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Summary - The cultural dynamics that led to the appearance of the Aurignacian have intrigued 
archaeologists since the start of Paleolithic research. However, cultural reconstructions have often focused on a 
restricted region of Europe, namely the northern Aquitaine Basin. The Mediterranean Basin, though, is also 
a region worthy of consideration when testing if the Protoaurignacian was followed by the Early Aurignacian 
adaptive system. Fumane Cave is a pivotal site for tackling this issue because it contains evidence of repeated 
human occupations during the time span of the European Aurignacian. Here we investigate the diachronic 
variability of the lithic assemblages from five cultural units at Fumane Cave using a combination of reduction 
sequence and attribute analyses. This paper also reassesses the presence and stratigraphic reliability of the 
organic artifacts recovered at Fumane Cave. Our results show that the features of the Protoaurignacian techno-
typology are present throughout the stratigraphic sequence, and by extension, to the onset of Heinrich Event 4. 
Additionally, the appearance of split-based points in the youngest phase is evidence of extensive networks that 
allowed this technological innovation to spread across different Aurignacian regions.

Keywords - Aurignacian, Early Upper Paleolithic, Paleolithic Archaeology, Lithic Technology, Human 
Evolution, Anatomically Modern Humans.

Introduction

Background and aim of research
Given its chronological position and geographic 

spread, the Aurignacian is perhaps the most studied 
techno-complex of the Upper Paleolithic (e.g. Bon, 
2006; Breuil, 1912; de Sonneville-Bordes, 1960; 
Delporte, 1968; Djindjian, 1993; Garrod, 1938; 
Laplace, 1966; Peyrony, 1933). The cultural and 
economic changes that occur in this period mark a 

turning point in human evolution that is perceived 
as evidence for the definitive expansion of mod-
ern humans  into Europe (Conard, 2002; Davies, 
2007; Hublin, 2015; Mellars, 2006a). Human 
remains, found in a few stratified sites, strongly sup-
port this scenario (Bailey et al., 2009; Benazzi et al., 
2015). The appearance of the Aurignacian is dated 
to approximately 43–42 ky cal BP and the earli-
est Aurignacian cultural remains are mainly found 
along the Mediterranean belt and the Danube, both 
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considered to be natural paths to the European sub-
continent (Barshay-Szmidt et al., 2018; Barshay-
Szmidt et al., 2020; Davies & Hedges, 2008; 
Davies et al., 2015; Douka et al., 2012; Higham et 
al., 2012; Hopkins et al., 2016; Nigst et al., 2014; 
Szmidt et al., 2010; Wood et al., 2014).

In the last decades, a constantly growing 
database has permitted researchers to define the 
main features of the Aurignacian phenomenon 
and various attempts have been made to disen-
tangle its complex synchronic and diachronic 
variability (Bar-Yosef & Zilhão, 2006; Bon, 
2002; Bon et al., 2006; Hahn, 1977; Laplace, 
1966; Le Brun-Ricalens, 2005b). However, most 
previous research has been conducted in the 
northern Aquitaine Basin, a region that had a 
prominent role in the construction of Paleolithic 
research itself (Groenen, 1994). Thus, being 
constrained to a limited region of its important 
geographic spread, a slightly biased narrative of 
the Aurignacian cultural phenomenon has been 
constructed (Anderson et al., 2018).

The Aurignacian was first divided into four 
successive stages based on the typological variabil-
ity of lithic and organic tools (Bordes, 2006; de 
Sonneville-Bordes, 1960; Delporte, 1964, 1968; 
Demars, 1992; Demars & Laurent, 1992; Peyrony, 
1933, 1935). These definitions were then com-
plemented by technological studies conducted 
over the last decades (Bon, 2002; Bon & Bodu, 
2002; Bon et al., 2010; Bordes, 2002; Chiotti, 
2005; Le Brun-Ricalens, 1993; Le Brun-Ricalens, 
2005b). Outside of southwestern France, several 
Aurignacian assemblages have been discovered in 
cave and open-air sites. Rather than focusing on 
defining regional signatures, the main concern 
of archaeologists has often been to extend the 
“Aquitaine Model” (see Bordes, 2006) to the rest 
of the Europe (e.g. Broglio, 2000; Cortés-Sánchez 
et al., 2019; Demidenko et al., 2012; Dinnis et al., 
2019a,b, 2020; Hahn, 1977; Kozlowski & Otte, 
2000; Laplace, 1966; Otte & Derevianko, 2001; 
Zilhão & d’Errico, 1999). Recently, researchers, 
ourselves included, have raised doubts about the 
application of this model on a supra-regional scale 
(Bataille, 2013; Bataille & Conard, 2018; Bataille 
et al., 2018, 2020; Conard & Bolus, 2006, 

2015; Falcucci et al., 2017; Hauck et al., 2018; 
Sitlivy et al., 2012; Tafelmaier, 2017). We have 
argued, in fact, that the variability and definition 
of the oldest stages, known as Protoaurignacian 
(PA) and Early Aurignacian (EA), have been 
over-simplified to better construct scenarios of 
modern humans’ arrival into Europe. According 
to some, these variants represent two distinct 
routes of dispersal along natural paths such as the 
Mediterranean boundaries and the Danube Basin 
(Conard & Bolus, 2003; Hublin, 2015; Mellars, 
2004, 2006b; but see: Chu, 2018). To others, 
they are instead successive stages reflecting differ-
ent settlement dynamics (Anderson et al., 2015; 
Bon, 2005). 

In this regard, a recent study has concluded 
that the shift from the PA to the EA adaptive 
system was triggered by the deterioration of the 
environment at the onset of the Heinrich Event 4 
(HE4) (Banks et al., 2013a, b; contra: Higham et 
al., 2013; Ronchitelli et al., 2014); a drastic cool-
ing episode in the North Atlantic (Bond & Lotti, 
1995; Hemming, 2004) that propagated both into 
the eastern and western Mediterranean through 
atmospheric and ocean circulation (e.g. Badino 
et al., 2020; Fedele et al., 2004; Panagiotopoulos 
et al., 2014; Sanchez Goñi & Harrison, 2010; 
Sánchez Goñi et al., 2020). This model is based 
on the subdivision of the Aurignacian in the 
Aquitaine Basin, although it clearly aims to be 
applied over the whole extension of Europe. 

But does the archaeological evidence from the 
southern Alpine range and the Italian Peninsula 
support this scenario? Careful investigations and 
reassessments of pivotal sites are the best way to 
respond to this question and further understand 
the complex population dynamics that character-
ized the Early Upper Paleolithic.

The Italian Aurignacian
The Italian Aurignacian is represented by 

several stratified sites and surface collections 
that are distributed in different environmental 
settings, close to the modern coastlines and up 
to Alpine and Apennine regions (Mussi, 2002; 
Palma di Cesnola, 2001). The Italian research 
tradition was strongly influenced by work 
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conducted by G. Laplace in the late sixties and 
seventies (Laplace, 1966, 1977; Plutniak & 
Tarantini, 2016) and technological assessments 
have been conducted in only a few cases (e.g. 
Bertola et al., 2013; D’Angelo & Mussi, 2005; 
Dini et al., 2010, 2012). Among those, Fumane 
Cave is the site that has received the attention, 
although research has mostly focused on the ear-
liest manifestations of the Aurignacian (Bertola 
et al., 2013; Broglio et al., 2005; De Stefani et al., 
2012; Falcucci et al., 2017; Falcucci & Peresani, 
2018). The presence of several cultural units 
that both pre- and postdate the occurrence of 
HE4, allow us to carefully address the internal 
variability of the Aurignacian in the Venetian 
region. Here, besides Fumane Cave, evidence of 
Aurignacian sites is poor and difficult to evaluate. 
At Tagliente Rockshelter, located in the Monti 
Lessini, an Aurignacian assemblage was found 
within a stratigraphic unit that was partially 
mixed with Mousterian and Epigravettian imple-
ments (Bartolomei et al., 1982). At Paina, in the 
Colli Berici, few Aurignacian lithic implements 
were found together with a fragmented organic 
point (Bartolomei et al., 1988). Few open-air 
sites distributed in the pre-Alpine range and in 
the sub-Alpine belt complement the Aurignacian 
in this area (Broglio et al., 2003).

Some authors have suggested that PA tech-
nical traditions persisted longer in Italy than in 
other regions (Anderson et al., 2015; Bon et al., 
2010; Mussi, 2002; Palma di Cesnola, 2001). For 
this reason, Palma di Cesnola (2001) and Mussi 
(2002) proposed that the prefix Proto- be abol-
ished because it gives the impression that assem-
blages included in this group have an absolute 
chrono-stratigraphic significance with respect to 
others, as for instance, is the case with the cor-
responding “Aurignacian 0” in western Europe 
(Bon et al., 2010; Bordes, 2006). Fewer “typi-
cal” Aurignacian assemblages exist and have been 
sorted mainly by the presence of split-based 
points (SBPs) and other organic artifacts (Blanc 
& Segre, 1953; Degano et al., 2019; Laplace, 
1977; Mussi et al., 2006; Palma di Cesnola, 2001; 
Tejero & Grimaldi, 2015), although some authors 
have suggested that the two variants be lumped 

together, given the high resemblance of their 
main typological features (Gheser et al., 1986). 
Careful reassessments are needed to address these 
issues in a more parsimonious way, emphasizing 
technological signatures and diachronic vari-
ability of stratified sites. In this framework, new 
data have been recently produced at Bombrini, in 
northwestern Italy, by Riel-Salvatore & Negrino 
(2018a,b). Their results suggest that the PA 
was a technological system that survived well 
beyond the HE4 and the roughly contempora-
neous Campanian Ignimbrite volcanic eruption 
(see references in: Giaccio et al., 2017). Similar 
conclusions, even if at a preliminary level, were 
reached by Broglio and the research team of 
Ferrara University at Fumane Cave (Broglio, 
1997; Higham et al., 2009). 

With the aim of shedding new light on 
the cultural dynamics that characterized the 
Aurignacian in northeastern Italy, we present 
a detailed comparison of five cultural units 
(A2, A1, D3base, D3balpha, and D3ab) from 
Fumane Cave. We investigate assemblage vari-
ability and re-evaluate the organic artifacts to 
detect evidence of cultural modifications and/or 
stability throughout the stratigraphic sequence. 
We thus test whether the earliest PA cultural 
units A2–A1 (Falcucci et al., 2017) are fol-
lowed by assemblages that can be attributed to 
the EA (as defined by: Arrizabalaga et al., 2009; 
Bon et al., 2010; Bordes, 2006; Teyssandier, 
2007; Teyssandier et al., 2010). We discuss the 
values and drawbacks of the use of cultural tax-
onomy and examine the evidence for circulation 
of technological innovations across different 
regions during the Aurignacian. Finally, we pre-
sent future research directions that will lead to a 
better understanding of the initial stages of the 
Upper Paleolithic south of the Alps.

Fumane Cave and the Aurignacian stratigraphic 
sequence

Fumane Cave, excavated since 1988, lies at 
the foot of the Monti Lessini Plateau (Venetian 
Pre-Alps). Details about the cave’s structure, Late 
Pleistocene stratigraphic sequence, and paleocli-
matic significance, as well as its paleontological 
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and cultural content, are available in numerous 
publications (Bartolomei et al., 1992a; Benazzi 
et al., 2015; Broglio et al., 2003; Broglio & 
Dalmeri, 2005; Broglio et al., 2005; Cassoli & 
Tagliacozzo, 1994; Falcucci et al., 2017; Higham 
et al., 2009; López-García et al., 2015; Peresani, 
2012; Peresani et al., 2016a). A main cave and 
two associated tunnels preserve a finely-layered 
sedimentary succession (Supplementary Material 
Fig. 1a,b) spanning the late Middle Paleolithic 
and the Early Upper Paleolithic, with features 
and dense scatters of remains in units A11, A10, 
A9, and A6–A5 (Mousterian: Peresani, 2012; 
Peresani et al., 2013), A4 and A3 (Uluzzian: 
Douka et al., 2014; Peresani et al., 2016a), 
A2–A1 (Protoaurignacian: Bertola et al., 2013; 
Broglio et al., 2005; Cavallo et al., 2017; Falcucci 
et al., 2017; Falcucci & Peresani, 2018; Falcucci 
et al., 2018), D6, D3, and D1c (Aurignacian 
lato sensu: Broglio & Dalmeri, 2005), and D1d 
(early Gravettian: Falcucci & Peresani, 2019).

The earliest Aurignacian unit A2 was dated 
to 41.2–40.4 ky cal BP (Higham et al., 2009; 
Higham, 2011). A dispersion of ocher over a large 
extent of the area and a considerable change in 
the content of anthropogenic material (Broglio et 
al., 2009) marked a clear boundary with unit A3 
(Cavallo et al., 2017, 2018). The overlying unit 
A1, a thin anthropogenic level with horizontal 
bedding, was only found at the cave entrance and 
was described as virtually indistinguishable from 
A2 in the cave mouth. Frost activity affected lay-
ers A3 and A2 in the easternmost part of the cave 
entrance. As a result, materials from A2 likely 
infiltrated into A3 (Benazzi et al., 2014; Peresani 
et al., 2016a). In the inner eastern side of the 
cave mouth, layer A2 was tilted and compressed 
towards the cave wall, forming a pronounced 
stratigraphic deformation. Despite that, unit 
A2 was described as a well-defined sedimentary 
body that spanned from a few to ten centimeters 
in thickness. Unit A2 differed markedly from 
both underlying and overlying units due to its 
dark-brownish color, its texture and its high 
charcoal, bone and lithic density, as well as the 
clear presence of features (i.e. combustion fea-
tures, post-holes, and toss-zones) located at the 

cave entrance (Broglio et al., 2006a,b; Peretto et 
al., 2004). A few combustion features were dis-
covered within shallow basins excavated at the 
edges of the Uluzzian (Peresani et al., 2016b) and 
late Mousterian units. A few lithic implements 
from these units might have thus ended up in the 
Protoaurignacian assemblages. 

The youngest Aurignacian phase is represented 
by several layers mainly embedded in the strati-
graphic complex D3 (Supplementary Material 
Fig. 2), which is located in the front part of the 
cave. The macro-unit D differs from the macro-
unit A in that it is formed of very coarse mate-
rials, such as boulders and stones. These materi-
als collapsed from the cave walls and sealed the 
cave entrance. The progressive disruption of the 
cave walls is correlated to a protracted period of 
climatic deterioration (Broglio et al., 2003; López-
García et al., 2015). Not surprisingly, human for-
agers frequented the cave less often during this 
time than during the formation of units A2–A1. 
Despite that, archaeological findings were recov-
ered in several layers embedded in macro-unit D. 

For the sake of completeness, it is worth not-
ing that the stratigraphy of the upper deposit 
excavated in the cave mouth is different than that 
of the cave entrance. Differing sediment compo-
sition and excavation history played a similar 
role. At the cave entrance, D3 was divided into 
several units. The lowermost unit was named 
D3base and was described as a thin layer in 
direct contact with and transitioning from unit 
A1. Above D3base, excavators described two lay-
ers, named D3d (Supplementary Material Fig. 
2b) and D3balpha (Supplementary Material 
Fig. 2c) and later interpreted these as part of a 
single, rather short, accumulation event during 
which human activity is the most evident. We 
will group the lithic assemblages recovered in 
these units and refer to the unit as D3balpha. 
D3d stands for the French word Dallage (pave-
ment in English) and refers to an anthropo-
genic feature made up of angular, small sized 
blocks (ca. ten centimeters in size). They were 
arranged to form a sub-horizontal pavement 
bounded by boulders with a diameter of ca. 1.2 
meters. In close proximity to this pavement, 
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an accumulation of several lithic artifacts and a 
SBP were found around a combustion feature 
(Broglio et al., 2006b). This human accumula-
tion event took place after the HE4, at about 
38.9–37.7 ky cal BP (95.4% of reliability), as 
suggested by a radiocarbon date obtained from a 
charcoal sampled within the  combustion feature 
(Higham et al., 2009). The uppermost part of 
D3 was divided into two arbitrary spits: D3a and 
D3b (Supplementary Material Fig. 2a). Despite 
being the most extended deposits, archaeological 
materials are scanty if compared to the preceding 
units.  D3a was considered an almost sterile unit 
and sediments were quickly removed and only 
partially sieved. Thus, the frequency of the small 
lithic fraction (i.e. bladelets and chips), may be 
slightly underestimated. We consider D3a and 
D3b as a single unit, which we refer to as D3ab. 

At Fumane Cave, there are clear bounda-
ries between stratigraphic layers surrounding 
the Aurignacian and there is a lack of significant 
deformations in most of the front part of the cave, 
suggesting that the integrity of the Aurignacian 
assemblages remained intact. Furthermore, there 
is no supporting evidence of percolation of stone 
implements from and to the D3 complex. A 
similar statement cannot be made for the upper 
Aurignacian units described in the cave mouth, 
where perturbations between occupations have 
likely taken place. This issue, coupled with the fact 
that correlation to the previously described units is 
problematic, has prompted us to exclude all mate-
rials recovered in this area and conduct a careful 
examination of the post-depositional processes that 
affected these units. Here, the eastern portion of the 
upper sequence is different than that of the western 
part. In the eastern side, two units were identified 
on top of unit A2. Unit D6 was a loose stony layer, 
followed by a very thick layer named D3+D6. 
In the western side, unit D6 was, instead, cov-
ered by a thin anthropogenic level named D3a+b 
and by several units grouped in the stratigraphic 
complex D1. Among them, D1c was attributed 
to the Aurignacian and D1d to the Gravettian 
(Bartolomei et al., 1992b; Broglio, 1997). Recent 
investigations have confirmed the attribution of 
unit D1d (Falcucci & Peresani, 2019).

The Early Upper Paleolithic ecological con-
text at Fumane Cave has been reconstructed from 
the study of macro- and micro-faunal remains. 
Results show the presence of both forest and 
cold and open habitat fauna, typical of the alpine 
grassland steppe above the tree line (Broglio et al., 
2003; Cassoli & Tagliacozzo, 1994). Compared 
to the late Mousterian context, this data reflects 
a decrease in woodland formations  and cli-
matic cooling. López-García et al. (2015) have 
described two main phases taking place during 
the formation of the Aurignacian deposit. The 
first was recorded in units A2 and A1 and relates 
to a cold and dry phase, probably related to the 
HE4 event. The second phase (D3 complex) 
was instead relatively cold and humid. A warm 
period characterized the formation of D1d, while 
Heinrich Event 3 was identified in D1e.

Materials and methods

Given that the aim of this paper is a dia-
chronic comparison between the different 
Aurignacian assemblages, we have restricted our 
sample to all materials recovered in the front 
part of the cave (Supplementary Material Fig. 3), 
where the stratigraphy is fine grained, and the 
youngest phase is divided into several units. Also, 
A2 and A1 are easily distinguishable in this area. 
We have thus decided to consider them as two 
different analytical units, contrary to our previ-
ous study (Falcucci et al., 2017). By doing so, we 
will be able to give a more accurate narrative of 
the Aurignacian at Fumane Cave. In this study, 
we analyze five cultural units: A2, A1, D3base, 
D3balpha, and D3ab. The oldest units A2 and 
A1 contain more lithic artifacts compared to the 
youngest phases. Human occupation of the cave 
was likely more intense during the formation of 
A2–A1. On the other hand, the upper cultural 
deposit formed during a faster time span as result 
of climatic deterioration and the progressive dis-
ruption of the cave walls. This issue, however, 
does not inhibit us from conducting an accurate 
technological comparison. Cores, blanks, tools, 
and by-products are present in all assemblages.
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The Aurignacian deposits in the external 
part of the cave have been excavated since the 
beginning of the fieldwork at the site. Most of 
the studied materials were recovered from 1988 
to 2006 under the supervision of A. Broglio 
and one of us (MP). Before systematic excava-
tions, the D3 complex was partially damaged 
by clandestine excavations in the eastern part 
of the cave. For this reason, most of the arti-
facts from the youngest units come from the 
central-western side of the present-day cave. 
The archaeological material was either directly 
excavated using a 33×33 cm grid or recovered 
from wet sieving. All artifacts are available for 
detailed investigations, except for a small set 
of cores (n=5) and tools (n=17) from A2–A1 
that are on display in permanent exhibitions 
at the Museo Paleontologico e Preistorico di 
Sant’Anna d’Alfaedo (Veneto, Italy). In order to 
conduct an extensive technological analysis of 
the Aurignacian lithics, all artifacts bigger than 
1.5 cm in maximal dimension were counted 
and organized according to the identified tech-
nological classes and the sub-square of proveni-
ence. Detailed attributes were further recorded 
according to two sampling strategies. For A2 
and A1, the sampling procedure is based on our 
previous work (Falcucci et al., 2017), but all 
artifacts belonging to the back of the cave were 
excluded. Several square meters were selected, 
most of them located near the combustion fea-
tures identified during the excavations. In these 
square meters, all blades and bladelets bigger 
than 1.5 cm in maximal dimension, regardless of 
the degree of fragmentation and all flakes with 
preserved butts greater than 2.0 cm in maximal 
dimension were subjected to attribute analysis. 
Furthermore, attribute analysis focused on all 
cores, tools and tool fragments, all complete and 
almost complete blades and bladelets found in 
the rest of the square meters located in the exter-
nal part of the cave. Given the smaller sample 
sizes available for the uppermost layers (D3base, 
D3balpha, and D3ab), the whole extension of 
the cave entrance was sampled and all recovered 
artifacts greater than 1.5 cm in maximal dimen-
sion were fully analyzed.

The lithic analysis approach combines two 
complementary methods: reduction sequence 
analysis (Boëda et al., 1990; Conard & Adler, 
1997; Inizan et al., 1995; Soressi & Geneste, 
2011) and attribute analysis (Andrefsky, 1998; 
Odell, 2004; Tostevin, 2013). The first identifies 
the methods of core reduction and the stages of 
knapping, use, and discard of stone artifacts. The 
second is particularly valuable because it provides 
quantitative data on the numerous discrete and 
metric features that can be recorded on individual 
artifacts. The attributes recorded in the database 
are based on recent studies and have been shown 
to be valuable for understanding laminar tech-
nologies at the onset of the Upper Paleolithic (e.g. 
Nigst, 2012; Zwyns, 2012). Additionally, diacritic 
analyses (Dauvois, 1976; Pastoors et al., 2015; 
Roussel, 2011) were performed to reconstruct the 
chronology, the direction of removals, the stages 
of production on exhausted and initial cores, and 
short sequences of removals on blanks. By doing 
this, the detailed core reduction processes can be 
identified (Falcucci & Peresani, 2018).

We use the unified taxonomy by Conard et al. 
(2004) in order to give a general overview of core 
categories, while the sub-classification of platform 
reduction strategies are based on our previous works 
(Falcucci et al., 2017; Falcucci & Peresani, 2018). 
Carinated cores have been sorted, after a techno-
typological analysis, in three sub-categories: core-
like, end-scrapers, and burin forms. The latter two 
have also been included in the tool list. In our pre-
vious analysis of units A2–A1, we did not include 
carinated burins in the core list. Here, after a re-
evaluation of the tool assemblage, we have decided 
to include them as one of the possible reduction 
strategies used for bladelet production. Core-like 
forms are sometimes typed as Rabot in the French 
literature (de Sonneville-Bordes, 1960; Demars 
& Laurent, 1992). Here, we will not list them as 
tools. In order to more objectively define carinated 
pieces, only endscrapers and burins that display reg-
ular lamellar negatives longer than 15.0 mm have 
been typed so. Concerning the typological list, we 
present a revised and simplified version of the most 
used Upper Paleolithic typologies (de Sonneville-
Bordes, 1960; Demars & Laurent, 1992).  
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In order to assess the curvature of blanks, dor-
sal scars, and shape, we took only complete and 
almost complete specimens into account. This 
helps avoiding biases due to the high frequency 
of broken lithic implements. We quantified pro-
file curvature using the categories defined by Bon 
(2002). We excluded retouched tools from the 
analysis of morphology and distal ends due to 
the modification of the shape via retouching. The 
metric boundary between blades and bladelets was 
placed at 12.0 mm (Tixier, 1963), in agreement 
with most of the studies conducted on Aurignacian 
assemblages and according to our case study. 
Overall, our technological comparison between 
units is made in both a qualitative and a quanti-
tative way. Differences were statistically tested by 
using both discreet and metrical variables in IBM 
SPSS Statistics 24. Pearson’s chi–squared tests were 
used for discreet variables while metric differ-
ences were assessed by using non-parametric tests 
(Mann–Whitney and Kruskall–Wallis), given that 
our samples are not normally distributed according 
to Shapiro–Wilk and Kolmogorov–Smirnov tests. 
Finally, we used the Holm–Bonferroni sequential 
correction test to reduce the probability of per-
forming a type 1 error (Holm, 1979). 

Results

Raw material procurement
The knappers selected flints from different car-

bonatic formations, which, in the western Monti 
Lessini, range from the Upper Jurassic to Middle 
Eocene. They were easily collected within 5–15 km 
from the site. The most widespread types, distin-
guishable based on macroscopic features (Bertola, 
2001), are from the Maiolica, the Scaglia Rossa, 
the Scaglia Variegata, and the Ooliti di San Virgilio 
formations. Excellent, knappable raw material 
nodules also abound in loose coarse stream or flu-
vial gravels, slope-waste deposits, and soils in the 
immediate surroundings of the cave. Jurassic and 
Tertiary coarse flint originating from carbonatic 
sandstones, frequently found in large-sized and 
homogeneous nodules, were almost exclusively 
used to produce blades (Falcucci et al., 2017). In 
units A2–A1, a small sample of blanks (n=70) and 
retouched bladelets (n=9) have been made on the 
extra-local red Radiolarite of the Lombard Pre-
Alps, found today all along the Lombardy Basin, 
ca. 50 km from the site (Bertola et al., 2013). 
Besides Radiolarite, knappers principally used the 
same range of flints throughout the sequence.

Fig. 1 - Frequencies of the main blank types (flakes, blades, and bladelets) produced throughout 
A2–D3ab. A2 is the oldest unit, while D3ab is the youngest. The colour version of this figure is avail-
able at the JASs website.
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Quantitative analysis of the knapped assemblage
The quantitative analysis of assemblages A2–

D3ab shows little diachronic changes (Tab. 1). 
Blanks dominate all assemblages, followed by 
tools, angular debris, and cores. There is no differ-
ence between the frequency of blanks compared to 
tools (Chi2=49.922, p=0.3), with tool frequency 
remaining stable throughout the sequence. Core 
assemblages are dominated by bladelet and blade 
cores and remain at low values, with a slight 
increase in layers D3balpha–D3ab. Overall, the 
paucity of cores (n=102, 0.6%) suggests that 
knappers reduced raw material nodules intensely 
on-site and often exported non-exhausted cores. 

Table 2 summarizes the frequency of the main 
blank types across the assemblages and gives a tech-
nological overview for each class. Laminar prod-
ucts (blades and bladelets together) dominate A2–
A1, while they progressively decrease towards the 
top of the sequence (Fig. 1). Specifically, while the 
frequency of blades is rather stable, the frequency 
of bladelets is low in layer D3ab. Instead, flakes 
start to increase from D3base–D3balpha. All steps 
of the reduction sequence are represented, from 
the decortication to the discard of exhausted cores. 
Raw material decortication resulted mostly in the 
production of blades and flakes of variable sizes 
and with unidirectional removal scars. For this 
reason, and as already noted in A2–A1 (Falcucci et 
al., 2017), bladelets with cortical remains are rare 
(about 5-8%).

Blank production
A discussion about flake production in a lam-

inar-dominated assemblage is always complicated 
by the fact that many of the flakes recovered are 
the outcomes of the various operations carried 
out to shape and maintain blade and bladelet 
cores. Furthermore, the flake class is generally 
very broad because it includes all those prod-
ucts that fall outside of the common definition 
of laminar blank. Cores are therefore the most 
useful artifacts to evaluate the presence of inde-
pendent flake reduction strategies. Flake cores are 
present in all the studied assemblages, with per-
centages that increase from the 9% in A2 to the 
21% in D3ab. The higher share of flake cores in 
D3balpha–D3ab is in agreement with the general 
increase of flakes. There are some differences in 
the identified core reduction methods (Tab. 3). 

Parallel cores are only found in the oldest 
units. These cores follow a centripetal system 
of reduction and are similar to the centripetal 
cores recovered in the Uluzzian units (Peresani 
et al., 2016a). We suggested that the presence 
of these objects may represent the outcomes of 
minor post-depositional processes that affected 
A2–A1 (Falcucci et al., 2017). Multidirectional 
cores are present in all assemblages. This group 
includes cores that have removals from two or 
more faces and multiple striking platforms. They 
have polyhedral morphologies and frequently 
display hinged negatives of removals. Finally, in 

Tab. 1 - Quantitative analysis of the knapped assemblages (> 1.5 cm). Note that artifacts that were 
described both as tools and cores have been included in the tool category. Percentages are given in 
brackets. Table adapted from Falcucci (2018).

  BLANK TOOL CORE ANGULAR 
DEBRIS

TESTED 
NODULE

TOTAL

D3ab 382 (73.0%) 70 (13.4%) 17 (3.3%) 54 (10.3%)  - 523

D3balpha 561 (78.2%) 106 (14.8%) 12 (1.7%) 38 (5.3%)  - 717

D3base 830 (79.5%) 144 (13.8%) 5 (0.5%) 65 (6.2%)  - 1044

A1 3235 (78.2%) 648 (15.7%) 34 (0.8%) 219 (5.3%) 1 (-) 4137

A2 8055 (77.2%) 1458 (14.0%) 34 (0.3%) 883 (8.5%) 4 (-) 10434

Total 13063 2426 102 1259 5 16855
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D3balpha–D3ab flakes were mostly obtained 
from unidirectional cores (Supplementary 
Material Fig. 4a,b). These cores are made from 
nodules and thick cortical flakes and show flat 
striking platforms and straight flaked surfaces. 
The flaking direction is unidirectional and the 
reduction pattern sub-parallel. Last negatives are 
frequently hinged. Flakes with unidirectional 
hinged scars and plain butts are common among 

blanks and are likely to be the result of this 
reduction strategy (Supplementary Material Figs. 
4d-g). The diacritic analyses suggest that the 
multidirectional cores recovered in D3balpha–
D3ab were reduced by following a series of inde-
pendent and rather organized reduction phases 
based on consecutive unidirectional reduction 
phases (Supplementary Material Fig. 4c,h). The 
knapping progression usually started with a set 

Tab. 2 - Distribution of blank types across the studied assemblages. Blank types are further divided 
according to four technological classes, referring to different stages of the reduction sequence. The 
categories full production and semi-cortical contain all blanks likely obtained during the optimal 
reduction phases. The category initialization contains all blanks deemed to have had a role in the 
core’s shaping-out (e.g. fully cortical and crested blanks), while the category maintenance lumps 
all blanks related to the re-organization of the core convexities and maintenance of optimal flaking 
angles (e.g. lateral blades, neo-crested blanks, and core tablets). The count includes blank types of 
tools. Rounded percentages are given in brackets.

A2 A1 D3BASE D3BALPHA D3AB

Flake 3172 (33%) 1164 (30%) 407 (42%) 311 (47%) 242 (54%)

Full production 2391 865 294 220 163

Semi-cortical 434 162 77 56 40

Initialization 215 69 20 20 11

Maintenance 132 68 16 15 28

Blade 1973 (21%) 982 (25%) 156 (16%) 97 (15%) 84 (19%)

Full production 1501 760 107 64 55

Semi-cortical 299 143 29 18 12

Initialization 53 18 3 3 3

Maintenance 120 61 17 12 14

Bladelet 4361 (46%) 1735 (45%) 411 (42%) 259 (39%) 123 (27%)

Full production 4061 1603 367 233 106

Semi-cortical 208 88 27 16 9

Initialization 23 11 7 1 1

Maintenance 69 33 10 9 7

Undetermined 6 (-) 2 (-) 0 (-) 0 (-) 3 (1%)

Total 9512 3883 974 667 452
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of flakes detached from a flat striking platform. 
Once the flaking surface had lost its convexities, 
the core was rotated to begin a new, unidirec-
tional reduction phase from an opposite or per-
pendicular removal surface. This pattern has not 
been found in A2–D3base, where flakes were 
removed from different faces without any spe-
cific organization. To summarize, flake produc-
tion is more important in the youngest cultural 
units of Fumane Cave, where flake cores show, 
in some cases, a degree of predetermination 
that was not found in the oldest assemblages. 
Nevertheless, flakes never represent the main 
goal of the knapping.

We have divided laminar cores into different 
reduction strategies according to the objectives 
of production (Tab. 4). All the reduction strate-
gies identified in A2–A1 (Falcucci et al., 2017) 
were also found in the youngest cultural units. 
Core reduction procedures in these layers do not 
differ from what we have already described in 
Falcucci & Peresani (2018). The listed core types 
do not represent strict categories. They share 
several technological features such as the prepa-
ration of flat striking platforms and a unidirec-
tional approach to knapping. Cores were made 
from nodules, thick flakes, and by-products 
of lithic production. The selected blanks were 
roughly prepared and flaking surface decortica-
tion was partial or even absent. In the case of 
nodules, the most common operation consisted 
of the removal of a thick cortical flake to open 

a steep striking platform. A laminar blank was 
then detached along the longitudinal axis of the 
core, usually on a narrow face, to make blank 
production easier to start. Non-invasive crests 
were applied only when the morphology of the 
core blank did not permit laminar products to be 
directly extracted. In some cases, cores were ori-
ented according to the transversal axis to exploit 
their thickness in the framework of carinated 
reduction strategies. In most cases, the goal of 
blank production was bladelets. Blade cores are 
less common than bladelet cores, while blade-
bladelet cores were found in A2, A1, and D3ab. 
Most of these cores attest to a simultaneous pro-
duction of blanks of varied sizes. 

Independent and systematic blade produc-
tions were carried out on semi-circumferential 
and wide-faced flat cores. Only in D3balpha was 
blade production performed on the narrow side 
of a thick semi-cortical flake (Supplementary 
Material Fig. 5). This core has a few blade nega-
tives, up to 93.2 mm in length. These are followed 
by a reorganization of the core’s structure to per-
form an independent bladelet production. Blade 
cores are always characterized by a unidirectional 
sub-parallel reduction pattern. Blanks were 
produced in a linear and consecutive knapping 
progression along the perimeter of the flaking 
surface (Supplementary Material Fig. 6). Lateral 
convexities were usually maintained through the 
use of naturally backed and neo-crested blades. 
Flat striking platforms were, in most cases, pre-
pared and reshaped using core tablets. In A1 and 
D3ab (Supplementary Material Fig. 6b), two 
blade cores display faceted striking platforms. 
Blades with faceted platforms do never repre-
sent more than the 2% of the blank assemblages. 
The knapping technique used to produce blades 
shows little variability (Tab. 5). 

The external platform angle is usually under 
75 degrees (≥ 96%) and blades frequently display 
ventral lipping, dorsal thinning, and narrow plat-
forms that, together, are evidence for the use of a 
direct marginal percussion. There are some differ-
ences in the presence of bulbs and intensity of lip-
ping, but it is not clear what the meaning of such 
variability expresses. The assessment conducted 

Tab. 3 - Distribution of the reduction strate-
gies identified on flake cores across the studied 
assemblages.

  A2 A1 D3BASE D3BALPHA D3AB

Parallel 2 1  -  -  -

Unidirectional  -  -  - 1 2

Multidirectional, 
unorganized

2 3 1 1  -

Multidirectional, 
organized

 -  -  - 1 2

Total 4 4 1 3 4
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on the macro-tool category suggests that soft 
stone hammers were used during the mainte-
nance and optimal production phases of platform 
cores (Caricola et al., 2018). From a morpho-
metrical standpoint, blades usually have sub-par-
allel edges and dorsal scar patterns, which agrees 
with the observations made on blade cores. Blades 
are similarly sized across the assemblages (Tab. 6). 
There are no differences in thickness or robust-
ness of blanks, while there are some differences in 
the distribution of the width values. Descriptive 
statistics show that blades from D3ab are broader, 
while blades from D3base are slightly narrower. 
Concerning the length, complete blades from 
D3base–D3ab are too few to draw conclusions. 
If complete blades from these units are grouped 
(overall median: 46.3 mm) and compared to A2 
(median: 47.4 mm), differences are not signifi-
cant (Mann–Whitney, U=1870; p=0.5).

Blade cores show an intense degree of exploi-
tation, although they were usually discarded 
when blade production could not be pursued 
In other words, blade cores were not systemati-
cally reduced into bladelet cores (for a detailed 
explanation see: Falcucci et al., 2017). Blade 
and bladelet productions were, however, not 
strictly separated. Exhausted blade cores could be 
selected and reorganized to carry out independ-
ent bladelet productions. This is the case for two 
cores from A1 and D3balpha. Blades were also 
detached during the elaborate maintenance oper-
ations carried out on semi-circumferential and 
narrow-sided bladelet cores (see below) and dur-
ing simultaneous reduction strategies. Because 
of these operations, blades displaying from one 
to multiple bladelet negatives on the dorsal side 
were produced. The frequency of these blanks 
does not differ across the studied assemblages 
(Chi2=6.8492; p=0.1), suggesting consistency in 
the overall technological organization.

Cores with bladelet scars are the most com-
mon type of core in the assemblages, with fre-
quencies that vary from 86% in A2 to 70% in 
D3ab (Tab. 4). Bladelet production was based on 
several and, in most cases, independent reduction 
strategies, whose presence and frequency show 
few diachronic changes and demonstrate the 

Tab. 4 - Distribution of platform cores accord-
ing to the identified reduction strategies and the 
objectives of production. Core fragments are 
excluded from the list. *one core in A1 and one 
in D3ab show a carinated reduction strategy 
carried out prior to or after the re-orientation 
of the core.

A2 A1 D3BASE D3BALPHA D3AB

Initial core          

Narrow face 3 3 2 2 3

Wide face 1  -  - 2  -

Transverse 1 3 1  -  -

Semi-circumferential    

Blade 1 1  - 1  -

Bladelet 5 5 1  - 2

Blade-bladelet 1  -  -  - 1

Narrow-sided          

Blade  -  -  -  -  -

Bladelet 3 6  - 1  -

Undetermined  -  -  -  - 1

Wide-faced flat          

Blade 1  -  -  - 1

Bladelet 1 3  -  -  -

Blade-bladelet 1  -  -  -  -

Carinated          

Core-like 2 1  - 1  -

Endscraper 3  - 1 3 2

Burin 6 2 2  -  -

Multi-platform*          

Blade  -  -  -  -  -

Bladelet 4 6  -  - 3

Blade-bladelet  - 2  - 1  -

Total 33 32 7 11 13
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need to produce end-products of different sizes. 
Bladelet cores can be divided into two macro-
classes: cores that have been oriented accord-
ing to the longitudinal axis of the blank, such 
as semi-circumferential and narrow-sided cores, 

and cores oriented according to the transversal 
axis, classified as carinated cores. In A2–A1, 
bladelet production is mostly based on the lon-
gitudinal axis of the core blank (Supplementary 
Material Fig. 7a–d).

Tab. 5 - List of mean values (in millimeters) ± standard deviations, width to thickness (W/T) ratios, 
and discrete attributes recorded on blades to diagnose the knapping technique, and the results of 
the Kruskall–Wallis and Pearson’s chi–squared tests that we conducted. P-values in bold are signifi-
cant. EPA stands for external platform angle. Rounded percentages are given in brackets.

A2 A1 D3BASE D3BALPHA D3AB TEST

Platform measurements          

Thickness 1.5 ± 1.0 1.5 ± 1.1 1.5 ± 0.8 1.8 ± 1.3 1.8 ± 1.0 H=6.518;    p=0.2

Width 4.2 ± 2.4 4 ± 2.5 4 ± 2.2 4.2 ± 2.4 4.4 ± 2.3 H=2.911;    p=1

W/T ratio 3.4 ± 2.7 3.3 ± 2.7 3 ± 2.1 2.7 ± 1.5 2.7 ± 1.1 H=0.9003;  p=0.9

Platform type            

Plain 344 (76%) 136 (69%) 65 (82%) 33 (72%) 37 (84%)

Linear 54 (12%) 29 (15%) 9 (11%) 4 (9%) 3 (7%)

Punctiform 6 (1%) 9 (5%)  - 2 (4%) 2 (5%)

Cortical 9 (2%) 2 (1%) 2 (3%) 1 (2%) 1 (2%) Chi2=34.257

Faceted 3 (1%) 3 (2%)  - 1 (2%) 1 (2%) p=0.2

Dihedral 11 (2%) 2 (1%) 2 (3%)  -  -

Abraded 5 (1%) 6 (3%)  - 2 (4%)  - 

Undetermined 19 (4%) 10 (5%) 1 (1%) 3 (7%)  - 

Bulb            

no 256 (57%) 101 (51%) 36 (46%) 18 (39%) 14 (32%) Chi2=15.682

yes, moderate 183 (41%) 85 (43%) 42 (53%) 27 (59%) 28 (64%) p<0.05

yes, pronounced 12 (3%) 11 (6%) 1 (1%) 1 (2%) 2 (5%)

Lip            

no 39 (9%) 20 (10%) 9 (11%) 11 (24%) 8 (18%) Chi2=13.126

yes, moderate 170 (38%) 88 (45%) 49 (62%) 26 (57%) 26 (59%) p<0.05

yes, pronounced 242 (54%) 89 (45%) 21 (27%) 9 (20%) 10 (23%)

Dorsal thinning, yes 398 (88%) 176 (89%) 71 (90%) 37 (80%) 37 (84%) Chi2=3.755; p=0.4

Bulbar scars, yes 94 (21%) 42 (21%) 10 (13%) 8 (17%) 7 (16%) Chi2=2.611; p=0.6
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Carinated technology is also common 
and results in the discard of carinated burins 
(Supplementary Material Fig. 8a, c), carinated 
cores-like (Supplementary Material Fig. 9b), and 
carinated endscrapers (Supplementary Material 
Fig. 9a). Carinated cores increase in the upper 
sequence. Carinated burins were only recovered 
in D3base (Supplementary Material Fig. 8b, 
d), while in D3balpha–D3ab, carinated reduc-
tion strategies are only conducted on carinated 
cores-like (Fig. 9d) and carinated endscrapers 
(Supplementary Material Fig. 9e–h). Besides 
carinated cores, semi-circumferential cores are 
still very important (Supplementary Material 
Fig. 7e–f).  Multi-platform cores were not found 
in D3base–D3balpha, while they are present in 
D3ab. Here, one bladelet core displays two dif-
ferent reduction phases that combine carinated 
technology and a narrow-sided reduction strategy 
(Supplementary Material Fig. 9g). In D3balpha, 
bladelet cores were likely exported. Many of the 
recovered cores were in fact abandoned during 
the initial phases of blank production because of 
knapping mistakes and irregularity in the selected 
raw materials (Supplementary Material Fig. 10).

The variability highlighted in the bladelet 
production falls within a rather coherent techno-
logical spectrum. The reduction procedures con-
ducted on carinated cores are very similar across 
the studied units. The flaking surface is often iso-
lated by detaching flakes at the intersection with 
the core flanks, transverse to the main production 
axis. This operation leads some cores to acquire a 
nosed morphology (Supplementary Material Fig. 
9d, f, and h), although twisted bladelets are never 
the goal of this reduction strategy. Bladelet nega-
tives are relatively short, curved, and on-axis. The 
alternated convergent reduction pattern and the 
maintenance operations carried out on carinated 
cores are comparable to what we observed among 
semi-circumferential bladelet cores (Falcucci et al., 
2017; Falcucci & Peresani, 2018). At this point, it 
must be stressed that the association between cari-
nated pieces and bladelet production is not always 
straightforward. At Fumane Cave, the use-wear 
analysis conducted on the endscrapers has shown 
that some of the carinated artifacts were used 
to work soft materials, such as hide (Aleo et al., 
2017). It is interesting that tools with wear traces 
show, in most cases, a flaked surface shorter than 

Tab. 6 - Metric comparison of the mean values (in millimeters) ± standard deviations, median values (in 
millimeters), and robustness (width to thickness ratio) of blades, and results of the Kruskall–Wallis tests 
that we conducted. P-values in bold are significant. Length values are not considered given the small 
number of complete blades recovered in the youngest assemblages. Tools are excluded from the analysis.

A2 A1 D3BASE D3BALPHA D3AB KRUSKALL-WALLIS 
TEST

Width            

Mean ± St. dev. 16.2 ± 4.0 16.6 ± 4.1 15.8 ± 4.1 16.8 ± 4.8 17.6 ± 4.9

Median 14.9 15.4 14.6 14.7 16.7 H=13.96; p<0.05

Thickness            

Mean ± St. dev. 4.2 ± 2.2 4.2 ± 2.1 4.1 ± 2.1 4.3 ± 1.9 4.5 ± 2.0

Median 3.7 3.6 3.5 3.9 4.0 H=5.947; p=0.2

Robustness (W/T)            

Mean ± St. dev. 4.4 ± 1.6 4.6 ± 1.7 4.6 ± 1.9 4.3 ± 1.6 4.3 ± 1.4

Median 4.2 4.4 4.4 3.9 4.1 H=2.746; p=0.6
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20.0 mm – a value that is under the 25th percentile 
of bladelet length values (see below).

Overall, the objective of lithic production was 
usually a bladelet with convergent edges obtained 
by a knapping progression that alternated remov-
als at the center of convergent flaking surface with 
lateral oblique blanks that maintained its lateral 
convexities. When the core blank was a nodule, a 
narrow and convergent surface was isolated on a 
favorable area of the core in order to produce a set 
of pointed bladelets (Falcucci & Peresani, 2018). 

This operation was very common among semi-
circumferential cores and allowed the production 
to be pursued over the course of several reduction 
phases. Common maintenance blanks were lateral 
comma-like and technical blanks. In some cases, 
these blanks were the size of small blades display-
ing multiple bladelet negatives on the dorsal face 
(Falcucci et al., 2017).

The discreet attributes recorded on bladelets 
from A2–D3ab cultural units (Tab. 7) attest to 
the production of bladelets with similar properties 

Tab. 7 - Comparison of the discret attributes recorded on bladelets, and results of the Pearson’s 
chi–squared tests that were conducted. Note that profile curvature and dorsal scar pattern take 
into account only complete and almost complete specimens. Retouched tools are excluded from the 
analysis of the distal ends. Rounded percentages are given in brackets.

MORPHOLOGICAL 
ATTRIBUTES 

A2 A1 D3BASE D3BALPHA D3AB PEARSON’S CHI-
SQUARED TEST

Profile            

Straight 82 (27%) 30 (26%) 9 (23%) 12 (29%) 4 (21%)

Slightly curved 82 (27%) 27 (23%) 6 (15%) 11 (26%) 4 (21%) Chi2= 20.512

Curved 81 (27%) 37 (32%) 13 (33%) 6 (14%) 7 (37%) p=0.2

Intense curvature 15 (5%) 6 (5%) 4 (10%) 8 (19%) 2 (11%)

Twisted 44 (14%) 17 (15%) 7 (18%) 5 (12%) 2 (11%)

Orientation            

Axial 245 (83%) 114 (90%) 75 (91%) 59 (88%) 29 (85%) Chi2=6.166

Off-axis 49 (17%) 12 (10%) 7 (9%) 8 (12%) 5 (15%) p=0.2

Dorsal scar pattern            

Unidirectional sub-parallel 147 (48%) 72 (62%) 23 (48%) 25 (51%) 12 (63%) Chi2=8.2037

Unidirectional convergent 131 (43%) 34 (29%) 20 (42%) 24 (49%) 7 (37%) p=0.08

Other 26 (9%) 11 (9%) 5 (10%)  -  -

Distal end - dorsal view            

Pointed 157 (52%) 51 (40%) 43 (52%) 37 (55%) 17 (50%) Test pointed/ 
no pointed

Convex or concave 99 (33%) 58 (46%) 30 (37%) 20 (30%) 11 (32%) Chi2= 6.2325

Straight 34 (11%) 16 (13%) 3 (4%) 10 (15%) 3 (9%) p=0.2

Irregular 13 (4%) 2 (2%) 6 (7%)  - 3 (9%)  
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and support the strong technological link between 
the studied assemblages. Curved profiles, of differ-
ent intensity grade, dominate. Twisted bladelets, 
that are said to be obtained from the sides of cari-
nated cores (Le Brun-Ricalens, 2005a), are always 
represented in low frequencies and the twisting is 
slightly pronounced. Blank orientation is, in most 
cases, axial to the flaking direction. Unidirectional 
convergent dorsal scars are the most common 
pattern, except for A1. Differences are, however, 
not significant. The same can be said of pointed 
distal ends. The metric analysis shows some dif-
ferences between the different cultural units that 
are statistically significant (Tab. 8), though it is 
not possible to detect a progressive reduction of 

bladelets’ sizes. Based on the descriptive statistics, 
the groups that stand out are A1 and D3balpha. In 
the former, longer bladelets were produced, while 
in the latter bladelets are smaller both in length 
and width values. Therefore, Kruskal–Wallis tests 
were repeated without A1 when comparing length 
values (H=3.472; p=0.3) and without D3balpha 
when comparing width values (H=5.6; p=0.1). In 
both cases, the differences were not significant.

Tools
The typological composition of the studied 

assemblages is listed in Table 9. All assemblages 
are dominated by retouched bladelets: the highest 

Tab. 8 - Metric comparison of the mean values (in millimeters) ± standard deviations, median values 
(in millimeters), robustness (width to thickness ratio), and elongation (length to width ratio) of 
bladelets, and results of the Kruskall–Wallis tests that we conducted. P-values in bold are signifi-
cant. Tools are excluded from the analysis.

A2 A1 D3BASE D3BALPHA D3AB KRUSKALL-WALLIS 
TEST

Length            

Mean ± St. dev. 27.5 ± 9.7 30.2 ± 9.6 27 ± 9.0 23.8 ± 5.7 25.5 ± 6.0

Median 25.4 29.6 25.7 23.5 25.2 H=14.41; p<0.05

Width            

Mean ± St. dev. 8.6 ± 2.0 8.9 ± 1.9 8.6 ± 2.0 8.3 ± 2.1 8.9 ± 2.1

Median 8.7 9.1 8.7 8.4 9.1 H=11.12; p<0.05

Thickness            

Mean ± St. dev. 2.2 ± 1.0 2.4 ± 1.1 2.1 ± 0.9 2.1 ± 0.8 2.3 ± 0.9

Median 2.0 2.1 2.0 1.9 2.1 H=11.45; p<0.05

Robustness (W/T)            

Mean ± St. dev. 4.4 ± 1.7 4.3 ± 1.6 4.5 ± 1.6 4.2 ± 1.4 4.2 ± 1.5

Median 4.3 4.1 4.3 4.1 3.8 H=5.192; p=0.3

Elongation (L/W)            

Mean ± St. dev. 3.4 ± 0.9 3.5 ± 0.9 3.2 ± 0.9 3.3 ± 1.2 3.2 ± 1.0

Median 3.2 3.5 3.0 2.9 2.8 H=8.991; p=0.06
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Tab. 9 - Distribution of tool types. Undet. stands for undetermined. Rounded percentages are given 
in brackets.

A2 A1 D3BASE D3BALPHA D3AB

Retouched bladelet 1262 (87%) 541 (83%) 115 (80%) 67 (63%) 38 (54%)

Retouched blade  80 (5%) 43 (7%) 8 (6%) 8 (8%) 5 (7%)

unilateral 50 20 7 5 2

bilateral 28 19 1 2 2

pointed 1 2  - 1  -

Aurignacian retouch 1 2  -  - 1

Burin 40 (3%) 16 (2%) 6 (4%) 3 (3%) 2 (3%)

simple 17 4 2 1  -

on prepared platform 9 4 1 2 2

on truncation 1 3 1  -  -

dihedral 7 3  -  -  -

carinated 6 2 1  -  -

busked  -  - 1  -  -

Endscraper 25 (2%) 15 (2%) 6 (4%) 11 (10%) 13 (18%)

on flake 7 7 5 4 5

on blade 12 6  - 3 6

flat-nosed  -  -  - 1  -

carinated, frontal 4  - 1 3  -

carinated, thick-nosed  -  -  -  - 2

double 1  -  -  -  -

circular 1 2  -  -  -

Composite 12 (1%) 7 (1%) 4 (3%) 2 (2%) 3 (6%)

burin + endscraper 1 1  -  -  -

burin + lateral retouch 4 4 1 1  -

endscraper + lateral retouch 7 2 3 1 3

Truncation 10 (1%) 3 (-) 2 (1%) 2 (2%)  -

Retouched flake 15 (1%) 16 (2%) 1 (1%) 8 (8%) 6 (8%)

Splintered piece 11 (1%) 6 (1%) 2 (1%) 5 (5%) 2 (3%)

Undet. retouched piece 3 (-) 1 (-)  -  - 1 (1%)

Total 1458 648 144 106 70



www.isita-org.com

115A. Falcucci et al.

frequency is found in A2, and the lowest in D3ab. 
Differences in the distribution of common tool 
types (Fig. 2) are easier to appreciate by excluding 
retouched bladelets from the general count.

In A2–A1 (Fig. 3), laterally retouched 
blades and burins are more abundant, while in 
D3balpha–D3ab (Fig. 4), endscrapers increase 
in frequency. Laterally retouched blades have 
evidence of unilateral and bilateral retouch, and 
only in a few cases are these pointed by retouch. 
Retouching is, in most cases, direct and usually 
has a scalariform or marginal shape (Fig. 3d–e 
and Fig. 4d). Aurignacian retouch is rare (Fig. 
3f and Fig. 4h) and missing in D3base and 
D3balpha. Most burins are simple and made 
mainly on blades. Only in A2–D3base were 
dihedral (Fig. 3b–c) and carinated burins found. 
In D3base, one carinated burin can be further 
classified as busked (Supplementary Material 

Fig. 8b). Most endscrapers display a thin work-
ing edge shaped by short lamellar removals. Some 
are made on retouched blanks (Fig. 3h, j, and k 
and Fig. 4j). The working edge was frequently 
reshaped and we identified several traces of the 
different activities conducted (Aleo et al., 2017). 
Carinated endscrapers increase in frequency 
towards the top of the sequence, although the 
limited number of tools does not allow to run 
statistical tests to back this observation. Two 
thick-nosed endscrapers were recovered in D3ab, 
while one flat-nosed endscraper was recovered in 
D3balpha (Fig. 4g). Finally, retouched flakes are 
more common in the youngest phases (Fig. 4f ). 
Overall, common tools were made on blades and 
flakes and only few on bladelets (Supplementary 
Material Tab. 1). The number of tools on flakes 
increases in D3base, which agrees with the gen-
eral frequency of flakes in the youngest units.

Fig. 2 - Bar-charts comparing the frequencies of common tool types identified throughout A2–D3ab. See 
the color legend to identify the cultural units. For each tool type, bar-charts are organized starting from 
unit A2 (left) up to unit D3ab (right). The colour version of this figure is available at the JASs website.



116 Breaking through the Aquitaine frame

Fig. 3 - Selection of tools from assemblages A2–A1. Burin on truncation (a), dihedral burins (b–c), 
laterally retouched blades (d–e), Aurignacian blade (f), endscrapers on blade (g, i, and l), endscrap-
ers on laterally retouched blade (h and j), and endscraper on laterally retouched flake (k). Arrows 
indicate the direction of the blow. (Photos: A. Falcucci, drawings: G. Almerigogna). The colour ver-
sion of this figure is available at the JASs website.
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Fig. 4 - Selection of tools from assemblages D3base–D3ab. Burin on breakage (a), burin on trunca-
tion (b), splintered piece (c), laterally retouched blade (d), endscrapers on flake (e and i), later-
ally retouched flake (f), flat-nosed endscraper (g), Aurignacian blade (h), endscraper on blade (j). 
D3base = a; D3balpha = b–g; D3ab = h–j. Arrows indicate the direction of the blow. (Photos: A. 
Falcucci, drawings: G. Almerigogna). The colour version of this figure is available at the JASs website.
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The distribution of retouched bladelets, 
according to the preserved parts, is not sig-
nificantly different across the units (Tab. 10; 
Chi2=23.011; p=0.1). The degree of breakage 
is very high; proximal and mesial fragments are 
represented the most. In D3ab, no complete 
retouched bladelets were found. Given that the 
large majority of bladelets are broken, a mor-
phological and technological comparison across 
assemblages is complicated. However, it can be 
said that retouched bladelets do not differ from 
unretouched ones. They usually have slightly 
curved and curved profiles, with little or no 
twisting present. Distal ends are almost never 
off-axis. Sub-parallel and convergent scar pat-
terns are represented in similar percentages to 
those found in the blank assemblages. They have, 
in almost all cases, regular outline morpholo-
gies and tools with preserved cortical remains 
are always below the 2% of the overall samples. 
Retouched bladelets are made on by-products of 
the production in only two cases: one in A2 and 
one in D3balpha. 

Retouching is usually marginal, semi-steep, 
and continuous all along the edge(s) (Fig. 5). 
The shape is regular and generally follows the 
initial morphology of the blanks. On the blade-
lets with alternate retouch, the modification on 
the dorsal side is less invasive compared to the 
retouch on the ventral side. Sometimes it can be 
described as a slight abrasion that creates a thin 
angle. Overall, the intensity of retouch varies in 
relation to the morphology of the selected blank 

and the objective of production. In fact, bladelets 
with convergent retouch show a higher retouch 
intensity on the distal side with angles close to 90 
degrees with respect to the ventral face. All studied 
assemblages show a strong lateralization of ventral 
retouch, almost always located on the right side 
(between 96% and 98%). This pattern is typical 
of the Aurignacian techno-complexes (Falcucci 
et al., 2018; Le Brun-Ricalens, 2005b; Le Brun-
Ricalens et al., 2009; Tsanova et al., 2012).

We have categorized bladelets with lateral 
retouch, convergent retouch, and retouched blade-
lets with truncation according to the position of 
retouch (Tab. 11). There is little diachronic vari-
ability in the distribution of alternate, direct, and 
inverse retouches. Alternate retouch decreases in 
frequency towards the top of the sequence, while 
direct and inverse retouches increase slightly. In 
D3balpha, bladelets with direct retouch are the 
most represented types. Bladelets with conver-
gent retouch are frequent at Fumane Cave. Direct 
retouch is most common, followed by alternate 
retouch. In a previous work, we showed that the 
frequency of these tools is underestimated due to 
the high degree of breakage (Falcucci et al., 2018). 
When only specimens with a preserved distal tip 
(complete blanks and distal fragments) are consid-
ered, the frequency of bladelets made pointed by 
retouch is much higher in each of the studied assem-
blages. Differences in the distribution of bladelets 
with lateral and convergent retouch across the cul-
tural units are thus not significant (Supplementary 
Material Tab. 2; Chi2=2.2044; p=0.7).

Tab. 10 - Distribution of retouched bladelets according to the degree of breakage. Almost comp. 
stands for almost complete. Rounded percentages are given in brackets.

PROXIMAL MESIAL DISTAL ALMOST COMP. COMPLETE TOTAL

D3ab 18 (47%) 15 (39%) 5 (13%)  -  - 38

D3balpha 25 (37%) 28 (42%) 7 (10%) 1 (1%) 6 (9%) 67

D3base 39 (34%) 49 (43%) 18 (16%)  - 9 (8%) 115

A1 186 (34%) 251 (46%) 84 (16%) 2 (-) 18 (3%) 541

A2 371 (29%) 627 (50%) 190 (15%) 10 (1%) 64 (5%) 1262
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From a metric standpoint, retouched blade-
lets show differences in size that are statistically 
significant (Tab. 12), though no clear pattern can 
be identified. Compared to unretouched blade-
lets, they are always narrower and slender. The 
smaller tools are found in D3balpha, which is 
in agreement with what we noticed among the 
blanks. Instead, retouched bladelets from D3ab 
are comparable to the artifacts recovered in the 
lowermost assemblages. Finally, the robustness is 
similar across all samples.

Beyond lithics: organic tools and ornamental objects
Before trying to summarize the outcomes of 

this techno-typological investigation, it is impor-
tant to take into consideration the presence 
of other artifacts, such as ornamental objects, 
organic tools, and painted stones, within each of 
the studied units. To do so, we will consider only 
those artifacts that were recovered in the studied 
area. Extensive information on these findings can 
be found in numerous publications (Bartolomei 
et al., 1992b; Bertola et al., 2013; Broglio et al., 

Fig. 5 - Selection of retouched bladelets sub-grouped according to the cultural units of provenience. 
a–c, e, g, j–l, n, and q–s are bladelets with lateral retouch. d, f, h–i, m, o–p, and t–u are bladelets 
with convergent retouch. Artifacts are oriented with the butt at the bottom of the figure. (Photos: A. 
Falcucci, drawings: G. Almerigogna). The colour version of this figure is available at the JASs website.
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2003; Broglio & Dalmeri, 2005; Broglio et al., 
2006a, 2009; Peresani et al., 2019). 

Pierced marine shells are the most com-
mon ornaments at Fumane Cave and demon-
strate the movements of people and/or contacts 
between people within a large area. It is worth 
mentioning that the Tyrrhenian and Adriatic 
coastlines were approximately 200 km and 400 
km, respectively, from Fumane Cave at the time 
of the Aurignacian occupations (Antonioli, 
2012; Benjamin et al., 2017; Siddall et al., 2008; 
Waelbroeck et al., 2002). Shells are mostly con-
centrated in the back of the cave, while their 

number significantly decreases in the front part. 
Here, the major concentration was found in A2 
(n=66), followed by the D3 complex (n=35), 
and A1 (n=21). The most common species of 
shell is Homalopoma sanguineum. Others spe-
cies are rare, such as one Dentalium sp. found 
in A1 (Peresani et al., 2019). The presence of 
an Atlantic species, Littorina obtusata, suggests 
that the Aurignacian foragers had contacts far 
beyond the Italian Peninsula (Vanhaeren & 
d’Errico, 2006). Besides pierced shells, one 
grooved deer incisor was recovered at the top 
of unit A1. 

Tab. 11 - List of retouched bladelets divided according to the types defined in Falcucci et al. (2018) 
and the position of retouch. The last group lumps all retouched bladelets. Rounded percentages are 
given in brackets.

A2 A1 D3BASE D3BALPHA D3AB

Bladelet with lateral retouch      

Alternate 684 (54%) 270 (50%) 59 (51%) 22 (33%) 17 (45%)

Direct 208 (16%) 101 (19%) 20 (17%) 20 (30%) 10 (26%)

Inverse 252 (20%) 120 (22%) 24 (21%) 18 (27%) 10 (26%)

Bladelet with convergent retouch      

Alternate 48 (4%) 13 (2%) 3 (3%) 1 (1%) 1 (3%)

Direct 53 (4%) 26 (5%) 9 (8%) 6 (9%)  - 

Inverse 3 (-)  -  -  -  -

Bladelet with lateral retouch + truncation    

Alternate 4 (-) 7 (1%)  -  -  -

Direct 7 (1%) 2 (-)  -  -  -

Inverse 3 (0%) 2 (-)  -  -  -

Overall retouched bladelets  

Alternate 736 (58%) 290 (54%) 62 (54%) 23 (34%) 18 (47%)

Direct 268 (21%) 129 (24%) 29 (25%) 26 (39%) 10 (26%)

Inverse 258 (20%) 122 (23%) 24 (21%) 18 (27%) 10 (26%)

Total 1262 541 115 67 38
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The bone industry is characterized by a 
series of common tools such as awls and perfo-
rators made from long bone diaphysis and by 
antler points. In a few cases, the proximal part 
of the point is still preserved, allowing to point 
to be further classified as a SBP. Two SBPs were 
recovered in the D3 complex, but artifacts con-
fidently attributable to this type were not found 
in A2–A1, although an antler point lacking its 
proximal part was found at the top of layer A1. 
Future research will focus on the presence of 
by-products from the manufacture of SBPs to 
further assess antler exploitation throughout the 
stratigraphic sequence.

Three stones painted with red ocher were 
recovered in the front part of the cave. These 
stones were part of the cave walls that partly col-
lapsed because of climatic deteriorations. Two 
fragments, an anthropomorphic figure and an 
undetermined motif, were found in the upper 
sequence, and one fragment with a painted 

animal was found at the interface between A2 
and D3base. The large amount of red ocher 
found in A2 (Broglio et al., 2009; Cavallo et al., 
2017, 2018) may be interpreted as evidence for 
cave painting during the earliest occupations. 
Detailed comparative analyses of these fragments 
are required to ascertain from what part of the 
collapsed wall they originate.

Discussion

Summary of the Protoaurignacian sequence of 
Fumane Cave

We analyzed five successive lithic assemblages 
(A2–D3ab) from the Early Upper Paleolithic 
deposit of Fumane Cave. Results show that no 
major diachronic changes occur throughout the 
stratigraphic sequence. The variable and sys-
tematic bladelet productions and the marked 
frequency of bladelet tools are clear evidence of 

Tab. 12 - Metric comparison of the mean values (in millimeters) ± standard deviations, median val-
ues (in millimeters), and robustness (width to thickness ratio) of retouched bladelets, and results 
of the Kruskall-Wallis tests that we conducted. P-values in bold are significant. Statistic tests were 
not performed for length values given the small number of available complete artifacts from the 
D3base–D3balpha assemblages and the absence of complete tools in D3ab.

A2 A1 D3BASE

MEAN MEDIAN MEAN MEDIAN MEAN

Length 29.0 ± 8.9 27.8 28.4 ± 6.5 30.9 26.9 ± 6.8

Width 6.4 ± 1.7 6.2 6.7 ± 1.7 6.5 6.3 ± 1.7

Thickness 1.6 ± 0.5 1.6 1.7 ± 0.5 1.6 1.5 ± 0.4

Robustness (W/T) 4.1 ± 1.1 3.9 4.1 ± 1.1 3.9 4.2 ± 1.1

  D3BALPHA D3AB KRUSKALL-WALLIS 
TEST

MEDIAN MEAN MEDIAN MEAN MEDIAN

25.9 19.6 ± 4.4 19.2 - -  - 

6.1 5.8 ± 1.7 5.5 6.2 ± 1.6 6.2 H=23.52; p<0.05

1.6 1.5 ± 0.6 1.4 1.5 ± 0.4 1.5 H=19.94; p<0.05

4.1 4.2 ± 1.3 4.1 4.2 ± 1.3 3.9 H=2.678; p=0.6
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cultural continuity (Falcucci, 2018). However, it 
is important to underline the fact that continuity 
should not be interpreted as a stasis in the tech-
nological behavior of foragers that visited the cave 
over the course of several millennia. Based on the 
techno-typological variations and the re-evalua-
tion of the organic artifacts recovered therein, we 
observed several similarities and differences.

The main goal of Protoaurignacian knappers 
was to obtain lamellar blanks, using comparable 
reduction strategies. In the oldest cultural units 
(A2–A1) the use of carinated technology is less 
evident than in D3base–D3ab. Interestingly, 
among carinated core types, carinated burins are 
only present in A2–D3base. Nevertheless, semi-
circumferential and narrow-sided cores were the 
favored strategy throughout the sequence, possi-
bly because knappers frequently oriented the raw 
materials according to the longer axis available 
to obtain more elongated products. This is also 
clear when morphological and metric attributes 
of bladelets are taken into consideration, as the 
high frequency of pointed artifacts stands out. 

As for blade production, similar reduction 
procedures were used to produce blades across 
the studied units. Blade cores were unidirec-
tional, and blanks, frequently with sub-parallel 
edges, were detached from flat striking platforms 
during linear and consecutive knapping progres-
sions (Falcucci & Peresani, 2018). Having said 
that, blades discarded at the site also come from 
the elaborate re-shaping phases performed on 
bladelet cores. Flake production is more common 
in the uppermost units. Flakes from D3balpha–
D3ab were obtained from unidirectional cores, a 
different strategy than the parallel and multidi-
rectional core reduction strategies represented in 
the underlying units.

Tool composition shows variability across the 
studied sequence. It is important to keep in mind 
that differences in the frequency of tools may be 
the outcome of factors such as uneven sample 
sizes, stochastic variation, and differences in site-
use through time. Retouched bladelets are the 
most frequent tool type across the whole stud-
ied sequence. Their frequency is although higher 
in the oldest cultural units A2–A1. Endscrapers 

gradually increase in frequency from D3base 
and represent the main type of common tool 
in D3balpha–D3ab, whereas laterally retouched 
blades and different burin types are more com-
mon in A2–A1. Finally, in A2–A1 common tools 
are made on blades, while in D3base–D3ab tools 
on flakes are more frequent.

Aside the lithic assemblages, marine shells 
were commonly used as ornamental objects at 
Fumane Cave and organic tools were made from 
bone and antler. No organic points were recov-
ered in A2, while a mesio-distal antler point was 
found at the top of unit A1. SBPs made from 
antler were only recovered in D3balpha–D3ab.

Overall, this detailed assessment supports our 
previous attribution of units A2–A1 to the PA (as 
defined in: Falcucci et al., 2017) and confirms 
that no differences can be identified, on a techno-
typological basis, between the two assemblages. 
The rest of the studied assemblages present few 
differing features and can be grouped into two 
phases: D3base and D3balpha–D3ab. D3base 
presents only a few variations of the general com-
position of the lithic assemblage, while they are 
more distinct in D3balpha–D3ab. From now on, 
we will refer to the youngest phase as the late PA 
in order to underline the continuity that char-
acterizes the cultural sequence at Fumane Cave.

Testing the adaptive shift to the Early Aurignacian
According to Banks et al. (2013a), the adap-

tive shift that marked the beginning of the EA 
and the disappearance of the PA over the exten-
sion of the European sub-continent was trig-
gered by the deterioration of the environment at 
the onset of HE4. Several researchers have criti-
cized the validity of this scenario because of both 
its discard of inconvenient data when running 
Bayesian modeling and for the strict cultural 
separation between the two Aurignacian vari-
ants (Bataille et al., 2018; Falcucci et al., 2017; 
Higham et al., 2013; Ronchitelli et al., 2014). 
A growing chronological database attests to the 
beginning of the EA well before the cut-off of 
ca. 39.9–39.2 ky cal BP. This is, for instance, 
the case at Isturitz (Barshay-Szmidt et al., 2018), 
Pataud (Higham et al., 2011), Geißenklösterle 
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(Higham et al., 2012), Willendorf II (Nigst et al., 
2014; contra: Teyssandier & Zilhão, 2018), and 
possibly at Lapa do Picareiro (Haws et al., 2020). 
Although criticisms have been raised over the 
dates obtained in Central Europe (Banks et al., 
2013b; Teyssandier & Zilhão, 2018; Zilhão & 
d’Errico, 2003), this database suggests a statisti-
cal overlap between assemblages that show either 
PA and EA affinities (Wood et al., 2014). In this 
framework, our assessment of the Aurignacian 
sequence of Fumane Cave, which contains evi-
dence of human occupations that both pre- and 
postdate the occurrence of HE4, provides us 
with the rare opportunity to address this issue 
and the archaeological validity of a model that 
relies on the assumption that the chrono-cultural 
sequence established in the Aquitaine Basin is 
applicable to all of Europe. 

The late PA at Fumane Cave has a lithic sig-
nature that does not fit into the classic Aquitaine 
sequence, where it appears that consensus about 
the techno-typological features of the EA has 
been reached (Bon, 2002; Bon et al., 2010; 
Bordes, 2006; Chiotti, 2005; de Sonneville-
Bordes, 1960; Teyssandier et al., 2010). Several 
major divergences can be underlined. At Fumane 
Cave, blades from the youngest assemblages are 
not more robust and platforms are almost never 
faceted. Laterally retouched blades only rarely 
display the so-called Aurignacian retouch (de 
Sonneville-Bordes, 1960). This type of modi-
fication, which is said to be virtually absent in 
the PA and common in the EA (Bordes, 2006), 
is represented in unit A2 and never increases in 
frequency in the upper sequence. The independ-
ence of bladelet production is not a viable char-
acteristic with which to define the EA, given that 
this feature characterizes the PA also (Bataille, 
2017; Bataille et al., 2018; Falcucci et al., 2017; 
Falcucci & Peresani, 2018; Normand et al., 
2007; Ortega Cobos et al., 2005; Porraz et al., 
2010; Riel-Salvatore & Negrino, 2018b; Slimak 
et al., 2006b; Tafelmaier, 2017). The EA is said to 
be characterized by a bladelet production that is 
almost exclusively conducted on carinated cores. 
At Fumane Cave, carinated technology is never 
the sole reduction strategy responsible for the 

production of bladelets, though carinated pieces 
gradually increase in frequency throughout the 
sequence. Bladelets in EA assemblages are seldom 
retouched. Contrary to this, retouched bladelets 
are always the most common tool type within 
the sequence of Fumane Cave. Finally, the simul-
taneous production of blades and bladelets has 
only rarely been described in the EA (Chiotti, 
2005; Tafelmaier, 2017; Teyssandier, 2007), 
whereas at Fumane Cave it is a common feature.

Our case study represents an example of how 
challenging it is to use diachronic local signatures 
to construct straightforward supra-regional mod-
els. We cannot subdivide the Aurignacian into 
four development phases extrapolated from a 
restricted region, namely southwestern France, as 
several authors have already argued (e.g. Bataille 
& Conard, 2018; Clark & Riel-Salvatore, 2005; 
Conard & Bolus, 2006, 2015; Davies, 2001; 
Hauck et al., 2018; Moreau et al., 2015; Sitlivy 
et al., 2014). Accepting that regional variation 
exists, one major implication is that the PA 
does not necessarily refer to a pioneering phase 
of human dispersal, as suggested by Anderson 
et al. (2015). Instead, we consider the PA to be 
an adaptive system (see Tafelmaier, 2017) that is 
a rather effective set of behavioral features that 
allowed foragers to cope with shifting climatic 
conditions in the course of few thousand years. 

Fumane Cave is not unique in the archaeo-
logical record of northern Italy. At Bombrini 
Rockshelter (Liguria, northwestern Italy), for 
instance, the formation of the two PA cultural 
units (A2 and A1) spanned from ca. 40,710 
to ca. 35,640 ky cal BP (Benazzi et al., 2015). 
Recent studies confirm that neither the HE4 
nor the Campanian Ignimbrite volcanic erup-
tion altered the defining features of the assem-
blages (Riel-Salvatore & Negrino, 2018a). At 
Mochi Rockshelter (Liguria, northwestern Italy), 
the recent identification of two PA occupations 
(Grimaldi et al., 2014) that precede the well-
known PA assemblage from unit G (Bietti & 
Negrino, 2008; Kuhn & Stiner, 1998; Laplace, 
1977) and the long chronological span that 
characterizes the latter (Douka et al., 2012) are 
in agreement with the evidence from Bombrini. 
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According to Tejero & Grimaldi (2015), the 
assemblage from unit F can be assigned to the 
EA as defined in southwestern France, although 
the radiocarbon dates obtained (ca. 36 ky cal BP: 
Douka et al., 2012) are significantly younger 
than the ones available for that region. 

Data from southern Italy is still incomplete, 
sometimes deriving from old excavations or sur-
face collections. For instance, additional research 
is needed to test the hypothesis of an abrupt end 
of the PA due to the Campanian Ignimbrite 
volcanic eruption in southern Tyrrhenian Italy 
(but see: d’Errico & Banks, 2015; Lowe et al., 
2012), whose ashes have been found on top of 
PA layers at Castelcivita Cave and the open-air 
site of Serino (Accorsi et al., 1979; Gambassini, 
1997; Wood et al., 2012), and of the possible 
cultural interactions that occurred between the 
makers of Uluzzian and Aurignacian techno-
complexes (Benazzi et al., 2011; De Stefani et al., 
2012; Giaccio et al., 2017; Marciani et al., 2019; 
Moroni et al., 2013, 2018; Mussi, 2002; Mussi et 
al., 2006; Palma di Cesnola, 2001, 2004, 2006; 
Riel-Salvatore, 2007; Ronchitelli et al., 2014; 
Villa et al., 2018). Differences between north-
ern and southern Italy seem to be marked. For 
instance, the frequency of retouched bladelets in 
southern assemblages is lower when compared 
to the northern sites (Riel-Salvatore, 2010). 
The further development of specific retouched 
bladelet types in the cultural units successive to 
the earliest PA at Castelcivita Cave (Campania, 
southwestern Italy: Gambassini, 1997) and 
Paglicci Cave (Apulia, southeastern Italy: Palma 
di Cesnola, 2004, 2006) is evidence of specific 
regional adaptation mechanisms that need to 
be examined more closely. Valuable informa-
tion might come, for example, from a reassess-
ment of Serino (Campania, southwestern Italy), 
a single-layered open-air site that was discovered 
beneath nearly 3 m of tephra and whose two-
phase structure is diagnostic of the CI (Accorsi 
et al., 1979; Giaccio et al., 2008). Researchers 
have usually interpreted the site as a short-term 
occupation of PA foragers, with a dense scat-
ter of remains mostly located near a combus-
tion feature. Interestingly, only four retouched 

bladelets were recovered from the site. Among 
those, two artifacts are similar to the so-called 
micro-points of Castelcivita. In the southeast, 
the site of Paglicci Cave contains three PA cul-
tural units (Unit 24 a0-a1, a2-a4, bI-bII) dated 
by radiocarbon to ca. 34–29 ky uncal BP (Palma 
di Cesnola, 2004). The PA sequence is sealed by 
the Codola tephra, which is dated to ca. 33 ky 
BP and gives a more reliable age determination 
(Giaccio et al., 2008). Although new technologi-
cal assessments are needed, the presence of this 
tephra unit might help researchers to understand 
the long temporal span of the PA south of the 
Alps and the continuous presence of foragers 
in regions adjacent to the origin of the CI vol-
canic eruption. Further, the typological (Palma 
di Cesnola, 2004) and technological (Wierer, 
2013) analyses of the PA assemblages show that 
retouched bladelets are more numerous in the 
youngest cultural unit and that they have been 
modified by direct retouch to obtain a peculiar 
outline morphology (one convex edge opposed 
to a straight/concave edge) not seen elsewhere in 
Italy. Furthermore, carinated cores are still pre-
sent, but are always in very low frequency (Palma 
di Cesnola, 2006; Wierer, 2013).

The persistence of the PA in Italy, and thus the 
contemporaneity with the EA on a supra-regional 
scale, is considered possible by Bon (2002, 2006) 
and Anderson et al. (2015). Our data point 
toward the same direction, although it is now clear 
that technological continuity does not imply cul-
tural isolation. This study has permitted to iden-
tify an internal variability within the PA sequence 
of Fumane Cave. The gradual changes that occur 
attest to common chrono-cultural trends that link 
Fumane Cave to some western European regions, 
where a clear cultural break between PA and EA 
is difficult to detect. Differences with the classic 
definition of EA, as well as resilience of PA traits, 
are frequently emphasized. 

In the Pyrenean region, the recently exca-
vated site of Isturitz contains several layers that 
have been attributed to PA and EA occupations 
(Normand & Turq, 2005). The EA from units C 
4b1 and C 4b2 is characterized by the presence of 
SBPs (Normand et al., 2007), bovine teeth, and 
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basket-shaped beads used as personal ornaments 
(White & Normand, 2015). In terms of the lithic 
assemblages, the increase in the number of end-
scrapers and carinated cores and the presence of 
Aurignacian blades are considered supporting evi-
dence for a shift to an EA phase. The researchers 
also emphasize that there are several differences 
compared to the classic definition, such as the 
high proportion of retouched bladelets (ca. 23% 
in C 4b1) and the interdependence of blade and 
bladelet reduction systems (Barshay-Szmidt et al., 
2018; Normand, 2006; Normand et al., 2007). 
The cultural unit C 4c4 is described as a transi-
tional phase, suggesting a regional development 
of the EA (Normand, 2006; Szmidt et al., 2010). 
In Cantabria, the PA unit VII and EA units VI–V 
of Labeko Koba (Arrizabalaga & Altuna, 2000) 
were recently re-analyzed by Tafelmaier (2017). 
Tafelmaier shows the strong technological affini-
ties that exist between PA and EA technological 
systems in the realm of bladelet production. As 
in the previous case, carinated reduction strate-
gies increase in the EA, while from a typological 
standpoint retouched bladelets are less common 
(from ca. 50% to ca. 10%) and endscrapers are 
more common. It is also interesting to note that 
flakes are numerous in the EA units, similar to 
the youngest cultural phases of Fumane Cave. 
Similar data come from the site of La Viña (Fortea 
Pérez, 1995; Santamaría, 2012), although tapho-
nomic processes may have resulted in the mixing 
of supposedly EA and late Aurignacian assem-
blages (Santamaría, 2012; Wood et al., 2014). In 
west-central France, the site of Les Cottés con-
tains PA (US 04inf.) and EA (US 04sup.) units 
that are chronologically indistinguishable (Talamo 
et al., 2012). The EA unit consists of techno-
typological traits that are also well represented 
in the underlying PA (Roussel & Soressi, 2013). 
Research conducted some decades ago in south-
eastern France shows that sites such as Pêcheurs 
(Lhomme, 1976), Esquicho Grapaou units B.R. 1 
and C.C. 1 (Bazile, 1974), Rainaude (Onoratini, 
1986), and Observatoire unit E (Onoratini et al., 
1999), assigned to the EA based on the presence of 
SBPs and carinated cores, present several features 
that diverge from the classic definition. For this 

reason, Slimak et al. (2006a) have observed that 
the use of two strict groups such as PA and EA 
does not allow us to well appreciate the develop-
ment of the Aurignacian in the Rhône Basin. The 
authors conclude that a Mediterranean variant of 
the EA with several PA features is very likely. The 
duality that seems to exist between the Atlantic 
and Mediterranean Aurignacian has also been 
emphasized by other authors, who suggest that 
new regional assessments be conducted to iden-
tify better the defining features of the latter vari-
ant (Anderson et al., 2018; Le Brun-Ricalens & 
Bordes, 2007).

Data from Central Europe is worthy of 
consideration as well. In the Swabian Jura, for 
instance, the Aurignacian begins with assem-
blages that differ greatly from the PA identified 
in south and western Europe and that are rich 
in carinated cores and almost completely devoid 
of retouched bladelets (Conard & Bolus, 2006; 
Hahn, 1977; Teyssandier, 2007). The lithic 
industries at Geißenklösterle have been described 
by Teyssandier (2007) as being close to the EA 
of the Aquitaine Basin, although Conard & 
Bolus (2006) have stressed that the Aurignacian 
of the Swabian Jura has a strong regional sig-
nal. Distinct chrono-cultural phases have not 
yet been identified, but Teyssandier (2008) has 
suggested a possible change in the organization 
of the lithic assemblages within the sequence of 
Geißenklösterle that may not be solely related to 
the functional variability of the site. Furthermore, 
new data from the ongoing excavations at Hohle 
Fels suggest that the technological features of the 
Aurignacian of the Swabian Jura are more diverse 
than previously thought (Bataille & Conard, 
2018; contra: Dinnis et al., 2019b). The ongo-
ing analyses of the lowermost horizons will bet-
ter define these components and the diachronic 
development of the Aurignacian in the region.

In the light of the data we have presented above 
and case studies we have taken into consideration, 
we strongly encourage researchers to focus their 
attention on critical reassessments of regional signa-
tures in order to construct high-resolution chrono-
cultural narratives. Only by doing so, will it be 
possible to better understand the formation of the 
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Upper Paleolithic and model scenarios of humans’ 
dispersal across Europe and mechanisms of cultural 
adaptation. One major issue that researchers need 
to tackle is the loose adoption of cultural taxonomic 
terms, which, together with the sometimes-uncriti-
cal use of radiocarbon dates, are the sole parameters 
used to schematize the highly variable archaeologi-
cal record of Europe. This can hinder our ability 
to understand cultural processes. Taxonomic terms 
should be better framed if they are to be used to 
understand human behavior and cultural evolu-
tion (Reynolds & Riede, 2019). We notice that 
cultural taxonomy tends to almost exclusively rely 
on diachronic change, ignoring spatial variability. 
Little attention is given to the spatial distribution 
of cultural variants and to the differences that 
might be related to specific human adaptations to 
different environments. In the particular case of 
Fumane Cave, we do not use new taxonomies to 
define the late PA cultural units (e.g. Fumanian: 
Conard & Bolus, 2006) in order to avoid unnec-
essary confusion and an over-fragmentation of the 
archaeological record, which may prevent, in the 
long run, cross-regional comparisons (Sauer & 
Riede, 2019). Nevertheless, we want to stress the 
significant differences between the archaeological 
record south of the Alps and the record of Central 
Europe and southwestern France. Italy may not be 
the sole exception to a rather monolithic cultural 
framework, given that researchers tend to classify 
assemblages that show a high degree of internal 
variability into strict cultural phases, such as PA for 
assemblages dated prior to HE4 and EA for assem-
blages that postdate this climatic event. Overall, 
we consider cultural taxonomy a precious tool to 
enable profitable communication between scien-
tists across different research traditions. However, 
different levels of taxonomies (Brew, 1946) may be 
needed to describe and interpret the archaeological 
record with regard to external and internal factors, 
such as environmental and climatic constraints or 
specific site-use strategies.

Split-based points and cultural interactions 
between foragers

The youngest cultural units at Fumane Cave 
cannot be grouped into the EA. This assessment 

has demonstrated that the PA was an efficient 
adaptive system that responded well to the needs 
of foragers gravitating to the Venetian Pre-Alps. 
Its techno-typological features clearly persist 
throughout the stratigraphic sequence with some 
temporal variations that are less distinct when 
compared to other regions. The use of similar 
reduction strategies to produce blades, and espe-
cially bladelets, can be seen as evidence for the 
presence of a stable population in northeastern 
Italy with strong knapping traditions. However, 
the isolation of general trends in the realm of 
lithic technology that link Fumane Cave to other 
southern and western European regions dem-
onstrate the possibility of cultural interactions 
between foragers. Supporting evidence for this 
hypothesis is the appearance of SBPs at several 
sites across Europe (Doyon, 2017; Liolios, 2006). 

The SBP has historically been considered a 
true expression of the EA (de Sonneville-Bordes, 
1960; Peyrony, 1933, 1935), replaced by types 
of organic points in successive stages of the 
Aurignacian (but see: Moreau et al., 2015). This 
type of organic artifact remains important to the 
definition of the EA today (Banks et al., 2013b, 
a; Teyssandier, 2007; Teyssandier & Zilhão, 
2018). Only a small percentage of sites contains 
SBPs and more generally organic points. Outside 
of the Aquitaine and the Swabian Jura, finds are 
scattered (Tafelmaier, 2017). Nevertheless, it is 
not rare that archaeologists ascribe a cultural unit 
to the EA based solely on the presence of a SBP 
(Banks et al., 2013a; de Sonneville-Bordes, 1960; 
Hahn, 1977; Tejero & Grimaldi, 2015). An exam-
ple is Fumane Cave. Some authors have argued 
that units A1 (but see above) and D3 correspond 
to EA phases (Banks et al., 2013a,b; Teyssandier 
& Zilhão, 2018). This interpretation is debatable 
because, as we have shown here, no clear cultural 
shift to the EA is visible in the lithic technology.

The manufacture of a SBP requires a highly 
standardized procedure (Tartar & White, 2013) 
that seems unlikely to have been reinvented in 
multiple regions without any technological trans-
fer. Its presence in the late PA of Fumane Cave 
thus suggests the existence of inter-regional con-
tacts between foragers that allowed technological 
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innovations to spread over large areas. This is not 
unrealistic if one considers the extensive exchange 
networks required for the circulation of marine 
shells of both Mediterranean and Atlantic origins 
across hundreds of kilometers (Taborin, 1993; 
Vanhaeren & d’Errico, 2006). As for the timing 
of its appearance, the debate is still open. It is 
often said that when SBPs are found within a clear 
stratigraphic framework, they are never associated 
to the lowermost cultural unit (Doyon, 2017; 
Hahn, 1977). Also, a chronological comparison 
of directly or indirectly dated SBPs across Europe 
suggests that this artifact type does not date to 
the earliest manifestations of the Aurignacian 
(Tafelmaier, 2017). The ongoing excavations at 
Hohle Fels attest instead to the presence of SBPs 
in the lowermost Aurignacian horizons (Conard 
& Malina, 2008). More data is thus needed to test 
whether SBPs were only manufactured starting 
from a second stage of the Aurignacian.

In a recent summary of the work conducted 
at Fumane Cave, one of us (Falcucci, 2018) has 
proposed a tentative interpretation to address 
this issue that we will address and expand on this 
paper. During the time span from 42 to 35 ky 
cal BP, the regions south of the Alps were not 
isolated from the rest of Europe. Two important 
bridges favored the movement of people both 
towards the east and the west. In the northeast, 
due to sea levels being about 70 m below the 
present-day coastline (Benjamin et al., 2017), a 
huge plain, covered today by the Adriatic Sea, 
connected Italy to the Balkans. In the northwest, 
the coastal Ligurian corridor allowed move-
ments to and from Mediterranean France. Direct 
and/or indirect long-distance contacts between 
groups of foragers were thus possible. In the spe-
cific case of Italy, the circulation of marine shells 
and siliceous raw materials across hundreds of 
kilometers (Bertola et al., 2013) are important 
evidence supporting the marked dynamic human 
behavior during the Early Upper Paleolithic. 
Also, particularly interesting is the discovery of 
a sidescraper made from northeastern pre-Alpine 
chert at Bombrini Rockshelter, proving that con-
nections existed between the two extremes of 
northern Italy (Negrino & Riel-Salvatore, 2018).

These conditions are important prerequisites 
that allow us to formulate a scenario based on exist-
ing ethnographic literature. Several scholars have 
addressed topics related to the diffusion of ideas, and 
many have focused their attention on the invention 
and subsequent circulation of cutting-edge tools 
(Kelly, 2013; Kroeber, 1940; Mulvaney, 1976; 
Murdock, 1960; Tostevin, 2013; Wiessner, 1983, 
1984). An exceptional example comes from the 
ethnographic record of Australia, where Mulvaney 
(1976) has shown that groups of sub-contemporary 
foragers are affected by cultural innovations from as 
far away as 1,200 km. This information is extremely 
valuable for addressing the presence of objects such 
as SBPs in Italian late PA contexts. We consider that 
Aurignacian groups across the different regions of 
Europe had a high degree of social intimacy (sensu 
Tostevin, 2007), as demonstrated by the fact that 
they shared a common technological background 
visible in the manufacture of stone tools (Bataille 
et al., 2018; Tafelmaier, 2017). Human groups that 
share a similar material culture are more likely to 
exchange cultural information (Eerkens & Lipo, 
2007). In this framework, the SBP might have rep-
resented an innovative tool type that allowed people 
to manufacture highly effective composite hunt-
ing weapons and that, as a result, traveled quickly 
across the Aurignacian world. Future research 
might focus on the operational procedures involved 
in the production of SBPs to detect variations in the 
manufactural processes across Europe. In the case 
of Fumane Cave, this question might not be easy 
to answer given that SBPs were likely introduced as 
finished tools, as evidenced by the likely absence of 
debitage waste (Broglio & Dalmeri, 2005). Having 
said that, we stress that SBPs should not be used as a 
unique piece of evidence to attribute a stratigraphic 
unit to the EA variant, but a thorough analysis of 
all features characterizing the archaeological assem-
blage is required

Conclusions and future research

This paper presented a technological analysis 
of the lithic assemblages and a re-evaluation of the 
organic artifacts from five cultural units at Fumane 
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Cave in northeastern Italy. Our goals were to define 
a chrono-cultural narrative of the Aurignacian 
at Fumane Cave and identify a possible cultural 
break in the stratigraphic sequence that might be 
related to a shift from the PA to an EA adaptive 
system. Our results show that the PA techno-
typological features (Falcucci et al., 2017) clearly 
persist throughout the stratigraphic sequence with 
some gradual variations that are less distinct when 
compared to other regions. PA features are not 
related to a certain time span and the occurrence 
of HE4 does not coincide with a shift to the EA, as 
suggested by Teyssandier et al. (2010). This study 
thus challenges the generalization of applying the 
Aquitaine reference sequence (Bon et al., 2010; 
Bordes, 2006) and the model proposed by Banks 
et al. (2013a) to all of Europe. In other words, all 
models have their own regional limits. 

The PA south of the Alps was a resilient adap-
tive system that helped foragers to survive and 
thrive under changing climatic conditions (Riel-
Salvatore & Negrino, 2018a). It cannot, thus, be 
considered a less effective set of behavioral fea-
tures prior to the affirmation of the EA. In our 
view, the Aurignacian represents a broad cultural 
taxonomic group with a polythetic nature of dif-
ferent techno-typological features (sensu Clarke, 
1978). It can be seen as a landscape of spatial 
and temporal variability with multiple poles and 
end points (Falcucci, 2018). In this framework, 
the Aquitaine sequence represents only a regional 
pole of such variability.

Our results provide further evidence that 
cultural attributions should not be drawn from 
single tool types. For instance, SBPs cannot be 
used to identify an EA cultural unit if other fea-
tures of the assemblage are considered as well. 
On the contrary, the discovery of SBPs across dif-
ferent European regions is evidence of the exist-
ence of information exchange and inter-regional 
networks between groups of foragers that were 
open to technological innovations and had similar 
needs (see also: Bataille, 2013; Bataille et al., 2018; 
Tafelmaier, 2017). In this regard, new findings 
from some eastern European regions seem prom-
ising (Hopkins et al., 2016; Hopkins et al., 2018), 
although they still need to be accurately described. 

The internal variability that characterizes the PA 
at Fumane Cave and the appearance of SBPs in 
the youngest cultural units demonstrate that for-
agers at the south of the Alps were not culturally 
isolated. They, however, maintained strong local 
traditions over the course of several millennia. 
Reassessments of pivotal sites will be beneficial in 
emphasizing the complexity of the Aurignacian 
and better defining regional trajectories. They 
have been overlooked to model the expansion 
of modern humans into Europe, considered as a 
monolithic climatic and environmental landscape. 

Overall, the biocultural processes that favored 
the expansion of the Aurignacian across a range of 
environments, the cultural trajectories that may 
have occurred during this expansion, and the rela-
tionships between the Aurignacian and other tech-
nocomplexes are yet to be fully understood. Our re-
evaluation of the cultural sequence at Fumane Cave 
represents, thus, only the beginning of a large-scale 
study that will take into account several sites south 
of the Alps. In the debate over the formation of the 
Upper Paleolithic, Italy provides an ideal test case 
due to its geographic position and ecological vari-
ability at the intersection between eastern and west-
ern Mediterranean Europe, its important archaeo-
logical sites dating to this period, and the discovery 
of modern human remains associated with its Early 
Upper Paleolithic assemblages. However, only a few 
assemblages have been recently investigated from a 
technological perspective. We will bring together 
new data from both southern and northern Italy 
to conduct inter-site comparisons and construct 
more dynamic models of cultural change during 
the Early Upper Paleolithic.

Data Sharing

All relevant data underlying the findings 
described in this paper are within the paper and 
its supporting material. The Protoaurignacian 
lithic assemblages from Fumane Cave are per-
manently stored at the University of Ferrara, 
Dipartimento di Studi Umanistici, Sezione di 
Scienze Preistoriche e Antropologiche, Corso 
Ercole I d’Este, 32, I-44100 Ferrara, Italy.
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