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Abstract - The early Upper Palaeolithic marks a technological turning point in Western Eurasia, evidenced by the increased 
spread of bladelet production. The two main technocomplexes, the Aurignacian and the Ahmarian, have long histories of 
research and have always formed part of the debate on the Homo sapiens dispersal into Europe, with changing interpretations. 
A large aspect of the debate surrounding the recognition of different technocomplexes revolves around the question of 
whether or not bladelet production is independent of blade production. Here we present a first-hand analysis of three early 
Upper Palaeolithic assemblages in Europe and the Levant, conventionally attributed to different technocomplexes: Al-Ansab 
1, Românești-Dumbrăvița I GH3, Grotta di Fumane A1-A2. Results show that the lithic technologies at the three sites display 
almost identical knapping concepts, geared around bladelet production. These results and other recent reassessments 
support a revision of the early Upper Palaeolithic technological and taxonomical models.

 

Zusammenfassung - Das frühe Jungpaläolithikum markiert einen technologischen Wendepunkt in Westeurasien, der durch die 
Ausbreitung der Lamellen-Produktion gekennzeichnet ist. Die beiden wichtigsten anerkannten Technokomplexe, das Aurignacien 
und das Ahmarien, haben eine lange Forschungsgeschichte und waren immer Teil der Debatte über die Ausbreitung des Homo 
sapiens in Europa, mit wechselnden Interpretationen. Ein großer Teil der Debatte um die Anerkennung verschiedener Technokom-
plexe dreht sich um die Frage, ob die Herstellung von Lamellen unabhängig von der Herstellung von Klingen ist oder nicht. Hier 
präsentieren wir eine Analyse aus erster Hand von drei früh-jungpaläolithischen Inventaren aus Europa und der Levante, die 
konventionell zu unterschiedlichen Technokomplexen gestellt werden: Al-Ansab 1, Românești-Dumbrăvița I GH3, Grotta di 
Fumane A1-A2. Die Ergebnisse zeigen, dass die lithischen Technologien an den drei Fundorten fast identische Konzepte aufweisen, 
die auf die Herstellung von Lamellen ausgerichtet sind. Diese Ergebnisse und andere neuere Bewertungen unterstützen eine 
Revision der technologischen und taxonomischen Modelle des frühen Jungpaläolithikums.
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Introduction

The debate on the early Upper Palaeolithic (eUP) is 
closely linked to the understanding of the dispersal 
of Homo sapiens. Our species’ origins lie firmly in the 
African continent (Scerri et al. 2019), but Homo sapiens 
has expanded its range several times throughout the 
millennia (Hershkovitz et al. 2018). The number of 

Homo sapiens human remains located outside of the 
African continent increases during the Marine Isotope 
Stage 3 (MIS 3 – 60–30 ka) and are associated, directly 
or indirectly, to the Initial Upper Palaeolithic (IUP), the 
Uluzzian and finally the eUP technological traditions 
(Benazzi et al. 2011, 2015; Fu et al. 2014, 2015; Hublin 
2015; Hublin et al. 2020; Prüfer et al. 2021; Boaretto et 
al. 2021). While the IUP coincides with an expansion 
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Fig. 1. The distribution of the major eUP European and Levantine sites and the analysed sites.
Abb. 1. Die Verteilung der wichtigsten europäischen und levantinischen eUP-Standorte und die analysierten Standorte.

including the Near East, Southeastern Europe and 
Central-Northern Asia (Zwyns 2021), Uluzzian sites are 
distributed along the Italian and Peloponnese penin-
sulas (Koumouzelis et al. 2001; Peresani et al. 2019). 
In contrast, the eUP, as defined in this paper, groups 
together the cultural manifestations that occurred after 
the IUP, the Uluzzian and other transitional complexes 
and abruptly after the Mousterian in most of Western 
Eurasia, with its eastern extent in Iran, stretching as far 
north as the Russian plains and to Portugal in the west 
(Fig. 1), and occurring around 43–37 ka (Tsanova 2013; 
Pleurdeau et al. 2016; Barshay-Szmidt et al. 2018; Dinnis 
et al. 2019; Haws et al. 2020; Boaretto et al. 2021). The 
predominant cultural marker for the eUP is the prolif-
eration of the bladelet, a lithic artefact scarcely repre-
sented in the previous technocomplexes (Gilead 1991; 
Le Brun-Ricalens 2005a; Tsanova et al. 2012; Kadowaki 
et al. 2021). No univocal definition of bladelet is 
available, generally, it is meant as a smaller blade (Inizan 
et al. 1999), in the study area a metrical limit of 10-12 mm 
width is often applied (Kaufman 1986; Bar-Yosef & 
Belfer-Cohen 2004; Bataille et al. 2019). As a result 
of separate research histories, different technocom-
plexes have been identified in different geographical 
areas during the eUP: the Aurignacian in Europe (Breuil 
1909, 1913; Otte 2017; Chu and Richter 2020), the 
Ahmarian in the Levant (Gilead 1991; Goring-Morris & 
Belfer-Cohen 2018) and the Baradostian in the Zagros 
Mountains (Tsanova 2013; contra the Baradostian and 
supporting multiple independent cultural entities in 
the Zagros see Ghasidian et al. 2017, 2019). The present 
paper will focus on the European and Levantine lithic 
technology record.

Throughout the recent decades, early Aurig-
nacian assemblages have been divided into the Early 
Aurignacian (Bon 2002; Bordes & Tixier 2002) and 
the Protoaurignacian (Laplace 1966; Bon 2002). The 
division was initially developed according to typology, 
with Protoaurignacian assemblages containing a high 
percentage of marginally retouched bladelets, while 
Early Aurignacian assemblages were characterised by 
a higher number of bigger tools such as the carinated 
endscrapers – with lamellar retouch along the working 
edge – and blades with scalar retouch (Aurignacian 
blades). In later studies, the typological differences 
acquired a technological aspect. The Protoaurig-
nacian technology was typified by a ‘continuous 
system’ for blade and bladelet production, where 
relatively large bladelets were struck on-axes from 
the same pyramidal cores as small blades; in contrast, 
a ‘discontinuous system’ was recognised among Early 
Aurignacian assemblages, in which large blades were 
removed from prismatic cores with parallel margins, 
and small bladelets were primarily struck from 
carinated endscrapers (Bon 2002). The partition in 
two technocomplexes seems to be backed by strati-
graphical observations, since in the few sequences 
where the two occur together (La Viña, Santamaría 
Álvarez 2012; Cueva Morin; Arrizabalaga et al. 2009; 
Labeko-Koba, Arrizabalaga et al. 2009; Isturitz, 
Normand & Turq 2005; Le Piage, Bordes 2005; Les 
Cottés, Roussel & Soressi 2013), the Protoaurignacian 
precedes the Early Aurignacian. 

The Ahmarian tradition can itself be divided into 
a Northern and a Southern facies (Goring-Morris & 
Davidzon 2006; Kadowaki et al. 2015; Abulafia et al. 
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2021; Richter et al. 2020). While the Northern Ahmarian 
is prevalently characterised by bipolar knapping of 
blades from narrow-fronted cores and, more rarely, 
from bladelet cores (Abulafia et al. 2021), the Southern 
Ahmarian is typified by largely unidirectional narrow-
fronted cores, which were rapidly reduced to bladelet-
producing sizes (Goring-Morris & Davidzon 2006). 
The typological hallmark of the Ahmarian, Northern 
and Southern alike, is the el-Wad point, mostly blades 
pointed through marginal retouch but displaying a 
variety of marginal retouch (Le Brun Ricalens et al. 2009; 
Bergman et al. 2017; Goring-Morris and Belfer-Cohen 
2018). In the Southern Ahmarian the el-Wad point is 
complemented by end-scrapers and burins obtained 
on core-shaping products (Monigal 2003). 

Explaining the different sub-technocomplexes
Various models have been built upon the eUP lithic 
evidence throughout the years. Most models rely 
on similarities among artefacts to track the dispersal 
of innovations along the most evident geographical 
corridors. The most popular hypothesis states that 
the large Central-Eastern European rivers, such as 
the Danube, would have provided the best axis for 
penetration into Europe from Anatolia (Conard & Bolus 
2003; Floss et al. 2016). The condition of this hypothesis 
is the existence of a techno-typological source area 
in the Levant (Mellars 2011). Other dispersal routes, 
including through the eastern Mediterranean (Douka 
et al. 2011; Hauck et al. 2017; Carter et al. 2019; 
Çilingiroğlu & Dinçer 2021), or via the Caucasus-Black 
Sea (Golovanova & Doronichev 2012; Demidenko 
2014; Hoffecker & Holliday 2014; Otte 2015; Cullen 
et al. 2021) are possible but currently lack substantial 
evidence in sites. 

Dating is pivotal to most of the dispersal models, but 
while the ‘geographical’ models largely rely on locating 
the first occurrences of technologies, the chronological 
models attempt to illustrate the development of one 
sub-technocomplex into another. Within the Aurig-
nacian, a lower stratigraphical position of Protoaurig-
nacian assemblages compared to the Early Aurignacian 
ones indicates that the Protoaurignacian represents a 
pioneering phase, with less structuration in technology 
and subsistence, while the Early Aurignacian correlates 
to a more developed expansion into the region (Davies 
2001; Anderson et al. 2015). 

Finally, the Northern Ahmarian has also been 
hypothesised as an early manifestation within the 
Mediterranean biome, while the Southern Ahmarian 
is a later adaptation to the desert and steppe areas of 
the inner Levant (Richter et al. 2020). The Northern 
hemisphere appears to have experienced cold, dry 
climate conditions triggered by the Heinrich Event 4 
(HE4) around 40 ka (Heinrich 1988; Rasmussen et al. 
2014; Badino et al. 2020; Shao et al. 2021). The cold 
conditions have been suggested as a forcing factor for 
the introduction of the Early Aurignacian (Banks et al. 
2013; Tartar 2015). 

Doubts
Each of the proposed theories of eUP origin and 
evolution can be challenged. At a continental level, the 
Early Aurignacian and the Protoaurignacian seem to 
have a similar starting date (Higham et al. 2012; Nigst 
et al. 2014; Barshay-Szmidt et al. 2018). The older 
dates obtained on Northern Ahmarian sites (Rebollo 
et al. 2011; Bosch et al. 2015; Alex et al. 2017) have 
been questioned, on the grounds of methodological 
and stratigraphical uncertainties (Zilhão 2013; Douka 
et al. 2015). Some Protoaurignacian assemblages 
postdate the Campanian Ignimbrite (CI) eruption 
(39.3 ka calBP, Giaccio et al. 2017) and the HE4 onset, 
revealing greater adaptive flexibility (Palma di Cesnola 
2006; Riel-Salvatore & Negrino 2018; Villa et al. 2018; 
Falcucci et al. 2020). Furthermore, discerning between 
Protoaurignacian and Early Aurignacian technology 
is harder than previously thought (Sitlivy et al. 2014; 
Falcucci et al. 2017; Bataille et al. 2018). 

Research Question
Bladelets have been shown pivotal to the assessment 
of eUP technology. Thus, understanding the various 
methods of bladelets production and their relative 
significance within the eUP technological systems 
must be the basis of any behavioural model. Research 
evaluating eUP technology has been either focused 
on a single site (e.g. Ohnuma 1988; Chiotti 1999; 
Slimak et al. 2002; Monigal 2003; Teyssandier & 
Liolios 2003; Normand & Turq 2005; Goring-Morris 
& Davidzon 2006; Porraz et al. 2010; Roussel & Soressi 
2013; Grimaldi et al. 2014; Nigst et al. 2014; Bataille 
2016; Falcucci et al. 2017, 2020; Abulafia et al. 2021; 
Kadowaki et al. 2021), on regional clusters (e.g. Bon 
2002; Bordes & Tixier 2002; Sitlivy et al. 2014; Tafel-
maier 2017) or on using published data from different 
authors (Kadowaki et al. 2015; Bataille et al. 2018, 
2020). In contrast, the current research presented here 
provides a first-hand, detailed, original, technological 
cross-comparison of eUP assemblages recovered 
from sites bridging the extent of the supposed eUP 
dispersal. 

Materials & Methods

Site situations and assemblages 
The analysis was conducted on assemblages recovered 
from three stratified sites: Al-Ansab 1 ( Jordan), 
Românești-Dumbrăvița I (Romania) and Grotta di 
Fumane (Italy). Radiometric dating is constraining 
these assemblages to the eUP timespan. Therefore the 
sites are providing consistent evidence that has been 
previously well anchored to their technocomplex of 
belonging.

Al-Ansab
Al-Ansab 1 (hereafter referred to as Ansab) is found 
in the Lower Wadi Sabra of Jordan (30°14’2.4”N 35° 
22’58.8”E; 618 m above sea level [a.s.l.]; Fig. 2) in 
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remnant Pleistocene sediments. During the MIS 3, 
the site was encompassed within the Irano-Turanian 
steppe biome (Miebach et al. 2019). The wadi (a 
seasonal water channel) that runs below the site was 
higher during the MIS 3 forming a more extensive 
floodplain. Primary chert outcrops are found in the 
nearby limestone ridges (Parow-Souchon et al. 2021). 
The site was firstly identified in 1983 during a survey of 
the region, and systematic excavations started in 2009. 
To date, an area of 24 m2 has been excavated. The 1 m2 
basic grid unit is further subdivided into quadrants of 
0.25 m2. Deposits are excavated in arbitrary 5 cm deep 
spits. Finds ≥10 mm in maximum dimension have been 
individually piece-plotted using a total station since 
2015. Finds >20 mm have two or more points plotted 
to record the contour. Smaller finds are identified by 
quadrant and spit number alongside finds retrieved 
by dry sieving through a 2 mm mesh. The artefacts 
are embedded in consolidated sandy sediments origi-
nated from fluvial and aeolian deposits, the find layer 
is located 2 m below the present surface and it is distin-
guished from other layers as a darker ashy colouration. 
Newer excavations have found a second occupation 
layer below, the lithics and data presented here refer 
to the upper AH I layer (Schoenenberg & Sauer 2022). 
Faunal remains are largely attributed to Gazella spp., 
while some marine shell fragments, probably for 
ornamental use, are attributed to the Cardiidae family 
(Sauer & Schoenenberg 2021). Also, the use of ochre 

is attested (Richter et al. 2020). The artefacts were 
found in horizontal and randomly oriented positions, 
strictly following the relief of a former occupation 
surface that had been consolidated by soil formation 
(Richter et al. 2020). The sedimentation is inter-
sected to the West by a buried riverbed of coarse 
sand and gravel, while to the South-East the deposit 
is cut by modern erosion, a feature that allowed for 
the initial identification of the site. The artefacts occur 
as separate horizontal scatters, whose content does 
not vary, leading to the hypothesis they were formed 
during repeated visits in a residential mobility pattern 
(Richter et al. 2020; Schoenenberg & Sauer 2022). 
Optically stimulated luminescence (OSL) dating of 
the sediments placed the occupation layer between 
45–32 ka (Klasen et al. 2013), while 14C dates show high 
consistency between 38–37 ka calBP (Richter et al. 
2020). The artefacts analysed were selected from the 
2009, 2011 and 2018 excavation materials. Artefacts 
of the 2009–2011 excavations come from squares 165, 
166, 167, 168, 156, 157, 158, 164, 174, 184. Artefacts of 
the 2018 excavations are from squares 193, 194, 195, 
196, 197, 198, 203, 204, 205, 206, 207, 208 (Fig. 2).

Românești-Dumbrăvița I
Românești-Dumbrăvița I (hereafter Românești) 
is located on a river terrace overlooking the 
confluence of the Bega Mare and Bega Mica rivers 
near the Românești village, in Timiş county, in the 

Fig. 2. Regional setting of Al-Ansab 1 (a), stratigraphy (b) (modified after Richter et al. 2020), and horizontal plan of the excavated area with 
sampled part for the current analysis (c). 
Abb. 2. Regionale Lage von Al-Ansab 1 (a), Stratigraphie (b) (modifiziert nach Richter et al. 2020) und Grundplan der Ausgrabungsfläche mit 
dem für die aktuelle Analyse beprobten Teil (c).
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Western Romania portion of the Banat (45°49′2.45″ 
N, 22°19′15.85″ E, 212 m a.s.l.; Fig. 3). Palaeonviron-
mental studies suggest the existence of a forest-
steppe during the MIS 3 (Kels et al. 2014). In the 
same area two different archaeological locations, 
Românești I and II, are lying 80 m apart: Românești 
I is by far the most extensive (Sitlivy et al. 2012). 
Chert-like material, commonly called Banat f lint, is 
widely available in primary and secondary outcrops 
in the site’s vicinity and was extensively used in 
the site as well as in other regional UP assem-
blages (Chu et al. 2019; Ciornei et al. 2021). Faunal 
and organic remains, in general, are extremely 
rare due to the poor preservation conditions. The 
site was surveyed in 1959 and subject to excava-
tions between 1960–64 and 1967–72, resulting in 
the discovery of large scatters of Palaeolithic lithic 
artefacts in the upper 1.3 m of deposits. A combined 
stratigraphy comprises six layers, the lowest (Layer 
I) being attributed to the Quartzite Palaeolithic or 
Mousterian and the topmost (Layer VI) to an (Epi)
Gravettian period. Intervening layers, especially 
Layer III, have been attributed to the Aurignacian 
(Sitlivy et al. 2012). 

In 2009–2010 test-pits were placed adjacent to 
previous excavation trenches to assess the stratigraphy, 
obtain a radiometric chronology and re-evaluate the 
cultural attribution. The test-pits largely confirmed 
the interpretations of the original excavations. Four 
geological horizons (GH) have been identified. The 
soil was classified as Albeluvisol, mostly silty and with 
a progressively higher content of clay in the lower 
GHs (Kels et al. 2014). Discrete artefact concentra-
tions were found principally in GH2, attributed to 
the Epigravettian, and in GH3, attributed to the 
Aurignacian. In particular, the number of small finds, 
bladelets amongst them, increased significantly 
during the 2009-2010 test-pit excavations due to the 
adoption of wet sieving (Sitlivy et al. 2012). 

Following this, excavations were performed in 2016, 
2018 and 2019 in the area adjacent to the 2009 test 
trench. To date, a total surface area of 29 m2 has now 
been excavated, down to nearly 1 m deep. The 1 m2 
basic grid unit is further subdivided into quadrants 
of 0.25 m2, and digging in these later excavations have 
proceeded in 2 cm deep spits confined within each 
GH. Finds over 5 mm are spatially recorded using a 
total station, elongated artefacts are recorded with 

Fig. 3. Regional setting of Românești-Dumbrăvița I (a), stratigraphy (b), and horizontal plan of the excavated area with sampled part for the 
current analysis (c).
Abb. 3. Regionale Lage von Românești-Dumbrăvița I (a), Stratigraphie (b), und Grundplan der Ausgrabungsfläche mit dem für die aktuelle 
Analyse beprobten Teil (c).
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two points at the extremities, while bulky artefacts 
(such as exogenous rocks) are recorded with multiple 
points across the contour. Excavated soil was wet 
sieved with a 5 mm mesh and selected sediments with 
a 2 mm mesh. Both OSL, on sediment, and thermolu-
minescence (TL), on artefacts, dates returned a mean 
age of 40.5 ± 1.5 ka for GH3 (Schmidt et al. 2013). The 
artefacts selected for analysis in the current study 
consist of the piece-plotted GH3 artefacts from 2016, 
2018 and 2019 excavations, excluding those from 
square P104, as these have been kept unwashed for 
future analyses (Fig. 3).

Grotta di Fumane
Grotta di Fumane (hereafter referred to as Fumane) 
is located in one of the deep-cut valleys character-
ising the lower Monti Lessini Plateau of the Venetian 
Pre-Alps, Italy (45°35′30.52″N 10°54′18.67″E; 
350 a.s.l.; Fig. 4). High-quality cherts are available 
throughout the plateau from various limestone forma-
tions (Delpiano et al. 2018). Environmental studies 
suggest the persistent presence of forests until ca. 
40 ka, with progressive cooler and dryer conditions 
approaching the HE4 (López-García et al. 2015; Badino 
et al. 2020; Romandini et al. 2020). The site is a karst 

opening with three tunnels; one major central tunnel 
and two ancillary tunnels on the sides. It was sealed by 
the collapse of the cave roof at ca. 30 ka BP, ensuring 
the preservation of the fine stratigraphy. Systematic 
excavations started in 1988 and are still ongoing. 
The site has been divided into a grid of 1 m2 squares, 
and further subdivided into 0.11 m2 quadrants. This 
method ensured the provenance of the artefacts 
before the adoption of a total station in 2005. All 
excavated sediment is wet-sieved and screened. 
Artefacts then are grouped by unit, subunit, square 
metre, and quadrant, and divided between those that 
are <15 mm and >15 mm in maximum dimension. The 
archaeological deposit spans for over 10 m, macro-
units are defined by their main paedogenic agent: 
D mostly consists of roof cave collapse debris; A 
comprises fine occupational layers; BR is characterised 
by breccias, and S is mostly aeolian sand. Focusing 
on the upper part of the sequence, in the macro-
units D and A previous studies identified Gravettian 
in D1d (Falcucci & Peresani 2019), Aurignacian in D1c, 
D3, D6, A1 and A2 (Broglio et al. 2003; Falcucci et al. 
2017, 2020), Uluzzian in A3 (Peresani et al. 2016), and 
Mousterian in A4 down to A11 (Peresani 2012). All 
these units are lithologically well distinguishable in 

Fig. 4. Regional setting of Grotta di Fumane I (a), stratigraphy (courtesy of M.P.) (b), and horizontal plan of the excavated area with sampled 
area for the current analysis (c).
Abb. 4. Regionale Lage der Grotta di Fumane (a), Stratigraphie (mit freundlicher Genehmigung von M.P.) (b), und Grundplan der Ausgrabungsfläche 
mit dem für die aktuelle Analyse beprobten Teil (c).
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Tab. 1. Artefacts analysed in the present study. Sites A: Ansab,  
R: Românești, F: Fumane.
Tab. 1. In der vorliegenden Studie analysiert Artefakte. Fundstellen 
A: Ansab, R: Românești, F: Fumane.

Lithics A R F Total

Blade 948 262 517 1,727

Bladelet 809 288 811 1,908

Flake 293 544 248 1,085

Cores 125 18 90 233

Total 2,175 1,112 1,666 4,953

section, especially towards the front of the cave, and 
the Aurignacian stands out for its red colour due to high 
ochre processing in A2S21 and A2R, also witnessed 
by painted portable stones in D3 (Broglio et al. 2009; 
Cavallo et al. 2017). The Aurignacian layers preserve 
several occupational features, as well as many perfo-
rated and non-perforated marine and fresh-water 
shells that were likely used for ornamental purposes 
(Peretto et al. 2004; Peresani et al. 2019). A1 and A2 
are discrete stratigraphical units, but for technotypo-
logical purposes, they have been considered a single 
unit (Falcucci et al. 2017), as when taken singularly they 
do not differ significantly (Falcucci et al. 2020; Gennai 
2021). The early Aurignacian units start between 
41.9–40.2 ka calBP, at the boundary of A3/A2, and end 
before 38.5–37.9 ka calBP, (D3bα date (ABOx-SC¬) 14C 
dates, with a 95 % probability; Higham et al. 2009). 
Artefacts were selected for analysis in the present 
study from among the >15 mm pieces recovered from 
the front section of the cave mouth (square metres 
lines 20–100; Fig. 4).

The studied assemblages are qualitative samples. 
The analysis only employed complete and semi-
complete debitage products (hereafter debitage), and 
cores (Tab. 1). A ‘semi-complete artefact’ is defined 
as a blank where two portions (proximal, mesial, 
and/or distal) remain intact. This definition of semi-
complete blanks is used to retrieve as much data as 
possible, without using shorter fragmented artefacts 
as these are difficult to interpret. Cores are defined as 
raw material pieces or large flake blanks with at least 
three intentional negative scars that are the result of 
the production of new debitage (Conard et al. 2004; 
Soressi & Geneste 2011).

Methods
The study methodology is a combination of chaîne 
opératoire (CO) reconstruction and attribute analysis 
(Inizan et al. 1999; Soressi & Geneste 2011; Scerri et al. 
2016). CO is a common methodology applied to lithic 
assemblages to reconstruct the production processes. 
The main tool of the CO approach is the diacritical 
negative scars analysis scheme, which highlights the 
sequence of negative detachments. The analytical 
procedure applies mostly to cores, which preserve 
a bigger flaking surface than debitage. Once the 

diacritical scheme is understood, the debitage analysis 
completes the picture. Attributes related to purely 
technical considerations (the overhang removal in 
cores and laminar debitage, the bulb morphology, the 
flaking angle) are assessed for recognising the type of 
technique applied in the assemblages, in particular if 
it can be evaluated as tangential soft hammer direct 
percussion typical of volumetric laminar productions 
during the UP (Pelegrin 2011). The other attributes are 
used to integrate the analysis of the cores. Therefore, 
the platform type gives information about the former 
core striking platform; the negatives’ orientation and 
types are compared to those found in cores; the 
cortical amount is proxy of reduction depth and the 
cortex position is proxy of the position and role of 
the artefact on the core volume. Standard morpho-
technological attributes (longitudinal profiles, 
artefact silhouettes, symmetry and shape of cross-
section, distal terminations) are used in comparison 
with the core diacritical scheme to evaluate the role 
of the artefact in the reduction and its position on the 
core volume. The debitage and core negatives can be 
divided into ‘management’ and ‘ordinary’. Ordinary 
ones are generally taking advantage of the existing 
morphology of the core while management pieces are 
primarily shaping or maintaining the core convexities 
(Soressi & Geneste 2011). 

For the current methodology, blades are defined 
as elongated debitage with sub-parallel margins 
which, when unbroken, are two times longer than they 
are wide (Inizan et al. 1999; Andrefsky 2005). Bladelets 
are blades that are less than 12 mm wide. This is an 
arbitrary threshold initially defined for Epipaleo-
lithic North-African assemblages (Tixier 1963). This 
is supported by recent eUP technological analyses 
which suggest that the threshold is significant for 
separating blanks used for the specialised projectile 
implements from other blanks throughout the Aurig-
nacian (Normand & Turq 2005; Roussel & Soressi 
2013; Falcucci et al. 2017). Retouched implements 
were not subjected to a thorough analysis, because 
the typological framework of the three sites is well 
understood (Sitlivy et al. 2012; Schyle 2015; Falcucci 
et al. 2017, 2018; Aleo et al. 2021; Parow-Souchon 
et al. 2021). Nevertheless, when encountered in the 
sample, retouched implements have been described 
according to Inizan et al. (1999) and Demars and 
Laurent (1992). Retouched implements are ascribed 
to the classic eUP types encountered and described in 
the previous publications (marginally retouched and 
backed blades and bladelets, in particular (pseudo-)
Dufour, dihedral burins and endscrapers). Therefore, 
retouch patterns are difficult to disentangle in the eUP 
(for a more extensive discussion see Le Brun-Ricalens 
et al. 2009). 

The continuous data is statistically explored firstly 
with boxplots and violin plots. Median and inter-
quartile range are preferred to mean and standard 
deviation because less sensitive to extreme values, 
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and then tested statistically through the nonpara-
metric Mann-Whitney U test for two independent 
samples, and the nonparametric Kruskal–Wallis H test, 
more than two independent samples (MacFarland 
& Yates 2016). Categorical data is explored through 
frequencies and statistically tested through the 
nonparametric Pearson Chi-Square independence 
test and goodness of fit (McHugh 2013; MacFarland 
& Yates 2016). Analyses are performed in the open-
source software R with the package “ggstatsplot”, 
which provides an elegant and efficient combination 
of statistical test and graphical output. Results are 
reported in the text and the graphical output is acces-
sible in the Supplementary Information (Patil 2021;  
R Core Team 2021).

Results

Cores
The cores were divided into different categories: 
semi tournant, parallel edges, narrow fronted, narrow 
fronted sur tranche, transversal carinated cores, and 
finally pre-cores (Tab. 2). Semi tournant cores actively 
involve the adjacent lateral surfaces in the main flaking 
surface (Falcucci & Peresani 2018). Parallel edges 
cores show a wide flaking surface framed by two (sub)
parallel intersections with the core flanks (Bordes 
& Tixier 2002; Falcucci & Peresani 2018). Narrow 
fronted cores display a flaking surface installed on the 
narrower core surface and with additional core flanks 
shaping (Goring-Morris & Davidzon 2006). Narrow 
fronted sur tranche display a narrow flaking surface 
without any core flank preparation, sometimes they 
are referred to as burin cores as well (Normand & 
Turq 2005; Zwyns et al. 2012). Transversal carinated 
cores are also referred to as carinated endscrapers 
(Falcucci & Peresani 2018). Pre-cores are all those 
cores showing an early discard. 

Dimensionally they can be divided between 
those having a wide flaking surface (semi-tournant, 
parallel cores and transversally carinated) and those 
having a narrow flaking surface (narrow fronted and 
narrow fronted sur tranche) as suggested by metrics 
(Tab. 3). The similarity of parallel edges and semi-
tournant cores is supported by the Elongation values 
(A: p >.05; F: p >.05; SI Fig. 1). Instead, narrow fronted 

cores are significantly different from sur tranche cores 
with strongly diverging results (A: p <.01, r = -0.61;  
F: p <.01, r = -0.68; SI Fig. 2). Furthermore, the two most 
numerous categories of broad cores (semi-tournant) 
and narrow cores (narrow fronted) are significantly 
different from each other (A: p <.01, r = -0.52; F: p 
<.01, r = -0.63; SI Fig. 3). Additionally, the elongation of 
cores belonging to the same category is significantly 
similar across assemblages (SI Fig. 4).

When considering the core management opera-
tions and knapping goals, the cores are strikingly 
similar across categories and sites. Platform edge 
overhang is frequently microchipped or abraded 
(A: 89 % R: 50 % F: 74 %; Appendix 1: A). Of the four 
main core categories, only narrow fronted sur tranche 
showed minimal overhang removal (A: 25 % R: 50 %  
F: 50 %; Appendix 1: A). The Chi-Square independence 
test does not report a significant association between 
assemblages and overhang removal for the same 
core category (p >.05; SI Fig. 5). Hence, the same core 
categories have a similar overhang removal across 
assemblages. The platform angles are often less than 
70° (A: 74 % R: 44 % F: 42 %; Appendix  1: B). The 
steepest platform angles are found on parallel edges 
and semi tournant cores at all three sites, and also 
on narrow fronted cores in Ansab. In parallel edges 
and sur tranche cores, the Chi-Square independence 
test reports a non-significant association between 
the assemblage and flaking angle (p >.05; SI Fig. 6), 
while semi tournant and narrow fronted cores are 
reporting a significant association (p <.05; SI Fig.  6).
The Chi-Square goodness of fit test reveals that only 
in Ansab’s parallel edges, semi tournant and narrow 
fronted cores the proportions do statistically differ 
from a casual distribution (p <.05; SI Fig. 6). Hence it 
can be suggested that <70° flaking angles are mostly 
associated with Ansab, while Românești and Fumane 
have generally acute flaking angles. Meanwhile, the 
shallowest platform angles are found in sur tranche 
cores (Appendix 1: B). The Chi-Square goodness 
of fit test reports non statistically different propor-
tions from a casual distribution in each assemblage 
(p >.05; SI Fig. 6), therefore no particular flaking 
angle can be associated with sur tranche cores. In 
the Ansab and Fumane assemblages, the cores have 
been so heavily reduced that the original shape of 

Sites Pre Pl Edges Semi Tour N Fronted sur Tranche Trans. Carinated Frag Others ND Total

Sites N % N % N % N % N % N % N % N % N % N %

A 7 6 11 9 34 27 41 33 16 13 5 4 5 4 5 4 1 1 125 100

R 3 17 - - 5 28 - - 8 44 - - 1 6 1 6 - - 18 100

F 8 9 12 13 25 28 16 18 14 16 6 7 - - 9 10 - - 90 100

Total 18 8 23 10 64 27 57 24 38 16 11 5 6 3 15 6 1 <1 233 100

Tab. 2. Number and percentages of each core type identified in each assemblage. Legend Pre: Pre-Core, Semi Tour: semi tournant, N 
Fronted: Narrow Fronted, sur Tranche: Narrow Fronted sur Tranche, Trans. Carinated: Transversal Carinated, Frag: Fragment.
Tab. 2. Anzahl und prozentualer Anteil der einzelnen Kerntypen, die in jeder Assemblage identifiziert wurden. Legende Pre: Pre-Core, Semi Tour: 
semi tournant, N Fronted: Narrow Fronted, sur Tranche: Narrow Fronted sur Tranche, Trans. Carinated: Transversal Carinated, Frag: Fragment.
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Pre Pl Edges Semi Tour N Fronted sur Tranche Trans. Carinated Others
LENGTH
A
count 7 11 34 41 16 5 5
MIN 43.3 28.4 27.0 26.2 20.2 20.3 25.0
IQ 52.6 34.4 35.7 42.6 42.2 24.7 34.8
median 68.0 44.0 46.8 53.3 53.0 31.0 40.9
IIIQ 90.7 50.2 52.6 63.1 60.5 37.0 47.9
MAX 124.5 79.0 86.0 96.0 82.9 56.0 60.0
R
count 3 - 5 - 8 - 1
MIN 23.7 - 29.8 - 41.6 - 66.6
IQ 30.0 - 34.6 - 44.3 - 66.6
median 36.4 - 47.1 - 48.3 - 66.6
IIIQ 55.9 - 55.3 - 53.5 - 66.6
MAX 75.4 - 59.9 - 57.6 - 66.6
F
count 8 12 25 16 14 6 9
MIN 43.1 30.8 27.4 27.4 18.7 17.4 21.7
IQ 52.0 41.8 32.8 36.6 27.0 22.5 33.9
median 58.7 45.0 36.7 41.8 35.5 23.3 41.2
IIIQ 65.7 50.9 42.9 46.5 45.8 25.6 49.4
MAX 82.7 62.9 64.4 56.9 49.2 27.2 63.0
WIDTH
A
count 7 11 34 41 16 5 5
MIN 28.8 26.8 20.0 17.2 7.2 35.7 27.7
IQ 36.7 35.8 32.5 28.0 17.0 45.0 44.8
median 41.6 42.8 40.0 35.9 25.2 46.2 53.3
IIIQ 60.7 44.5 45.3 38.5 32.0 76.0 58.3
MAX 89.1 53.0 53.0 51.1 48.0 85.0 65.0
R
count 3 - 5 - 8 - 1
MIN 34.2 - 32.8 - 11.4 - 46.4
IQ 35.3 - 35.3 - 15.2 - 46.4
median 36.3 - 38.3 - 16.4 - 46.4
IIIQ 55.2 - 42.1 - 26.0 - 46.4
MAX 74.0 - 42.9 - 39.5 - 46.4
F
count 8 12 25 16 14 6 9
MIN 24.5 23.5 20.0 15.3 5.3 26.8 32.2
IQ 33.9 32.0 31.0 23.9 8.0 36.1 32.8
median 44.9 40.2 35.1 26.3 12.7 38.3 42.1
IIIQ 49.2 43.3 45.8 33.0 18.9 43.0 51.4
MAX 87.7 52.1 60.7 48.0 29.1 45.1 62.6
THICKNESS
A
count 7 11 34 41 16 5 5
MIN 26.3 16.9 21.0 20.4 25.0 53.0 33.6
IQ 39.6 20.8 26.7 36.2 31.5 54.8 37.6
median 43.7 24.2 31.0 46.3 37.5 55.9 52.3
IIIQ 71.2 32.3 43.6 52.9 51.9 61.0 67.7
MAX 95.1 52.0 57.4 87.0 65.1 120.0 74.0
R
count 3 - 5 - - 8 1
MIN 29.4 - 14.6 - - 14.7 19.7
IQ 33.0 - 19.2 - - 35.6 19.7
median 36.5 - 39.2 - - 45.6 19.7
IIIQ 42.3 - 46.5 - - 50.5 19.7
MAX 48.2 - 50.1 - - 53.0 19.7
F
count 8 12 25 16 14 6 9
MIN 41.5 13.4 15.3 20.8 23.4 26.8 9.9
IQ 62.8 18.6 21.9 27.2 28.0 30.7 18.8
median 68.5 23.5 25.3 32.2 36.1 37.4 29.3
IIIQ 71.0 32.7 32.8 44.7 39.3 45.6 31.5
MAX 83.2 40.7 62.3 61.5 56.8 75.2 35.2
ELONGATION
A
count 7 11 34 41 16 5 5
MIN 0.9 0.7 0.7 0.6 1.0 0.5 0.5
IQ 1.2 1.0 1.1 1.3 1.8 0.5 0.5
median 1.4 1.1 1.2 1.5 2.0 0.6 0.9
IIIQ 2.0 1.4 1.4 1.8 2.7 0.7 1.3
MAX 2.6 1.5 1.9 3.2 4.5 0.7 1.6

Tab. 3. Cores dimensions summary. Legend Pre: Pre-Core, Semi Tour: semi tournant, N Fronted: Narrow Fronted, sur Tranche: Narrow 
Fronted sur Tranche, Trans. Carinated: Transversal Carinated, Frag: Fragment.
Tab. 3. Zusammenfassung der Abmessungen der Kerne. Legende Pre: Pre-Core, Semi Tour: semi tournant, N Fronted: Narrow Fronted, sur 
Tranche: Narrow Fronted sur Tranche, Trans. Carinated: Transversal Carinated, Frag: Fragment.
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Tab. 3. Cores dimensions summary. Legend Pre: Pre-Core, Semi Tour: semi tournant, N Fronted: Narrow Fronted, sur Tranche: Narrow 
Fronted sur Tranche, Trans. Carinated: Transversal Carinated, Frag: Fragment. (continued)
Tab. 3. Zusammenfassung der Abmessungen der Kerne. Legende Pre: Pre-Core, Semi Tour: semi tournant, N Fronted: Narrow Fronted, sur 
Tranche: Narrow Fronted sur Tranche, Trans. Carinated: Transversal Carinated, Frag: Fragment. (Fortsetzung)

Pre Pl Edges Semi Tour N Fronted sur Tranche Trans. Carinated Others
R
count 3 - 5 - 8 - 1
MIN 0.7 - 0.9 - 1.2 - 1.4
IQ 0.8 - 1.0 - 2.1 - 1.4
median 1.0 - 1.1 - 2.8 - 1.4
IIIQ 1.0 - 1.4 - 3.3 - 1.4
MAX 1.0 - 1.4 - 3.7 - 1.4
F
count 8 12 25 16 14 6 9
MIN 0.6 0.9 0.7 0.8 1.2 0.5 0.7
IQ 1.2 1.1 0.9 1.2 1.9 0.6 0.8
median 1.5 1.2 1.0 1.6 2.5 0.6 0.9
IIIQ 1.8 1.4 1.2 1.9 3.6 0.7 1.0
MAX 2.1 1.8 2.2 2.4 4.2 0.7 1.7

raw material could not be determined on many of 
them (A: 46 % F: 39 %; Appendix 1: C), Nevertheless, 
it is clear that sur tranche cores were generally made 
on flake blanks (A: 50 % R: 63 % F: 79 %; Appendix 
1: C). The Chi-Square independence test supports 
the sur tranche cores’ blank similarity across assem-
blages (p >.05; SI Fig. 7). In most cases, only one striking 
platform is present on the core (A: 87 % R: 72 %  
F: 76 %; Appendix 1: F). The observation matches with 
the number of flaking surfaces that are overwhelmingly 
single (A: 93 %; R: 72 %, F: 80 %; Appendix 1: G). The 
Chi-Square independence test reports a significant 
association between assemblages and the number of 
flaking surfaces only in sur tranche cores and the effect 
size shows a strong association between variables  
(p <.05, VCramer = 0.37; SI Fig. 8). Multiple flaking surfaces 
are more common in Românești’s semi-tournant cores 
(40 %) but the distribution of the values is statistically 
similar to a casual one (p>.05; SI Fig. 8). Also, Fumane’s 
sur tranche cores show a higher percentage of 
multiple flaking surfaces (36 %; Tab.4:G) but the distri-
bution is casual as well (p>.05; SI Fig. 8). Therefore, 
the association between multiple flaking surfaces 
and cores must be taken cautiously. The striking 
platform is overwhelmingly non-facetted (A: 98 % 
R: 100 % F: 87 %; Appendix 1: E). Within the major 
core categories, only Fumane shows some facetted 
striking platforms, nevertheless, the Chi-Square 
independence test reports a significant association 
between striking platform types and assemblages 
only for narrow fronted cores the association between 
variables is medium (p<.05, VCramer = 0.28; SI Fig. 9). 
Many cores are without any trace of cortex (A: 33 % 
R: 50 % F: 44 %; Appendix 1: E). Where present, the 
cortex is most often on the flanks and backs, i.e. away 
from the primary flaking surface. The Chi-Square 
independence test reports a non-significant associ-
ation between assemblages and cortex position in 
similar core categories (p>.05; SI Fig. 10). The distribu-
tions do not differ from equal proportions in Ansab’s 
parallel edges and narrow fronted cores, and in 
Românești’s semi-tournant (p>.05; SI Fig. 10). Negative 

scars often indicate the production of bladelets 
(A: 76 % R: 83 % F: 79 %; Appendix 1: H) either in the 
framework of an independent production or interca-
lated with blades. A significantly similar production is 
shown across core categories and assemblages (p>.05; 
SI Fig. 11). Unidirectional reduction (A: 73 % R: 78 %  
F: 60 %; Appendix 1: I) or unidirectional and convergent 
negative scars (A: 19 % R: 6 % F: 19 %; Appendix 1: I) are 
the norm. The Chi-Square independence test shows a 
statistical similarity between the same core categories 
belonging to different assemblages (p>.05; SI Fig. 12). 
The diacritical schemes demonstrate that scars on 
the primary flaking surface face alternate between 
two key forms: convergent scars, these being struck 
on-axis, and typically travelling across three-quarters 
of the flaking surface length; these are bracketed by 
lateral scars, struck off-axis, extending to the far end 
of the flaking surface (Figs. 5 & 6).

Debitage
The technology in the three assemblages revolves 
around blade and bladelet production. When taken 
separately blades can be split almost in half between 
ordinary and management pieces (Figs. 7 & 8: 1-10; 
Tab. 4), while bladelets are mostly ordinary artefacts 
(Fig. 8: 11-55; Tab.5). Management pieces are mostly 
represented by asymmetrical blades (Fig. 7: 1-9) and 
bladelets, which in other contexts have been referred 
to as debordant blades (Hussain 2015) or comma-
like blades (Falcucci et al. 2017). Crests (Fig. 7: 10-12) 
are mostly partial (one-sided and distal) and coming 
from later stages of the knapping (neocrest). The rest 
of the management pieces are divided into overshot 
blades (Fig. 7: 13-18), surface cleaning blades (large 
and robust blades removing a big part of the flaking 
surface) and generic maintenance blades. Most of 
the flakes (Fig. 9) appear to have functioned either in 
management roles, shaping the core flanks and flaking 
surfaces, shaping the core striking platforms or decor-
ticating the core surfaces. Only the Românești assem-
blage shows a sizeable number of ordinary flakes 
(Tab. 4).
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Fig. 5. Broad Cores. 1 and 5 Ansab, 2 and 4 Fumane, 3 Românești. Colour legend: blue: ordinary negatives, yellow: laminar management 
negatives, grey: overhang removal, dotted: natural surface. Photos and sketches: J. Gennai.
Abb. 5. Breite Kerne. 1 und 5 Ansab, 2 und 4 Fumane, 3 Românești. Farblegende: blau: einfache Negative, gelb: Negative für laminares Management, 
grau: Entfernung des Überhangs, gestrichelt: natürliche Oberfläche. Fotos und Skizzen: J. Gennai.
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Fig. 6. Narrow Cores 1 and 4 Ansab, 2 and 5 Fumane, 3 Românești. Colour legend: blue ordinary negatives, yellow: laminar management 
negatives, grey: overhang removal, dotted: natural surface. Photos and sketches: J. Gennai.
Abb. 6. Schmale Kerne 1 und 4 Ansab, 2 und 5 Fumane, 3 Românești. Farblegende: blau: einfache Negative, gelb: Negative für laminares Management, 
grau: Entfernung des Überhangs, gestrichelt: natürliche Oberfläche. Fotos und Skizzen: J. Gennai.



Quartär 68 (2021)Early Upper Palaeolithic bladelet technology

83

Fig. 7. Management blades. Asymmetrical Blades 1-9, Crests 10-12, Overshot Blades 13-18. 1-2,5, 11, 13-14 Ansab, 4,8-10,15, 18 Românești, 
3, 6-7, 12, 16-17 Fumane. Photos and sketches: J. Gennai. Asymmetrical blades often exhibit a plunging and off-axis distal termination, and 
twisted profile.
Abb. 7. Management-Klingen. Asymmetrische Klingen 1-9, Kernkantenklingen 10-12, Kernfußklingen 13-18. 1-2,5, 11, 13-14 Ansab, 4,8-10,15, 18 
Românești, 3, 6-7, 12, 16-17 Fumane. Fotos und Skizzen: J. Gennai. Asymmetrische Klingen weisen oft ein gebogenes, von der Schlagachse abwei-
chendes Distalende sowie ein verdrehtes Profil auf.



Quartär 68 (2021) J. Gennai et al.

84

Fig. 8. Ordinary Blades (1-11), Bladelets (11-55), Burin Spalls (56-60). 1,4,7,9, 11-17, 25-26, 29, 31, 34-36, 40, 46-47, 56, 60 Ansab, 2-3, 8, 18-19, 
28, 30, 37, 39, 42, 48-55, 58-59 Românești, 5-6, 10-11, 20-24, 27, 32-33, 38, 41, 43-45, 57 Fumane. Photos: J. Gennai.
Abb. 8. Klingen (1-11), Lamellen (11-55), Stichelabfälle (56-60). 1,4,7,9, 11-17, 25-26, 29, 31, 34-36, 40, 46-47, 56, 60 Ansab, 2-3, 8, 18-19, 28, 30, 37, 39, 
42, 48-55, 58-59 Românești, 5-6, 10-11, 20-24, 27, 32-33, 38, 41, 43-45, 57 Fumane. Fotos: J. Gennai.



Quartär 68 (2021)Early Upper Palaeolithic bladelet technology

85

Metrics
The summary of dimensions shows that blades have 
different median values than bladelets (Appendix 2). 

To ascertain if the arbitrary width threshold is 
consistent in identifying two classes of products, the 
length, the thickness and the curvature of blades 
and bladelets in each assemblage have been tested. 
The Mann-Whitney test for independent samples of 
blades and bladelets length values returns a signif-
icant difference with strong disassociation between 
blades and bladelets in each site (Fig. 10). The same 
can be established for the thickness (Fig. 11). Blades 
are significantly more curved than bladelets in each 
assemblage even when the median is similar (Fig. 12). 

Ansab’s blades are significantly longer than their 
counterparts in Românești and Fumane (SI Fig. 13), the 
difference is strong in management blanks (ε2 = .20) 
and moderate in ordinary blanks (ε2 = .11). Bladelets 
have a significantly different length in each site, 
though the difference is moderate (Mgmt: ε2 = .13 and 
Ordinary: ε2 = .11): Ansab ones are the longest while 
Românești ones are the shortest (SI Fig. 14). Fumane’s 
blades are significantly narrower than their counter-
parts in Ansab and Românești (SI Fig. 15), though 
the difference is weak (Mgmt: ε2 = .03 and Ordinary: 
ε2  =  .02). Bladelets’ widths are statistically similar 
across sites (SI Fig. 17). Fumane’s management blades 
are the thinnest, though the difference is weak (ε2 = 
.02; SI Fig. 18), while ordinary blades are significantly 
different in each site, though the difference is also 
rather weak (ε2 = .05; SI Fig. 16). Management bladelets 
are thick alike across sites, while the ordinary ones 
are significantly different, though with a negligible 
difference (ε2 = <.01; SI Fig. 18). Blades have a signif-
icantly different elongation, though the difference 
is moderate (Mgmt: ε2 = .09 and Ordinary: ε2 = .14;  
SI Fig. 20). The same applies to bladelets (Mgmt:ε2 = .16 
and Ordinary: ε2 = .09; SI Fig. 19). Blades’ curvature is 
significantly different across the assemblages, though 
with a weak difference (Mgmt: ε2 = .03 and Ordinary: 
ε2 = .02; SI Fig. 21). Management bladelets’ curvature is 
significantly similar across assemblages, while ordinary 
bladelets’ one is significantly different, though with a 
weak difference (ε2 = .01; SI Fig. 22). 

Technical attributes
Most of the debitage has a flaking angle comprised 
between 70°-90° in all sites (A: 54 % R: 63 % F: 80 %; 
Appendix 3: A). The Chi-Square independence test 
shows a significant association between flaking angle 
and assemblages, with a medium association between 
variables (p <.01, VCramer = .24; SI Fig. 23). Hence the 
higher percentage of <70° angles in Ansab could be 
found in a slightly different technique than the other 
assemblages. Nevertheless, the Chi-Square goodness 
of fit test shows that the prevalence of 70°-90° 
is significantly different from casual proportions 
within each assemblage (p <.01; SI Fig. 23). 70°-90° 
angles are the majority in each debitage category 
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Tab. 4. Debitage categories. Sites A=Ansab, R=Românești, 
F=Fumane. Principal categories are shown in bold (O=Ordinary, 
M=Management, Sp=Spall, I=Initialisation, T=Tablet), and 
management types are broken down into subcategories. Percentages 
are shown in brackets and are a portion of the total number of the 
relevant artefact classes. Percentages are given relative to the total 
of the pertaining artefact class, management subcategories of the 
pertaining total of management debitage.
Tab. 4. Grundform Kategorien.Fundstellen A= Ansab, R= Românești, 
F= Fumane. Die Hauptkategorien sind fett gedruckt (O=Ordinary, 
M=Management, Sp= Spall, I=Initialisation, T=Tablet), und die 
Verwaltungstypen sind in Unterkategorien unterteilt Die Prozent-
sätze sind in Klammern angegeben und beziehen sich auf die 
Gesamtzahl der betreffenden Artefaktklassen. Die Prozentsätze 
werden im Verhältnis zur Gesamtzahl der betreffenden Artefakt-
klasse, der Unterkategorien der Verwaltung und der Gesamtzahl der 
Präparationsabfälle angegeben.
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of each assemblage, except in Ansab’s blades. The 
Chi-Square independence test reveals a significant 
association between assemblages and flaking angle 
in blades, bladelet and flakes with moderate associa-
tions between variables (Blades VCramer = .24; Bladelets 
VCramer = .31; Flakes VCramer = .10; SI Fig. 24). However, 
the Chi-Square goodness of fit test shows that the 
prevalence of 70°-90° is statistically significant in each 
assemblages’ category, except for Ansab’s blades 
(SI Fig. 24). It must be noticed that undetermined 
angles are mostly present in bladelets (A: 27 % R: 37 % 
F: 34 %; Appendix 3: A). 

Bulbs are mostly not marked across the three 
sites (A: 76 % R: 64 % F: 74 %; Appendix 3: B). The 
Chi-Square independence test shows a significant 
association between sites and bulb types with a 
moderate association (p <.01, VCramer = .11; SI Fig. 25). 
The Chi-Square goodness of fit test shows that bulbs 
values are following non-casual proportions within 
each assemblage (p <.01; SI Fig. 25). Not marked bulbs 
are statistically associated with blades and bladelets 
in each assemblage (Blade p >.05, Bladelet p >.05; SI 
Fig. 26), while flakes are reporting a significant associ-
ation across sites (p <.01; SI Fig. 26). The Chi-Square 

Fig. 9. Flakes. 1-3 Cortical Flakes, 4-9 Management Flakes, 10-12 Tablets. 1,4,7,10 Ansab, 2,5,8,12 Românești, 3,6,9,11 Fumane. Photos: J. Gennai. 
Cortical flakes are shaping the first core convexities, Management flakes intervene later and show partial coverage of laminar negatives, tablets 
are slicing the core horizontally note the laminar (mostly bladelet) negatives on the flake’s platform (main core flaking surface).
Abb. 9. Abschläge. 1-3 Rindenabschläge, 4-9 Technische Abschläge, 10-12 Kernscheiben. 1,4,7,10 Ansab, 2,5,8,12 Românești, 3,6,9,11 Fumane. Fotos 
und Skizzen: J. Gennai. Rindenabschläge formen die ersten Kernkonvexitäten, technische Abschläge kommen später hinzu und weisen auf ihrer Dorsal-
fläche laminare Negative auf, Kernscheiben wurden dem Kern horizontal entnommen, deshalb zeigen sie Reste laminarer Negative auf ihrem Schlag-
flächenrest und auf dem anliegenden Kernkantenrest.
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goodness of fit test shows non-casual proportions in 
Fumane (p <.01; SI Fig. 26) and casual proportions in 
Ansab and Românești (A: p >.05; R: p >.05; SI Fig. 26). 
Hence, Fumane flakes are more likely to display a 
marked bulb.

The overhang removal occurs on most of the 
laminar blanks (A: 84 % R: 70 % F: 74 %; Appendix 
3:  C).The Chi-Square independence test reveals a 
significant association between assemblages and 
overhang removal in blades and bladelets (p <.01, 
VCramer = .14; SI Fig. 27). Nevertheless, the Chi-Square 
goodness of fit test shows that the proportions of 
overhang removal are non-casual in each assemblage 
(p <.01; SI Fig. 27). The distribution of values is similar 
for blades and bladelets. The higher frequencies of 
microchipped artefacts in the Ansab assemblage is 
statistically significant (Chi-Square independence 
test p <.01; SI Fig. 28), but microchipped artefacts are 

significantly prevalent in each assemblage (Chi-Square 
test goodness of fit p <.01; SI Fig. 28)

Non-lipped artefacts are prevalent amongst 
the three assemblages (A: 59 % R: 63 % F: 61 %; 
Appendix  3: D). No statistical difference between 
them is revealed (Chi-Square independence test 
p >.05; SI Fig. 29). Comparing the single debitage 
categories, there is a significant association between 
assemblage and lipping (Chi-Square independence 
test p <.01; SI Fig. 30). The proportions of values 
are casual only for Românești’s blades (SI Fig. 30). 
Therefore, flakes and blades are more likely to be 
lipped, while bladelets are not.

Method attributes
The majority of blanks have either a non-facetted 
platform (A: 98 %  R: 95 % F: 95 %; Appendix 4: A). The 
Chi-Square independence test between assemblages 

Fig. 10. Mann-Whitney U test of independence of blades and bladelets length.
Abb. 10. Mann-Whitney-U-Test zur Unabhängigkeit der Länge von Klingen und Lamellen.
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and platform types shows a significant difference 
and a small association (p <.01, VCramer = .05; SI Fig. 31). 
The Chi-Square goodness of fit test shows non-casual 
proportions of values in each assemblage (p <.01; SI 
Fig. 30). Most of the facetted platforms across sites are 
found in flakes (A: 11 % R: 7 % F: 16 %; Appendix 4: A), 
especially tablets (Fig.  9:  10-12). Bladelets are 
non-facetted alike across the assemblages (p >.05; SI 
Fig. 32), while the distribution of platform types are 
different across assemblages for blades and flakes 
(p <.01; SI Fig. 32), but equally showing non-casual 
proportions within each assemblage. Therefore, the 
prevalence of non-facetted platforms across assem-
blages is grounded.

Most of the debitage has non-cortical dorsal faces 
(A: 78 % R: 80 % F: 80 %; Appendix 4: B). Semi-cortical 
debitage, i.e., with cortex up to 50 % of the dorsal 
face, is the second most frequent (A: 18 % R: 15 % 

F: 15 %; Appendix 4: B). Extensively cortical debitage, 
i.e., with cortex more than 50 % of the dorsal face, 
and entames, completely covered by cortex, are rarer 
(Appendix  4:  B). The Chi-Square independence test 
between assemblages and cortex presence shows a 
significant difference and a small association (p <.01, 
VCramer = .04; SI Fig. 33). The Chi-Square goodness 
of fit test shows non-casual proportions of values 
in each assemblage (p <.01; SI Fig. 33). Non-cortical 
artefacts are especially prevalent in bladelets (A: 94 % 
R: 94 % F: 93 %; Appendix 4: B) and the distribution of 
values is similar across assemblages (p >.05; SI Fig. 34). 
Cortical artefacts, especially the semi-cortical ones, 
are more frequent in blades (A: 26 % R: 17 % F: 24 %; 
Appendix  4: B) and flakes (A: 31 % R: 18 % F: 25 %; 
Appendix 4: B). Extensively cortical artefacts and 
entames are mostly found in flakes (A: combined 16 %; 
R: combined 10 %; F: combined 21 %; Appendix 4: B). 

Fig. 11. Mann-Whitney U test of independence of blades and bladelets thickness.
Abb. 11. Mann-Whitney-U-Test zur Unabhängigkeit der Dicke von Klingen und Lamellen.
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The Chi-Square independence test between assem-
blages shows a significant difference and a small 
association in blades and flakes (p <.05, VCramer = .04;  
p <.01, VCramer = .15; SI Fig. 34). The Chi-Square goodness 
of fit test shows a non-casual values’ distribution in 
each assemblage (p <.01; SI Fig. 34). Hence, while most 
of the debitage in each assemblage is non-cortical, 
flakes are showing the higher frequencies of cortical 
pieces and cortex amount, blades are still showing 
some artefacts bearing some cortex, and bladelets are 
almost totally devoid of cortex. 

The highest frequencies for cortex position is 
lateral and distal in semi-cortical artefacts and dorsal 
in extensively cortical artefacts and entames. Cortical 
blades are associated with lateral and distal positions. 
The Chi-Square independence test between assem-
blages shows a significant difference and a small associ-
ation for cortical positions in blades (p <.01, VCramer 

= .14; SI Fig. 35). The Chi-Squared test of goodness 
of fit shows a non-casual values’ distribution in each 
assemblage (p <.01; SI Fig. 34). Cortical flakes are more 
associated with a dorsal position. The Chi-Squared 
test of independence between assemblages shows a 
significant difference and a small association (p <.01, 
VCramer = .14; SI Fig. 35). The Chi-Square goodness of 
fit test shows a non-casual distribution in each assem-
blage (p <.01; SI Fig. 35). Therefore, there is a clear 
difference in cortical positions between debitage 
categories. 

Complete negatives scars comprising bladelets 
are prevalent in determinate negatives (A: 83 % 
R: 55 % F:  81 %; Appendix 4: C). The Chi-Square 
independence test between assemblages shows a 
significant difference and a small association (p <.01, 
VCramer = .18; SI Fig. 36), while the Chi-Square goodness 
of fit test shows a non-casual distribution in each 

Fig. 12. Mann-Whitney U test of independence of blades and bladelets curvature.
Abb. 12. Mann-Whitney-U-Test zur Unabhängigkeit der Krümmung von Klingen und Lamellen.
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assemblage (p <.01; SI Fig. 36). Excluding bladelets, 
which are similarly associated with bladelets negatives 
in each assemblage (p >.05; SI Fig. 37), determined 
bladelets negatives are recognised in the majority 
of blades (A:  83 % R: 65 % F: 87 %; Appendix 4: C) 
and are accounting for nearly a third of the flakes  
(A: 37 %  R: 27 %  F: 27 %; Appendix 4: C). The Chi-Square 
independence test between assemblages shows a signif-
icant difference and a small association (p <.01, VCramer = 
.13; p <.01, VCramer = .15; SI Fig. 37), while the Chi-Square 
goodness of fit test shows a non-casual values’ distri-
bution in each assemblage (p <.01; SI Fig. 37). Indeter-
minate negative scars, that is when the complete width 
is not preserved, are frequent (A: 29 % R: 40 % F: 35 %; 
Appendix 4: C). Nevertheless, the picture from the 
determinate negatives shows that blades and bladelets 
are integrated into the same reduction, without the 
precedence of blades over bladelets in the reduction. 
Instead, flakes intervene more rarely on the main flaking 
surface where the laminar products are knapped.

Negative scars are largely unidirectional (A: 61 % 
R: 79 % F: 69 %; Appendix 4: D) or unidirectional and 
convergent (A: 16 % R: 5 % F: 16 %; Appendix 4: D). The 
Chi-Square independence test between assemblages 
shows a significant difference and a small association 
(p <.01, VCramer = .15; SI Fig. 38), while the Chi-Square 
goodness of fit test shows a non-casual distribution in 
each assemblage (p <.01; SI Fig. 38). Unidirectional scars 
are prevalent among all debitage classes, unidirectional 
and convergent scars have higher frequencies in blades 
and bladelets (Tab 8: D). The Chi-Square independence 
test between categories in each assemblage shows a 
significant difference and a small association (p <.01; 
SI Fig. 39), while the Chi-Square goodness of fit test 
shows a non-casual distribution in each assemblage 
(p <.01; SI Fig. 39). Therefore unidirectional knapping is 
the norm of each assemblage, integrated by additional 
orientations still coming from the same striking platform.

Morphotechnological attributes
The longitudinal profile, observed in lateral view, is 
largely straight or slightly curved for bladelets (A: 
73 % R: 77 % F: 81 %; Appendix 5: A), and blades (A: 
55 % R: 66 % F: 67 %; Appendix 5: A). Twisted profiles 
are slightly more frequent in blades (A: 26 % R: 24 % 
F: 16 %; Appendix 5: A) than in bladelets (A: 20 % R: 19 % 
F: 15 %; Appendix 5: A). Blades (A: 19 % R: 9 % F: 17 %; 
Appendix  5: A). are displaying more curved profiles 
than bladelets (A: 4 % R: 2 % F: 4 %; Appendix 5: A). 
The Chi-Square independence test between assem-
blages in each category shows a significant difference 
and a small association (p <.01, p <.05; SI Fig. 40), while 
the Chi-Square goodness of fit test shows a non-casual 
distribution in each assemblage (p <.01; SI Fig. 40). 
Therefore, blades are displaying a higher variety of 
longitudinal profiles, while bladelets are essentially 
non-curved. 

The silhouette, as observed with the dorsal face in 
top view, generally has subparallel margins in blades 

(A: 48 % R: 57 % F: 56 %; Appendix 5: B) and bladelets 
(A: 33 % R: 54 % F: 49 %; Appendix 5: B). While 
blades̀ second most observed value is off-axis (A: 32 % 
R: 27 % F: 29 %; Appendix 5: B) that of bladelets is 
convergent (A: 44 % R: 27 % F: 27 %; Appendix 5: B). The 
Chi-Square independence test between assemblages in 
each category shows a significant difference and a small 
association (p <.01; SI Fig. 41), while the Chi-Square 
goodness of fit test shows a non-casual distribution in 
each assemblage (p <.01; SI Fig. 41). Hence, bladelets are 
mostly associated with regular silhouettes.

The cross-section shape in blades is mostly trape-
zoidal in Ansab and Fumane (A: 61 % F: 58 % Tab. 9: C) 
while triangular in Românești (44 %; Tab 9: C). Bladelets 
are mostly triangular in each assemblage (A: 52 % R: 53 % 
F: 49 %; Appendix 5: C). The Chi-Square independence 
test between blades in each assemblage shows a signif-
icant difference and a small association (p <.01, VCramer 
= .10; SI Fig. 42), while bladelets are statistically similar 
across assemblages (p >.05; SI Fig. 42). The Chi-Square 
goodness of fit test shows a non-casual values’ distri-
bution in most assemblages (p <.01; SI Fig. 42), except 
for Fumane’s bladelets and Românești’s blades (p >.05; 
SI Fig. 42). Hence, with the exclusion of Româneștí s 
blades, triangular cross-sections are mostly associated 
with bladelets in each assemblage, while trapezoidal 
ones are associated with blades.

Blades are more asymmetrical (A: 70 % R: 62 % 
F: 59 %; Appendix 5: D) while bladelets tend to be more 
symmetrical (A: 50 % R 51 % F: 57 %; Appendix 5: D). The 
Chi-Square independence test between assemblages in 
each category shows a significant difference and a small 
association (p <.01; SI Fig. 43). The Chi-Square goodness 
of fit test shows a non-casual distribution in most assem-
blages (p <.01; SI Fig. 42), except for Românești’s and 
Ansab’s bladelets (p >.05; SI Fig. 43). Hence, while blades 
are mostly asymmetrical, bladelets could be either 
symmetrical or asymmetrical.

Distal terminations are largely feathered for bladelets 
(A: 77 % R: 74 % F: 71 %; Appendix 5: E), while blades 
terminations are more variable, with higher frequencies 
for plunging (A: 39 % R: 25 % F: 44 %; Appendix 5: E) 
and stepped (A: 10 % R: 19 % F: 7 %; Appendix 5: E). The 
Chi-Square independence test between assemblages in 
each category shows a significant difference and a small 
association (p <.01; SI Fig. 44). The Chi-Square goodness 
of fit test shows a non-casual distribution in each assem-
blage (p <.01; SI Fig. 44). Hence, bladelets are more 
feathered than blades in each assemblage. 

Discussion

High similarity among the technologies of the three 
assemblages
The results are showing that the three assemblages 
share a comparable knapping concept within the 
overall technological system. Despite the categorical 
attributes often showing a significant difference 
across assemblages, the effect size is most often small, 
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therefore signalling a weak difference between them. 
In fact, within the assemblages, the distribution is more 
often non-casual, hence the prevalence of a certain 
value (i.e. unidirectional negatives) is grounded, 
despite not declining in a statistical similar way in 
each assemblage. This could be explained by the ad 
hoc nature of chert knapping: each knapping session 
is rather unique even if a similar mental template is 
followed. Nevertheless, the analysis protocol proved 
successful in identifying and substantiating the mental 
template leading the technological operation in each 
assemblage.

The technique is consistent with the soft stone 
hammer tangential direct percussion typical of most 
of the UP industries (Pelegrin 2011). Flaking angles 
are steeper and the overhang is more often micro-
chipped at Ansab. This could account for the bigger 
elongation reached in comparison to the other 
assemblages, despite abandoned cores of the same 
categories having a similar elongation across assem-
blages. Bulbs are more marked in flakes; combined 
with the higher cortical coverage, it might signal a 
change in technique. Though, experimental analyses 
show that Pelegrin’s observations are difficult to tie 
to a particular technique in a controlled environment 
(Roussel et al. 2009). Analyses of cores and blanks 
consistently revealed that laminar blanks, especially 
bladelets, were the sought-after product of the 
reduction process. Flakes were largely a by-product 
of the knapping stages, like shaping and striking 
platform preparation. In fact, flakes are outnumbered 
by blades and bladelets. A comparably higher number 
of flakes in the Românești assemblage can be linked to 
the physical properties of the raw material. In contrast 
to the good quality chert available in the vicinity of 
the Fumane and Ansab sites, the Banat flint available 
at Românești is highly prone to internal fractures, due 
to the original burial environment and to the sealing 
of these fractures with different materials, character-
istic noticeable also at the macroscopic level (Ciornei 
et al. 2021). This property makes it difficult to extract 
elongated blanks from the Banat flint. 

Nevertheless, cores from this assemblage strongly 
suggest that producing flakes was not a primary 
objective in Românești. The high number of ordinary 
flakes can be related to partial adjustments of the 
striking platform, an action that was erased when 
the main core tablet renewed the primary striking 
platform. These core tablets show flake removals on 
their dorsal faces, and coarse faceting is recorded in 
Fumane and was reported in previous studies on the 
Fumane and Românești sites (Sitlivy et al. 2012; Falcucci 
et al. 2017; Falcucci & Peresani 2018). Nevertheless, 
data from the debitage platforms points to the use of 
non-facetted ones, thus faceting could correspond to 
local adjustments of the striking platform. 

The main divide between cores is the use of a 
narrow or a wide primary flaking face. A close exami-
nation of the diacritical schemes shows that wide 

flaking surfaces were not sought after per se, but 
they are the sum of adjacent and repeated narrow 
flaking surfaces. Such behaviour is also described in 
previous studies and offers a convincing explanation 
for the development of semi circumferential cores 
(Falcucci & Peresani 2018). Due to the narrowness 
of the used flaking surface, bladelets tend to be 
the most logical blank to knap and they are statisti-
cally similar in width across assemblages. Interest-
ingly, this is not a result of decreasing core volume, 
as posited in pioneering studies about Protoaurig-
nacian and Southern Ahmarian (Bon 2002; Monigal 
2003; Goring-Morris & Davidzon 2006), but a goal 
that was pursued from the very start of the reduction 
process. In fact, bladelets’ negatives are numerous on 
blades and, partially, flakes. Larger blade negatives 
can be observed on cores in lateral positions framing 
central negatives of bladelets. Blades tend to be the 
major blank produced from the shaping of flaking 
surfaces, probably because being wider they conven-
iently produce the desired convexities. A tendency 
in preferring blades as management blanks is also 
recorded in other recent assessments of eUP assem-
blages (Falcucci et al. 2017; Bataille et al. 2018). In the 
current analysis, this theory is supported by multiple 
pieces of evidence. Blades, along with flakes, show 
lateral or distal cortical coverage, which is consistent 
in their role as debitage products that are struck 
between the main flaking surface and the untouched, 
adjacent cortical faces of the core. Blades also show 
higher frequencies of curved and twisted profiles and 
are statistically more curved than bladelets. The termi-
nations are often plunging or abrupt, travelling right 
to the opposite end of the flaking surface. The silhou-
ettes tend to be more off-axis and the cross-sections 
are more asymmetrical as expected in blanks knapped 
at the intersection between flanks and flaking surface. 
In contrast, bladelets generally have completely 
non-cortical dorsal faces, are struck on-axis, have 
mostly a symmetrical and triangular cross-section, 
the silhouettes are convergent or subparallel, the 
longitudinal profiles are predominantly straight, and 
they have feathered terminations. This is consistent 
with features of negative scars observed in “central” 
locations on cores, exploiting the V-shaped volumes 
created by blade removals. 

Context 
The present results are supported by previous 
analyses. Falcucci and colleagues (2017) have success-
fully demonstrated that Protoaurignacian technology 
is not markedly different from the standard Early 
Aurignacian technology. Indeed, the difference is 
largely typological. The identifying tool types of the 
Early Aurignacian are the carinated endscraper and 
“Aurignacian” blades, the first of which is considered 
the most definitive because of its regular occur-
rence. Aurignacian blades have also been recognised 
in Protoaurignacian assemblages (Falcucci et al. 2017; 
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Bataille et al. 2018). On the other hand, the carinated 
endscraper, despite being well described (Bon 2002; 
Bordes & Tixier 2002; Le Brun-Ricalens 2005b; Chiotti 
& Cretin 2011), is still a problematic tool type/reduction 
method to define and shares multiple characteristics 
with other bladelet cores (Sitlivy et al. 2012; Tafelmaier 
2017; Falcucci & Peresani 2018; Aleo et al. 2021). Like 
in the Early Aurignacian, blades and bladelets pursue 
different goals within the Protoaurignacian and the 
Southern Ahmarian too. Bladelets are mostly knapped 
from central areas of the flaking surfaces and they are 
transformed into marginally retouched implements, 
while blades are mostly coming from shaping roles and 
are being used for “domestic” tools like endscrapers 
(Davidzon & Goring-Morris 2003; Monigal 2003; 
Falcucci et al. 2018; Aleo et al. 2021). 

The Early Aurignacian seems to be relatively elusive 
outside of the Aquitaine region (Falcucci et al. 2020). In 
the Cantabrian-Pyrenees area the transition between 
the Protoaurignacian and the Early Aurignacian is 
rather gradual (Cabrera Valdés et al. 2002; Normand 
& Turq 2005; Santamaría Álvarez 2012; Barshay-
Szmidt et al. 2018; Bataille et al. 2018). In La Viña, the 
biggest difference between the Protoaurignacian 
(layer XIIIinferior) and the Early Aurignacian (layer XIII) 
is the increase of transversal carinated bladelet cores 
at the expenses of non-carinated ones in the latter 
(Santamaría Álvarez 2012: 1306). On the ground of his 
analysis and his comparison with Isturitz, Santamaria 
Álvarez suggests a gradual change as supported by 
the sequence of Isturitz. In El Castillo’s Protoaurig-
nacian (level 16) carinated and non-carinated cores 
are equally represented and bladelets are three times 
more frequent than blades (Cabrera Valdés et al. 2002). 
A recent reassessment of Labeko-Koba did not find a 
fundamental technological difference between the 
Early Aurignacian and the Protoaurignacian (Tafel-
maier 2017; Bataille et al. 2018). Gatzarria cave supports 
a gradual change (Barshay-Szmidt et al. 2012). Also, in 
Isturitz the earliest Early Aurignacian (C4b1 and C4b2) 
shows many affinities with the lower Protoaurignacian 
(Barshay-Szmidt et al. 2018; Normand & Turq 2005). 
In Le Piage, northern Aquitaine, the Protoaurignacian 
(layer K) is differed from the Early Aurignacian (layer GI) 
mostly by the higher frequency of retouched bladelets 
in K (Bordes 2005). Technologically, bladelets in K are 
dimensionally more compatible with non-carinated 
cores or burin cores and an intercalated production 
of blades and bladelets is observed. Nevertheless, 
carinated cores similar to types found in Early Aurig-
nacian sites are common as well. In Dordogne, the Abri 
Pataud features a long sequence starting with the Aurig-
nacian (layer 14) and terminating with the Solutrean 
(layer 1) The Early Aurignacian spans layers 14–9 and 
it is dated between 41,3–39,6 ka calBP (95.4 % proba-
bility modelled start of layer 14) and 38,2–37,0 ka calBP 
(95.4 % probability modelled start of layer 8; Chiotti 
1999; Higham et al. 2011). The most significant occupa-
tions, denoted by the higher amount of artefacts, are 

those of layers 14 and 11 (Chiotti 1999). They are conno-
tated by the production of large blades (20-30 mm of 
width) and bladelets (mostly 5-12 mm width). Only a 
few cores are abandoned at a prismatic state and they 
mostly yielded blades (Chiotti 1999). The carinated 
end-scrapers are present in most of the layers, though 
the dimensions of bladelets are mostly compatible with 
their fronts from layer 8 onwards (Chiotti 1999). In Les 
Cottés, Vienne region, the researchers can discrim-
inate between a Protoaurignacian (US 04inf.), earlier 
Early Aurignacian technology (US 04sup.), and a later 
Early Aurignacian (US 02; Roussel & Soressi 2013). The 
differences are mostly ascribed to typology (blade 
retouched implements increase from 04inf. to 02, 
while bladelets drastically decrease) and to dimensions 
(bladelets are larger in 04 inf., blades are increasingly 
larger and more robust in 04sup. and 02). The Early 
Aurignacian is practically absent in Southern-Eastern 
France, except La Salpetrière, while the remainder of 
eUP sites are attributed to the Protoaurignacian, even 
though most of the time they display an independent 
bladelet production or a blade-bladelet intercalated 
production (Slimak et al. 2002; Porraz et al. 2010; 
Barshay-Szmidt et al. 2020). 

In the Italian peninsula, the transition to the Early 
Aurignacian is marked by higher instances of antler 
working and more carinated endscrapers in Mochi, but 
this pattern is not found in the nearby Riparo Bombrini, 
which instead shows a prolonged occurrence of Proto-
aurignacian technology (Douka et al. 2012; Tejero 
& Grimaldi 2015; Riel-Salvatore & Negrino 2018). In 
Grotta del Fossellone, the Early Aurignacian desig-
nation is supported by a large number of carinated 
endscrapers (Degano et al. 2019). But the Pontinian 
area of Italy, where Grotta del Fossellone is situated, 
is famed for its peculiar source of raw material, which 
occurs in small pebbles, and utilising this resource 
lead to particular ways of exploitation being adopted 
throughout the Palaeolithic, eUP included (D’Angelo & 
Mussi 2005). The other eUP Italian sites which display 
Protoaurignacian assemblages have been variously 
dated to before and after the CI and HE4 (Accorsi et al. 
1979; Gambassini 1997; Palma di Cesnola 2006; Dini et 
al. 2012; Falcucci et al. 2020). On the northern side of 
the Alps, the Early Aurignacian is well recognisable in 
Geißenklösterle’s AH II-III (Teyssandier & Liolios 2003), 
but only a few kilometres away from the site of Hohle 
Fels, layer AH IV shows a completely different techno-
logical behaviour in the same time frame (Bataille & 
Conard 2018). In the light of recent discoveries, the 
attribution of Willendorf II’s AH 3 to the Early Aurig-
nacian, based largely on a disassociated production 
of blades and bladelets, is rather tenuous (Nigst et al. 
2014). 

Protoaurignacian links are claimed for most of the 
Eastern and Balkan Europe (Sitlivy et al. 2012; Tsanova 
et al. 2012; Bataille 2016; Dinnis et al. 2019). Even if 
Kostenki 17/II is not classified as Protoaurignacian, 
the technological behaviour represented in its lithic 
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assemblage is not comparable to the Early Aurignacian 
(Bataille et al. 2020; Dinnis et al. 2020). A similarity 
between the Southern Ahmarian and the Protoau-
rignacian has long been claimed (Teyssandier et al. 
2010; Kadowaki et al. 2015). At present, however, no 
other comprehensive technological comparison has 
been carried out to assess this. Here we show that 
the assemblages attributed to the Southern Ahmarian 
and the Protoaurignacian are technologically similar. 
Furthermore, existing literature shows that narrow 
fronted cores are not a reduction method peculiar to 
the Southern Ahmarian, as other European assemblages 
also show such a reduction approach done either sur 
tranche or on narrow faces (Slimak et al. 2002; Normand 
& Turq 2005; Ortega Cobos et al. 2005; Porraz et al. 
2010; Santamaría Álvarez 2012; Sitlivy et al. 2014). The 
laterally twisted blades (debordant Hussain 2015) are 
similar to the lateral ‘comma-like’ blades described by 
some authors (Monigal 2003; Falcucci et al. 2017). 

The significance of an updated lithic technology 
framework for the understanding of human dispersal 
Abandoning the existing taxonomical picture may have 
a profound impact on how we consider the eUP and 
the dispersal of Homo sapiens into Europe. It has been 
argued that the division between Protoaurignacian 
and Early Aurignacian is only slight, largely linked to 
local adaptive expressions of a common technological 
package, namely the Aurignacian (Bataille et al. 2018). 
Recent reanalysis of the youngest Aurignacian unit in 
Fumane has shown a pattern of slow change rooted in 
the previous technology of units A2-A1, and because of 
this, the Protoaurignacian is seen as a flexible adaptive 
technological set (Falcucci et al. 2020). The continu-
ative Protoaurignacian technology into the HE4 shown 
by other Italian sites may be explained by the isolation 
formed by the Alps during colder and drier conditions 
(Shao et al. 2021). 

The results of this analysis further stress the similarity 
between eUP assemblages attributed to different 
technocomplexes. An example of such technological 
similarity over thousands of kilometres and several 
millennia is offered by the IUP of Eastern Asia: here the 
similarities in blade technology are linked to a demic 
expansion of populations (Zwyns 2021). The Proto-
aurignacian, the Early Aurignacian and the Southern 
Ahmarian start at roughly the same time of 43–42 ka 
(Barshay-Szmidt et al. 2018; Boaretto et al. 2021), so it 
is not completely fanciful to suggest that a successful 
technological package would withstand the different 
environments and the millennia, especially if we assume 
a low but constant sharing of information. It has been 
established that networks in eUP could be hundreds 
of kilometres long (e.g. Normand et al. 2008; Grimaldi 
et al. 2014; Peresani et al. 2019; Vaissié et al. 2021). A 
certain degree of connectivity between the Levant and 
Europe is also hypothesised for the development of the 
Levantine Aurignacian at the end of the eUP, though 
caution should be used (Goring-Morris & Belfer-Cohen 

2006). Ornaments or symbolic objects are probably 
better indicators for arguing more precise divisions 
within the populations (Bataille et al. 2018). Never-
theless, pioneering work on Aurignacian ornaments 
shows a level of connectivity between the macrosets of 
sites (Vanhaeren & d’Errico 2006).

Conclusions

Following this analysis, involving a comparison of 
published assemblages and recent reassessments, it 
can be argued that eUP coincides with a homogeneous 
technical phenomenon, contrary to previous taxonomical 
classifications. The analysis showed that bladelets are a 
primary technological goal and that they are obtained 
from narrow faces of the core. Blades, on the other hand, 
are chiefly the product of installing or renewing the 
convexities of the core flaking surface. The dynamics of 
technological dispersal still need to be fully understood, 
especially given the lower density of sites in South-
eastern Europe and the total absence to date of eUP 
sites in Anatolia. Despite this, a recent model confirms 
the likelihood that fluvial and coastal corridors acted as 
major routes for movement into Europe during the eUP 
(Shao et al. 2021). Following the results obtained from 
IUP dispersal models (Hublin et al. 2020; Zwyns 2021) it is 
conceivable that a technical tradition could disperse and 
survive through space and time. The present analysis is a 
first attempt to bridge different technocomplexes using 
a technological approach devoid of preconceptions that 
may otherwise bias the interpretations. In the wake of 
a recent revive of the taxonomical debate (Reynolds & 
Riede 2019b, 2019a; Riede et al. 2020), new data – and 
most important shared data – are pivotal to understand 
technological and cultural variability in the Palaeolithic, 
and, in particular, in the early Upper Palaeolithic. 
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Appendix 1. Cores Attributes. Sites A: Ansab, R: Românești, F: Fumane. Pre: Pre-Core, Semi Tour: semi tournant, N Fronted: Narrow Fronted, 
sur Tranche: Narrow Fronted sur Tranche, Trans. Carinated: Transversal Carinated, Frag: Fragment.
Appendix 1. Merkmale der Kerne. Fundstellen A: Ansab, R: Românești, F: Fumane. Legende Pre: Pre-Core, Semi Tour: semi tournant, N Fronted: 
Narrow Fronted, sur Tranche: Narrow Fronted sur Tranche, Trans. Carinated: Transversal Carinated, Frag: Fragment.
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Appendix 1. Cores Attributes. Sites A: Ansab, R: Românești, F: Fumane. Pre: Pre-Core, Semi Tour: semi tournant, N Fronted: Narrow Fronted, 
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Appendix 1. Cores Attributes. Sites A: Ansab, R: Românești, F: Fumane. Pre: Pre-Core, Semi Tour: semi tournant, N Fronted: Narrow Fronted, 
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Appendix 1. Merkmale der Kerne. Fundstellen A: Ansab, R: Românești, F: Fumane. Legende Pre: Pre-Core, Semi Tour: semi tournant, N Fronted: 
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Appendix 2. Summary of metrical values. Sites A= Ansab, R= Românești, F= Fumane. O=Ordinary, M= Management, T=Tablet, Sp=Spall, 
I=Initialisation.
Appendix 2. Zusammenfassung der Abmessungen der Debitage. Fundstellen A= Ansab, R= Românești, F= Fumane. O=Ordinary, M= Management, 
T=Tablet, Sp=Spall, I=Initialisation.
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Appendix 2. Summary of metrical values. Sites A= Ansab, R= Românești, F= Fumane. O=Ordinary, M= Management, T=Tablet, Sp=Spall, 
I=Initialisation. (continued)
Appendix 2. Zusammenfassung der Abmessungen der Debitage. Fundstellen A= Ansab, R= Românești, F= Fumane. O=Ordinary, M= Management, 
T=Tablet, Sp=Spall, I=Initialisation. (Fortsetzung)
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Appendix 2. Summary of metrical values. Sites A= Ansab, R= Românești, F= Fumane. O=Ordinary, M= Management, T=Tablet, Sp=Spall, 
I=Initialisation. (continued)
Appendix 2. Zusammenfassung der Abmessungen der Debitage. Fundstellen A= Ansab, R= Românești, F= Fumane. O=Ordinary, M= Management, 
T=Tablet, Sp=Spall, I=Initialisation. (Fortsetzung)
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Blade Bladelet Flake Total

N % N % N % N %

A) Flaking Angle* 

A

Determined

70°-90° 29 48 262 60 139 58 680 54

<70° 307 52 172 40 97 41 576 46

>90° - 0 - 0 3 1 3 0

ND 94 14 162 27 33 12 289 19

Total 680 100 596 100 272 100 1548 100

R

Determined

70°-90° 107 59 79 69 271 64 457 63

<70° 74 41 35 31 142 33 251 35

>90° 1 1 - 0 12 3 13 2

ND 23 11 68 37 80 16 171 19

Total 205 100 182 100 505 100 892 100

F

Determined

70°-90° 276 75 384 89 159 73 819 80

<70° 92 25 47 11 58 26 197 19

>90° - 0 - 0 2 1 2 0

ND 66 15 224 34 24 10 314 24

Total 434 100 655 100 243 100 1332 100

B) Bulbs** 

A

Not Marked

Diffuse 535 99 496 92 122 100 1153 96

Not perceived 6 1 41 8 - 0 47 4

Marked

Pronounced 113 73 53 82 115 77 281 76

Bulbar scar 41 27 12 18 35 23 88 24

ND 11 2 9 1 10 4 30 2

Crushed 4 1 3 0 - 0 7 0

Total 710 100 614 100 282 100 1606 100

R

Not Marked

Diffuse 158 99 166 99 233 100 557 99

Not perceived 2 1 2 1 - 0 4 1

Marked

Pronounced 36 92 11 85 248 95 295 94

Bulbar scar 3 8 2 15 13 5 18 6

ND 10 5 7 4 27 5 44 5

Crushed 5 2 5 3 5 1 15 2

Total 214 100 193 100 526 100 933 100

Appendix 3. Technical attributes debitage. Sites A= Ansab, R= Românești, F= Fumane.* Complete and prox+mes without crushed platforms 
** Complete and Prox+Mes *** Complete and prox+Mes without crushed platforms and crushed bulbs.
Appendix 3. Technische Attribute der Debitage. Fundstellen A= Ansab, R= Românești, F= Fumane.* Vollständig und Prox+Mes ohne gebrochene 
Plattformen ** Vollständig und Prox+Mes *** Vollständig und Prox+Mes ohne gebrochene Plattformen und gebrochene Bulben.
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Blade Bladelet Flake Total

N % N % N % N %

F

Not Marked

Diffuse 305 95 530 90 68 100 903 92

Not perceived 15 5 62 10 - 0 77 8

Marked

Pronounced 100 85 52 88 136 80 288 83

Bulbar scar 18 15 7 12 35 20 60 17

Crushed 13 3 26 4 4 2 43 3

ND 7 2 12 2 4 2 23 2

Total 458 100 689 100 247 100 1394 100

C) Overhang Removal*

A

Yes 590 87 484 81 - - 1074 84

No 89 13 112 19 - - 201 16

Total 679 100 596 100 - - 1275 100

R

Yes 144 70 124 69 - - 268 70

No 61 30 56 31 - - 117 30

Total 205 100 180 13 - - 385 100

F

Yes 317 73 485 74 - - 802 74

No 117 27 170 26 - - 287 26

Total 434 100 655 100 - - 1089 100

D) Lipping *** 

A

No 296 44 500 84 114 42 910 59

Yes 383 56 94 16 158 58 635 41

Total 679 100 594 100 272 100 1545 100

R

No 112 55 122 68 324 64 558 63

Yes 90 45 57 32 179 36 326 37

Total 202 100 179 100 503 100 884 100

F

No 179 42 528 82 99 41 806 61

Yes 249 58 116 18 143 59 508 39

Total 428 100 644 100 242 100 1314 100

Appendix 3. Technical attributes debitage. Sites A= Ansab, R= Românești, F= Fumane.* Complete and prox+mes without crushed platforms 
** Complete and Prox+Mes *** Complete and prox+Mes without crushed platforms and crushed bulbs. (continued)
Appendix 3. Technische Attribute der Debitage. Fundstellen A= Ansab, R= Românești, F= Fumane.* Vollständig und Prox+Mes ohne gebrochene 
Plattformen ** Vollständig und Prox+Mes *** Vollständig und Prox+Mes ohne gebrochene Plattformen und gebrochene Bulben. (Fortsetzung)
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Appendix 4. Method attributes debitage. Sites A= Ansab, R= Românești, F= Fumane.** Complete and Prox+Mes **** Complete and Semi-
complete artefacts.
Appendix 4. Methodenattribute der Debitage. Fundstelle A= Ansab, R= Românești, F= Fumane.** Vollständige und Prox+Mes **** Vollständige 
und halbvollständige Artefakte.

Blade Bladelet Flake Total
N % N % N % N %

A) Platforms**
A
Determined
Non Facetted 670 100 582 100 229 89 1481 98
Linear 303 45 281 48 55 24 639 43
Plain 234 35 119 20 145 63 498 34
Punctiform 121 18 178 31 12 5 311 21
Natural 10 1 4 1 17 7 31 2
Concave 2 <1 - - - - 2 <1
Facetted 2 <1 - - 29 11 31 2
Facetted - - - - 20 69 20 65
Dihedral 2 100 - - 9 31 11 35
Non Determined
Crushed 30 79 18 56 10 42 58 62
ND 8 21 14 44 14 58 36 38
Total 710 100 614 100 282 100 1606 100
R
Determined
Non Facetted 195 98 172 99 448 93 815 95
Plain 112 57 62 36 294 66 468 57
Linear 40 21 64 37 54 12 158 19
Punctiform 29 15 43 25 57 13 129 16
Natural 14 7 3 2 43 10 60 7
Facetted 4 2 1 1 36 7 41 5
Facetted 2 50 - - 23 64 25 61
Dihedral 2 50 1 100 13 36 16 39
Non Determined
Crushed 9 60 11 55 21 50 41 53
ND 6 40 9 45 21 50 36 47
Total 214 100 193 100 526 100 933 100
F
Determined
Non Facetted 406 95 643 99 198 84 1247 95
Linear 180 44 360 56 35 18 575 46
Plain 151 37 107 17 126 64 384 31
Punctiform 73 18 171 27 20 10 264 21
Natural 2 <1 5 1 17 9 24 2
Facetted 20 5 4 1 38 16 62 5
Facetted 19 95 3 75 34 89 56 90
Dihedral 1 100 1 100 4 100 6 100
Non Determined
Crushed 24 75 34 81 4 36 62 73
ND 8 25 8 19 7 64 23 27
Total 458 100 689 100 247 100 1394 100
B) Cortex ****
A
Non Cortical 674 71 764 94 156 53 1594 78
<50% 243 26 40 5 91 31 374 18
Lateral 124 51 22 55 42 46 188 50
Distal 84 35 14 35 19 21 117 31
Dorsal 27 11 2 5 21 23 50 13
Proximal 8 3 1 3 8 9 17 5
Lateral Variants - - - - 1 1 1 <1
Proximal+Distal - - 1 3 - - 1 <1
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Blade Bladelet Flake Total
N % N % N % N %

>50% 23 2 5 1 23 8 51 2
Dorsal 15 65 5 100 22 96 42 82
Lateral 8 35 - - - - 8 16
Distal - - - - 1 4 1 2
100% 8 1 - - 23 8 31 2
Dorsal 7 88 - - 23 100 30 97
Distal 1 13 - - - - 1 3
Total 948 100 809 100 293 100 2050 100
R
Non Cortical 212 81 272 94 390 72 874 80
<50% 45 17 14 5 100 18 159 15
Lateral 20 44 3 21 23 23 46 29
Distal 12 27 6 43 22 22 40 25
Dorsal 4 9 4 29 28 28 36 23
Proximal 6 13 1 7 25 25 32 20
Lateral Variants 1 2 - - 1 1 2 1
Proximal+Distal 2 4 - - 2 1
ND - - - - 1 1 1 1
>50% 5 2 2 1 37 7 44 4
Dorsal 4 80 2 100 36 97 42 95
Lateral Variants - - - - 1 3 1 2
Lateral 1 20 - - - - 1 2
100% - - - - 17 3 17 2
Dorsal - - - - 17 100 17 100
Total 262 100 288 100 544 100 1094 100
F
Non Cortical 377 73 753 93 133 54 1263 80
<50% 122 24 49 6 62 25 233 15
Lateral 54 44 24 49 17 27 95 41
Distal 44 36 17 35 10 16 71 30
Dorsal 13 11 6 12 20 32 39 17
Proximal 4 3 2 4 12 19 18 8
Lateral Variants 7 6 - - 3 5 10 4
>50% 11 2 9 1 23 9 43 3
Dorsal 7 64 7 78 23 100 37 86
Lateral 2 18 1 11 - - 3 7
Distal 2 18 1 11 - - 3 7
100% 7 1 - - 30 12 37 2
Dorsal 6 86 - - 30 100 36 97
Distal 1 14 - - - - 1 3
Total 517 100 811 100 248 100 1576 100
C) Negatives type****
A
Determinate
With Bladelets 602 83 471 99 61 37 1134 83
Bladelets 425 71 461 98 28 46 914 81
Blades & Bladelets 144 24 7 1 18 30 169 15
Bladelets & Flakes 24 4 3 1 10 16 37 3
Blades & Bladelets & Flakes 9 1 - - 5 8 14 1
Blades 76 11 3 1 29 17 108 8
Flakes 30 4 3 1 68 41 101 7
Blades & Flakes 13 2 - - 8 5 21 2
ND 211 22 293 36 85 29 589 29
No negatives 16 2 39 5 42 14 97 5
Total 948 100 809 100 293 100 2050 100

Appendix 4. Method attributes debitage. Sites A= Ansab, R= Românești, F= Fumane.** Complete and Prox+Mes **** Complete and Semi-
complete artefacts. (continued)
Appendix 4. Methodenattribute der Debitage. Fundstelle A= Ansab, R= Românești, F= Fumane.** Vollständige und Prox+Mes **** Vollständige 
und halbvollständige Artefakte. (Fortsetzung)
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Blade Bladelet Flake Total
N % N % N % N %

R
ND 117 45 153 53 173 32 443 40
Determinate
With Bladelets 83 65 84 95 46 27 213 55
Bladelets 66 80 82 98 26 57 174 82
Blades & Bladelets 16 19 2 2 7 15 25 12
Bladelets & Flakes 1 1 - - 11 24 12 6
Blades & Bladelets & Flakes - - - - 2 4 2 1
Flakes 7 5 3 3 100 58 110 28
Blades 36 28 1 1 12 7 49 13
Blades & Flakes 2 2 13 8 15 4
No negatives 17 6 47 16 200 37 264 24
Total 262 100 288 100 544 100 1094 100
F
Determinate
With Bladelets 313 87 394 98 44 27 751 81
Bladelets 255 81 386 98 15 34 656 87
Blades & Bladelets 50 16 2 1 3 7 55 7
Bladelets & Flakes 8 3 6 2 23 52 37 5
Blades & Bladelets & Flakes - - - - 3 7 3 <1
Flakes 16 4 6 1 105 64 127 14
Blades 26 7 - - 9 5 35 4
Blades & Flakes 3 1 1 <1 6 4 10 1
ND 141 27 380 47 32 13 553 35
No negatives 18 3 30 4 52 21 100 6
Total 517 100 811 100 248 100 1576 100
D) Negatives Orientation****
A
Determinate
Unidirectional 587 63 461 60 143 57 1191 61
Unidirectional+Convergent 110 12 188 24 7 3 305 16
Convergent 78 8 73 9 11 4 162 8
Unidirectional Variant 66 7 25 3 20 8 111 6
Crossed 31 3 14 2 26 10 71 4
Orthogonal 17 2 1 <1 32 13 50 3
Bidirectional 32 3 7 1 9 4 48 2
Bidirectional variant 6 1 1 <1 2 1 9 <1
Convergent+Orthogonal 3 <1 - - - - 3 <1
Crossed+Orthogonal 1 <1 - - - - 1 <1
No negatives 16 2 39 5 42 14 97 5
ND 1 <1 - - 1 <1 2 <1
Total 948 100 809 100 293 100 2050 100

Appendix 4. Method attributes debitage. Sites A= Ansab, R= Românești, F= Fumane.** Complete and Prox+Mes **** Complete and Semi-
complete artefacts. (continued)
Appendix 4. Methodenattribute der Debitage. Fundstelle A= Ansab, R= Românești, F= Fumane.** Vollständige und Prox+Mes **** Vollständige 
und halbvollständige Artefakte. (Fortsetzung)
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Blade Bladelet Flake Total
N % N % N % N %

R
Determinate
Unidirectional 206 84 208 87 241 70 655 79
Crossed 7 3 1 <1 34 10 42 5
Unidirectional Variant 3 1 1 <1 31 9 35 4
Unidirectional+Convergent 12 5 18 8 1 <1 31 4
Orthogonal 4 2 3 1 17 5 24 3
Bidirectional 5 2 3 1 11 3 19 2
Convergent 6 2 6 3 3 1 15 2
Crossed+Orthogonal - - - - 3 1 3 <1
Bidirectional variant - - - - 1 <1 1 <1
Convergent+Orthogonal 1 <1 - - - - 1 <1
No negatives 17 6 47 16 200 37 264 24
ND 1 <1 1 <1 2 <1 4 <1
Total 262 100 288 100 544 100 1094 100
F
Determinate
Unidirectional 332 67 560 72 121 62 1013 69
Unidirectional+Convergent 92 18 146 19 5 3 243 16
Unidirectional Variant 31 6 21 3 24 12 76 5
Crossed 16 3 18 2 24 12 58 4
Orthogonal 11 2 7 1 11 6 29 2
Convergent 5 1 23 3 - - 28 2
Bidirectional 10 2 5 1 8 4 23 2
Bidirectional variant 1 <1 - - 2 1 3 <1
Convergent+Orthogonal 1 <1 - - - - 1 <1
Crossed+Orthogonal - - - - 1 1 1 <1
No negatives 18 3 30 4 52 21 100 6
ND - - 1 <1 - - 1 <1
Total 517 100 811 100 248 100 1576 100

Appendix 4. Method attributes debitage. Sites A= Ansab, R= Românești, F= Fumane.** Complete and Prox+Mes **** Complete and Semi-
complete artefacts. (continued)
Appendix 4. Methodenattribute der Debitage. Fundstelle A= Ansab, R= Românești, F= Fumane.** Vollständige und Prox+Mes **** Vollständige 
und halbvollständige Artefakte. (Fortsetzung)
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Appendix 5. Morphotechnological attributes of blades and bladelets. Sites A= Ansab, R= Românești, F= Fumane.**** Complete and Semi-
complete artefacts ***** Complete and Mes+Dist.
Appendix 5. Morphotechnologische Attribute der Klingen und Lamellen. Fundstellen A= Ansab, R= Românești, F= Fumane.**** Vollständige und 
halbvollständige Artefakte***** Vollständige und Mes+Dist.

Blade Bladelet Total

N % N % N %

A) Profile****

A

Straight and slightly curved 521 55 589 73 1110 63

Straight 355 68 453 77 808 73

Slightly Curved 166 32 136 23 302 27

Twisted 243 26 164 20 407 23

Curved and very curved 176 19 33 4 209 12

Curved 139 79 31 94 170 81

Very Curved 37 21 2 6 39 19

ND 7 1 23 3 30 2

Total 947 100 809 100 1756 100

R

Straight and slightly curved 173 66 221 77 394 72

Straight 148 86 202 91 350 89

Slightly Curved 25 14 19 9 44 11

Twisted 63 24 55 19 118 22

Curved and very curved 23 9 6 2 29 5

Curved 16 70 5 83 21 72

Very Curved 7 30 1 17 8 28

ND 3 1 4 1 7 1

Total 262 100 286 100 548 100

F

Straight and slightly curved 346 67 655 81 1001 75

Straight 252 73 548 84 800 80

Slightly Curved 94 27 107 16 201 20

Twisted 83 16 124 15 207 16

Curved and very curved 87 17 32 4 119 9

Curved 68 78 23 72 91 76

Very Curved 19 22 9 28 28 24

ND 1 <1 - - 1 <1

Total 517 100 811 100 1328 100

B) Silhouette *****

A

(sub) Parellel Edges 368 48 169 33 537 42

Convergent 152 20 222 44 374 29

Off-axis 243 32 110 22 353 28

ND 5 1 5 1 10 1

Total 768 100 506 100 1274 100

R

(sub) Parellel Edges 102 57 107 54 209 55

Off-axis 48 27 35 18 83 22

Convergent 22 12 51 26 73 19

ND 7 4 6 3 13 3

Total 179 100 199 100 378 100
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Appendix 5. Morphotechnological attributes of blades and bladelets. Sites A= Ansab, R= Românești, F= Fumane.**** Complete and Semi-
complete artefacts ***** Complete and Mes+Dist. (continued)
Appendix 5. Morphotechnologische Attribute der Klingen und Lamellen. Fundstellen A= Ansab, R= Românești, F= Fumane.**** Vollständige und 
halbvollständige Artefakte***** Vollständige und Mes+Dist. (Fortsetzung)

Blade Bladelet Total

N % N % N %

F

(sub) Parellel Edges 232 56 328 49 560 51

Off-axis 121 29 158 23 279 26

Convergent 58 14 184 27 242 22

ND 7 2 5 1 12 1

Total 418 100 675 100 1093 100

C) Cross-section shape****

A

Trapezoidal 578 61 336 42 914 52

Triangular 330 35 418 52 748 43

Flat 36 4 43 5 79 4

ND 3 <1 12 1 15 1

Total 947 100 809 100 1756 100

R

Triangular 122 47 152 53 274 50

Trapezoidal 115 44 107 37 222 41

Flat 21 8 24 8 45 8

ND 4 2 3 1 7 1

Total 262 100 286 100 548 100

F

Trapezoidal 301 58 352 43 653 49

Triangular 172 33 395 49 567 43

Flat 40 8 60 7 100 8

ND 4 1 4 <1 8 1

Total 517 100 811 100 1328 100

D) Cross-section symmetry****

A

Asymmetric 637 70 375 50 1012 61

Symmetric 271 30 379 50 650 39

Total 908 100 754 100 1662 100

R

Asymmetric 148 62 126 49 274 55

Symmetric 89 38 133 51 222 45

Total 237 100 259 100 496 100

F

Symmetric 194 41 427 57 621 51

Asymmetric 279 59 320 43 599 49

Total 473 100 747 100 1220 100
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Appendix 5. Morphotechnological attributes of blades and bladelets. Sites A= Ansab, R= Românești, F= Fumane.**** Complete and Semi-
complete artefacts ***** Complete and Mes+Dist. (continued)
Appendix 5. Morphotechnologische Attribute der Klingen und Lamellen. Fundstellen A= Ansab, R= Românești, F= Fumane.**** Vollständige und 
halbvollständige Artefakte***** Vollständige und Mes+Dist. (Fortsetzung)

Blade Bladelet Total

N % N % N %

E) Distal Termination*****

A

Feathered 340 44 388 77 728 57

Plunging 298 39 67 13 365 29

Stepped 78 10 15 3 93 7

Hinged 38 5 20 4 58 5

ND 14 2 16 3 30 2

Total 768 100 506 100 1274 100

R

Feathered 83 46 147 74 230 61

Plunging 44 25 20 10 64 17

Stepped 34 19 21 11 55 15

Hinged 13 7 6 3 19 5

ND 5 3 5 3 10 3

Total 179 100 199 100 378 100

F

Feathered 175 42 481 71 656 60

Plunging 183 44 118 17 301 28

Stepped 30 7 38 6 68 6

Hinged 22 5 33 5 55 5

ND 8 2 5 1 13 1

Total 418 100 675 100 1093 100
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