero and 
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Carbonell, 2003). The discoid method is applied, in all the sites, on natural blanks 

that have the same morphological characteristics of those exploited through 

Levallois methods. The choice of exploiting that volume according to a discoid 

conception can then be interpreted as intentional, with knapping sequences 

aimed to the production of flakes with morphological characteristics different 

from those issued from Levallois reduction strategies.  

Even if the general technological behavior observed in the considered sites can be 

defined as opportunistic (exploitation of natural convexities, reduction sequences 

strongly influenced by the characteristics of the raw materials) predetermination 

is evident in the adaptation of Levallois and discoid concepts to the natural 

convexities present on the core. The same natural convexities can be exploited to 

obtain predetermined Levallois or discoid products, highlighting the intentional 

choice made by the knapper. The volumes of the rounded pebbles collected are 

exploited according to plans secant or parallel to the plan of intersection between 

the core surfaces, thus determining the main difference between a Levallois and 

a discoid exploitation strategy. Another issue widely debated is in fact that of the 

technological criteria useful to distinguish between discoid and recurrent 

centripetal Levallois reduction strategies (Boëda, 1995, 1993, 1991; Boëda et al., 

1990; Chacón et al., 2012; Chazan, 1997; Delpiano and Peresani, 2017; Dibble, 

1991, 1985; Dibble and Bar-Yosef, 1995; Eren et al., 2011; Jaubert and Farizy, 

1995; Kuhn, 1992; Peresani, 2003, 1998; Picin et al., 2014; Picin and Vaquero, 

2016; Romagnoli et al., 2016; Shimelmitz et al., 2016; Shimelmitz and Kuhn, 

2017; Vaquero and Carbonell, 2003). It is well-founded that not all the six criteria 

listed by E. Boëda (1993) can be considered to be diagnostic to distinguish 

between the two methods, and several considerations have been made concerning 

flint assemblages, leading to the conclusion that the characteristics of discoid and 
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Levallois reduction sequences are very different from one archaeological context 

to the other and that generalizations are hard to be done (Baena-Preysler et al., 

2003; Mourre, 2003; Slimack, 2003; Terradas, 2003; Vaquero and Carbonell, 

2003).  

Dealing with raw materials different from flint, characterized by a scarce aptitude 

for knapping and by short reduction sequences often reduced to only one phase 

of exploitation, gives the chance to observe the totality of the knapping sequence 

(Appendix A, B, C). As mentioned before, no phases of shaping of the core 

convexities are present and just in the preferential Levallois modality the natural 

convexities can be slightly adapted to the knapper’s needs, i.e. slight 

modifications of the natural convexities of the knapping surface are achieved 

through a limited number of centripetal removals. Often the discoid method is 

attested in the unifacial modality, with surfaces hierarchized since the beginning 

of the exploitation. After the analysis of the discoid and the Levallois cores 

present in the considered assemblages, it seems that a clear distinction between 

a Levallois and a discoid conception of the débitage relies in how the volume of 

the core is perceived: starting from similar natural morphologies (i.e. rounded 

pebbles) the different conception of the core volume determines differences in its 

exploitation that are mainly evident in the débitage direction, secant to the plane 

of intersection between the core surfaces for the discoid method, parallel for the 

Levallois. The general volume of the exploited core and the débitage direction, 

concerning low quality raw materials, are the only technological criteria that 

allow to clearly distinguish between discoid and recurrent centripetal Levallois 

exploitation strategies.  

The choice of one method rather than to the other, always considering low quality 

raw materials, don’t seem to have been determined by reasons linked to 
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productivity (e.g. Eren and Lycett, 2012; Lycett and Eren, 2013; Picin and 

Vaquero, 2016) since recurrent centripetal Levallois and discoid cores show one 

phase of exploitation that lead to the production of a limited number of flakes 

(Appendix A, B, C). The great differences in the development of Levallois and 

discoid knapping sequences between flint and other raw materials, due to the 

mechanical and petrographic properties of the lithologies employed, made the 

results of experimental studies conducted on flint (e.g. Eren et al., 2014, 2011; 

Eren and Bradley, 2009; Eren and Lycett, 2016, 2012; Lycett and Eren, 2013) not 

completely applicable to raw materials like vein quartz, where the choice of the 

discoid or of the Levallois method seems to be linked more to the characteristics 

of the products that can be obtained, than to productivity requirements. 

In conclusion, if it is undeniable that the quality of the raw materials and the 

morphologies of the natural blanks available strongly affect the choice of the 

knapping methods and it can be the reason why in low-quality raw materials lithic 

assemblages opportunistic reduction sequences are predominant, it is evident 

that Middle Palaeolithic hunter-gatherers adapt technological concepts proper of 

their background to the resources available, showing great technological skills 

and the capability to practice complex adaptation strategies. 
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CHAPTER 7 
 
CONCLUSIONS 

The technological study performed on the lithic assemblages of the Ciota Ciara 

cave, Pedra Dreta, Can Garriga and Payre - level D led to achieve interesting 

results concerning the single considered contexts, the exploitation of non-flint 

raw materials and to general observations about the technological criteria useful 

for the identification of Levallois and discoid reduction sequences. At the Ciota 

Ciara cave, the location of the supply areas of lithic raw materials allowed for the 

first time to make reliable hypothesis about the economy and land mobility of the 

Middle Palaeolithic hunter-gatherers frequenting Piedmont (north-western 

Italy) (see Chapter 3.5), opening significative research perspectives in territories 

where the knowledge about Palaeolithic are extremely sketchy and linked to 

sporadic findings (Berruti and Viola, 2011; D’Errico and Gambari, 1983; 

Giacobini, 1976; Guerreschi and Giacobini, 1998; Mottura, 1990, 1980, Rubat 

Borel et al., 2016, 2013).  

The technological study of the lithic assemblages from the different SS.UU. of the 

Ciota Ciara cave contributes in the interpretation of the modalities of 

frequentations of the cave: in accordance with the results of the functional, 

palaeontological and archaeozoological analysis recently performed (Berruti, 

2017; Berto et al., 2016; Buccheri et al., 2016; Daffara et al., 2014), S.U. 13 and 15 

correspond to short-terms occupations probably linked to hunting activities, 

while for S.U. 14 the cave was used as a base-camp with repeated medium or long 

term frequentations characterized by the intense exploitation of animal 

resources, with long lasting processes, as hide treatment, combined with a 

marginal exploitation of vegetal resources (Berruti, 2017; Buccheri et al., 2016). 
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In a context like Piedmont, where no sources of good quality raw materials are 

present (Gabriele L.F. Berruti et al., 2016; Guerreschi and Giacobini, 1998), the 

lithic assemblages found in all the archaeological layers of the Ciota Ciara cave 

are a very good example of the strategies put into action as adaptations to the 

local resources. Vein quartz, very abundant in the local environment (Berruto, 

2016, 2011) and available with different blank morphologies (rounded pebbles or 

polygonal blocks of different size) has been adopted as main lithic resource. The 

technological study revealed that the morphology of the blanks collected was the 

main factor influencing the choice of the knapping method, more than the 

petrographic characteristics of the raw material, i.e. morpho-structural groups. 

While opportunistic reduction sequences were applied to all the natural blanks 

available, Levallois and discoid knapping strategies were performed exclusively 

on rounded pebbles with suitable convexities, with a production of 

predetermined flakes that starts directly from the natural surfaces of the core, 

with some adjustments of the natural convexities only when a preferential 

Levallois exploitation was chosen (Appendix A). Such technological behaviour 

reveals that what we recognize as Levallois and discoid exploitation strategies 

correspond to different volumetric conceptions that were clearly part of the 

technological skills of these hunter-gatherer’s groups and that remain discernible 

one to the other, in the absence of intense phases of shaping of the core, just on 

the base of how the volume of the core has been reduced. Other local raw 

materials were exploited at the Ciota Ciara cave as complementary lithic 

resources, especially spongolite, collected near the site but with petrographic 

characteristics that made very hard the control of the knapping activities, i.e. 

presence of frequent inner fracture planes (see Chapter 3.5). As for vein quartz, 

we observed that the morphology of the blanks collected influenced the choice of 
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the knapping method more than other factors: slabs were exploited through 

opportunistic reduction sequences, while small polygonal blocks with suitable 

convexities were employed for discoid and Levallois reduction strategies. Other 

local raw materials are more sporadically attested, and it is interesting the 

presence of finished tools and retouch flakes realized on radiolarite (~ 30 km 

form the site) and rhyolite (~ 2 km from the site). This good-quality raw materials 

have been exploited through the same strategies applied on vein quartz and 

spongolite but, as previously pointed out (see Chapter 3.7) some elements like the 

presence of Levallois flakes with faceted butts, let us suppose that on these raw 

materials such reduction sequences were more articulated and that quite intense 

phases core configuration were performed. This difference in Levallois reduction 

strategies between low and better-quality raw materials confirms that the 

roughness of vein quartz and spongolite exploitation strategies is due to 

adaptations to the raw materials properties.  

The revision of the lithic assemblages from Pedra Dreta and Can Garriga (Canal 

et al., 1978; Garcia Garriga, 2015; Giralt et al., 1995; Mora et al., 1987; Rodriguez 

et al., 1995; Rodríguez et al., 2004), shows that the Middle Palaeolithic human 

groups frequenting the Ter river exploited a great variety of local lithic resources: 

vein quartz, quartzite, syenite, porphyry, schist, basalt, metamorphic rocks, 

limestone, hornfels, gneiss, sandstone, granite, lydite and diorite (see Chapter 4). 

All these lithologies were available near the site as fluvial pebbles. The 

characteristics of the reduction sequences of the most exploited raw materials 

(vein quartz, syenite and porphyry) revealed that, like the Ciota Ciara cave, the 

morphology of the natural blanks collected was the main factor affecting the 

choice of the knapping method. Levallois and discoid exploitation strategies are 

adapted to those morphologies with the aim to produce predetermined flakes 
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taking advantage of the convexities already present on the core surfaces and 

lightly modifying them when necessary (Appendix B).  

Concerning Payre – level D, different technological studies have already been 

performed on this lithic assemblage (Bouteaux et al., 2008; Moncel, 2008; 

Moncel et al., 2009, 2008b; Moncel and Chacon, 2007; Moncel and Patou-

Mathis, 2008; Rivals et al., 2009) but the present work focuses for the first time 

on the characteristics of the discoid technology present in this layer and on the 

differences in discoid reduction sequences depending on the raw materials 

employed. The results obtained highlight that those differences strictly depend 

on the raw material properties: flint allows to manage long and articulated 

reduction sequences while the results of knapping activities are more controlled 

on vein quartz only reducing the intensity of the core exploitation. Like at the 

Ciota Ciara cave, in Payre – level D is evident that the roughness of vein quartz 

discoid reduction sequence is only due to adaptations to the raw material 

properties.  

All the considered lithic assemblages are the result of technological behaviours 

clearly opportunistic that takes advantage from the natural morphologies of the 

cores to produce flakes with the wanted characteristics. The general low 

investment in the shaping of the cores’ convexities and the shortness of the 

reduction sequences emphasize the problem of identifying useful criteria for the 

identification of Levallois and discoid reduction strategies. This issue has been 

longer debated but almost the totality of the observations have been made 

concerning flint (Bargallò Ferrerons, 2008; Boëda, 1993; Delagnes, 1995; 

Delpiano and Peresani, 2017; Eren et al., 2011; Eren and Bradley, 2009; Eren and 

Lycett, 2012; Goval et al., 2016; Jaubert and Farizy, 1995; Peresani, 2001, 1998, 

2003; Picin and Vaquero, 2016). Flint often shows long and articulated reduction 
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sequences, with phases of reshaping of the core, and with several technological 

expedients used to maintain the core convexities (e.g. Brantingham and Kuhn, 

2001; Eren and Bradley, 2009). The presence of numerous variables in Levallois 

and discoid flint reduction sequences led to a huge variety of interpretations 

about the criteria defining this two knapping methods, creating a sort of 

typological classification of the variations observed in each context (e.g. Conard 

et al., 2004; Eren et al., 2014; Lycett and von Cramon-Taubadel, 2013). The 

technological analysis of non-flint raw materials highlights that some criteria 

considered to be diagnostic and distinctive for the identification of Levallois or 

discoid reduction sequences are not applicable to non-flint assemblages: 

presence of more or less intense phases of shaping of the core surfaces, 

preparation of the striking platform, and presence and the characteristics of the 

products referable to core maintenance (Boëda, 1994, 1993; Chazan, 1997; 

Peresani, 2003). All these elements are absent in the considered lithic 

assemblages and, in our opinion, the modalities of core shaping and 

maintenance, as well as the exploitation of one or two core surfaces in discoid 

knapping strategies, depend on a combination of different elements that are not 

detectable in the technological analysis, like the ability of the knappers, the 

contingency that determined the production of flakes and the span of time 

dedicated to flake production. Each of these factors can determine different core 

shaping and morphologies: elements depending on such unpredictable factors 

cannot be assumed as diagnostic elements for the identification of a knapping 

method. The only constant characteristics observed on the considered cores 

(Appendix A, B, C) are the débitage direction, parallel to the plane of intersection 

between the core surfaces for the Levallois method, secant for the discoid, and, to 

a greater extent, the way in which the volume of the core is perceived. As 
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mentioned before, non-flint raw materials give the chance to observe all the 

knapping sequence performed on a core, and in all the lithic assemblages 

analysed, starting from the same natural morphologies, two volumetric 

conception are clearly visible, attributable to the definition of the Levallois and 

the discoid methods (Boëda, 1994, 1993), and the variability observed in each 

assemblage in terms of intensity of exploitation and core configuration are due to 

adaptation strategies to the mechanical properties of the different raw materials 

employed, put into action by knappers with different knapping savoir faire and 

probably different needs (Slimak, 2003). 

The aim of lithic technology is to understand the technological behaviour of the 

human groups that based part of their subsistence on the production of lithic tools 

(Bar‐Yosef and Van Peer, 2009; Geneste, 1991; Leroi-Gourhan, 1964; Pelegrin et 

al., 1988; Slimak, 2003; Tixier, 1978). Classifications and categories are needed, 

i.e. Levallois and discoid, but they must be intended in their general meaning: 

they substantially correspond to two different ways of raw material exploitation, 

depending on how the volume of the core is perceived. Focusing on aspects linked 

more to contingencies proper of each specific context than to the essential 

definition of the methods makes us focus on aspects that are not significative for 

the aims of technological studies that, considered all together, should be able to 

broadly reconstruct the technological and economic behaviour of the Middle 

Palaeolithic European hunter-gatherer’s. To achieve this objective non-flint raw 

materials cannot be left behind, since as the present study highlights, they 

represent a significative portion of the hunter-gatherers’ economy, they provide 

interesting information and give rise to several considerations about the 

technological strategies and skills of Middle Palaeolithic knappers. 
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APPENDIX A 
 
Ciota Ciara cave: discoid and Levallois cores 
 

 

1. S.U. 13 - Vein quartz cores 

 

 

 
 
CC 13 E3 14. Vein quartz preferential Levallois core on pebble. One phase of exploitation; the core 
has been discarded before its exhaustion; three centripetal detachments prepare the distal and 
one of the lateral convexities of the knapping surface; the other lateral convexity is natural; three 
centripetal detachment prepare the striking platform surface in correspondence of the impact 
point of the preferential flake. The wanted product is an elongated medium sized flake. (from 
Daffara, 2011). 
 
 
 
 

 
 
CC 13 F3 172. Vein quartz recurrent centripetal Levallois core; one phase of exploitation; the core 
is exhausted; the striking platform surface is natural, and no preparation of the knapping surface 
is present; the wanted products are short and large oval flakes. (From Daffara, 2011) 
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CC 13 F3 79 n.c. Vein quartz discoid bifacial core on small pebble; one phase of exploitation; one 
of the surfaces is partially natural; the core has been discarded before its exhaustion; the wanted 
products are small short and large flakes obtained through centripetal removals. (From Daffara, 
2011) 
 
 
 
 
 

 
 
CC 13 F3 185. Vein quartz discoid bifacial core on small pebble; one phase of exploitation; one of 
the surfaces is partially natural; the core has been discarded before its exhaustion; the wanted 
products are small flakes obtained through centripetal detachments. (From Daffara, 2011) 
 
 
 
 
 
 

 
 
CC 13 F4 5. Vein quartz discoid unifacial core on a small pebble; one phase of exploitation; the 
core is exhausted; the striking platform surface is natural; the wanted products are small short 
and large flakes obtained through centripetal detachments. (From Daffara, 2011) 
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CC 13 F4 4. Vein quartz discoid bifacial core on a small pebble; one phase of exploitation; the core 
is exhausted; both the surfaces are partially natural; on the first knapping surface the wanted 
products are small flakes obtained through centripetal detachments; on the second knapping 
surface an elongated plunging flakes is obtained through a chordal removal. (From Daffara, 2011). 
 
 
 
 

 
CC 13-12 G3 153. Vein quartz bifacial discoid core; one phase of exploitation; the core has been 
discarded before its exhaustion; the wanted products are medium-sized large and elongated flakes 
obtained through centripetal and chordal removals.  
 

2. S.U. 13 Spongolite core 

 

 
 
CC 13-14 G4 259. Spongolite discoid bifacial core; one phase of exploitation; the core has been 
discarded before its exhaustion; fractures occurred during debitage; the wanted products are 
medium sized large and short flakes obtained through centripetal and chordal removals. 
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3. S.U. 14 Vein quartz cores 

 

 
 
CC 14 F4 117. Vein quartz preferential Levallois core on pebble (SN group); one phase of 
exploitation; the core is exhausted; the striking platform surface is natural; one removal 
perpendicular to the intersection between the two core surfaces prepares the portion of the 
striking platform surface in correspondence of the impact point of the preferential flake; the latera 
and distal convexities on the knapping surface are prepared through two centripetal and one 
chordal detachment.; the wanted products is an oval medium-sized flake. (From Daffara, 2011). 
 
 
 

 
 
CC 14 F4 16. Vein quartz preferential Levallois core on small pebble (SN group); one phase of 
exploitation; the core is exhausted; the convexity of the striking platform surface is prepared 
through three removals; the lateral convexity on the knapping surface are prepared through two 
centripetal detachments while the distal convexity is natural; the wanted product is a small 
quadrangular flake. (From Daffara, 2011). 
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CC 14 F4 89. Vein quartz preferential Levallois core on small pebble (SN group); one phase of 
exploitation; the core is exhausted; the striking platform surface is natural; one removal 
perpendicular to the intersection between the two core surfaces prepares the striking platform in 
correspondence of the impact point of the preferential flake; the wanted product is a small 
elongated flake. (From Daffara, 2011). 
 
 
 
 

 
CC 14 D3 101. Vein quartz recurrent centripetal Levallois core on pebble (SN group); one phase 
of exploitation; the core has been discarded before its exhaustion; the striking platform surface is 
prepared through four removals; no shaping of the convexities is present on the knapping surface; 
the wanted products are mediu-sized short and large flakes obtained through centripetal and 
chordal detachments, sometimes plunging. 
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CC 14 D3 48. Vein quartz preferential Levallois core on pebble (SN group); one phase of 
exploitation; the core has been discarded before its exhaustion; the striking platform surface is 
almost completely natural; the lateral and distal convexities of the knapping surface are prepared 
through three centripetal detachments; the wanted product is a medium-sized quadrangular 
flake. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
CC 14 D3 141. Vein quartz bifacial discoid core (SN group); one phase of exploitation; the core has 
been discarded before its exhaustion; the wanted products are short and large, in one case 
elongated, medium sized flakes obtained through centripetal and chordal detachments. 
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CC 14 D3 59. Vein quartz unifacial discoid core on pebble (NS group); one phase of exploitation; 
the core has been discarded before its exhaustion; the striking platform is natural; the knapping 
surface has been exploited through four centripetal removals to obtain short and large flakes. 
 
 
 
 
 
 
 
 

 
 
CC 14 D3 22. Vein quartz discoid core on pebble (NS group); one phase of exploitation; the core 
has been discarded before its exhaustion; both the surfaces are partially natural; the wanted 
products are medium-sized flakes, sometimes plunging, obtained through centripetal removals. 
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CC 14 D3 221. Vein quartz discoid core on pebble (NS group); the core has been just partially 
exploited through centripetal and chordal detachments; both surfaces are partially natural; the 
core has been discarded before its exhaustion; the wanted products are medium-sized plunging 
flakes. 
 
 
 
 
 
 
 
 
 

 
 
CC 14 D3 232. Vein quartz fragmented discoid core (SN group); one phase of exploitation; the 
core is exhausted; the wanted products are small elongated quadrangular flakes obtained through 
centripetal detachments. 
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CC 14 D4 232. Vein quartz discoid core on small block (NS group); both surfaces are partially 
natural; the wanted products are medium-sized flakes obtained through centripetal detachments. 
 
 
 
 
 
 
 
 

 
CC 14 D4 83. Vein quartz bifacial discoid core on pebble (NS group); two phases of exploitation 
are visible on one of the surfaces; the core has been discarded before its exhaustion; the wanted 
products are medium sized short and large flakes, sometimes plunging, obtained through 
centripetal detachments. 
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CC 14 D4 116. Vein quartz bifacial discoid core (NS group); one phase of exploitation; the core is 
exhausted; the wanted products are medium sized flakes, sometimes plunging, obtained through 
centripetal and chordal removals. 
 
 
 
 
 
 
 
 

 
 
CC 14 E3 98. Vein quartz bifacial discoid core on pebble (NS group); one phase of exploitation; 
the core has been discarded before its exhaustion; one of the surfaces is partially natural; the 
wanted products are short and large flakes obtained through centripetal detachments. 
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CC 14 D3 278. Vein quartz unifacial discoid core (NS group); two exploitation phases; the core 
has been discarded before its exhaustion; one of the surfaces is partially natural and a big removal 
prepares the striking platform; the wanted products are small and short flakes obtained through 
centripetal detachments. 
 
 
 
 
 
 
 
 
 
 

 
 
CC 14 E4 435. Vein quartz bifacial discoid core (SN group9; one phase of exploitation; the core 
has been discarded before its exhaustion; one of the surfaces is partially natural; the wanted 
products are small flakes, sometimes plunging, obtained through centripetal detachments. 
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CC 14 D3 313. Vein quartz bifacial discoid core on flake (SN group); one phase of exploitation; the 
core has been discarded before its exhaustion; the wanted products are medium sized 
quadrangular flakes, sometimes plunging, obtained through centripetal detachments. 
 
 
 
 

 
 
CC 14 E4 29. Vein quartz discoid core on pebble (NS group); after few detachments in a centripetal 
direction the core has been discarded; both the surfaces are partially natural; the wanted products 
are medium-sized elongated flakes. (From Daffara, 2011). 
 
 
 
 

 
 
CC 14 F3 116. Vein quartz discoid core on small pebble (SN group); one phase of exploitation; the 
core has been discarded before its exhaustion; the wanted products are small elongated flakes 
obtaine through centripetal detachments. (From Daffara, 2011). 
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CC 14 D3 281. Vein quartz unifacial discoid core (SN group); one phase of exploitation; The core 
has been discarded before its exhaustion; the striking platform surface has been prepared through 
a removal in chordal direction; the wanted products are medium-sized quadrangular flakes 
obtained through centripetal detachments. 
 
 
 

4. S.U. 14 Spongolite and flint cores 

 

 

CC 14 E3 485. Spongolite discoid core on a small polygonal block; the core has been discarded 
before its exhaustion; the wanted products are small flakes obtained through centripetal 
detachments. (From Daffara, 2011). 
 
 
 

 
CC 14 E4 522. Spongolite bifacial discoid core on a small polygonal block; one phase of 
exploitation; the core is exhausted; one of the surfaces is partially natural; the wanted products 
are small short and large flakes obtained through centripetal detachments. (From Daffara, 2011) 
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CC 14 D2 123. Fragmented flint unifacial discoid core; two exploitation phases are visible; the core 
is exhausted; the striking platform surface is natural; the wanted products are small short and 
large flakes obtained through centripetal detachments. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
CC 14 F3 143. Flint recurrent centripetal Levallois core; two exploitation phases are visible; the 
core is exhausted; most of the striking platform surface is natural; the wanted products are small 
elongated flakes sometimes plunging. 
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5. S.U. 15 Vein quartz cores 

 

 
 
CC 15-12 F3 141. Vein quartz unifacial discoid core (NS group) ; one phase of exploitation; the core 
has been discarded before its exhaustion; the striking platform surface is natural; the wanted 
products are medium-sized short and large flakes. 
 
 
 
 

 
 
CC 15-13 E2 60. Vein quartz unifacial discoid core on pebble (NS group) ; one phase of 
exploitation; the core has been discarded before its exhaustion; the wanted products are medium-
sized flake with a not-standardized morphology; a third surface, perpendicular to the others,  has 
been exploited before the abandonment to obtain an elongated flake.  
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CC 15-12 D3 755. Vein quartz unifacial discoid core on pebble (SN group); one phase of 
exploitation, the core has been discarded before its exhaustion; the wanted products are medium-
sized short and large flakes. 
 
 
 
 
 
 
 

 
 
CC 15 D3 1203. Vein quartz unifacial discoid core on flake (SN group) ; one phase of exploitation; 
the core is exhausted; the striking platform is the ventral face of a flake; the wanted products are 
small short and large quadrangular flakes obtained through centripetal detachments.  
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CC 15-13 E4 47. Vein quartz preferential Levallois core on pebble (NS group); one phase of 
exploitation; the core has been discarded before its exhaustion when a new phase of shapng of the 
striking platform surface would have been necessary to produce another Levallois flake; the 
striking platform surface is natural, the lateral and distal convexities of the stiking platform 
surface have been prepared through eight centripetal and chordal removals. 
 
 
 
 
 
 
 
 
 
 

 
 

CC 15-13 D2 1300. Vein quartz recurrent centripetal Levallois core (SN groups) ; one phase of 
exploitation ; the core is abandoned before its exhaustion; the striking platform surfaces is 
prepared through six centripetal removals and it is partially natural; The wanted products are 
medium-sized quadrangular flakes; one of the removal has a distal plunging. 
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6. S.U. 15 Spongolite cores 

 

 
 
CC 15-11 F3 375. Spongolite bifacial discoid core; two exploitation phases; the core has been 
discarded before its exhaustion; the wanted products are medium-sized flakes obtaine through 
centripetal detachments. 
 
 
 
 
 
 

 
 
CC 15-13 F3 183. Spongolite fragmented discoid core; one phase of exploitation; the core is 
exhausted; the wanted products are small quadrangular flakes, sometimes plunging. 
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CC 15-14 E2 83. Spongolite unifacial discoid core; one phase of exploitation; the core has been 
discarded before its exhaustion; the wanted products are medium-sized flakes, sometimes 
plunging, obtained through centripetal detachments. 
 
 
 
 
 
 
 

 
 
 
CC 15-13 F2 429. Spongolite bifacial fragmented discoid core; the core is exhausted; the wanted 
products are small short and large flakes. 
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7. S.U. 103 Vein quartz cores 

 

 

 
 
CC 103 F2 313. Vein quartz bifacial discoid core (NS group); one phase of exploitation; the core 
has been discarded before its exhaustion; one of the surfaces is partially natural; the wanted 
products are small short and large flakes. (From Daffara, 2011). 
 
 
 
 
 
 
 
 
 

 
 
CC 103-15 F2 83. Vein quartz discoid core (NS group) ; the core has been abandoned before its 
exhaustion; the presence of a concretion do not allow to read all the negatives present on the core; 
the wanted products are medium-sized short and large flakes, sometimes plunging.  

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



xxiii 

 

 
 
 
CC 103 F2 354. Vein quartz recurrent centripetal Levallois core on flake (NS group) ; one phase 
of exploitation; the core has been discarded before its exhaustion; the striking platform surface is 
partially natural; no evidence of shaping of the core surfaces is present; the wanted products are 
medium-sized short and large flakes, sometimes plunging. 
 

 

 

 

 

 

CC 103 F2 638. Vein quartz recurrent centripetal Levallois core on a small pebble (NS group); one 
phase of exploitation; the core is exhausted; the striking platform surface is partially natural; the 
wanted products are medium-sized short and large flakes, sometimes plunging.  
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Pedra Dreta and Can Garriga: discoid, 

centripetal and Levallois cores 
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APPENDIX B 
 
Pedra Dreta and Can Garriga: discoid, centripetal 
and Levallois cores 
 

1. Pedra Dreta 

 

 

PD A2-B 28. Syenite pebble –Unifacial discoid core: one phase of exploitation; the surfaces are 
hierarchized; the striking platform is partially natural (neocortex) and roughly prepared with two 
detachments; the débitage surface is exploited through four centripetal detachments to produce 
short and large flakes; the débitage direction is secant regarding the intersection plane of the two 
surfaces. 

 

 
 

PD RC A2 1. Quartz pebble (NS) – Unifacial discoid core: one phase of exploitation; the surfaces 
are hierarchized; the striking platform is partially natural (neocortex) and roughly prepared with 
one detachment; the débitage surface is exploited through five centripetal detachments to 
produce short and large flakes; the débitage direction is secant regarding the intersection plane 
of the two surfaces. 
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PD A2-D 69. Quartz pebble (NS) – Centripetal core: one phase of exploitation; the surfaces are 
not hierarchized; natural surfaces (fracture plans) are present on both side of the core; the 
production of centripetal flakes starts directly from the natural surfaces of the core; the débitage 
direction is secant regarding the intersection plane of the two surfaces. 

 

 

 

 

 

 

PD B3-C 48. Porphyry pebble – Recurrent centripetal Levallois core: one phase of exploitation; 
the surfaces are hierachized; the striking platform, partially natural (neocortex), is more convex 
than the débitage surface; the convexity of the striking platform is prepared through four 
detachments; the débitage surface is not prepared and it is exploited through four centripetal 
detachments to produce elongated flakes, three of which are debordant; the débitage direction is 
parallel regarding the intersection plane of the two surfaces. 
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PD B3-C 56. Syenite pebble – Recurrent centripetal Levallois core: one phase of exploitation; the 
surfaces are hierarchized; the striking platform, partially natural (neocortex) is more convex than 
the débitage surface; the convexity of the striking platform is prepared through four centripetal 
detachments; the débitage surface is not prepared and it is exploited through four centripetal 
detachments to produce elongated flakes or short and large flakes; the débitage direction is 
parallel regarding the intersection plane of the two surfaces. 
 

 

 

 

 

PD D4 83. Quartz pebble (NS)– Recurrent centripetal Levallois core: one phase of exploitation; 
the surfaces are hierarchized; the striking platform, partially natural (neocortex) is more convex 
than the débitage surface; the convexity of the striking platform is prepared through three 
centripetal detachments; the débitage surface is not prepared and it is exploited through four 
centripetal detachments to produce short and large debordant flakes; the débitage direction is 
parallel regarding the intersection plane of the two surfaces. 
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2. Can Garriga  
 

 

 

CG K22 9. Quartz pebble (SN) – Discoid core: one phase of exploitation; the surfaces are not 
hierarchized, and both are partially natural (fracture planes); the surfaces are exploited through 
four and two centripetal detachments respectively to produce short and large flakes; the débitage 
direction is secant regarding the intersection plane of the two surfaces. 

 

 

 

 

CG H21 9. Quartz pebble (NS)– Unifacial discoid core: one phase of exploitation; the surfaces are 
hierarchized, and both are partially natural (neocortex and fracture planes); the débitage surface 
is exploited through five centripetal detachments to produce short and large flakes; the débitage 
direction is secant regarding the intersection plane of the two surfaces. 
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CG H21 21. Quartz pebble (NN) – Unifacial discoid core: one phase of exploitation; the surfaces 
are hierarchized, and both are partially natural (neocortex or fracture planes); the débitage 
surface is exploited through four centripetal detachments to produce short and large flakes; the 
débitage direction is secant regarding the intersection plane of the two surfaces. 
 

 

 

 

 

 

CG H21 25. Quartz pebble (NS) – Unifacial discoid core: one phase of exploitation; the surfaces 
are hierarchized, and one is partially natural (neocortex); the débitage surface is exploited 
through four centripetal detachments to produce short and large flakes; the débitage direction is 
secant regarding the intersection plane of the two surfaces. 
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CG I 21 4.  Quartz pebble (NS) – Unifacial discoid core: one phase of exploitation; the surfaces are 
hierarchized, and one is partially natural (neocortex); the débitage surface is exploited through 
three centripetal detachments to produce large flakes; the débitage direction is secant regarding 
the intersection plane of the two surfaces. 

 
 

 

 

 

CG H21 7. Quartz pebble (NS) - Centripetal core: one phase of exploitation; the surfaces are 
hierarchized; the striking platform is natural (neocortex); the débitage surface is exploited 
through three detachments, two centripetal and one chordal respectively; the débitage direction 
is parallel regarding the intersection plane of the two surfaces that are equally convex. 
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CG R 50. Quartz pebble (NS) – Centripetal core: one phase of exploitation; the surfaces are 
hierarchized; the striking platform is natural (neocortex); the débitage surface is partially natural 
(neocortex) and exploited through three centripetal detachments; the débitage direction is secant 
regarding the intersection plane of the two surfaces that are equally convex. 

 
 
 
 
 
 
 
 

 

CG J21 13. Porphyry pebble – Centripetal core: one phase of exploitation; the surfaces are not 
hierarchized; one surface is partially natural (neocortex) and exploited through two centripetal 
detachments; the other surface direction is exploited through four centripetal detachments; the 
débitage direction is secant regarding the intersection plane of the two surfaces that are equally 
convex. 
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APPENDIX C 
 
Payre – Level D: discoid cores 
 
1. Vein quartz discoid cores 
 
 
 
 
 

 
 

Payre D 103. Discoid core on quartz (NS group) flake: one phase of exploitation; the core was 
discarded before its complete exhaustion; a partial shaping of the core would have been necessary 
to proceed with the exploitation; the débitage direction is secant with respect to the plan of 
intersection of the two surfaces; according to the seven visible detachments, the wanted products 
are large and short centripetal flakes. 
 
 
 
 

 
 
 
Payre D L6 98. Discoid quartz (SN group) core on pebble: one phase of exploitation; the core is 
exhausted; the exploitation started directly from the natural surface of the pebble; one of the 
surfaces is still partially natural; the débitage direction is secant with respect to the plan of 
intersection of the two surfaces; according to the six visible detachments, the wanted products are 
short, large and debordant flakes. 
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Payre D J11 D3 53. Discoid quartz (NS group) core on pebble: one phase of exploitation; the core 
is exhausted; the exploitation started directly from the natural surface of the pebble; both the 
surfaces are still partially natural; the débitage direction is secant with respect to the plan of 
intersection of the two surfaces; the last detachments are obtained through the exploitation of a 
third surface; according to the 5 visible detachments, the wanted products are short and large 
centripetal flakes; on the third knapping surface the wanted products are elongate flakes.  
 
 
 
 
 
 
 

 
 

Payre D P5. Discoid quartz (SN group) core on pebble: one phase of exploitation; the core is 
discarded before its complete exhaustion; a partial shaping of the core would have been necessary 
to proceed with the exploitation; one of the surfaces is still partially natural; the débitage direction 
is secant with respect to the plan of intersection of the two surfaces; according to the 7 visible 
detachments, the wanted products are elongated flakes obtained through centripetal and chordal 
detachments. 
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Payre D 108. Discoid quartz (SN group) core: one phase of exploitation; the core is discarded 
before its complete exhaustion; a partial shaping of the core would have been necessary to proceed 
with the exploitation; the débitage direction is secant with respect to the plan of intersection of 
the two surfaces; according to the 14 visible negatives, the wanted products are short and large 
flakes. 
 
 
 
 
 
 

 
 
 
Payre D P6 101. Discoid quartz (NS group) core on pebble: unifacial core; the core is discarded 
before its complete exhaustion; the surfaces are hierarchized and the striking platform surface, 
partially natural, is roughly prepared through two centripetal detachment; the débitage direction 
is secant with respect to the plan of intersection of the two surfaces; 5 centripetal negatives on the 
knapping surface show that the wanted products are short and large flakes while the last 
detachment, in a chordal direction, correspond to an elongated flake. 
 
 
 
 
 
 
 
 
 
 

UNIVERSITAT ROVIRA I VIRGILI 
NON-FLINT RAW MATERIALS IN THE EUROPEAN MIDDLE PALAEOLITHIC: VARIABILITY OF LEVALLOIS AND DISCOID KNAPPING 
METHODS AND STUDY OF THE SUPPLY AREAS. 
Sara Daffara 
 
 



xl 

 

 
 

Payre D N8 100. Discoid quartz (SN group) core on pebble: unifacial core; the core is exhausted; 
one phase of exploitation; the striking platform is natural; the débitage direction is secant with 
respect to the plan of intersection of the two surfaces; according to the 5 visible detachments, the 
wanted products are both short and large flakes (centripetal direction) and elongated flakes 
(chordal direction). 
 
 
 
 
 
 

 
 

Payre D1 N8 12. Discoid quartz (NS group) core on pebble: one phase of exploitation; the core is 
discarded before its complete exhaustion; a partial shaping of the core would have been necessary 
to proceed with the exploitation; the débitage direction is secant with respect to the plan of 
intersection of the two surfaces; according to the 4 visible detachments, the wanted products are 
short and large flakes. 
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Payre D 13. Discoid quartz (NS group) core on pebble: one phase of exploitation; the core is 
discarded before its exhaustion; a partial shaping of the core would have been necessary to 
proceed with the exploitation; the débitage direction is secant with respect to the plan of 
intersection of the two surfaces; one of the surfaces is still partially natural; according to the 7 
visible detachments, the wanted products are large centripetal flakes, sometimes debordant. 
 
 
 
 
 
 
 
 
 
 

 
 

Payre D M8 2287. Discoid quartz (NS group) core on pebble: two phases of exploitation; the core 
is exhausted; one of the surfaces is still partially natural; the débitage direction is secant with 
respect to the plan of intersection of the two surfaces; the detachments have both a chordal and a 
centripetal direction; according to the 12 visible detachments, the wanted products are short and 
large flakes, sometimes debordant. 
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2. Flint discoid cores 
 
 

 
Payre D N6 10. Discoid flint core on pebble: unifacial discoid core; the surfaces are hierarchized; 
the striking platform surface is roughly prepared through 5 centripetal and short detachments; 
part of the striking platform is natural; one phase of exploitation; the core has been discarded 
before its complete exhaustion; the débitage direction is secant with respect to the plan of 
intersection of the two surfaces; according to the 8 detachments visible on the knapping surface 
the wanted products are short and large centripetal flakes. 

 
 
 

 
 
Payre D K7 40. Discoid flint core: bifacial core; exhausted; two phases of exploitation are visible; 
according to the 14 visible detachments the wanted products are large flakes obtained through 
centripetal or chordal detachments; some of the flakes are debordant; the débitage direction is 
secant with respect to the plan of intersection of the two surfaces. 
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Payre D M7 91. Discoid flint core on pebble: unifacial core; the surfaces are hierarchized; the 
striking platform surface is almost totally natural, just one centripetal detachment is referable to 
a rough preparation of the surface; one phase of exploitation; the core is exhausted; according to 
the 4 visible detachments the wanted products are medium-sized large and short debordant 
flakes; the débitage direction is secant with respect to the plan of intersection of the two surfaces. 
 
 
 
 
 
 
 
 
 

 
 
Payre D P5 rem. Discoid flint core: bifacial core; two phases of exploitation; the core is exhausted; 
according to the 10 visible detachments the wanted products are short and large flakes; some of 
the detachments are debordant; the débitage direction is secant with respect to the plan of 
intersection of the two surfaces. 
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Payre D L8 140. Discoid flint core: bifacial core; two phases of exploitation are visible; the core is 
exhausted; according to the 10 visible detachments, the wanted products are short and large flakes 
obtained through centripetal and chordal detachments; some of the detachments are debordant; 
the débitage direction is secant with respect to the plan of intersection of the two surfaces.  
 
 
 
 
 
 

 
 
Payre D Q6 96. Discoid flint core on pebble: unifacial core; two phases of exploitation are visible; 
the core is exhausted; the surfaces are hierarchized; the striking platform surface is natural; 
according to the 9 visible detachments, the wanted products are short and large flakes obtained 
through centripetal detachments; some of the detachments are debordant; the débitage direction 
is secant with respect to the plan of intersection of the two surfaces.  
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Payre D O8 34. Discoid flint core: unifacial core; the core is exhausted; two phases of exploitation 
are visible; the surfaces are hierarchized; the striking platform surface is natural; according to the 
7 visible detachments, the wanted products are short and large debordant flakes obtained through 
centripetal detachments; the débitage direction is secant with respect to the plan of intersection 
of the two surfaces.  
 
 
 
 
 
 
 

 
Payre D3 N7 84. Discoid flint core: bifacial core; the core is exhausted; one phase of exploitation; 
according to the 6 visible detachments, the wanted products are short and large flakes obtained 
through centripetal detachments; the débitage direction is secant with respect to the plan of 
intersection of the two surfaces.  
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Payre D O8 135. Discoid flint core; unifacial core; the surfaces are hierarchized; the striking 
platform surface is natural; the core has been discarded before its complete exhaustion; according 
to the 4 visible negatives, the wanted products ae short and large flakes obtained through 
centripetal detachments; the débitage direction is secant with respect to the plan of intersection 
of the two surfaces. 
 
 
 
 
 
 
 

 
 
Payre D M7 55. Discoid flint core: bifacial core; one phase of exploitation; the core has been 
discarded before its complete exhaustion; according to the 10 visible detachments, the wanted 
products are short and large flakes obtained through centripetal detachments; the débitage 
direction is secant with respect to the plan of intersection of the two surfaces. 
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Payre D L7 221. Discoid flint core: bifacial core; the core is exhausted; according to the 7 visible 
detachments, the wanted products are short flakes obtained through centripetal detachments; 
some of the detachments are debordant; the débitage direction is secant with respect to the plan 
of intersection of the two surfaces. 
 
 
 
 
 
 
 

 
 
Payre D3 J11 50. Discoid flint core; bifacial core; the core is exhausted; according to the 9 visible 
detachments, the wanted products are small flakes obtained through centripetal or chordal 
detachments; the débitage direction is secant with respect to the plan of intersection of the two 
surfaces. 
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Payre D L7 102. Discoid flint core on flake: bifacial core; the core is exhausted; according to the 4 
visible detachments, the wanted products are medium-sized debordant flakes obtained through 
centripetal detachments; the débitage direction is secant with respect to the plan of intersection 
of the two surfaces. 
 
 
 

 
Payre D M8 107. Discoid flint core: bifacial core; the core is exhausted; according to the 4 visible 
detachments, the wanted products are short and debordant flakes obtained through centripetal 
detachments; the débitage direction is secant with respect to the plan of intersection of the two 
surfaces.  
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Payre D Q6 106. Discoid flint core: bifacial core; two phases of exploitation; the core is exhausted; 
according to the 15 visible detachments, the wanted products are medium-sized short flakes 
obtained through centripetal detachments; a third surface has been exploited to produce three 
flakes; the débitage direction is secant with respect to the plan of intersection of the two surfaces. 
 
 
 
 
 
 
 
 

 
 

Payre D P7 103. Discoid flint core: bifacial core; two phases of exploitation; the core is exhausted; 
according to the 16 visible detachments the wanted products are short and large flakes obtained 
through centripetal detachments; the débitage direction is secant with respect to the plan of 
intersection of the two surfaces. 
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Payre D K7 184. Discoid flint core: unifacial core; one phase of exploitation; the surfaces are 
hierarchized; the striking platform surface is prepared through 6 centripetal detachments; 
according to the 4 visible detachments, the wanted products are short and large debordant flakes 
obtained through centripetal and chordal detachments; the débitage direction is secant with 
respect to the plan of intersection of the two surfaces. 
 
 
 
 
 
 

 
 

Payre D 122. Discoid flint core on flake: unifacial core; the core is exhausted; one phase of 
exploitation; the surfaces are hierarchized; according to the 5 visible detachments, the wanted 
products are small, short and large flakes obtained through centripetal detachments; the débitage 
direction is secant with respect to the plan of intersection of the two surfaces. 
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Payre D M4-5 123. Discoid flint core on pebble: unifacial core; the core is exhausted; two phases 
of exploitation; the surfaces are hierarchized, and the striking platform surface is natural; 
according to the 8 visible detachments, the wanted products are short and large flakes obtained 
through centripetal and chordal detachments; the débitage direction is secant with respect to the 
plan of intersection of the two surfaces. 
 
 
 
 
 
 

 
 
Payre D L9 165. Discoid flint core: bifacial core; the core is exhausted; one phase of exploitation; 
according to the 5 visible detachments, the wanted products are medium-sized short and large 
flakes obtained through centripetal and chordal detachments; the débitage direction is secant 
with respect to the plan of intersection of the two surfaces. 
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Payre D P5 143. Discoid flint core: unifacial core; the core is exhausted; the surfaces are 
hierarchized and the striking platform surface is natural; two phases of exploitation; according to 
the 4 visible negatives, the wanted products are short and large debordant flakes obtained through 
centripetal detachments; the débitage direction is secant with respect to the plan of intersection 
of the two surfaces. 
 

 
 
 
 

 
Payre D3 L8 143. Discoid flint core: unifacial core; the core is exhausted; one phase of 
exploitation; the surfaces are hierarchized and the striking platform surface is partially natural; 
according to the 5 visible detachments, the wanted products are short and large flakes obtained 
through centripetal detachments; the débitage direction is secant with respect to the plan of 
intersection of the two surfaces. 
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Payre D J6 296. Discoid flint core on pebble: bifacial core; two phases of exploitation; the core is 
exhausted; one of the surfaces is partially natural; according to the 9 visible detachments, the 
wanted products are short and large flakes obtained through centripetal detachments; some of 
the detachments are debordant; the débitage direction is secant with respect to the plan of 
intersection of the two surfaces. 
 
 
 
 

 
Payre D M5 125. Discoid flint core: bifacial core; the core has been abandoned before its complete 
exhaustion; one phase of exploitation; the core is strongly affected by post-depositional 
alterations; according to the 4 visible detachments, the wanted products are big and large 
debordant flakes obtained through centripetal detachments; the débitage direction is secant with 
respect to the plan of intersection of the two surfaces. 
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Payre D P6 625. Discoid flint core: bifacial core; the core is exhausted; one phase of exploitation; 
according to the 7 visible detachments, the wanted products are short and large flakes obtained 
through centripetal detachments; the débitage direction is secant with respect to the plan of 
intersection of the two surfaces. 
 
 
 
 
 
 
 
 

 
 

Payre D 118. Discoid flint core: bifacial core; two phases of exploitation; the core is exhausted; 
according to the 12 visible detachments, the wanted products are short and large flakes obtained 
through centripetal detachments; the débitage direction is secant with respect to the plan of 
intersection of the two surfaces. 
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Payre D M4 29. Discoid flint core: unifacial core; the surfaces are hierarchized; the core is 
exhausted; the striking platform surface has been prepared through 8 centripetal detachments; 
according to the 7 detachments visible on the knapping surface, the wanted products are medium-
sized, short flakes obtained through centripetal and chordal detachments; the débitage direction 
is secant with respect to the plan of intersection of the two surfaces. 
 
 
 
 
 
 
 
 
 
 
 

 
 
Payre D O9 2. Discoid flint core: bifacial core; two phases of exploitation; the core is exhausted; 
according to the 8 visible detachments, the wanted products are short and large flakes obtained 
through centripetal and chordal detachments; the débitage direction is secant with respect to the 
plan of intersection of the two surfaces. 
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Payre D L-N6 119. Discoid flint core: unifacial core; two phases of exploitation; the core is 
exhausted; the surfaces are hierarchized; the striking platform surface has been roughly prepared 
through the detachment of a big centripetal flake; in the last phase of exploitation a third surface 
has been exploited to produce a medium-sized debordant flake; according to the 7 negatives 
visible on the knapping surface, the wanted products are short and large flakes, sometimes 
debordant and obtained through centripetal and chordal detachments; the débitage direction is 
secant with respect to the plan of intersection of the two surfaces. 
 
 

 
Payre D M5 8. Discoid flint core: bifacial core; the core is exhausted; two phases of exploitation; 
according to the 10 visible detachments, the wanted products are short and large flakes, obtained 
through centripetal detachments; the débitage direction is secant with respect to the plan of 
intersection of the two surfaces. 
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Payre D L6 121. Discoid flint core on flake: bifacial core; the core is exhausted; two phases of 
exploitation; according to the 9 visible detachments, the wanted products are small and large 
debordant flakes; the débitage direction is secant with respect to the plan of intersection of the 
two surfaces. 
 
 
 
 
 
 
 
 

 
 
Payre D L-N6 116. Discoid flint core: bifacial core; the core is exhausted; two phases of 
exploitation; according to the 12 visible detachments, the wanted products are medium-sized 
flakes obtained through centripetal detachments; the débitage direction is secant with respect to 
the plan of intersection of the two surfaces. 
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Payre D2 N5. Discoid flint core: unifacial core; the surfaces are hierarchized; the core is exhauste; 
the striking platform surface is prepared through 5 centripetal detachments, not too invasive; 
according to the 2 datachments visible on the knapping surface, the wanted products are medium-
sized short flakes obtained through centripetal detachments; the débitage direction is secant with 
respect to the plan of intersection of the two surfaces. 
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µ-XRF analysis 
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Appendix D 

µ-XRF analysis 

1. Rhyolite 
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CC 14 D4 121 (b) 
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CC 14 E3 260 

 

 

 

 

 

 

 

 

CC 14 E3 260 (b) 

 

 

 

 

 

 

 

CC 15-13 F3 1527 
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CC 15-13 F3 1527 (b) 

 

 

 

 

 

 

 

CC 15-13 F3 1527 (c) 

 

 

 

 

 

 

 

 

CC 15-13 F3 1527 (d) 
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CC 14-5 F2 825 

 

 

 

 

 

 

 

CC 14-5 F2 825 (b) 

 

 

 

 

 

 

 

 

CC 14-5 F2 825 (c) 
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CC 14 E3 1276 

 

 

 

 

 

 

 

CC 14 E3 1276 (b) 

 

 

 

 

 

 

 

Sessera Geological sample n°1 
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Sessera geological sample n°1 (b) 

 

 

 

 

 

 

 

Sessera geological sample n°2 

 

 

 

 

 

 

 

Sessera geological sample n°2 (b) 
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Sessera geological sample n° 3 

 

 

 

 

 

 

 

Sessera geological sample n°3 (b) 
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2. Radiolarite 

 

CC 14 F3 17 

 

 

 

 

 

 

 

CC 14 F3 17 (b) 
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CC 14 F3 53 
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CC 14 F3 53 (b) 

 

 

 

 

 

 

 

CC 14 F3 53 (c) 

 

 

 

 

 

 

 

CC 15-11 F3 26 
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CC 15-11 F3 26 (b) 

 

 

 

 

 

 

 

CC 15-11 F3 26 (c) 

 

 

 

 

 

 

 

CC 15-15 D3 68 
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CC 15-15 D3 68 (b) 

 

 

 

 

 

 

 

CC 15-15 D3 68 (c) 

 

 

 

 

 

 

 

Sangiano (VA) geological sample n° 2 
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Sangiano (VA) geological sample n° 2 (b) 

 

 

 

 

 

 

 

Sangiano (VA) geological sample n° 3 

 

 

 

 

 

 

 

Sangiano (VA) geological sample n° 3 (b) 
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Sangiano (VA) geological sample n° 4 

 

 

 

 

 

 

 

Sangiano (VA) geological sample n° 4 (b) 
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APPENDIX E 

Side works 

During the three years of the International Doctorate in Quaternary and 

prehistory I had the chance to work not only on my research project, but also to 

get in touch and collaborate with other researchers. In this appendix are 

presented the papers, already published, or recently submitted, concerning the 

results achieved thanks to these collaborations. 

• Berruti G.L.F., Bertè D., Caracausi S., Daffara S., Ferreira C., Garanzini F., 
Rubat Borel F., Scoz L., 2016. New evidence of human frequentations in 
the western Alps: the project “Survey Alta Valsessera (Piedmont - Italy)”. 
Quaternary International, 402, pp. 15-25. 

• Berruti G.L.F., Arnaud J., Arzarello M., Belo J., Berruto G., Caracausi S., 
Daffara S., Ferreira C., Reis C.H., Rosina P., Rubat Borel F., 2016. Geo-
archaeological survey in the Baragge Biellesi area. New data on the 
Middle Palaeolithic in Piedmont. Incontri annuali di preistoria e 
protostoria (2016), Vol. 1, pp. 92-93. 

• Bertè D., Caracausi S., Berruti G.L.F., Daffara S., Zambaldi M., Montanari 
Canini G., Arzarello M., Albini W., Miola V., Riboldazzi A., Siega G., Sellaro 
G., Panero E., submitted paper, First report on the Upper Pleistocene 
paleontological deposits from the Morgana Cave (Mt. Fenera, 
Borgosesia, Piedmont, Italy). Bollettino della Società Paleontologica 
Italiana. 

• Caracausi S., Berruti G.L.F., Daffara S., Bertè D., Rubat Borel F., submitted 
paper, Use of a GIS predictive model for the identification of high altitude 
prehistoric human frequentations. Results of the Sessera valley project 
(Piedmont, Italy). Quaternary International. 

• Angelucci D., Zambaldi M., Tessari U., Vaccaro C., Arnaud J., Berruti 
G.L.F., Daffara S., Arzarello M., sumitted paper, New insights on the 
Monte Fenera Palaeolithic (Italy): Geoarchaeology of the Ciota Ciara 
cave. Geoarchaeology. 

• Chelli Cheheb R., Arzarello M., Arnaud J., Berto C., Cáceres I., Caracausi 
S., Colopi F., Daffara S., Montanari Canini G., Huguet R., Karambatsou T., 
Sala B., Zambaldi M., Berruti G.L.F., submitted paper, Human behavior 
and Homo-mammals interaction at the first European peopling: new 
evidences from the Pirro Nord site (Apricena, southern italy). PloS One. 
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