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Abstract  37 

Defining the processes involved in the technical/cultural shifts from the Late Middle to the Early 38 

Upper Palaeolithic in Europe (~50-39 thousand years BP) is one of the most important tasks facing 39 

prehistoric studies. Apart from the technological diversity generally recognised as belonging to the 40 

latter part of the Middle Palaeolithic, some assemblages showing original technological traditions 41 

(i.e. Initial Upper Palaeolithic: Bohunician, Bachokirian; so called transitional industries: 42 

Châtelperronian, Szeletian, Lincombian-Ranisian-Jerzmanowician, Uluzzian; Early Upper 43 

Palaeolithic: Protoaurignacian, Early Aurignacian) first appear during this interval. 44 

Explaining such technological changes is a crucial step in order to understand if they were the result 45 

of the arrival of new populations, the result of parallel evolution, or of long-term processes of 46 

cultural and biological exchanges. 47 

In this debate Italy plays a pivotal role, due to its geographical position between eastern and western 48 

Mediterranean Europe as well as to it being the location of several sites showing Late Mousterian, 49 

Uluzzian and Protoaurignacian evidence distributed across the Peninsula. 50 

Our study aims to provide a synthesis of the available lithic evidence from this key area through a 51 

review of the evidence collected from a number of reference sites. The main technical features of 52 

the Late Mousterian, the Uluzzian and the Protoaurignacian traditions are examined from a 53 

diachronic and spatial perspective. 54 

Our overview allows the identification of major differences in the technological behaviour of these 55 

populations, making it possible to propose a number of specific working hypotheses on the basis of 56 

which further studies can be carried out. 57 

This study presents a detailed comparative study of the whole corpus of the lithic production 58 

strategies documented during this interval, and crucial element thus emerge: 1. In the Late 59 

Mousterian tools were manufactured with great attention being paid to the production phases and 60 

with great investment in inizializing and managing core convexities; 2. In contrast, Uluzzian lithic 61 

production proceeded with less careful management of the first phases of debitage, mainly 62 

obtaining tool morphologies by retouching. 3. In the Protoaurignacian the production is carefully 63 

organized and aimed at obtaining laminar blanks (mainly bladelets) usually marginally retouched. 64 

These data are of primary importance in order to assess the nature of the "transition" phenomenon 65 

in Italy, thus contributing to the larger debate about the disappearance of Neandertals and the arrival 66 

of early Modern Humans in Europe. 67 

 68 
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 70 

1. Introduction 71 

Between 50-39 ka cal BP, Western Eurasia was the scene of one of the most debated events in 72 

prehistory: the demise of the autochthonous Neandertal populations and their replacement by 73 

Modern Humans (hereafter MHs). Along with this crucial biological turnover, significant techno-74 

cultural changes took place among Palaeolithic hunter-gatherer societies, notably the introduction of 75 

novel lithic production techniques, of new bone and lithic tool types, as well as of the systematic 76 

use of ornamental objects and colouring substances (Mellars, 1989; Bar-Yosef, 2002). 77 

Understanding the dynamics that pushed this complex phenomenon requires an in-depth knowledge 78 

of the biological and cultural processes that drove it, which reveals the potential for adaptation and 79 

innovation amongst both late Neandertals and early MHs (Bar-Yosef, 2002; Hardy et al., 2008; 80 

d’Errico et al., 2012; Hublin, 2012; 2015; Villa and Roebroeks, 2014; Fu et al., 2014; Higham et al., 81 

2014; Hershkovitz et al., 2015; Pagani et al., 2015; Posth et al., 2016; d’Errico and Colagè, 2018). 82 

The period of interest falls in the middle of Marine Isotope Stage 3(MIS 3: 60–30 ka cal BP) and 83 

was climatically unstable, with temperate phases interrupted by cold and often arid episodes in 84 

southern Europe known as Heinrich Event 5 (49-47 ka) and Heinrich Event 4 (40.2-38.3 ka) 85 

(Sánchez Goñi et al., 2008; Müller et al., 2011; Blockley et al., 2012). Further, HE 4 closely 86 

followed the volcanic event known as the Campanian Ignimbrite (40Ar/39Ar age: 39.85 ± 0.14 ka; 87 

Giaccio et al., 2017 and references therein).  88 

In this context, both Neandertals and MHs had to develop, renew and update their ability to exploit 89 

resources in an environment characterized by highly diverse geomorphological and latitudinal 90 

conditions that often rapidly fluctuated as a result of climate change (Davies and Gollop, 2003; 91 

Davies et al., 2003; 2015; Stewart et al., 2003; Van Andel et al., 2003; Lowe et al., 2012).  92 

As for the 50-39 ky cal BP interval, Hublin (2015) tentatively proposed the following four-part 93 

division of the cultural entities of Europe during MIS 3: 1. the Middle Palaeolithic techno-94 

complexes; 2. the Initial Upper Palaeolithic techno-complexes (Emirian, Bohunician, Bachokirian) 95 

currently limiteded to eastern and central Europe; 3. the so-called "transitional" techno-complexes: 96 

the Châtelperronian and the Uluzzian in Western/Mediterranean Europe, the Neronian in southern 97 

France, the Lincombian-Ranisian-Jerzmanowician in Northern Europe and the Szeletian in Central-98 

Eastern Europe; 4. the Upper Palaeolithic techno-complexes, namely the Protoaurignacian, Early 99 

Aurignacian, and Aurignacian techno-complexes. 100 

The problem is that the four groups of techno-complexes almost completely overlap chronologically 101 

(e.g.Douka et al., 2014; Higham et al., 2014) and that, except for the Middle Paleolithic which is so 102 



far associated with Neanderthals (e.g. Schmitz et al., 2002; Lalueza-Foxet al., 2005 but cf. Harvati 103 

et al., 2019), very few of the assemblages composing them are associated with diagnostic human 104 

remains (e.g. Benazzi et al., 2011; Hublin, 2015; Gravina et al., 2018). 105 

This, of course, raises the thorny question of whether one can extrapolate the biological identity of 106 

the makers (Neandertals or MHs) of a given assemblage based on an association at other sites, 107 

which on the strength of current evidence seems unwarranted (Hublin, 2015; Kuhn, 2018; Slimak, 108 

2018).  109 

Italy plays a pivotal role in this ongoing debate due to both its geographical position between 110 

eastern and western Mediterranean Europe, as well as to its vast ecological diversity. Numerous 111 

Late Mousterian, Uluzzian and Protoaurignacian sites, distributed across the Peninsula, provide us 112 

with the empirical basis for studying continuities and discontinuities in this mosaic of local 113 

traditions and new technological trends. 114 

In Italy, the Mousterian is attributed to the Neandertals based on the association between 115 

Mousterian lithic assemblages and Neandertals fossils (Palma di Cesnola, 1996) at Buca del Tasso 116 

(Cotrozzi et al., 1985), Grotta delle Fate (Giacobini et al., 1984), Grotta Fumane (Benazzi et al., 117 

2014), Riparo Tagliente (Arnaud et al., 2016), Grotta Nadale (Arnaud et al., 2017), Grotta Breuil 118 

(Manzi and Passarello, 1995), Grotta del Fossellone (Mallegni, 1992), Grotta Guattari (Arnaud et 119 

al., 2015), Riparo del Molare (Mallegni and Ronchitelli, 1987), Grotta del Cavallo (Messeri and 120 

Palma di Cesnola, 1976; Fabbri et al., 2016), Grotta del Bambino (Blanc, 1962a; 1962b), Grotta 121 

Taddeo (Benazzi et al., 2011). The Late Mousterian is mainly characterised by the use of Levallois, 122 

discoid and unidirectional volumetric debitage, with a preference for the production of elongated 123 

blanks in its latest stages (e.g. Peresani, 2012; Gennai, 2016; Carmignani, 2017; Marciani, 2018). 124 

Sporadic use of ornaments (Romandini et al., 2014) and bone tools is documented (Jéquier et al., 125 

2012; Romandiniet al., 2015). 126 

The Uluzzian is currently considered to bea product of MHs (Benazzi et al., 2011, Moroni et al., 127 

2013, 2018a; for an opposing view see Zilhão et al., 2015, Villa et al., 2018) mainly due to the two 128 

decidous teeth of Grotta del Cavallo. Its hallmarks are the significant use of the bipolar technique, 129 

the presence of lunates and the abundance of end-scrapers (Palma di Cesnola 1989; Riel-Salvatore 130 

2009; Moroni et al., 2018a).  131 

The Protoaurignacian is attibuted to MHs, as it has been confirmed by the two MH incisors 132 

retrieved at Riparo Bombrini and Grotta di Fumane (Benazzi et al., 2015). The main features of this 133 

techno-complex are cores meant for the recurrent production of blades and bladelets, as well as the 134 

use of marginally backed bladelets (Falcucci et al., 2018a, 2018b; Negrino and Riel-Salvatore, 135 

2018, Riel-Salvatore and Negrino, 2018a). Both the Uluzzian and the Protoaurignacian are 136 



characterised by the occurrence of ornaments on marine shells, of bone points and of colouring 137 

substances, though there is some regional differention in their distribution across the Peninsula 138 

(Stiner, 1999; d’Errico et al., 2012; Tejero and Grimaldi, 2015 and see Arrighi et al., in this special 139 

issue). 140 

The foremost aim of this paper is to give an updated synthesis of the lithic assemblages occurring 141 

during the "MP-UP transition" in Italy. We want to evaluatete chnological changes involved, based 142 

on a critical review of the lithic techno-complexes in Italy found in layers from key stratified 143 

reference sites reliably dated to MIS3. This study intends to lay the foundations for the research 144 

already underway and to highlight gaps in our knowledge that remain to be filled by future work. 145 

 146 

1.1 Geographical distribution, stratigraphies and chronology 147 

Sites are not evenly distributed, and several areas, such as the Po plain, the Apennine chain, the 148 

Adriatic coastal belt and the main islands, appear at the moment devoid of human occupation during 149 

MIS3, possibly due to the late Pleistocene-Holocene geomorphic evolution of these regions 150 

(Antonioli and Vai, 2004). Conversely, there are some regions/districts of variable size with clusters 151 

of sites (Figure 1). This pattern, which remains unvaried from the Late Mousterian to the Uluzzian 152 

until the Protoaurignacian independently of the number of sites involved, results from a 153 

combination of causes such as: 1) the occurrence of climatically and environmentally favourable 154 

niches; 2) the possibility that several sites were eroded or buried because of geological events; 3) 155 

the Late-glacial and Holocene marine transgression which submerged coastal sites (Antonioli, 156 

2012); and 4) the uneven spatial distribution and development of field investigation and research. 157 

The presence of the Late Mousterian, the Uluzzian and the Protoaurignacian has been ascertained in 158 

many caves and rock shelters, four of which (Grotta di Fumane, Grotta La Fabbrica, Grotta di 159 

Castelcivita, Grotta della Cala) have yielded sequences containing all three techno-complexes. In 160 

these sites, the sequence (from the bottom) is consistently Mousterian – Uluzzian – 161 

Protoaurignacian, according to both the stratigraphic position and the chronological data (Figure 162 

2a). Otherwise, in the absence of the Uluzzian, the sequence is Mousterian – Protoaurignacian 163 

(Mochi and Bombrini) or Mousterian – Uluzzian (Grotta del Cavallo, Riparo del Broion) (Figure 164 

2b). No evidence of interstratification has ever been found in Italy. Importantly, a stratigraphic 165 

discontinuity, usually represented by volcanic layers, erosional events or sedimentary hiatuses, 166 

recurs between the Mousterian and the overlying layers in southern Italy, suggesting a break in the 167 

human occupation of these sites (Fumanal, 1997; Peresani et al., 2014; Moroni et al., 2018a; 168 

Zanchetta et al., 2018) and in Liguria at Riparo Mochi (Grimaldi et al., 2014). 169 



In the Salento region, several sites with Uluzzian occupations (Grotta del Cavallo, Grotta di Uluzzo, 170 

Grotta di Uluzzo C, Grotta di Serra Cicora, Grotta Mario Bernardini and Grotta delle Veneri) are 171 

clustered within an area of a few km2. Among these, Grotta del Cavallo remains up till now the type 172 

site, with optimal condition for studying the Uluzzian in its chrono-cultural development. Here 173 

three main phases have been identified: the archaic Uluzzian (layer EIII), the evolved Uluzzian 174 

(layers EII-I) and the late (or upper) Uluzzian (layer D) (Palma di Cesnola, 1993). The archaic 175 

Uluzzian is also recorded at Bernardini (layer AIV); while the Upper Uluzzian has been found at 176 

Uluzzo (layer N), Uluzzo C (layers D-C) and Bernardini (layer AII-I). According to Palma di 177 

Cesnola, the very final Uluzzian is absent at Grotta del Cavallo. It has, however, been identified in 178 

the nearby cave of Serra Cicora (horizon D of layer B) where it is followed by the so-called 179 

"Uluzzo-Aurignaziano" (A, B and C of layer B) (Palma di Cesnola, 1993). Outside Apulia the 180 

archaic phase is not recorded: Grotta della Cala and Grotta di Castelcivita (Campania) yielded 181 

evidence of the final and evolved phases respectively (Benini et al., 1997; Gambassini, 1997). 182 

Grotta della Fabbrica (Tuscany) contains a late or final Uluzzian occupation (Dini and Conforti, 183 

2011; Dini and Tozzi, 2012; Villa et al., 2018), and Grotta di Fumane and Riparo del Broion have 184 

been attributed to the evolved Uluzzian (Peresani et al., 2019). 185 

The boundary between the Middle and the Upper Palaeolithic falls in a time span close to the limit 186 

of radiocarbon dating capability. However, over the last years, advancements in dating methods, 187 

such as 14C, TL and OSL, have significantly improved the reliability of dates on charcoal (ABOx) 188 

bone (ultrafiltration), shells and sediments (Higham, 2011), leading to refine the timing of the 189 

Middle to Upper Palaeolithic shift in Europe. According to Higham and colleagues (2014), MHs 190 

and indigenous populations coexisted in Europe for at least 5,400 -2,600 years (probability: 95.4%), 191 

since Neandertals definitively disappeared from western and central Europe about 41,030-39,260 192 

years cal BP. 193 

Due to the intense activity of Italian volcanoes, Mediterranean Palaeolithic stratigraphic sequences 194 

often contain tephra layers, which represent important chronological markers also functioning as 195 

isochrons on a large geographical scale. At Grotta del Cavallo the whole Uluzzian package is 196 

sandwiched between two tephra layers (Fa and CII) - the Y-6 green tuff of Pantelleria and the Y-5 197 

Campanian Ignimbrite (CI) dated at 45.5 ± 1.0 ka and 39.85 ± 0.14 ka respectively (Zanchetta et al., 198 

2018). The latter of which embodies, in fact, the very chronological limits of the Uluzzian techno-199 

complex in southern Italy (Table 1 SM, Figure 3). These limits are entirely consistent with the 200 

radiocarbon chronological model obtained from the same site (Benazzi et al., 2011; Douka et al., 201 

2014). Tephra layers attributed to the CI were found to seal the Protoaurignacian at the Campanian 202 

sites of Castelcivita (Gambassini, 1997) and Serino (Accorsi et al., 1979) and overlie the Uluzzian 203 



context at Klissoura Cave (Greece) (Koumouzelis et al., 2001; Stiner et al., 2007) and a possible 204 

Uluzzian evidence at Crvena Stijena (Montenegro) (Mihailović and Whallon, 2017; Morin and 205 

Soulier, 2017). 206 

Based on the radiometric evidence, from 50 to 39 ka cal BP the Italian territory is characterised by 207 

the synchronous occurrence of various cultural entities both in the North and in the South (Figure 208 

4). Although Grotta della Cala is one of the key sequences of the MP to UP transition in Italy (and 209 

for this reason has been included in Table 1 SM; Figure 1), radiocarbon dates obtained from this site 210 

for the Uluzzian and Protoaurignacian levels must be considered unreliable as they are much too 211 

young relative to those for comparable assemblages at other sites. This issue is currently under 212 

investigation and a new dating project, including OSL dating, has been launched at this cave by the 213 

Oxford University Lab. As research currently stands, the oldest evidence of the Uluzzian is 214 

recorded in southern Italy (Grotta del Cavallo) (Benazzi et al., 2011; Zanchetta et al., 2018), 215 

whereas the oldest dates relating to the Protoaurignacian have been found in northern Italy (Mochi 216 

and Fumane) (Douka et al., 2012; 2014) (Table 1 SM; Figure 3). Assuming that exogenous 217 

populations of MHs introduced both the Uluzzian and the Protoaurignacian, radiometric data seem 218 

to indicate different migration routes. If the available dates converge to suggest a quasi-linear north-219 

to-south diffusion of the Protoaurignacian (Palma di Cesnola 2004b), a different and more complex 220 

model seems to apply to the Uluzzian. Admitting the notion of an external provenance of this 221 

technocomplex (Moroni et al.,2013) (contrary to a local origin and development of it, see for 222 

instance Greenbaum et al., 2018), there is the possibility that the Uluzzian groups followed two 223 

different routes into Italy: the one through the Otranto channel up to the Ionian coast of the Salento 224 

and the other along the Balkanic coast of the Adriatic and then across the now-submerged Great 225 

Adriatic Plain up to the Colli Berici. The occurrence of several Uluzzian assemblages along the 226 

Tyrrhenian side as far north as Tuscany could be explained by Uluzzian groups migrating northwest 227 

from the core area in the Salento. This hypothesis is consistent with the more recent chronologies of 228 

the Campanian (Castelcivita, Cala) and the Tuscan (La Fabbrica) (Villa et al., 2018) assemblages. 229 

 230 

2 Material and Method 231 

2.1 Analytic Method 232 

In order to build a consistent reference section, we conducted a thorough review of the relevant 233 

scientific literature for the interval 50,000-39,000 years BP, limiting our geographical scope to 234 

Italy. The bibliographic references are based on main scientific publications such as journal articles, 235 

Master’s and PhD theses, conference proceedings and other subject-specific publications in English, 236 

Italian, Spanish and French.  237 



All the data was registered and standardised in an Access database. The criteria recorded to refer to 238 

the general characterisation of an assemblage and its location are: name of the site, type of site, 239 

geographical coordinates (when available), region, levels. For the chronology, we collected: MIS, 240 

laboratory code, date range, dating method, calibrated BP range (68,2%), indirect dating. Finally, 241 

for the lithic collection, which is the main object of this work, we recorded information about the 242 

structural conception of debitage (Boëda, 2013) and concept and method of debitage (Inizan et al., 243 

1995): discoid (Boëda, 1993; Peresani, 2003); Levallois, preferential or recurrent unipolar, 244 

centripetal or convergent (Boëda, 1994); Kombewa (Owen, 1938); SSDA (Forestier, 1993); laminar 245 

and lamellar debitage (Boëda 1990; Révillion & Tuffreau 1994); and target product (flake, flakelets, 246 

blade, bladelets) (Inizan et al.,1995); then the types of most commonly used raw material (e.g. 247 

chert, jasper, limestone, siliceous limestone) and the type of initial block (pebbles, nodules, slabs or 248 

others).  249 

For the Mousterian, we documented 29 assemblages drawn from 24 sites, most of them recently 250 

studied with the technological approach so almost all the data were updated and available. For the 251 

Uluzzian, we documented 13 assemblages from 11 archaeological sites. However, only five 252 

assemblages were published: Cavallo E III (Moroni et al., 2018a), Colle Rotondo (Villa et al., 253 

2018), Fabbrica 2 (Villa et al., 2018), Riparo Broion 1f, 1g (Peresani et al., 2019), and Fumane A3 254 

(Peresani et al., 2016, 2019). Castelcivita rsa”, rpi, pie and rsi; Uluzzo C and Cavallo EII-I and D 255 

are currently under investigation so we present here unpublished data. For the Protoaurignacian, we 256 

documented assemblages from 9 sites; however technological data are currently available only for 257 

Fumane A1-A2 (Falcucci et al., 2017; 2018; Falcucci and Peresani, 2018), Mochi G (Bertola et al., 258 

2013; Grimaldi et al., 2014) and Bombrini A1-3 (Riel-Salvatore, 2007; Negrino and Riel-Salvatore, 259 

2018; Riel-Salvatore and Negrino, 2018a and b). It is clear that there is a disparity of studied 260 

assemblages across the three techno-complexes, which is the result of a combination of the amount 261 

of studied sites, the analytical protocol use, and the accessibility of raw data. For this reason, in this 262 

paper, we only present qualitative data. For a specific evaluation of quantitative data for each 263 

site/assemblage, it is necessary the access to raw data which is not available at the moment. 264 

 265 

2.2 Vocabulary and epistemological basis 266 

In lithic studies, vocabulary is a problematic issue because it reflects distinct schools of thought and 267 

different approaches. Thus adopting a particular vocabulary requires the comprehension of the 268 

philosophical and epistemological world from which it derives. Consequently, choosing a particular 269 

terminology is both an epistemological choice and a philosophical statement. 270 



One of our most challenging tasks was to standardise the terms that each scholar used to refer to 271 

each matter relating to lithic studies (i.e. technique, method and concept of debitage) in order to be 272 

able to compare assemblages studied by scholars with distinct backgrounds. In order to give here a 273 

comprehensive representation of this vocabulary relating to specific lithic production, we chose to 274 

interpret the available bibliography according to Boëda (2013). 275 

The ‘Boëda approach’ is used by a restricted group of researchers and has been codified in the 276 

recent text “Techno-logique & Technologie: Une paléo-histoire des objets lithiques 277 

tranchants”(Boëda 2013). This volume admittedly articulates a novel framework that has been 278 

criticized by some as lacking in general descriptive potential and applicability (Frick and Herkert, 279 

2014). However, because it allows for a systematic definition of each assemblage, we have adopted 280 

it here because it allows an evaluation not only of the technical features of each stone tool, but also 281 

the ideal template on which it was based and that characterises each techno-complex. Especially as 282 

concerns cores, it help to overcome the limitation imposed by classifications based solely on core 283 

morphology or scar directions and permits a complete comprehension of the volumetric and 284 

structural identity of each item. 285 

Depending on the management of the block to be flaked, its volumetric and structural analysis, and 286 

the end-products, Boëda establishes a fundamental division between additional and integrated core 287 

types. 288 

The additional core types include pieces where only part of the volume of the block is utilized as a 289 

core. That is, the core is made up of two independent parts: one is the active volume or the used 290 

portion, alias the core sensu stricto; the other is the passive volume, the block portion which is not 291 

necessary for the realization of the objective. Thus, in an additional core it is possible to have two or 292 

more useful volumes (cores) in the same block, which means two or more series of blank can be 293 

knapped completely independently of each other. Among others, the types of debitage identified as 294 

additional are: debitage of orthogonal planes and opportunistic surface exploitation, system par 295 

surface de débitage alterné - SSDA (Forestier, 1993; Ashton et al., 1994), volumetric laminar 296 

production without management of convexities (Guilbaud and Carpentier, 1995; Boëda, 1997), 297 

kombewa reduction sequence (Owen, 1938a) unipolar, bipolar and centripetal surfaces debitage 298 

(Bordes, 1961; Otte et al., 1990; Boëda et al., 1996; de Lumley and Barsky, 2004; Vallin et al., 299 

2006), debitage of axial plan, and debitage aimed at producing triangular flakes (Locht et al., 2003; 300 

Marciani, 2018). 301 

The integrated types comprise pieces in which the entire volume is used as a core, i.e. the whole 302 

volume of a core is involved in the realisation of products. The core in its entirety is an integral part 303 

of a comprehensive productive synergy. Moreover, considerable effort is invested in the first phases 304 



(initialisation and configuration) of core reduction. From the very beginning of the reduction, the 305 

knapper is working to realise a specific, predetermined stone product. Integrated cores are thus able 306 

to produce a recurrent series of products following a high degree of pre-planning. The types of 307 

debitage identified as integrated are: discoid, pyramidal, Levallois and laminar (Boëda, 2013). 308 

This distinction allows us to consider technological parameters in combination with behavioural 309 

factors. The differentiation of types is based on the evidence produced by specific human actions, 310 

by which we can describe the degree of predetermination used to obtain the target object and the 311 

degree of pre-planning involved in block selection and in the management of the flaking activity 312 

(Marciani, 2018). 313 

Regarding integrated concepts, such as Levallois, discoid and lamellar productions, there is general 314 

uniformity, whereas interpreting the vocabulary relating to other production modes was a bit more 315 

difficult. Therefore, in order not to misrepresent data, we expanded the categories by considering as 316 

additional all the productions labelled in the literature as: SSDA, Kombewa, Kombewa sensu latu, 317 

opportunistic, volumetric debitage (with no management of the convexities), semi-turning debitage, 318 

orthogonal debitage, unipolar, bipolar and centripetal surface debitage. We are well aware that this 319 

is a simplification of Boëda’s method, due to the fact that we had to apply it on data taken from 320 

already published papers. This admittedly runs the risk of over simplifying each assemblage's actual 321 

characteristic. However, in order to develop a synthetic overview over time and space scales as 322 

large as the ones under consideration here, we needed to apply some key parameters, which proved 323 

useful for comparing sites studied by different scholars with different approaches, and to various 324 

depth. 325 

 326 

3 Mousterian 327 

The Late Mousterian has a patchy distribution across Italy. It is characterised by the dominant use 328 

of the Levallois concept, which is widely utilised in most sites in all its modalities, especially the 329 

recurrent ones. In north eastern Italy, the Levallois unipolar modality turns to centripetal in the last 330 

exploitation stages at Fumane (Peresani, 2012) and San Bernardino (Peresani, 1996). However, an 331 

alternance of the Levallois with the discoid is reported from Fumane and Rio Secco (Peresani, 332 

2012; Peresani et al., 2014; Delpiano et al., 2018). In the northwestern part of Italy (the Ligurian - 333 

Provencal arc), the Levallois and the discoid concepts either coexist (Bombrini, Mochi, Principe – 334 

Grimaldi and Santaniello, 2014; Rossoni-Notter et al., 2017; Negrino and Riel-Salvatore, 2018; 335 

Riel-Salvatore and Negrino, 2018b), or only the discoid debitage occurs (see, e.g. layer II Arma 336 



delle Manie; Leger, 2012). Discoid debitage is also characteristic of the Late Mousterian in some 337 

Apulian sites, such as Cavallo and Bernardini (Carmignani, 2011; 2017; Romagnoli, 2012). 338 

Sites in Central Italy are also characterised by the prevalence of the Levallois debitage. Some of 339 

them, like Grotta Breuil and Grotta dei Santi share similar geomorphological settings, and they both 340 

exploited small pebbles using recurrent unipolar Levallois debitage limited to one or two 341 

generations of target objects (Grimaldi and Spinapolice, 2010; Grimaldi and Santaniello, 2014; 342 

Moroni et al., 2018b).  343 

The sites located in southern Italy are characterised by a predominance of Levallois debitage 344 

utilising recurrent unipolar and convergent modalities which, at the end of the reduction sequence, 345 

usually changed to a centripetal or preferential modality. This pattern is mainly found at Riparo del 346 

Poggio (Caramia and Gambassini, 2006; Boscato et al., 2009), Castelcivita (Gambassini, 1997) and 347 

at Oscurusciuto (Marciani et al., 2016; 2018; Spagnolo et al., 2016; 2018; Ranaldo, 2017; Marciani, 348 

2018). 349 

In the Salento, at Grotta Romanelli, the Levallois sequence follows two dominant recurrent 350 

modalities: the centripetal and the unidirectional; at Grotta Mario Bernardini the recurrent 351 

centripetal Levallois predominates, like at Uluzzo C (Spinapolice 2018a; 2018b).  352 

The production of blades is also known from several sites: on the one hand, as a Levallois end-353 

product mainly at Fumane (Peresani, 2011; Gennai, 2016), Riosecco (Peresani et al.,2014), Monte 354 

Netto (Delpiano et al., in press), Mochi (Grimaldi and Santaniello, 2014), Poggio (Caramia and 355 

Gambassini, 2006), Castelcivita (Gambassini, 1997), Oscurusciuto (Ranaldo et al., 2017; Marciani, 356 

2018), Cavallo and Bernardini (Carmignani, 2011); on the other hand, as a unipolar volumetric 357 

debitage, at Fumane (Peresani, 2011), Madonna dell’Arma (Cauche, 2007), Grotta dei Santi (study 358 

ongoing), Grotta Breuil (Grimaldi and Santaniello, 2014) Grotta Reali (Arzarello et al., 2004) and 359 

Oscurusciuto (Ranaldo et al., 2017). The sporadic production of bladelets is attested at the sites of 360 

Fumane (Peresani and Centi di Taranto, 2013; Peresani et al., 2016), Grotta dei Santi (Moroni et 361 

al.,2018b), Oscurusciuto (Marciani et al., 2016; Marciani 2018), and Cavallo (Carmignani, 2010). 362 

Blades and bladelets were produced by utilising both Levallois and volumetric debitage, adapting 363 

and controlling the reduction sequences to suit a variety of raw blocks, such as pebbles, slabs and 364 

nodules. 365 

The essential characteristics of the Italian Late Mousterian can be summarised as follows. 366 

Raw material procurement 367 

The raw material procurement exploits mostly local or circum-local sources and, exceptionally 368 

exogenous sources (Spinapolice, 2012; Delpiano et al., 2018). The reduction is applied to a great 369 

variety of block types, such as pebbles, nodules, and slabs (Figure 5) (Table 1). 370 



Concepts of debitage 371 

We note the general occurrence of integrated production methods (the Levallois, and to a lesser 372 

extent, the discoid), which predominated over additional methods (unidirectional volumetric 373 

debitage, opportunistic debitage, SSDA, kombewa). 374 

Direct percussion is carried out freehand with a hard hammerstone. In some sites, bipolar knapping 375 

on anvil also occurs, although at very low frequencies (Figure 6) (Table 1). 376 

Objective of debitage 377 

Production is mainly aimed at obtaining flakes, elongated supports, blades and occasionally 378 

bladelets (Figure 6, 7) (Table 1). 379 

Retouched tools 380 

There is a systematic production of scrapers, mostly side-scrapers with variable evidence of 381 

reduction leading to the appearance of double converging and thinned types (Figure 6, 7) (Table 1). 382 

Notably, the major technical effort occurs mostly in the production phase and not in the 383 

transformation/curation phases. 384 

 385 

4.Uluzzian 386 

The Uluzzian was initially identified by A. Palma di Cesnola (1963; 1964) at Grotta del Cavallo, 387 

Uluzzo bay (Salento, Apulia), in 1963-64. Between 1963 and 2004 (Palma di Cesnola, 2004b), he 388 

published extensively on the new techno-complex, using then-current methods (i.e., largely the 389 

Laplace typology). Since then, there has been a certain confusion in the literature regarding the 390 

technological features of the Uluzzian, this being essentially due to two related factors: a) the use of 391 

the fundamentally typological studies of Palma di Cesnola as a point of reference, owing to the 392 

absence of an exhaustive modern revision of the Uluzzian lithic material in general; b) the 393 

attribution to this cultural entity of layers A3 and A4 of Grotta di Fumane, regardless of the clearly 394 

Mousterian component shown overall by layer A4 (Peresaniet al., 2016). This latter component is 395 

reported by Peresani et al., (2016, 2019) as a key aspect of the earliest Uluzzian (for an opposing 396 

view see Palma di Cesnola 1993 and Moroni et al., 2018a). Therefore, despite the attribution in 397 

2011 of the two human teeth from the lowermost layer EIII of Grotta del Cavallo to MHs (Benazzi 398 

et al., 2011), the Uluzzian has been assigned to the list of the transitional complexes sensu Hublin 399 

(2015 and references therein), namely those assemblages displaying a co-occurrence of Middle and 400 

Upper Palaeolithic characteristics and thus considered as expressions of last Neandertals. Moreover 401 

sharp criticism has been reported on the association between human teeth of the layer EIII at Grotta 402 

del Cavallo (uncontroversially attributed to Homo sapiens (Benazzi et al., 2011)) and the 403 

stratigraphic association with Uluzzian artefacts (Banks et al., 2013; Zilhão et al., 2015), critiques 404 



that have been the subject of detailed rebuttals that hopefully have definitively clarified such issue 405 

(Moroni et al., 2018a; Ronchitelli et al., 2018). 406 

Only very recently it has become possible to dispel a set of preconceptions (about the Uluzzian), 407 

including the occurrence of a combination of MP and UP technologies. This was the result, first of 408 

all, of a detailed revision of a large sample of the lithic assemblage from Grotta del Cavallo, layer 409 

EIII (Moroni et al., 2018a) and from Grotta di Castelcivita carried out under the aegis of the 410 

European project SUCCESS. As one of the results of this revision and of the discovery of a further 411 

Uluzzian site investigated in the North of Italy, Riparo del Broion (Peresani et al.,2019), the nature 412 

of layer A4 of Fumane (the layer supporting the origin of the Uluzzian as rooted in local Mousterian 413 

(Peresani et al., 2016)), has been reconsidered as this layer proved to be more consistent with 414 

Mousterian characteristics. Furthermore, the chronological overlap recorded between Riparo del 415 

Broion and Fumane layer A3 points to a deviation of the latter from the more typical Uluzzian 416 

outline, which needs to be investigated in depth in the future (Peresani et al.,2016; 2019). The 417 

arrival of the Uluzzian marks a sharp break with the preceding and partially coeval Mousterian 418 

techno-complex. Data presented here are inferred both from past (Palma di Cesnola, 1993; 419 

Gambassini, 1997) and more recent sources (Ronchitelli et al., 2009, 2018; Riel-Salvatore, 420 

2009;2010; Boscato et al., 2011; Boscato and Crezzini, 2012; De Stefani et al., 2012; Douka et al., 421 

2012; 2014; Wood et al., 2012; Moroni et al., 2013; 2016; 2018a; Villa et al., 2018; Peresani et al., 422 

2019) as well as from ongoing studies. 423 

The assemblage from Levels 1g, 1f at Riparo del Broion shows a high fragmentation rate caused by 424 

the use of bipolar knapping technique, and a lamino-lamellar production (Peresani et al., 2019). 425 

La Fabbrica is characterised by cores with a flat striking platform opened by a single scar or by 426 

previous scars orthogonal to the debitage surface which present unidirectional parallel removals.The 427 

exploitation could involve only one or two adjacent debitage surfaces. Sometimes orthogonal 428 

removals on one or two debitage surfaces have been recorded together with an abundant bipolar 429 

component (Villa et al., 2018). 430 

At Colle Rotondo unidirectional, bidirectional or multidirectional cores with parallel removals on 431 

one, or more surfaces of debitage, are very common. The striking platform can be cortical or 432 

opened by one or several removals (Villa et al., 2018). Again the bipolar tecnique is reported as 433 

being the dominant reduction strategy. 434 

Uluzzo C is characterised by the production of bladelets and flakelets produced by both volumetric 435 

debitage with a direct percussion technique and another debitage resulting from the use of the 436 

bipolar technique (Spinapolice et al., in preparation). This same co-occurrence of these two 437 

components has also been noted in the Uluzzian assemblages at Castelcivita. 438 



These sites which till now have been studied by a technological approach show some internal 439 

variability (possibly due to the different chronological phases that they represent or to different 440 

local adaptation) in the mode of production but at the same time several common features can be 441 

underlined. We note that the Levallois and discoid debitage which characterised the Mousterian are 442 

missing in the Uluzzian (except at Fumane (Peresani et al., 2016; 2019). It is clear that the presence 443 

of a bipolar production and a volumetric debitage produced by direct percussion define the techno-444 

complex. However, it is necessary to better define these two components, to see whether they are 445 

part of the same sequence or rather represent two distinct reduction sequences. 446 

The main characteristics of the Uluzzian lithic industry can be summarised as follows:  447 

• extensive use of the bipolar technique with systematic production of flakes and blades of very 448 

small dimensions; 449 

• a volumetric debitage with a direct percussion technique; management of the striking platform 450 

and of the lateral and distal convexities is mainly present in the last phases; 451 

• absence of Levallois and discoid debitage; 452 

• low technical effort in the production phase; 453 

• occurrence of new tools: the lunates; 454 

• systematic production of short end-scrapers on slabs and flake. 455 

Raw material procurement 456 

Apart from the north Italian contexts where changes in raw material procurement were influenced 457 

by the availability of knappable stone, the procurement of raw material remains generally confined, 458 

like for the Mousterian, to local and circum-local sources (Dini and Tozzi, 2012; Villa et al., 2018; 459 

Moroni et al., 2018a) although an increase in possibly exogenous flint has been noted from the 460 

archaic to the final phases in Salento (Ranaldo et al.,2017a) (Figure 5) (Table 1). 461 

Concepts of debitage 462 

The integrated production concepts (i.e. Levallois, discoid) typical of the Mousterian are lacking. 463 

On the other hand, additional debitages prevail (i.e. unipolar volumetric debitage). Among 464 

percussion techniques, the bipolar knapping on anvil is the most used, combined with the unipolar 465 

direct freehand percussion technique. From the archaic to the late/final Uluzzian, the use of bipolar 466 

technique decreases and laminar products are also obtained from ad hoc partially prepared cores 467 

(Figure 6) (Table 1). 468 

Bipolar products have peculiar documented characteristics (Barham, 1987; Knight, 1991; Guyodo 469 

and Marchand, 2005; Bietti et al. 2010; Bradbury, 2010; Soriano et al., 2010): 470 

• sheared bulbs of percussion; 471 

• shattered butts, or they are reduced to a point or a line;  472 



• the longitudinal profile of the ventral face is generally rectilinear; 473 

• the ventral and dorsal faces often very similar;  474 

• the ventral face sometimes characterised by very pronounced ripple marks.  475 

Objective of debitage 476 

The typical products resulting from bipolar reduction are thin and straight small flakes and flakelets, 477 

sometimes smaller than 1 cm, and small blades/ bladelets. Other distinctive products are thick 478 

blades/small blades with quadrilateral cross-sections. Many of the bipolar products, especially those 479 

of very small dimensions, are supposed to have been hafted "as is" without any modifications (see 480 

for more details Riel-Salvatore, 2009; Moroni et al., 2018a). As the Uluzzian evolves over time we 481 

note an increase in the production of blades (mainly small blades and bladelets) which generally 482 

become more standardised (Figure 6, 8) (Table 1). 483 

Retouched tools 484 

Formal tool sare mostly backed pieces (mainly lunates), short end-scrapers and side-scrapers as well 485 

as some denticulates. At Cavallo, marginally backed small blades with irregular profiles, produced 486 

through the bipolar technique (unlike classic Dufour bladelets), have sporadically been found in 487 

layer EIII. Furthermore, a few marginally backed bladelets are present in layer D (study ongoing).  488 

The occurrence at Grotta del Cavallo and Castelcivita of some flattened sandstone pebbles used as 489 

anvils must also be noted. 490 

Due to the characteristics of raw material (silicified limestone slabs), a peculiar tool production, 491 

distinctive of the Salento region (mainly during the archaic phase) consists of directly employing 492 

thinner (15-5 mm) naturally fragmented slabs (lastrine) as blanks for retouched tools without any 493 

previous debitage modification (Figure 6, 8) (Table 1). 494 

 495 

5. Protoaurignacian  496 

The Protoaurignacian has been considered one of the cultural manifestations of the initial MH 497 

migration into Europe (Bailey and Hublin, 2005; Mellars, 2006; Nigst et al., 2014; Benazzi et al., 498 

2015). It appears over a vast geographic region including Italy (e.g. Fumane (Bartolomei et 499 

al.,1994; Broglio et al.,2005; Bertola et al., 2013; Falcucciet al.,2017), Mochi (Kuhn and Stiner 500 

1998; Bietti and Negrino, 2008; Grimaldiet al.,2014), Bombrini (Bietti and Negrino, 2008; Bertola 501 

et al., 2013; Negrino et al., 2017; Holtet al.,2018), La Fabbrica (Dini et al.,2012),Paglicci (Palma di 502 

Cesnola, 2006) Castelcivita (Gambassini, 1997) and Serino (Accorsi et al., 1979). The 503 

Protoaurignacian is characterised by technological innovations in the lithic production and by the 504 

abundance of bone tools (awls and needles), ochre and personal ornaments (including numerous 505 

perforated shells) (for an updated review on ornaments see Arrighi et al., in this Special Issue). 506 



The lithic typology of the Protoaurignacian was first defined by Laplace (1966) and it is 507 

characterised by the presence of Dufour bladelets (that is to say straight, elongated bladelets 508 

subsequently modified by direct inverse or alternate retouch), variably associated with carinated 509 

tools. In contrast, the Early Aurignacian is mainly characterized by the abundance of carinated tools 510 

and Aurignacian blades (Peyrony 1934; de Sonneville-Bordes1960; Laplace, 1966). 511 

Based on technological studies the Protoaurignacian has been argued to be characterised by a 512 

unique continuous production sequence aimed at producing both blades and bladelets, with 513 

bladelets occurring at the end of the reduction (Bon, 2002; Teyssandier, 2006, 2007, 2008). This is 514 

in contrast with the Early Aurignacian, in which blades and bladelets are produced by two distinct 515 

reduction sequences, with blades knapped from unidirectional prismatic cores and bladelets and 516 

microblades primarily obtained by the exploitation of carinated ‘endscraper’ cores (Bon, 2002; 517 

Teyssandier, 2007,Teyssandier et al., 2010). It is also assumed that these two production strategies 518 

correspond to distinct savoirs-faire and responded to different consumption requirements (i.e. blade 519 

for domestic tools and bladelets as armatures) (Tartaret al.,2006).  520 

Recent studies have, however, questioned the technological and/or typological basis for separating 521 

the Protoaurignacian and Early Aurignacian into two technological traditions, based only on 522 

typological or/and technological studies. Indeed, Tafelmayer (2017) and Bataille et al., (2018) have 523 

argued that without refitting or distinguishing Raw Material Units, it is simply not possible to 524 

define whether blades and bladelets are the result of one or two reduction sequences. Moreover, 525 

they claim that separating the Protoaurignacian and Early Aurignacian in this way oversimplifies 526 

the archaeological reality which is much complicated and requires a multi-proxy model that 527 

transcends mere techno-typological systematics to reach conclusive interpretations (Bataille et al., 528 

2018). 529 

From a chronological standpoint, Banks and colleagues (2013) have proposed a model of diachronic 530 

continuity and internal evolution from the Protoaurignacian to the Early Aurignacian (see also Le 531 

Brun-Ricalens et al., 2009; Teyssandier, 2007). However, recent data have shown that this pattern 532 

does not hold at least in Central Europe as the Protoaurignacian and the Early Aurignacian overlap 533 

(Szmidt et al., 2010; Douka et al., 2012; Higham et al., 2012; Nigst and Haesaerts, 2012; Nigst et 534 

al., 2014). This model (Banks et al.,2013) is incorrect also for Italy as the Proto-Aurigancian at the 535 

Balzi Rossi and northern Italy lasts past HE4 (Riel-Salvatore and Negrino 2018a and b). This 536 

overlap could be interpreted in two ways: 1. the Protoaurignacian and Early Aurignacian could 537 

represent different developmental trajectories, respectively the southern and northern dispersal 538 

routes of MH within Europe (Mellars, 2006); or 2. they could be different manifestations of the 539 

same general adaptive package related to the exploitation of disctinct niches requiring different 540 



food-acquisition technologies (Nigstet al., 2014). In Italy the earliest Protoaurignacian assemblages 541 

come from the Ligurian sites of Mochi (Bertola et al.,2013) and Bombrini (Riel-Salvatore, 2007; 542 

Riel-Salvatore and Negrino 2018a and b) and from Fumane (Falcucci et al., 2017; 2018; Falcucci 543 

and Peresani, 2018) in northeastern Italy. Only after 40 ka cal BP is the Protoaurignacian 544 

documented in southern Italy, for instance at Paglicci (Palma di Cesnola, 2004b) and at Grotta della 545 

Cala (Benini et al.,1997). 546 

The basic characteristics of the Italian Protoaurignacian can be summarised as follows: 547 

• bladelet dominated industries with major technical effort involved in the production phase 548 

compared to the Uluzzian; 549 

• bladelets have straight profiles and are mainly transformed in marginally backed implements. 550 

Retouch, direct or inverse, can be located on one or both edges..  551 

• standardisation of products. 552 

Raw material procurement 553 

Compared to the Late Mousterian and the Uluzzian, there is a marked increase in the use of 554 

exogenous raw material which could also come from sources located several hundred km from the 555 

sites. This is true especially for Liguria (Riel-Salvatore and Negrino 2009; Holt et al., 2018) but not 556 

for regions in which high-quality raw materials were available, as for instance near Fumane or 557 

Paglicci (Figure 5) (Table 1). 558 

Concepts of debitage 559 

The incidence of bipolar knapping on anvil drops relative to the Uluzzian, and, except for La 560 

Fabbrica, where the production of flakes is dominant (Dini and Tozzi, 2012), there is a clear 561 

dominance of systems aimed at obtaining a series of standardised laminar products which involve 562 

two main reduction sequences. 563 

Core reduction is based on two distinct operational concepts:  564 

1. a linear and consecutive knapping progression aimed at obtaining blades and, to a lesser extent, 565 

bladelets with sub-parallel edges; 566 

2. an alternating knapping progression exclusively used to produce slender bladelets with a 567 

convergent shape (Paglicci and Fumane) (Borgia et al., 2011; Falcucci et al., 2017, 2018). 568 

At Mochi and Bombrini, the occurrence of a consecutive knapping progression cannot be clearly 569 

verified as blade production is completely lacking in situ, probably due to the absence of suitable 570 

raw material (like at La Fabbrica); indeed, blades are made from non-local lithotypes. Systematic 571 

crest modelling has been observed at Mochi (Grimaldi and Santaniello, 2014), Bombrini (Riel-572 

Salvatore, 2007) and Fumane (Falcucci and Peresani, 2018). At Bombrini, beside the production of 573 

bladelets there is also a debitage geared at producing flakes including some elongated blade-like 574 



blanks. The flake production is an important part of the assemblage and seems to be a secondary 575 

product of blade production as core reduction advanced (Riel-Salvatore and Negrino 2018a). 576 

Both hard and soft hammers have been documented (Borgia et al., 2011; Caricola et al., 2018) 577 

(Figure 6) (Table 1). 578 

Objective of debitage 579 

The target products are usually blades, small blades and bladelets (Table 1). Curved profiles of 580 

different grades clearly dominate the blades, whereas straight profiles are more common among 581 

bladelets. Twisted items are rare. Their edges are sub-parallel or convergent. Dimensions cannot be 582 

easily calculated because of the high fragmentation, but products probably measured no more than a 583 

few cms (Figure 6, 9) (Table 1). 584 

Retouched tools 585 

The retouch of bladelets, direct, inverse or alternate, is always semi-abrupt and continuous. Other 586 

typical tools are the marginally backed points on bladelets retouched on both edges. These are 587 

common in the north at Fumane (Falcucci et al., 2017), Bombrini (Negrino et al., 2017) and, in the 588 

form of micro-points, in the uppermost layers of Castelcivita, in Campania. Blades were selected to 589 

manufacture end-scrapers, burins and laterally-retouched tools. Among end-scrapers, carinated 590 

implements of varying thickness predominate (Figure 6, 9) (Table 1). 591 

 592 

6 Discussion  593 

The last phase of the Mousterian is documented at many sites throughout Italy, and it is mostly 594 

characterised by integrated debitage concepts, i.e. the Levallois and the discoid. The largely 595 

prevailing use of integrated methods indicates that the major effort in the Mousterian industries was 596 

focused on the production phase, i.e., that there was an investment in the initialization of the block 597 

and in maintaining determinate convexities and characteristics of the block until the end of the 598 

production. The transformation phase (retouching) appears to be less important (Table 1 and 599 

references therein). 600 

Uluzzian lithic technology can be seen as a clear-cut rupture with this previous reality in that, unlike 601 

the Mousterian, it is characterised by the use of non-integrated production systems and 602 

consequently by a low focus on the production process. It should be emphasised that this does not 603 

necessarily mean a general lack of technological complexity and that technical innovations 604 

introduced in the Uluzzian likely went far beyond lithic production. It is well known that stone tools 605 

are often only a part of the entire technological system comprising the design of implements and 606 

weapons which includes the necessary know-how related to ballistics, hafting, fletching etc...In the 607 

case of the Uluzzian, this is apparent as shown by the occurrences of lunates displaying clear traces 608 



of impact fractures, suggesting their use as armatures in throwing weapons (Sano et al., in press). A 609 

similar use can be supposed for flakelets and bladelets produced by bipolar technique, as hinted at 610 

by some ethnographic, archaeological and experimental instances (White and White, 1968; 611 

Chauchat et al., 1985; Shott, 1989; Crovetto et al., 1994; Le Brun-Ricalens, 2006; Riel-Salvatore, 612 

2009; de la Peña et al., 2018; Moroni et al., 2018a), and underpinned by the very preliminary results 613 

from the use-wear studies carried out on a few elements from Cavallo, Castelcivita and Uluzzo C. 614 

Lithic technology is a proxy for human behaviour as well. Bipolar technique has been commonly 615 

recognized as an "expedient" production system used to save time and energy during possible 616 

"crisis” conditions (Callahan, 1987; Shott, 1989; Jeske, 1992; Hiscock, 1996; Diez-Martín et al., 617 

2011; Mackay and Marwick, 2011; Eren et al., 2013; Morgan et al., 2015). In the archaic Uluzzian, 618 

bipolar knapping is associated with the extensive use of a very singular technique in making tools –619 

mostly end-scrapers and side-scrapers – by directly retouching thin slabs without any previous 620 

debitage. For the Salento region, this pronounced reliance on "low-cost techniques", combined with 621 

the extensive exploitation of local or nearly local raw material, besides being symptomatic of a very 622 

low technical effort during the production phase, has been interpreted (Moroni et al., 2018a) as a 623 

possible sign of reduced mobility by the Uluzzian groups, due to insufficient territory 624 

expertise/control or to low demographic density/instability or both. 625 

According to radiometric and geochronological determinations, the Uluzzian makes its appearance, 626 

develops and dies in the space of about 5,000 years. The initial roots of the Uluzzian are still a 627 

matter of investigation and of fervent debate. Apart from the specific case of Fumane (Peresani et 628 

al., 2016, but cf. Moroniet al., 2018a), current data indicate an absence of evidence of roots for the 629 

Uluzzian in the local Late Mousterian, considerable technological innovations of the Uluzzian as 630 

well as its association with MH remains. All of these elements are congruent with a non-local origin 631 

of this techno-complex. The late and the final phases of the Uluzzian assemblages inSouthern Italy 632 

display an increasing occurrence of Aurignacian items and a decline of the most typical features of 633 

the Uluzzian. Based on the evidence provided by layer D of Cavallo and layer B of Serra Cicora, 634 

Palma di Cesnola assumed that this phenomenon was perhaps symptomatic of a gradual “cultural 635 

hybridisation” between the two cultures (Palma di Cesnola, 1993, p. 150), finally resulting in the 636 

assimilation of the last Uluzzian groups by Aurignacian groups when they reached southern Italy 637 

after 40 ka cal BP. Very preliminary results of the techno-typological and taphonomic revision 638 

carried out on layer D of Cavallo allow us, for the moment, to rule out even minor post-depositional 639 

disturbances as a factor for the latest Uluzzian’s distinctive techno-typological features. If Palma di 640 

Cesnola's hypothesis is confirmed by ongoing studies, this would provide an explanation for the 641 



sudden disappearance of the Uluzzian techno-complex from the Italo-Balkan region around 40 ka 642 

ago. 643 

The Protoaurignacian is found in large parts of Europe, from the Balkans to the Spanish 644 

Mediterranean coast and into Cantabria. According to the available radiometric chronology (Table 1 645 

SM), the Protoaurignacian makes its appearance in Italy about 42-41 ka cal BP at Riparo Mochi 646 

(Liguria; Douka et al., 2012) and at the penecontemporaneous site of Fumane (layer A2) (about 41 647 

ka cal BP; Higham et al., 2009). Data available for northern Italy do not allow any inference about a 648 

possible dispersion route of the Protoaurignacian from east to west or vice versa. On the contrary, a 649 

rapid north-south diffusion of this techno-complex across the Peninsula is suggested by the younger 650 

age ranges (about 40 ka cal BP) of the southern assemblages. 651 

There is no technological continuity between the Protoaurignacian and the Mousterian, while some 652 

connection can be assumed, as said above, between the Protoaurignacian and the Uluzzian in the 653 

Salento region, where the late/final phases of the Uluzzian yielded a certain amount ofAurignacian-654 

like pieces which possibly attest to contacts occurring between the two populations. 655 

The main novelty of the Protoaurignacian is represented by the production of standardised bladelets 656 

used as blanks for the marginally backed Dufour bladelets, for the backed points of Fumane and for 657 

the backed micro points of Castelcivita. The function of these particular points has not been 658 

investigated in any depth, and the hypothesis of their use as armatures in weapons (Broglio et al., 659 

1998) must be validated by future targeted use-wear studies. Large blades were predominantly used 660 

to obtain domestic tools such as side-scrapers, end-scrapers and burins, whose carinated variants 661 

can likely be considered as cores on flakes aimed at producing bladelets. 662 

In a few sites of northern and central Italy (Riparo Mochi-Layers F ed E, Grotta dei Fanciulli-663 

Layers K ed I, Fumane Layer D, Fossellone Layer 21), the period examined so far is followed by 664 

new lithic assemblages sharing several Aurignacian-type features: carenated and nosed end-665 

scrapers, busqué burins, twisted retouched bladelets (of the Roc-de-Combe type) and deeply and 666 

invasively retouched large blades. These are found in association with split-based bone points. 667 

In southern Italy, at Grotta Paglicci (where the CI is absent), the Protoaurignacian seems to expand 668 

chronologically (layer A1-0; Palma di Cesnola, 2004b) with an original aspect characterised by the 669 

occurrence of asymmetric twisted déjetées bladelets. Both in this Adriatic site and on the opposite 670 

Tyrrhenian side, at Grotta della Cala (where the CI is also absent), the classic Aurignacian is 671 

lacking and, after a hiatus in sedimentation, the Protoaurignacian is overlain by the ancient 672 

Gravettian dated to about 30 ka cal BP. Technological, chronological and environmental studies 673 

would be needed to disentangle the question concerning the lithic assemblage retrieved in 674 

stratigraphy only at the cave of Serra Cicora (horizons A, B and C of layer B), in the Salento 675 



(Spennato, 1981), located 1.6 km from Grotta del Cavallo as the crow flies (Figure 1 n. 35). This 676 

assemblage has been compared to some surface collections from Calabria and Tuscany and referred 677 

to by Palma di Cesnola as a phylum of the Aurignacian that he called "Uluzzo-Aurignaziano" 678 

(1993), suggesting a possible “hybridisation” between the two technocomplexes. 679 

Focusing on lithic technology, what really differentiates the three techno-complexes is the concept 680 

of debitage, which encompasses the ways of reducing the raw material and producing desired end-681 

products (Table 1) (Figure 10). During the Late Mousterian, the Levallois in its unipolar and 682 

centripetal forms is the dominant concept, even though also the discoid production plays a part 683 

(Figure 10). According to Boëda (2013) both the Levallois and the discoid are integrated concepts 684 

of debitage, which means that there is a strong focus on the choice of the initial raw material unit 685 

and an investment in the management of the convexities to produce specific kinds of blanks, such as 686 

flakes, elongated flakes and blades. 687 

The Uluzzian is characterised by the application of additional concepts, that is to say debitage 688 

where the striking platform is a natural or cortical plan, or where it is created by a single or few 689 

removals, and where one or more side of the core are used independently as debitage planes. 690 

Knapping strategies are dominated by the bipolar technique and mainly geared towards the 691 

production of small blades/bladelets and small flakes/flakelets (Table 1) (Figure 10). There thus 692 

appears to be a clear change in the types of desired end-products, in terms of techno-dimensional 693 

categories. Whereas the Uluzzian and the Protoaurignacian lithic sets are characterised by two 694 

distinct size components (larger-size-tools and smaller-size-tools) which usually correspond to 695 

different functional activities (Moroni et al., 2018a), this dichotomy is absent in the Late 696 

Mousterian. 697 

The dominance of additional debitages in the Uluzzian results in a low effort in the management of 698 

convexities and striking platforms. The block is not exploited in its entirety (in contrast to the 699 

integrated concept), which represents a crucial change in the use of volumes of raw material.  700 

We also note the presence of diverse techniques of debitage: both direct and bipolar percussion are 701 

present, executed using hard hammers. 702 

The bipolar technique is already present during the Late Mousterian, where it plays a consistently 703 

marginal role (e.g., in Fumane A4, Cavallo FII-I) and is sometimes functionally exclusive, for 704 

instance when it is used solely to‘open’ small pebbles at Grotta Breuil. In the Uluzzian, in contrast, 705 

the bipolar knapping is a systematic technical choice that is implemented extensively and applied 706 

indifferently to all types of available units of raw material (such as block, nodule, slab and pebbles).  707 

In the Protoaurignacian, integrated concepts predominate, namely the volumetric blades and 708 

bladelet debitages characterised by a great effort in managing the distal and lateral convexities, as 709 



well as in preparing striking platforms (Table 1) (Figure 10). We also note a strong control of the 710 

angles, which allows the knapper to continuously produce blanks until the utility of a given core is 711 

exhausted. Protoaurignacian knappers used both direct and bipolar percussion performed with a 712 

variety of hammers (i.e. soft, hard, organic..), depending on the stage of the debitage. 713 

Although the Uluzzian and the Protoaurignacian makers employed radically different concepts of 714 

debitage (respectively, additional [i.e. volumetric and orthogonal debitage] and integrated concepts 715 

[i.e laminar, and lamellar debitage via unidirectional and prismatic cores]), it should be noted that 716 

these two groups mainly pursued the production of similar end-products (i.e. blades, small blades 717 

and bladelets), perhaps suggesting comparable needs and behaviours. 718 

Laminar and occasionally lamellar production in some assemblages at the end of the Middle 719 

Paleolithic is a trend registered in Italy (e.g. Peresani, 2012; Gennai, 2016; Carmignani, 2017, 2018; 720 

Marciani, 2018) (Figure 10) and elsewhere in Europe (e.g. Révillion & Tuffreau 1994; Bar-Yosef & 721 

Kuhn 1999; Maíllo Fernándezet al.,2004; Slimak and Lucas 2005; Pastoors 2009; Pastoors and 722 

Tafelmaier 2010; Zwyns, 2012a and b). The way of producing blades and bladelets and the role of 723 

this kind of production may have played in the behavioural dynamics of the transition to the Upper 724 

Palaeolithic is becoming a hot topic in scientific debate. 725 

It has been observed that there is increase in the number of bladelets produced, that is to say they 726 

are present in the Mousterian, abundant in the Uluzzian and finally reaching a dominant role in the 727 

Protoaurignacian. We can also note that the production systems used to obtain these blanks change, 728 

and become more standardised and efficient. In the Mousterian, however, bladelets (and blades as 729 

well) appear to represent just two blank types among several others (Pastoors, 2009). The key 730 

question is why do we at a certain point observe the production switch from producing flakes, blade 731 

and bladelets to a targeted, standardisedand almost “industrial” production of bladelets. Assuming 732 

that the production of a tool is driven by a specific necessity, this would suggest that, in the Upper 733 

Paleolithic, new necessities arose that, required the production of a great number of standardised 734 

bladelets, which could be used in composite tools (Hays and Lucas, 2001; Broglio et al., 2005; 735 

O’Farrell, 2005; Pelegrin and O’Farrell, M., 2005; Borgia and Ranaldo, 2009; Borgia et al., 2011). 736 

The Late Mousterian and Uluzzian seem to have had a preference for local and circum-local 737 

material whereas the Protoaurignacian displays a greater dependence on the procurement of 738 

exogenous raw material acquired, at least occasionally as in Liguria, over very wide territories. This 739 

distinction is one of the reasons why the Uluzzian for a long time was attributed to Neandertals 740 

(Bietti and Negrino, 2007). However, more regional studies are needed to fully understand the role 741 

played by the availability of raw material and its exploitation by different groups.  742 

 743 



8 Conclusion and new directions  744 

Based on lithic data synthesised from various studies, we were able to confirm and detail the major 745 

differences between the Late Mousterian, Uluzzian and Protoaurignacian techno-complexes. These 746 

differences include not only typological distinctions, but also important differences in technical and 747 

technological aspects related to the way of conceiving and making tools. What is needed at this 748 

point to move the debate forward are in-depth investigations into the root causes behind these 749 

different behavioural patterns, in terms of elements like, for instance, mental templates, mobility 750 

patterns, food procurement strategies, environmental constraints, ethnic identity, demographic 751 

density, site function and technological innovation. All of these data need to further be declined 752 

against the backdrop of a high-resolution absolute chronology. 753 

Summarising, different paths for futiure researches emerge from our review.  754 

1. From a lithic production perspective, we have observed that the Late Mousterian principally 755 

depended on integrated reduction systems (i.e. Levallois and discoid), whereas Uluzzian lithic 756 

production was mainly additional, with less attention paid to the management phase and more 757 

emphasis put on the ‘operationalisation’ of the tools. The Protoaurignacian differs from the 758 

Uluzzian for the systematic use of integrated volumetric reduction systems (i.e. laminar). These 759 

differences in the production systems along with the different role played by retouch are worth to 760 

exploring in greater depth. 761 

2. Considering the objectives of debitage, it is necessary to understand why there is a need to 762 

increase and standardize the production of blades and bladelets at the beginning of the Upper 763 

Paleolithic and/or what is the trigger of this technological innovation. 764 

3. From a techno-functional point of view, the Uluzzian bladelets and flakelets should be 765 

investigated as possible inserts of composite tools. 766 

As far as the Uluzzian is concerned, the Salento coastal belt remain a privileged region for 767 

investigating its internal dynamics in the context of the characteristics of human groups during the 768 

transition, thanks to the concentration of several sites in a restricted area. It should be underlined 769 

that identifying the timing and the modality of the disappearance or relocation of Neandertals from 770 

these sites would be of pivotal interest, since all the archaeological sequences involved display 771 

evidence of a prior Mousterian occupation. A more accurate geochronological assessment of Late 772 

Mousterian assemblages in these regions would shed new light on this issue, while also potentially 773 

providing information on population density and mobility immediately before the appearance of the 774 

Uluzzian. Even though in Italy there appears to have been a 2000-5000 year period during which 775 

the Mousterian and the Uluzzian coexisted and a 1000-2000 year overlap between the Uluzzian and 776 

the Protoaurignacian, the systematic lack of interstratification between these techno complexes 777 



probably indicates the lack of actual co-habitation among these different groups in given regions. 778 

This means that the the makers of the Uluzzian and the Protoaurigancian likely occupied territories 779 

which were already devoid of Late Mousterian groups. 780 

As a matter of fact, technological lithic studies on the Mousterian in general are in a more advanced 781 

state with respect to those of the Uluzzian and the Protoaurignacian. Therefore further studies will 782 

be crucial in filling gaps in our knowledge on lithic technological organization, and more generally 783 

on the behavioural dynamics pertinent to the replacement of Neandertals by MHs and the mutual 784 

adaptation between the two species. 785 

Among the main aims of our project in the field of lithic studies are the definition of the 786 

technological (and ethnic) identity of the Uluzzian tool makers and their role in the peopling of 787 

Italy, as well as the investigation of the possible relationship between this population and its "next-788 

door neighbours", namely the Mousterians (likely Neandertals) and later possibly the 789 

Protoaurignacian makers. 790 
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Figure Captions 1580 

 1581 

Figure 1: location of the Italian key sites with MIS3 human occupations. The Italian Peninsula 1582 

shows a sea level of 70 m below the present-day coastline, based on the global sea-level curve 1583 

(Benjamin et al., 2017) but lacking the estimation of post-MIS3 sedimentary thickness and eustatic 1584 

magnitude (sketch map courtesy by S. Ricci, University of Siena).  1585 

 1586 

Figure 2: Key stratigraphic sequences. a. Mousterian, Uluzzian and Protoaurignacian sequences 1587 

(Cavallo modified from Palma di Cesnola, 1964; Cala, Castelcivita modified from Kuhn, 1982; 1588 

Fumane modified from Tagliacozzo et al., 2013; R. Broion modified from Peresani et al., 2019; 1589 

Fabbrica modified from Villa et al., 2018); b. Mousterian-Protoaurignacian sequences (Paglicci 1590 

modified from Palma di Cesnola, 1992; Mochi modified from de Lumley, 1969; Bombrini modified 1591 

from Riel-Salvatore and Negrino, 2018). 1592 

 1593 

Figure 3: 14C dates of Protoaurignacian, Uluzzian and Mousterian sites. OxCal v4.3.2 (Bronk 1594 

Ramsey, 2017); r:5Int Cal 13; 68.2% atmospheric curve (Reimer et al., 2013). Raw dates and 1595 

bibliographic references in Table 1 SM.  1596 

 1597 

Figure 4: location of the Italian Mousterian, Uluzzian and Protoaurignacian key sites with MIS3 1598 

human occupations according to their 14C dates. Raw dates and bibliographic references in Table 1 1599 

SM. 1600 

 1601 

Figure 5: Mousterian, Uluzzian and Protoaurignacian key sites according to the litology, type and 1602 

source of raw material. Raw data and reference in Table 1. 1603 

 1604 

Figure 6: Mousterian, Uluzzian and Protoaurignacian key sites according to the concept and 1605 

objective of debitage and the most represented retouched tools. Raw data and reference in Table 1. 1606 

 1607 

Figure 7: Key Mousterian lithic artefacts. Fumane (1-7, layers A5-A6 drawings by G. 1608 

Almerigogna) 1: unretouched blade; 2: retouched point; 3-7 side-scrapers. Castelcivita (8-15, layers 1609 

rsi-gar-cgr; drawings by G. Fabbri; modified from Gambassini, 1997) 8-10 side-scrapers; 11-13 un-1610 

retouched Levallois points; 14, 15 retouched Levallois points. Oscurusciuto (16-22, layers 1-4 1611 



drawings by G. Fabbri and A. Moroni) 16, 19 double side-scrapers; 17 side-scraper; 18, 21 1612 

retouched Levallois points; 20 un-retouched Levallois point; 22 bladelet core. 1613 

 1614 

Figure 8: Key Uluzzian lithic artefacts. Broion (1-8, layers 1f, 1g; drawings by G. Almerigogna, 1615 

photo by D. Delpiano) 1, 2, 5, 6: splintered pieces\bipolar cores; 3: end-scraper, successively 1616 

splintered; 4, 7: backed pieces; 8: lunate. Castelcivita (9-16 layers rsa’’, rpi, pie drawings by G. 1617 

Fabbri; modified from Gambassini, 1997) 9, 10: splintered pieces\bipolar cores; 11: end-1618 

scarper\bladelet core; 12-14,16: lunates; 15: bladelet. Cavallo (17-26 layer D, drawings by G. 1619 

Fabbri, photo by S. Ricci; modified from Ranaldo et al., 2017a) 17: splintered piece\bipolar cores; 1620 

18: end-scraper; 19, 20: end-scrapers on slab; 21-26 lunates. 1621 

 1622 

Figure 9: Key Protoaurignacian lithic artefacts. Bombrini (1-11 layer A1 drawings by F. Negrino; 1623 

modified from Negrino and Riel-Salvatore, 2018) 1-7: Dufour bladelets; 8, 9 bladelet core; 10 1624 

burin; 11 point with marginal retouch. Fumane (12-20 layer A1-A2 drawings by A. Falcucci) 12,13: 1625 

end-scrapers;14, 19, 20: retouched points; 15: Dufour bladelet; 16: un-retouched bladelet; 17, 18: 1626 

retouched micro-points. Castelcivita (21, 31 layer ars, cgr, drawings by G. Fabbri; modified from 1627 

Gambassini 1997). 21-24: Dufour bladelets; 25-28: retouched micro points; 29, 30: end-1628 

scarper\bladelet core; 31: splintered piece\bipolar cores. 1629 

 1630 

Figure 10: Overview of Mousterian, Uluzzian and Protoaurignacian lithic behaviour according with 1631 

the most utilized concept of debitage and objective of flaking. 14C raw dates and bibliographic 1632 

references in Table 1 SM, bibliographic references of concept and objective of debitage in Table 1. 1633 

 1634 

Table 1: raw material, concept of debitage and target objectives of the Italian key site pertaining to 1635 

the Mousterian, Uluzzian and Protoaurignacian techno-complex. 1636 
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References

Mousteria

n
Rio secco,

5-7-8
Flint Local,exogenous Nodules Pebbles Unipolar Levallois

Centripetal 

Levallois, discoid
Integrated Flakes Scraper

(Peresani et al.,

2014)

San 

Bernardin

o, II

Flint Local,exogenous Blocks Nodules Unipolar Levallois
Centripetal 

Levallois
Integrated Flakes

(Peresani, 1996;

Picin et al., 2013;

Peresani et al.,

2015)

Broion 

grotta, H-

N1

Flint Local,exogenous Unipolar Levallois
Centripetal 

Levallois
Integrated Flakes

(Peresani and

Porraz, 2004;

Peresani, 2010)

Fumane, 

A4-A6
Flint Limestone Local Nodules Pebbles Unipolar Levallois

Centripetal 

Levallois, blade

volumetric 

concept

Integrated, 

Additional
Blades

Elongated 

flakes
Scraper

(Peresani, 2010;

2011; 2012;

Gennai, 2016;

Peresani et al.,

2013; 2016)

Fumane, 

A8-A9
Flint Local Blocks Flakes Discoid Integrated Flakes

(Peresani, 2011;

2012; Gennai,

2016; Delpiano

and Peresani,

2017; Delpiano et

al., 2018)

Fumane, 

A 10
Flint Local Nodules Pebbles Unipolar Levallois

Centripetal 

Levallois, discoid
Integrated Flakes

Elongated 

flakes
Scraper Denticulate

(Peresani, 2011;

2012; Gennai,

2016)

Monte 

Netto
Flint Quartztite Local Levallois Integrated Blades Flakes Scraper

(Delpiano et al., in

press)

Generosa, 

2, 11,12

Radiolari

te
Local,exogenous Unipolar Levallois Discoid Integrated Flakes Denticulate (Bona et al., 2007)

Mochi, I Flint
Quartzitic 

sandstone
Local Pebbles Unipolar Levallois

Centripetal 

Levallois, 

discoid,unipolare

Integrated, 

Additional
Blades

Flakes, 

elongated 

flakes

Scraper

(Grimaldi and

Santaniello, 2014;

Rossoni-Notter et

al., 2017; Negrino

and Riel-Salvatore,

2018)



Bombrini, 

IV
Flint

Quartzitic 

sandstone
Local Discoid

Centripetal 

Levallois
Integrated Flakes Scraper Denticulate

(Rossoni-Notter et

al., 2017; Negrino

and Riel-Salvatore,

2018; Riel-

Salvatore and

Negrino, 2018)

Principe, 

A1

Limeston

e

Quartzitic 

sandstone

Local Levallois Discoid Integrated Blades

Flakes, 

elongated 

flakes

Scraper

(De Lumley et al.,

2008; Negrino and

Tozzi, 2008;

Rossoni-Notter et

al., 2017)

Madonna 

dell’Arma

, I-II

Quartziti

c 

sandston

e

Local Unipolar Levallois

Centripetal 

Levallois,discoid 

, laminar

Integrated, 

Additional
Blades Flakes Scraper Notch

(Cauche, 2007;

Rossoni-Notter et

al., 2017)

Arma 

delle 

Manie, II

Dolomite
Quartzitic 

sandstone
Local Blocks Pebbles Discoid

Levallois, 

centripetal

Integrated, 

Additional
Flakes Scraper (Leger, 2012)

Gosto D,

C
Pebbles Levallois Integrated Flakes Scraper

(Tozzi, 1974;

Casini, 2013)

Santi
Radiolari

te

Siliceous 

limestone
Local Pebbles Unipolar Levallois

Volumetric 

unidirectionl 

production with

management of

striking platform 

Integrated, 

Additional
Flakes

Elongated 

flakes

(Moroni et al.,

2008; 2018b)

La 

Fabbrica, 

1

Radiolari

te
Flint Local Pebbles

Centripetal 

Levallois

unidirectional, 

bidirectional or

centripetal 

debitage with any

special 

preparation of the

debitage surface

or core shaping

Integrated, 

Additional
Flakes

Elongated 

flakes
Scraper Denticulate

(Dini et al., 2007;

Dini and Conforti,

2011; Dini and

Tozzi, 2012; Villa

et al., 2018)

Breuil, 3-6 Flint Pebbles Unidirectional

Bidirectional, 

pseudo prismatic,

Levallois

Additional

,Integrated
Blades Flakes Scraper

Notch, 

denticulate

(Lemorini, 2000;

Grimaldi and

Spinapolice, 2010;

Grimaldi and

Santaniello, 2014)



Breuil, 7-8 Flint Pebbles Unidirectional

Bidirectional, 

pseudo prismatic

cores

Additional Flakes Scraper
Notch, 

denticulate

(Lemorini, 2000;

Grimaldi and

Spinapolice, 2010;

Grimaldi and

Santaniello, 2014)

Reali, 2-5 Flint Flint Local Slabs Orthogonal plans

Unipolar 

Levallois, 

centripetal 

Levallois, discoid

Additional

, 

integrated

Flakes Blades Scraper Notch

(Arzarello et al.,

2004; Rufo, 2008;

Peretto, 2012)

Castelcivit

a, rsi-cgr-

gar

Blocks Unipolar Levallois
Centripetal 

Levallois
Integrated Blades

Elongated 

flakes, 

flakes

Study ongoing

ERC; (Gambassini,

1997)

Cala, R;

15

Preferencial 

Levallois
Integrated Flakes Scraper  (Caramia, 2008)

Poggio, 9-

10
Flint Flint Local,exogenous Pebbles Unipolar Levallois

Centripetal 

Levallois
Integrated Blades Flakes Denticulate Scraper

(Caramia and

Gambassini, 2006;

Boscato et al.,

2009)

Oscurusci

uto, 1-4

Radiolari

te

Flint, 

siliceous 

limestone

Local Pebbles Unipolar Levallois

Centripetal 

Levallois, 

bladelets 

volumetric 

production

Integrated, 

additional
Blades

Elongated 

flakes, 

flakes

Scraper

(Boscato et al.,

2011; Ronchitelli

et al., 2011;

Ranaldo et al.,

2017b; Marciani,

2018)

Romanelli 

G

Limeston

e

Siliceous 

limestone
Local Pebbles Levallois Opportunistic

Integrated, 

additional
Flakes Notch Scraper

(Piperno, 1974;

Spinapolice, 2008)

Cavallo, 

FII-FIIIa

Siliceous 

limeston

e

Limestone Local Blocks Slabs Discoid
Kombewa, 

orthogonal plans

Integrated, 

additional
Flakes Scraper Denticulate

(Carmignani, 

2010; 2011)

Cavallo, 

FIIIb-

FIIIc

Siliceous 

limeston

e

Limestone Local Blocks Slabs
Centripetal 

Levallois

Unipolar parallal

plans, orthogonal

plans

Integrated, 

additional
Blades Flakes Scraper Denticulate

(Carmignani, 

2010; 2011)

Uluzzo C;

G

Limeston

e

Siliceous 

limestone
Local Slabs Blocks Levallois integrated Flakes Scraper Point

(Borzatti von

Löwenstern, 1966;

Spinapolice, 2008;

2012)



Bernardin

i, B1

Siliceous 

limeston

e

Limestone Local Slabs Discoid Integrated Flakes Denticulate Notche

(Borzatti von

Löwenstern, 1970;

Spinapolice, 2008;

Carmignani, 2011;

Romagnoli, 2012)

Bernardin

i, B3-B4

Siliceous 

limeston

e

Limestone Local Slabs
Centripetal 

Levallois

Volumetric 

debitage blade

Integrated,

additional
Blades Flakes Denticulate Notch

(Borzatti von

Löwenstern, 1970;

Spinapolice, 2008;

Carmignani, 2011;

Romagnoli, 2012)

Uluzzian

Cavallo, E

III

Limeston

e
Flint Local Slabs Pebbles Bipolar production

Direct freehand

percussion, 

debitage is very

simple as it

encompasses 

none or only a

minimal  

preparation of the

volume to be

flaked. Striking

platforms are

generally natural.

knapping is

unifacial (both

unidirectional and

bidirectional)

Additional Flaklets Bladelets End scraper

Side 

scraper, 

backed tool

(Palma di Cesnola,

1963; 1964;

Moroni et al.,

2018)

Cavallo, 

EI- II

(Palma di Cesnola,

1963; 1964). Study

ongoing ERC

Cavallo, D

(Palma di Cesnola,

1963; 1964). Study

ongoing ERC



Uluzzo C Flint
Siliceous 

limestone
Slabs Pebbles

Unidirectional 

debitage with no

or few

management of the

convexities 

characterised by

the use of the

bipolar technique. 

Unidirectional 

volumetric 

production where

the striking

platform and the

lateral and distal

convexities are

managed, with a

direct percussion

technique.

Additional Bladelets Flaklets
Side 

scraper
End scraper

Study ongoing

ERC

Cicora A

Bernardin

i A I-IV

Cala, 14 Flint Radiolarite Local Pebbles

Single percussion

plan, unilateral

debitage

Bipolar 

production
Additional Long flakes Blades Scraper Denticulate

(Benini et al.,

1997)

Castelcivit

a, rsa'',

rpi, pie,

rsi

Flint Limestone

Local

Slabs Pebbles

Unidirectional 

debitage wich

exploit a single

debitage surface

and 

hierarchization 

between the

striking platform

and debitage

surface

Bipolar 

production
Additional Flaklets Bladelets 

Scaled 

piece
Denticulate

Study ongoing

ERC; (Gambassini,

1997)

Colle 

rotondo
Flint Pebbles Cobbles

Unidirectional, 

bidirectional or

multidirectional 

cores with parallel

removals on one or 

more debitage

surfaces and a

cortical or natural

surface platform or

a platform formed

by a single large

scar or multiple

previous scars

Bipolar 

production
Additional Flakes Bladelets 

Scaled 

piece
Denticulate (Villa et al., 2018)



Fabbrica 

2

Radiolari

te

Unidirectional 

cores with parallel

removals on a

single debitage

surface or two

adjacent debitage

surfaces and a

platform formed

by a single scar or

from previous

scars on the

opposed surface

Bipolar 

production
Additional Flakes Bladelets 

Scaled 

piece
Scraper

(Dini and Tozzi,

2012; Villa et al.,

2018)

Broion 

riparo, 1f,

1g

Flint Local,exogenous

Unidirectional 

debitage exploiting 

the major axis

through striking on 

a flat surface (the

butt, a cortical

side, a pre-existing

sharp fracture,

etc.) by bipolar

technique

Unipolar 

production
Additional Bladelets Flakes

Backed 

piece
Scraper

(Peresani et al.

2019)

Fumane, 

A3
Flint Limestone Local Nodules Pebbles

Recurrent 

centripetal

Unipolar 

production-

Laminar lamellar

production

Additional Flakes Blades

Scraper Denticulate

(Peresani et al.,

2016; 2019)

Protoauri

gnacian

Fumane, 

A1-A2
 Flint Local Nodules

Laminar and

lamellar 

production. 

Platform cores

Multidirectional 

production
Integrated Bladelets Blades

Retouched 

bladelet
End scraper

(Falcucci et al.,

2017; 2018;

Falcucci and

Peresani, 2018)

Mochi G Flint Exogenous, local

Laminar and

lamellar 

production, 

prismatic 

unidirectional 

cores

Integrated Blades Bladelets 
Backed 

piece

Dufour 

bladelet

(Riel-Salvatore 

and Negrino 2009;

Bertola et al. 2013;

Grimaldi et al.

2014)



Bombrini 

A1-3
Flint Exogenous, local

Laminar and

lamellar 

production, 

prismatic 

unidirectional 

cores

Opportunistic 

production
Integrated Bladelets Flakes

Dufour 

bladelet
End scraper

(Riel-Salvatore, 

2007; Riel-

Salvatore and

Negrino, 2009,

2018; Negrino and

Riel-Salvatore, 

2018)

Fabbrica 

3,4
Flint Quartz Local,exogenous Pebbles Slabs

Laminar and

lamellar 

production. 

Poliedric or

prismatic cores

Opportunistic 

multidirectional 

production

Integrated Flakes Blades Scraper

End 

scraper, 

retouched 

bladelet

(Dini and Tozzi,

2012)

Paglicci 

24
Flint Local

Laminar and

lamellar 

production

Integrated Blades Bladelets 
Backed 

piece

End 

scraper, 

micropoint

(Palma di Cesnola,

2004b)

Serino Flint Radiolarite Local,exogenous Pebbles Bipolar production

Laminar and

lamellar 

production 

Integrated Flakes
Blades, 

bladelets
Scraper Truncation

(Accorsi et al.,

1979)

Cala AU

13-10
Flint Radiolarite Local,exogenous Pebbles

Laminar and

lamellar 

production 

Integrated Flakes Blades End scraper Scraper
(Benini et al.,

1997)

Castelcivit

a  rsa’
Flint Limestone Local Pebbles 

Laminar and

lamellar 

production 

Integrated Flakes
Blades, 

bladelets

Backed 

piece

End 

scraper, 

denticulate

(Gambassini, 

1997)

Castelcivit

a ars, gic
Flint Limestone Local Pebbles 

Laminar and

lamellar 

production 

Integrated Bladelets Blades
Backed 

piece

End 

scraper, 

micropoint

(Gambassini, 

1997)


