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Abstract:
Hammerstones and anvils are among the oldest tools used by hominins to perform a variety of tasks including knapping
activities. The bipolar technique on anvil is well documented in prehistory since the Lower Palaeolithic and is usually
considered to be an expedient technique in comparison to other knapping systems. This technique plays a pivotal role in
the Uluzzian techno-complex lithic production where it is largely used. In the present study we analyse the anvils and
hammerstones recovered in the Mousterian and Uluzzian layers of the site of Castelcivita (Campania region-southern
Italy) by a multi-disciplinary approach. Our aim is to investigate the function and functioning of anvils and
hammerstones by evaluating the presence and the role of bipolar knapping in these two assemblages. To do this, we

integrated techno-functional analysis (sensu Boëda) and use-wear study, by defining each techno-functional unit
(transformative and prehensile unities) of anvils and hammerstones and identifying the specific use-wear left by the
bipolar technique by means of a dedicated experimental program. The obtained results allowed us to observe different
technical behaviours, concerning both the production and the use of hammerstones and anvils, between Mousterian and
Uluzzian. Differences were encountered in the selection of raw material (limestone in the Uluzzian, sandstone in the
Mousterian), and in the technical way of approaching the tool as well as in the function : the Mousterian anvil was used
“as is” for crushing materials, unlike the Uluzzian anvils which were exclusively employed for bipolar knapping, after
adapting their original volume. Hammerstones were mainly used as pestles or retouchers in the Mousterian and for
direct percussion in knapping activities during the Uluzzian.

Keywords: Uluzzian; Mousterian; hammerstone; anvil; use-wear analysis; techno-functional approach.
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1. Introduction
Hammerstones and anvils are simple but efficient tools. An anvil is a blank with a hard surface on which another object
is struck. A hammerstone is a tool that delivers a blow (a sudden impact) to an object. Hammerstones vary in shape,
size, and structure, depending on their purpose.
Hammerstones and anvils were among the oldest tools used by prehistoric hominins (Peretto 1994; Bietti et al. 20092010; de la Torre and Mora 2005; Diez-Martin et al. 2015; Bourguignon et al. 2016; de Lombera-Hermida et al. 2016; Li
2016), and even the use of such tools by some non-human primates (chimpanzees, long-tailed macaques, bonobos,
capuchin monkeys) has been documented (Schick et al. 1999; Boesch and Boesch-Achermann 2000; Boinski et al. 2000;
Fragaszy et al. 2004; Marchant and McGrew 2005; Bril et al. 2009; Carvalho et al. 2009; Gumert et al. 2009; Haslam et
al. 2009; Visalberghi et al. 2015; Proffitt et al. 2016). For example, capuchin monkeys use hammerstone and anvil to
crack open nuts (Fragaszy et al. 2004; Mannu and Ottoni 2009; Visalberghi et al. 2013, 2015; Mangalam and Fragaszy
2015; Falótico and Ottoni 2016) and sea otters use stones to crack open shells (Hall and Schaller 1964; Fujii et al. 2015;
Haslam et al. 2019).
In prehistoric and ethnographic studies, the use of anvils and hammerstones is attested for a variety of activities such as
pounding various materials (pulp, acorns, tubers), cracking open nuts, and opening bones to get the marrow (GorenInbar et al. 2002, 2015; de Beaune 2004; Byrne 2009; Bril et al. 2012, 2015; Roda Gilabert et al. 2012; Benito-Calvo et
al. 2018; Pop et al. 2018; Vettese et al. 2020). Another use of hammerstones and anvils is for making stone tools (Shott
1999; Donnart et al. 2009; Eren 2010; de la Peña 2015; Putt 2015; Pargeter and de la Peña 2017; Horta et al. 2019;
Collina et al. 2020).
The flaking technique which uses a hammerstone held by hand to strike a stone upon an anvil is defined as "bipolar
technique of percussion on an anvil" (Breuil and Lantier 1951). Generally, a hard, dense rock is chosen to be a
hammerstone and the gesture of striking is vertical or tangential to the anvil surface and to the raw material to be flaked
(White 1968; Crabtree 1982; Barham1987; Knight 1991; Shott 1989; Bietti et al. 2009-2010; Soriano et al. 2009-2010;
Duke and Pargeter 2015). The first attestations of the use of this technique date back to the production of the first stone
instruments 3.3 Ma (Harmand et al. 2015). Evidence of such a practice during the Pleistocene is well documented (see
for example Peretto 1994; Bietti et al. 2009-2010; de la Torre and Mora 2005; Guyodo and Marchand 2005; DiezMartin et al. 2015; Roda Gilabert et al. 2015; de Lombera-Hermida et al. 2016; Li 2016; Horta et al. 2019; Marciani et
al. 2020), as well as in the historical period (Robinson 1938; MacCalman and Grobelaar 1965; Masao 1982; Barham
1987; Wadley 1993) and in different geographical areas: Asia (Feng 2008; Kuijt and Rusell 1993; Lee and Kong 2006;
Xie and Bodin 2007; Boëda and Hou 2011), Europe (Mourre 1996a, b, 2004; Méndez 2007; Martínez et al. 2010),
Australia and New Guinea (Gould et al. 1971; Hayden 1979; Sillitoe 1982; Strathern 1969; Watson 1995; White 1968;
White et al. 1977), North America (Morice 1893; Teit 1900; McPherron 1967; MacDonald 1968; White 1968; Brose
1970; Flenniken 1981; Lothrop and Gramly 1982; Parry and Kelly 1987; Shott 1989; Jeske 1992; Goodyear 1993) and
South America (Roth 1924; Miller 1979; Curtoni 1999).
Traditionally, bipolar knapping has been considered as an expedient technique (Breuil and Lantier 1951), mostly used
for breaking open small cobbles and pebbles (Breuil 1954; Binford and Quimby 1963; White and Thomas 1972;
Patterson 1979; Flenniken 1981; Crabtree 1982; Parry and Kelly 1987; Prous and Alonso 1990; Andrefsky 1994, 1998).
However, the use of bipolar technique is also a programmatic choice, as seen in the Uluzzian techno-complex where
bipolar flaking on anvil is predominant, and it is not a choice constrained by the size and nature of the raw material
(Palma di Cesnola 1964; Moroni et al. 2018; Villa et al. 2018; Peresani et al. 2019; Collina et al. 2020; Marciani et al.
2020).

The Uluzzian, recognised for the first time at Grotta del Cavallo (municipality of Nardò, Apulia region, southern Italy,
Palma di Cesnola 1963, 1964) is a techno-complex known in Italy and Greece dated to a period between 45-40 ka
(Douka et al. 2014; Giaccio et al. 2017; Zanchetta et al. 2018). The extinction of Neandertal populations and their
replacement by Modern Humans occurred over this time period. The Uluzzian has been attributed to Modern Humans
based on the study of two deciduous teeth associated with the Uluzzian industry at Grotta del Cavallo (Benazzi et al.
2011). This stratigraphic association was questioned (Zilhão et al. 2015), but a re-examination of the stratigraphic
sequence of Grotta del Cavallo confirmed the integrity of the deposit and the subsequent association between Uluzzian
and Modern Humans (Moroni et al. 2018; Ronchitelli et al. 2018). The Uluzzian shows features that are associable to
Upper Palaeolithic techno-complexes, such as mechanically delivered weapons (Sano et al. 2019), formal bone tools
and the systematic use of pigments and ornaments (Arrighi et al. 2020a, 2020b). The Uluzzian shows clear elements of
a break with the Mousterian techno-complex, such as the lack of Levallois and discoid debitage, which imply different
technical behaviours in conceiving and making tools (Marciani et al. 2020).
The Uluzzian lithic production is characterised by the predominance of bipolar knapping on anvil, with a consequential
production of small sized splintered flakes and blades. Unidirectional debitage with a direct percussion technique is also
present (Palma di Cesnola 1963, 1964; Gambassini 1997; Riel Salvatore 2009; 2010; Ronchitelli et al. 2009, 2018; De
Stefani et al. 2012; Moroni et al. 2013; 2018; Peresani et al. 2016, 2019; Villa et al. 2018; Sano et al. 2019; Marciani et
al. 2020). The bipolar technique in the Uluzzian context of Roccia San Sebastiano (municipality of Mondragone,
Campania region, southern Italy) is used together with a freehand percussion in unidirectional reduction sequences
(Collina et al. 2020).
The aim of this paper is to assess the presence and the role of anvils and hammerstones recovered in the Mousterian and
Uluzzian levels of Castelcivita (Campania, southern Italy), evaluating the characteristics of these tools, especially the
ones used for the bipolar knapping technique. Most studies have focused on how to recognise signs of the bipolar
percussion technique on products of debitage (Knight 1991; Le Brun-Ricalens 2006; Vergès and Ollé 2011; De La Peña
2015; Li 2016; Horta et al. 2019; Pargeter et al. 2019). Far fewer studies are dedicated to hammerstones and anvils
(Donnart et al. 2009; Lunardi 2009; Roda Gilabert et al. 2012; Adams 2014), and even fewer use a combined
approach/analysis technique, i.e. use-wear, GIS and 3D (de la Torre et al. 2013; Caruana et al. 2014; Arroyo and de la
Torre 2016; Benito-Calvo et al. 2018; Caricola et al. 2018). We have focused our attention on hammerstones and anvils,
considering them as tools, and we have applied an integrated approach between traceological and techno-functional
(sensu Boëda 2013) studies (Arrighi et al. 2009; Bonilauri 2010; Aureli et al. 2015; Boëda et al. 2015; Abruzzese et al.
2016; Da Costa 2017; Marciani et al. 2018; Venditti et al. 2019; Delpiano and Uthmeier, 2020). This traceo/technofunctional study was performed in order to 1) assess the transformative and prehensile units of anvils and
hammerstones, 2) identify different techno-types of anvils and hammerstones, and 3) define the specific use-wear left
by the bipolar technique on anvils and hammerstones. A specific controlled experimental session, focused on bipolar
knapping on anvil, was also carried out in order to build a better understanding of these aspects.

1.1 The site
Castelcivita is a cave site situated in Campania (southern Italy municipality of Castelcivita, Salerno) (Fig. 1). The cave
opens at the foot of the Alburni massif, close to the right bank of the Calore river, at 94 m a.s.l. The hypogeum system of
the cave consists of a 5 km network of tunnels and rooms developing inside the carbonatic rocks (Cafaro et al. 2016). The
archaeological deposit, located at the cave entrance, has a thickness of 3,40 m (Gambassini 1997) (Fig. 2). Since 1975 it
has been excavated and studied by the Research Unit of Prehistory and Anthropology of the University of Siena.

The sedimentary succession (Fig. 2) preserves evidence of an important cultural sequence, encompassing Late
Mousterian, Uluzzian and Protoaurignacian. The Mousterian occupation consists of three layers (cgr, gar and lower-rsi).
The modelled date of the lowermost layer (cgr) spans from 47.6 to 41.1 ka cal BP (95.4% prob.), with an end boundary
of 45.7–41.3 ka cal BP (Higham et al. 2014). The Uluzzian occupation consists of four layers (upper-rsi, rpi, pie and
rsa’’), and starts after a stratigraphic discontinuity in sedimentation with the Mousterian (Fumanal, 1983; Gambassini,
1997). The uppermost Uluzzian layer (rsa”) was radiocarbon dated (ABOx-SC) to 41.9 - 40.6 ka cal BP (95.4% prob.)
(Wood et al. 2012). The Protoaurignacian occupation consists of three layers (rsa’, gic, ars), the uppermost of which (ars)
is sealed by volcanic sediments attributed to the CI eruption (Campanian Ignimbrite) dating back to 39.85 ± 0.14 ka BP
(Giaccio et al. 2017).
The knapped lithic assemblage was first typologically studied by Gambassini (1997), while technological and technofunctional analyses are still ongoing (see http://www.erc-success.eu and papers within). The Mousterian lithic assemblage
is characterized by the dominance of the Levallois debitage concept (mainly used in its recurrent-unidirectional and
convergent modality) with the main objective of debitage being elongated flakes and blades. A high frequency of sidescrapers and points has been noted among the retouched tools. The predominant raw material is flint, mainly collected in
the form of blocks and pebbles; quartzite and radiolarite are also present. The acquisition of these raw materials was local
and occurred along the alluvial deposit of the Calore river. A modest presence of pieces made in limestone (the rock in
which the cave formed), is also attested (Gambassini 1997).
The Uluzzian lithic assemblage uses a debitage characterised by a low degree of preparation. This mainly consists of a
unidirectional flaking which exploits one, two or more debitage surfaces. The products are mainly flakes. A significant
use of bipolar technique on anvil (i.e. Gambassini’s splintered pieces) is attested in all the Uluzzian layers. Among
retouched tools there is a significant presence of denticulates and side-scrapers. Lunates typical of the Uluzzian are
represented by seven items. Like in the Mousterian, the mainly used raw materials are blocks and pebbles acquired from
local sources. Flint is the most used lithotype. In the Uluzzian layers a large amount of limestone is used to produce both
retouched tools and debitage products (Gambassini 1997).
The Protoaurignacian lithic assemblage is represented by three layers (from bottom to top) rsa’, gic, ars. The layer rsa’ is
characterized by a large presence of marginally backed bladelets (Dufour bladelets). The following layers (gic and ars)
are characterised by a new tool, the backed micro-point typical of Castelcivita. In layer rsa’ the debitage is mainly
unidirectional and aims at producing blades and overall bladelets. The most frequent retouched tools are denticulates
followed by backed items, mainly Dufour bladelets. Layers gic and ars, likewise layer rsa’, are characterised by a laminar
and lamellar debitage which aimed to produce small laminar products. The retouched tools are characterised by large
amounts of backed items, both points and blades, followed by several types of end-scrapers. In the three Protoaurignacian
layers (rsa’, gic and ars) flint is the most used raw material followed by low percentages of limestone, radiolarite and
quartzite. Like the Mousterian and the Uluzzian the acquisition of the raw material is local: the alluvial deposit of the
Calore river for siliceous materials, and the area in front of the cave of Castelcivita for limestone (Gambassini 1997).

The macrofaunal data (Masini and Abbazzi 1997) attest to a first phase (gar - Mousterian) marked by a temperate and
humid climate with the presence of cervid taxa (fallow deer, Dama dama) and small mammals, like Apodemus sp. and
Microtus (Terricola) sp. In the following phase (gar and lower rsi - Mousterian) the increase of chamois (Rupicapra
pyrenaica) and the depletion of fallow deer indicate the diffusion of open environments in persisting humid climatic
conditions. Among small mammals there is the replacement of Microtus (Terricola) sp. with Microtus agrestis / arvalis.

During the early Uluzzian (layers upper rsi and lower pie) climatic conditions are colder and drier, as evidenced by the
increase in horse (Equus ferus) and Microtus arvalis. Afterwards, (Uluzzian layers upper pie, rpi and rsa "), the
abundance of horse and Microtus arvalis / agrestis and the scarcity of deer indicate that cold and arid conditions were
well established. The same climatic situation lasts in the initial phase of the Protoaurignacian (layer rsa’), while an
abrupt change towards a climatic amelioration is recorded in the upper part of the sequence (gic, ars), with the
disappearance of horse and the increase of deer (Cervus elaphus), roe deer (Capreolus capreolus) and chamois (Masini
and Abbazzi 1997).

2 Materials
There is little agreement on terminology, so in order to avoid ambiguities, this section will specify what is meant by
several key words and concepts used in this paper. The term blank means the raw block which is selected to be flaked or
used. The term support refers to what is used to support, stand or hold the anvil. The term tool means implement, or
utensil, that is to say, a piece of equipment used to accomplish a task. The term hammerstone refers to an active
percussive tool that delivers a blow (a sudden impact) to an object, it is used without however specifying its use (i.e.
flaking, retouching, pounding, cracking actions). The term pestle refers to a hammerstone (active percussive tool) used
for a specific function: for pounding materials. The term retoucher refers to a hammerstone (active percussive tool) used
for a specific retouching activity. And lastly the term anvil means a passive percussive tool namely a blank with a hard
surface on which another object is struck.

2.1 Archaeological sample
The site of Castelcivita yielded several percussive tools (hammerstones and anvils). Some of these objects, such as
certain angular anvils recovered in the Uluzzian layers, display traces related to tasks other than knapping activities (i.e.
breaking bones), Given that this study is focused on the bipolar knapping technique on anvil, we only examined the
specimens showing traces or morphological features possibly related to knapping (3 Mousterian tools and 7 Uluzzian
tools) (Fig. 2).. The analysed tools were retrieved during the excavations carried out by P. Gambassini from 1975 to
1988. The characteristics of the examined samples are shown in Table 1. Clast morphometry was classified using the
scheme and nomenclature proposed by Zingg (1935). The shapes of the clasts are divided into 4 main classes on the
basis of the ratios of the three sedimentological axes: long (a), intermediate (b), short (c). The shapes of end-members
are: discoid (a = b ≠ c); spheroids (a = b = c); blades (a ≠ b ≠ c); and rods (a ≠ b = c).
In this work we refer to pebbles according to archaeological nomenclature and including those that from a
sedimentological point of view are considered as "pebble" (i.e. a rounded clast of rock with a diameter between 4 and
64 mm) and "cobble" (64-256 mm). Debris are angular or sub-angular clasts, whose origin could be related to
breakdown processes from the vault of the cave or originated as slope detritus.
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Table 1 Characteristics of the examined lithic assemblage from Mousterian (M) and Uluzzian (U) layers of Castelcivita

3. Methods
3.1 Experimental design
An experimental program was performed in order to create a reference collection, useful in helping to interpret the
archaeological tools. Raw materials were collected according to the size and morphometric features of the
archaeological specimens. Cobbles and blocks were gathered in the surroundings of the site of Castelcivita, along the
Calore river. In our reference collection we have 5 anvils and 7 hammerstones (Tab.2).
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Table 2 List of the raw materials collected for the experimental activity

Experimental tests were mainly focused on bipolar technique on anvil, with special attention to the production stages of
the knapping activity, and to a lesser extent to breaking open flint blocks. In order to create a reference collection,
experiments on direct percussion have also been carried out (Tab.3). In the experimental tests seven flint nodules
(average 6x7x3 cm) recovered in the surroundings of the site and similar to the ones documented in the archaeological
deposit were exploited.

Id

Function

Weight
(g)

Knapping
technique

Used hammerstone
or anvil

Production
objective

Phase

Gesture

Strikes

Exp.01

Anvil

1301

Bipolar on
anvil

Exp.28
(hammerstone)

Break open
blocks

Pebble
opening

Receives
blows

20

Exp. 02

Anvil

1298

Bipolar on
anvil
Bipolar on
anvil
Bipolar on
anvil
Bipolar on
anvil

Exp. 03
(hammerstone)
Exp. 08
(hammerstone)
Exp. 04
(hammerstone)
Exp. 09
(hammerstone);
Exp. 18.14.38
(hammerstone)
Exp. 13 (anvil)

Production

Receives
blows
Receives
blows
Receives
blows
Receives
blows

139

Perpendicular
and tangential
blows
Perpendicular
and tangential
blows
Perpendicular
blow
Perpendicular
blow
Perpendicular
blow
Tangential
blow
Tangential
blow

37

Perpendicular
blow

20

Exp. 20
Exp. 13
Exp. 07

Exp. 04

Exp. 08

Exp. 09
Exp.
18.14.38
Exp. 03
Exp. 17

Anvil
Anvil
Anvil

Hammerstone

Hammerstone

Hammerstone
Hammerstone
Hammerstone
Hammerstone

735
1313
599

235

304

165
390
394
165

Bipolar on
anvil

Flakes/blades
Production
Flakes/blades
Production
Flakes/blades
Production
Flakes/blades

Production
Flakes/blades

Bipolar on
anvil

Exp. 20 (anvil)

Bipolar on
anvil
Bipolar on
anvil
Bipolar on
anvil
Direct

Exp. 07 (anvil)

Production
Flakes/blades
Production
Flakes/blades

Exp. 07 (anvil)

Production
Flakes/blades

Exp. 13 (anvil);
Exp. 02 (anvil)
/

Production
Flakes/blades
Flakes/blades

Exp. 18

Hammerstone

101

Direct

/
Flakes/blades

Exp.28

Hammerstone

210

Bipolar on
anvil

Exp. 01(anvil)

Break open
blocks

Production
and abrasion
Striking
platform
configuration,
abrasion
Pebble
opening

65
37
95

65

69
26
139
296
213

Table 3 List of the experimental hammerstones and anvils with specifications of the used knapping technique, phases of
debitage, gestures and number of performed strikes

3.2 Use-wear analysis
Use-wear analysis was performed on both the experimental and the archaeological tools. Use-wear identification on
percussive tools (hammerstones and anvils) was based on the analytical approach developed by Adams et al (2009)
considering the processes related to use-wear formation. Four categories of surface modifications are defined: 1)
adhesive wear (residues), 2) fatigue wear (conchoidal fractures or edge removals), 3) abrasive wear (levelling or
rounding of edge grains and striations), 4) tribo-chemical wear (polishing) (Adams et al. 2009; Adams 2014; Dubreuil
and Savage 2014; Dubreuil et al. 2015). Surface modifications related to use (such as scars, percussive impacts or pit
marks, hollows, striations and polishing) have been described following previous studies (Donnart et al. 2009; Adams et
al. 2009; Roda Gilabert et al. 2012; de la Torre et al. 2013, Adams 2014).
The analysed specimens were first observed at low magnification classified by means of Reflectance Transformation
Imaging (RTI) and of a Hirox KH 7700 3D digital microscope, using a MX-G 5040Z body equipped with an AD-5040
Lows and an AD-5040HS lens. High magnification analysis was performed using the above mentioned Hirox
microscope fitted out with an MXG-10C body and an OL-140II lens (140x- 480x).

Use-wear was interpreted by means of comparison with traces produced during our experimental tests and available
literature (e.g. Adams et al. 2009; Donnart et al. 2009; Dubreuil et al. 2015; Dubreuil and Savage 2014; Roda Gilabert
et al. 2012; Caricola et al. 2018).

3.3 Techno-functional analysis
The techno-functional analysis aims to find the functional logic underlying the tool-making phase by looking for
regularities and recurrences in the resulting adjustments and the technical consequences of these adjustments (Soriano
2000, p.131). It was first theorised as Théorie artisanale Lepot (1993), then better defined by Boëda, (1991, 1997, 2001,
2013), and subsequently applied in several contexts (i.e. Soriano 2000; Bonilauri 2010; Lourdeau 2010; Rocca 2013;
Aureli et al. 2015, 2016; Boëda et al. 2015; De Weyer 2016; Da Costa 2017; Marciani et al. 2018).
In the techno-functional approach, a tool is defined as an object consisting of three main parts (techno-functional unities
- UTF). The transformative techno-functional unity (UTF t) is the part of the tool which enters into contact with and
modifies the material. The prehensile techno-functional unity (UTF p) consists of the handle which is the part of the
tool in contact with the user, with or without an intermediary body. Or in the case of the anvil it is the portion which
rests on a surface. Between UTF t and UTF p, there is the transmitting techno-functional unity (UTF tr), which is seen
as the intermediate factor transmitting the force from the handle to the transformative edge (theorical portion whose
concrete definition is difficult to find).
A transformative unity UTF t is determined by the presence of homogeneous and regular technical parametres on a part
of the item. The UTF t that we found were: hammerstone, anvil and working edge.
In order to describe the location of the traces and UTF on the pieces we gave a conventional orientation to the items: for
the hammerstones and the tools with a working edge, the longest measurement is the length; consequently, the shorter is
the width, thus with this orientation distal, mesial, proximal, left or right portion are described. For the anvils, we define
as ‘upper surface’ the side where the hitting-traces can be found and as ‘lower surface’ the opposed side of the item.
We define the UTF t-hammerstone as a surface characterised by a percussed area which was assessed by the naked eye
or based on use-wear traces. When defining the UTF t-hammerstone, we considered its location (distal, mesial,
proximal, left or right); and surface aspects (plane, convex, concave).
The UTF t-anvil is a surface characterised by a percussed area which was evaluated by the naked eye or based on usewear traces. In order to define the UTF t-anvil we considered its location and surface aspects.
The UTF t-working edge is a dihedron made up by the intersection of two surfaces, delineated by a regular plane
section and a working angle (Lepot 1993; Soriano 2000). When defining the working edges, we considered their
location (distal, mesial, proximal, mesio-distal, mesio-proximal; left or right); the delineation of frontal view
(rectilinear, convex, concave and denticulate); the profile view (rectilinear, convex and wavy); the extension (expressed
in mm); angles and surface relations (Plane/Plane, Plan/Convex, Plan/Concave, Convex/Convex, Concave/Concave)
(Lepot 1993; Boëda 1997, 2001; Bonilauri 2010; Lourdeau 2010; Da Costa 2017; Marciani et al. 2018).
The prehensile unit UTF p is usually defined in relation to the UTF t (Lepot 1993; Soriano 2000; Mello 2005; Lourdeau
2010; Rocca 2013; Da Costa 2017) or thanks to the presence of use-wear studies (Bonilauri 2010).
The definition of a techno-type is based on the recurrent combination between UTF t and UTF p on a particular object.
After analysing every tool and understanding the functionality of every single UTF, we defined groups of pieces on the
basis of the same structural and functional features.

3.4 Reflectance Transformation Imaging
Use-wear analysis by means of low power approach has been improved by Reflectance Transformation Imaging (RTI).
This is a method of imaging which enables one to display objects under varying light conditions in order to reveal
surface features. By means of a virtual light source, which is obtained after processing images with RTI, it is possible to
imitate light from different angles to explore the examined surface (Mudge et al. 2008; Malzbender et al. 2000;
Malzbender et al. 2001; CHI 2011; Earl et al. 2010; Nurse 2015; Fiorini 2018; Fiorini et al. 2019).
Experimental and archaeological samples were photographed using a Nikon D7100 camera equipped with a macro lens
and a LED light fixture. The points where the camera was positioned to shoot the photos were recorded using a
prepared grid. For each examined surface 24 photos were acquired. Finally, obtained images were processed by the
following free software (Cultural Heritage Imaging; www.culturalheritageimaging.org): Camera Raw (photo viewing
and colour management), RTIBuilder (for creating RTI files), RTIViewer (RTI files viewing). RTI Viewer applies
mathematical transformations to surface normals and RGB color information, improving the perception of surface
relief. By using the “specular enhancement” mode it is possible to remove color information in order to emphasize only
surface reflectivity and detect characteristics that cannot be seen in natural light conditions.

4 Results
4.1 Experimental activity: use-wear reference collection
4.1.1 Anvils (bipolar knapping technique)
Two main activities could be performed by the bipolar knapping technique: the first is knapping in order to produce
target objects, the second is to break open raw material blocks. When employed to knap blanks with the aim to produce
target objects the bipolar technique produces very distinctive traces on anvils, as recorded in previous research (de
Beaune 1993). They are characteristic linear impacts that are clearly recognisable, mostly in the first stages of the
activity (Fig. 3a, c, d). These linear percussive impacts are usually arranged in sequence and are produced by the contact
between the dihedral part of the core and the anvil when flakes/blades are produced. As the knapping activity
progresses, the linear impacts are obliterated by the series of blows which generate large hollows (Fig. 3b). However,
sometimes residual linear impacts are noticeable at the edge of the hollows (Fig. 3d). The shape of the hollows is
usually sub-rectangular or trapezoidal. The depth of such hollows varies in relation to the raw material of the anvil, as
well as the weight of the hammerstone and the force used by the knapper. Usually the surface of the stone within the
hollows is fairly homogenous and does not show pit-marks (Fig. 3e). This is because the core could sometimes act as a
chisel detaching small flakes from the anvil. At high magnification a few short and shallow striations are detectable, as
well as flat polishes, although infrequent.
When the bipolar technique is employed in the first step of knapping, that is breaking open blocks of raw material, the
traces produced by this activity are substantially different to the ones made by bipolar knapping in order to produce
target objects. They are scattered impact cracks, chaotically distributed on the flat surface of the anvil, with a frosted
appearance (Fig. 3g, h).

4.1.2 Hammerstone (bipolar knapping technique)
In the initial stages of the experimental activity, the hammerstones used in bipolar knapping showed numerous subrectangular pit-marks and frequent crystal crushing. Then, sub-rectangular and sub-trapezoidal hollows formed, more
developed in the central zone of the transformative unit (the part which comes into contact with the core), whilst in the
marginal areas the hollows are smaller and can be found next to the pit-marks (Fig.4a, b). As previously mentioned, the

depth of such hollows is related to the raw material of the hammerstone, to its weight and to the force of the strike
employed by the knapper. At high magnification short and shallow striations and rare polishes are noticeable (Fig.4c,
d). The traces are located on the transformative unit of the hammerstone, in this case, the short edge.

4.1.3 Hammerstone (direct percussion)
The hammerstones used in direct percussion showed numerous sub-circular and sub-rectangular pit-marks (Fig.5a). The
presence of short and large striations, chaotically distributed, is more usual than in the bipolar knapping technique (Fig.
5b). Their presence is due to overhang abrasion. Hollows are very rare and smaller than the ones produced during
bipolar knapping. The few hollows present display circular or sub-circular shapes whilst the ones produced during
bipolar percussion are usually rectangular. At high magnification crushed crystals and sporadic polishing are detectable
(Fig.5c, d).

4.2 Archaeological sample
4.2.1 Raw material types and morphometry
The examined assemblage of Castelcivita contains a limited variety of rock types, mostly sandstone and to a lesser
extent limestone. The texture of the selected rocks is predominantly fine-grained for sandstones and micritic for
limestone. Limestone is documented only in the Uluzzian layers.
Most of the observed raw materials are in the form of pebbles. Only two limestone blocks do not display evidence of
reworking, suggesting that they are probably debris collapsed from the cave vault.
Clast morphometry of hammerstones and anvils from both Mousterian and Uluzzian layers is mainly represented by
discoids and to a lesser extent by spheroids (Fig. 6).

.2.2 Use-wear: Mousterian sample
In the Mousterian sample only three elements (CTC 01, CTC 12, CTC 04) exhibit percussion traces (Tab.4). Two tools
were used as hammerstones (CTC 01, CTC 12), and one was used both as hammerstone and anvil (CTC 04). The tools
are well preserved without any post-depositional traces.
The first specimen is a spheroid sandstone pebble of small proportions (CTC 01) (used as a hammerstone) displaying
similar traces on one flat surface (UTF; Fig. 7 t) and one extremity (UTF t1; Fig. 7). These traces are irregular pit-marks
involving partially the extremity and scattered on the whole flat surface, that in some cases are clustered forming small,
shallow hollows (Fig.7a). At high magnification crushed crystals and detachments are detected, as well as sporadic
polishing with spot distribution on the top of the grains (Fig.7b). The traces on this hammerstone and their distribution
are consistent with the use of this tool as a pestle likely exploited to crush medium-hard materials (Adams et al. 2009;
Dubreuil 2004; Dubreuil and Savage 2014).
Another discoid sandstone pebble (CTC 12) shows just a few traces on one extremity (UTF t; Fig. 8), which are shallow
pit-marks and a few detachment scars, interpretable as accidental removals that occurred due to percussion (Fig. 8a). At
high magnification crystal removals and crushing can be observed (Fig. 8b). The small size of this tool and these traces
could likely be consistent with the use of the tool as a retoucher, and could indicate a short term use of the object
probably due to bad quality of the raw material.
Mousterian layers yielded only a discoid sandstone pebble used as an anvil (CTC 04), which exhibits traces on the flat
surface (UTF t; Fig. 9). These traces are sub-circular hollows, where few narrow striations and crushed crystal are
present. The absence of linear impacts could suggest that the anvil was not used for bipolar knapping (Fig.9a). At high

magnification crystals appear well rounded and affected by rough and scarcely developed polishes. These
characteristics are different from the experimental ones produced by bipolar knapping. Experimental anvils do not show
rounded crystals and flat polishes. Other two used areas (UTF t1 and UTF t2; Fig. 10) are located along the edge of the
stone, where numerous sub-circular pit-marks are recorded (Fig. 10a). They are consistent with the use of this part of
the tool as hammerstone.

ID

Layer

CTC 01

gar

(Fig. 7)

(M)

CTC 12

cgr

(Fig. 8)

(M)

CTC 04

gar

(Fig. 9-10)

(M)

Anvil

Hammerstone
x

x

x

x

Table 4 Summary table of the functions carried out by each Mousterian specimen

4.2.3 Use-wear: Uluzzian sample
The Uluzzian sequence of Castelcivita yielded seven tools (CTC 16, CTC 17, CTC 18, CTC 02, CTC 06, CTC 07, CTC
15).Two were used only as anvils (CTC 17, CTC 18), three were used both as anvil and hammerstone (CTC 06, CTC
07, CTC 15), one is an anvil also used to perform activities other than percussion (CTC 16), and finally only one tool
was used only as hammerstone (CTC 02). (Tab.5). All the examined objects are not affected by post-depositional traces.
All the anvils but two, show very developed use-wear, often located in the central area of the flat surface of the stone.
Some specimens show several used areas (UTF t). The raw material mainly used for the anvils is fine-grain textured
limestone. Only one specimen (CTC 06) is made of sandstone, medium-grain textured.
CTC 06 (Fig. 11-12) has been strongly used and exhibits three different zones of use (the two flat surfaces UTF t, UTF
t1 and a lateral edge UTF t2). It has been employed both as hammerstone and anvil. One of the flat surfaces UTF t (A)
(Fig. 11a) displays two sub-rectangular hollows, one of which is partially overlapped by the other, showing a
chronological sequence. A rectilinear impact is detectable inside the later hollow and it could be the last action
performed on this face of the anvil. A few sub-rectangular and sub-circular pit-marks are located near the later hollow.
On the other flat surface UTF t1 (B) (Fig.11b, c), a sub-rectangular hollow is in the central area of the stone. It is a
shallow hollow showing few residual linear impacts on its extremities. Both the flat surfaces exhibit traces related to an
anvil function in bipolar knapping in order to produce target objects, with a more intense use on surface A.
Another used zone UTF t2 is located on the edge of the block, near the break (Fig.12). It is characterised by numerous
sub-circular pit-marks that overlap a few short striations chaotically arranged (Fig. 12a). These traces are different from
those observed on the flat surfaces (UTF t and UTF t1) (A and B) and they are consistent with the use of this portion of
the tool as a hammerstone.
An intense use is recorded in a small sized specimen (CTC 16), which exhibits an extended battered area located in the
central portion of the object (UTF t). In this area two different phases of use can be distinguished (even if a
chronological sequence cannot be established). One phase of use is more intense (A) (Fig.13a), in this zone numerous
blows formed a deep rectangular hollow, with residual linear impacts at their extremities (Fig. 13b). Zone B (Fig.13a) is
adjacent to zone A and it shows less-developed traces. Here, numerous linear impacts are recognisable, but they do not

form hollows. The traces are consistent with the use of the tool as anvil in bipolar knapping for flakes/blades
production.
Some percussive traces (irregular pit-marks) are also recorded on the other side of the anvil UTF p. They were produced
by the counterblow created when the anvil was in contact with another hard surface (Fig. 13c).
Another probable use could be inferred for this object: the tool has a working edge (cfr. paragraph 4.2.5) showing a
developed edge-rounding and rough polishes distributed along the edge UTF t1 (Fig.14 a, b). These traces could be
explained by contact with an abrasive material, such as dry hide. It is less likely that they are due the sediment abrasion,
because use-wear are specifically localised only in this portion.
The tool CTC 15 was used as anvil for the bipolar knapping technique during flakes/blades production stage. It displays
a principal used area (UTF t; Fig. 15) together with a marginal battered zone characterised by numerous mostly
irregular impact traces, and shallow pit-marks. Their formation could be caused by the hammerstone during the
knapping, when the knapper hit the core tangentially. During our experimental tests, we noted how a tangential blow
does not stop on the core but continues its trajectory and hits the anvilThe use of a tangential blow while knapping
could explain the traces on CTC 15 that show this kind of pattern of scattered arrangement.
The tool CTC 15 (Fig. 16) also exhibits traces on an angular extremity (UTF t1): numerous step fractures, distributed on
both sides of the edge and a few polishes, organised in spots. These traces could be consistent with the use of the tool as
hammerstone.
The tool CTC 07 also shows a main used area on the flat surface (UTF t) associated with a marginal battered zone near
the edge of the cobble (UTF t1). Two deep rectangular hollows displaying a few linear impacts are located on the flat
surface (UTF t; Fig. 17a, b). The marginal battered zone (UTF t1) is characterised by percussive impacts arranged in a
clustered distribution and striations, as is usually the case for the hammerstone (Fig. 18a). This could suggest a double
use for this specimen, as an anvil (UTF t) employed in bipolar technique for producing flakes/blades and as a
hammerstone (UTF t1) (this latter function was probably occasional because traces are not well developed).
The tools CTC 17 and CTC 18 are the only anvils to show little developed use-wear. CTC 17 displays undeveloped
linear hollows, that again, could suggest an occasional use of the tool (UTF t; Fig. 19a). CTC18 (UTF t) displays only a
few linear impacts arranged in sequence, due to a short-term phase of knapping activity (Fig. 20a). For both the tools a
use as anvils in bipolar knapping for flakes/blades production can be inferred. CTC18 exhibits also two working edges
(UTF t1 and UTF t2; Fig. 20; cfr. paragraph 4.2.5), but they do not display use-wear.
In the Uluzzian sample only one tool was used purely as a hammerstone, CTC 02. It is a broken sandstone pebble
showing some irregular and shallow pit-marks together with chaotic striations, clustered on the extremity (UTF t) (Fig.
21a). These traces could be consistent with a short-term use as hammerstone/retoucher.

ID

Layer

Anvil

CTC16

rpi

x

(Fig.13-14)

(U)

CTC17

rpi

(Fig.19)

(U)

CTC18

rpi

(Fig.20)

(U)

CTC02

rsa"

(Fig.21)

(U)

Hammerstone

Tool with working edges
x

x

x

x

CTC06

rsa"

(Fig. 11-12)

(U)

CTC07

rsa"

(Fig.17-18)

(U)

CTC15

rsa"

(Fig.15-16)

(U)

x

x

x

x

x

x

Table n. 5. Summary table of the functions carried out by each Uluzzian specimen
4.2.4 Techno-functional analysis: Mousterian sample
CTC 01 is a spheroid sandstone pebble, it is integral, with no flaking modification of the blank. The natural convexities
of the blank were used to perform percussive activities. The blank shows two UTF t: one UTF t/hammerstone-pestle is
located on the central portion of the largest side of the blank, the second UTF t1/ hammerstone-pestle is located on the
thinnest side of the blank. In both cases, the percussive traces are located on convex surfaces (Fig. 7). The UTF p is
found on the opposite side to UTF t and UTF t1 (Fig. 7).
CTC 04 is a discoid sandstone pebble, with two broken sides. On this blank, three UTF t were identified. UTF t is an
area used as an anvil (Fig. 9), whereas UTF t1 and UTF t2 are areas used as hammerstones (Fig. 10). The UTF t/anvil is
located on the central portion of the flat surface of the blank, and the related UTF p is the other flat surface of the blank
(Fig. 9).
The two unities used as hammerstones (UT Ft1; UTF t2) are located along the edge of the blank, one (UTF t1) on the
thinner side and one (UTF t12) on the larger side. The UTF p1 is found on the opposite side to UTF t1 and UTF t2 (Fig.
10).
CTC 12 is a discoid sandstone pebble (Fig. 8), that was used in its natural form without being changed by flaking. The
UTF t/hammerstone-retoucher is located on the distal extremity of the thinner side of the blank. The UTF p is found on
the opposite side to UTF t.
The Mousterian tools (CTC 01, CTC 04, CTC 12) are three sandstone blanks and for two of these tools (CTC 01 and CTC
04) more than one UTF t was imposed. The tools were all used as hammerstones. CTC 01 and CTC 04 show two UTF
t/hammerstone located, in both cases, on the larger and thinner side of the blank. The tool CTC 04 also shows a UTF
t/anvil on the larger flat surface of the blank. On all three tools the UT Ft/hammerstone are located on convex surfaces
whereas the UTF t/anvil is located on a flat surface. The tools were chosen for their natural shape, and no further
modification by flaking was performed.

4.2.5 Techno-functional analysis: Uluzzian sample
CTC 07 is a discoid limestone pebble (Fig. 17, Fig. 18), on this blank two UTF t were recognised: one is a UTF
t1/hammerstone (Fig. 18) found on the distal convex surface on one side of the blank, and the other is a UTF t/anvil
located on the central flat surface of the blank (Fig. 17). What is of particular interest in this tool is the distinctive
structuration of the UTF p of the anvil. Specific activity was devoted to altering the original shape of the tool in order to
obtain an angular UTF p. A first series of detachments was performed on the lower side of the blank in order to thin the
volume of the blank (detachments in purple Fig.17), and a second series of detachments was aimed at defining the
morphology of the UTF p (detachments in green Fig. 17). These intentional modifications of the blank caused a diverse
rate of stability of the tool (cfr. paragraph 4.3).

CTC 18 is a discoid limestone fragment (Fig. 20) with two potential functions: an anvil and a working edge. The UTF
t/anvil is located on the flat central side of the blank, on the opposite side to an angular UTF p, that was created by
removing some flakes. Like CTC 07, the UTF p was intentionally modified by flaking (Fig. 20). Two UTF t/working
edges were located on the edges of the tool. One is a transversal rectilinear working edge, and the other is a lateral
denticulate working edge (no use-wears were identified on these UTF t).
CTC 16 is a discoid limestone pebble (Fig. 13-14) similar in structure and use to CTC 18. In both tools, a blank was
selected and modified in order to perform two activities: working edge and anvil. Moreover, in both tools there is
evidence of an intentional activity devoted to modifying the prehensile portion of the tools. In the case of UTF t/anvil of
CTC 16 (Fig. 13), the percussive traces are located in the central portion of the flat side of the blank. UTF p (on the
opposite side) is made by two detachments that build an angular surface, similar to the UTF p of CTC 07 and CTC 18.
On the distal side of the tool, it is possible to isolate a UTF t/working edge (Fig. 14). The modification solved two
goals: the isolation of the working edge and the definition of the angular prehensile portion.
The removals on the UTFp of CTC 07, CTC 16 and CTC 18 can be interpreted as an intentional action of shaping,
performed in order to create stability. We cannot completely exclude the possibility that these pieces were previously
cores which were then re-used as an anvil. However, the Uluzzian cores display different kinds of reduction and
different sizes of the extracted products in comparison to CTC 07, CTC 16 and CTC 18. This support our interpretation
that these pieces were intentionally modified in order to obtain a flat UT Ft opposed to a convergent UTF p, so as to
stabilise the anvil.

CTC 15 is a spheroid limestone fragment (Fig. 15-16) The flat surface of the blank was used as UTFt/anvil (Fig. 15),
the opposed UTF p is angular, in this case, it is not made intentionally, but it makes use of the angular shape of the
blank. Another characteristic UTF t/hammerstone is located on the edge of the blank (Fig. 16). This is not on a convex
surface (as seen in the other hammerstones) but on a convergent edge. On the opposite side the UTF p is found on a flat
surface.
CTC 17 is a discoid limestone pebble (Fig. 19) with two flat opposing surfaces. One side is used as UTF t/anvil and the
other as UTF p.
CTC 06 (Fig. 11-12) is a spheroid sandstone pebble, broken on two sides like CTC 04 and CTC 02.
On this blank three UTF t were recognised: UTF t/anvil and UTF t1/anvil respectively on each flat surface (Fig. 11);
and UTF t/hammerstone on the convex edge (Fig. 12).
CTC 02 is a discoid sandstone pebble, broken on two sides. The natural convex thin side of the blank was used, without
any further flaking modification. The UTF t/hammerstone-retoucher is located on the edge of one side of the blank (Fig.
21).

To sum up, the Uluzzian tools are six blanks on which several UTF t were imposed, usually each tool shows more than
two UTF t. All the blanks display one or more UTF t/anvil, CTC 06 and CTC 07 also have one UTF t/hammerstone. In
two cases as well as the UTF t anvil, the blank also had a UTF t/working edge. Except for CTC 06 which is made of
sandstone, all the other tools were made of limestone. In two cases the blanks were used as they were (natural/original
shape), without any activity of flaking. In the other four cases, on the contrary, we note a specific action of flaking
aimed at modifying the original volume of the tool.

4.3 Definition of techno-type: a combined study of techno-functional and use-wear analyses

By considering the type of blank and the number and location of UTF t and UTF p, their relationship with each other,
and their organisation on each blank, we were able to define one or more techno-types for each kind of tool (anvil,
hammerstone or working edge). On each blank one or more different UTF t can be found, therefore showing that some
pieces were used for more than one function (i.e as anvil and hammerstone or anvil and tool with working edges).
Moreover, to a strict techno–functional analysis, we added the use-wear analysis. In this way, we were able to
understand these tools from a structural and functional point of view.
We will first consider the techno-types of anvil, hammerstone and working edge, purely from a technical point of view,
then we will consider their association to a techno-complex (Mousterian/Uluzzian).
For the anvils, we identified two techno-types (Fig. 22): techno-type 1- structured anvil and techno-type 2– the biflat
anvil.
Techno-type 1- structured anvil includes the pieces CTC 07, 18, 16 and 15. These tools are characterised by a UTF
t/anvil located on a flat surface opposite to an angular surface, where a UTF p has been created by flaking. The angular
UTF p is not stable when placed on a flat surface, and therefore suggests that this purposeful construction of an angular
UTF p could be because it was intended to be inserted into a stabiliser-support, i.e. they could be simply inserted into
the ground, or into natural hollows or depressions in the cave floor, or into a wooden support (Fig. 23).
Techno-type 2 – the biflat anvil (Fig. 22) includes the pieces CTC 06, 04 and 17. These tools are characterised by two
flat surfaces, one devoted to the UTF t/anvil and the other the UTF p. In the case of CTC 06, the two flat surfaces had
performed both the roles of transformative UTF and prehensile UTF in different chronological moments.
The Uluzzian anvils (CTC 07, 18, 16, 15, 06, 17) are not only characterised by a purposeful construction of the tool, but
also by a specific utilisation. The use-wear analysis and our experimental reference collection show that these tools
were anvils used explicitly for the bipolar technique on anvil, this is also supported by other studies (Donnart et al.
2009). This corroborates the large use of bipolar knapping technique in the Uluzzian contexts (Marciani et al. 2020 and
reference therein).
Apart from two items, all of the anvils (CTC 06, 07, 15) display two different areas of percussion, usually adjacent. In
one case (CTC 06) both the flat surfaces of the tool have been exploited. On these tools bipolar knapping has been
employed for blank productions and not for breaking open blocks, as suggested by the clustered distribution of the
traces as well as the presence of distinctive use-wear, namely linear impacts, that are produced by the dihedral of the
percussed core.
The single Mousterian anvil CTC 04 (in techno-type 2 biflat anvil) belongs to discoid morphological class and it is the
only anvil showing use-wear not related to bipolar knapping but possibly to the activity of crushing some materials. It
does not show linear impacts, which are the characteristic use-wear related to bipolar knapping production. Instead the
anvil shows a clustered distribution of use-traces in a small area. High magnification analysis shows a difference
between micro-wear patterns on our experimental anvil employed in bipolar knapping and micro-wear patterns detected
on the anvil CTC 04, which would therefore suggest that this tool has been used for processing organic materials. Other
percussive activities such as nut cracking, plant pounding and meat tenderising tend to produce a scattered distribution
of use-wear on the whole surface of anvils (see for example de la Torre et al. 2013). To explain the difference between
the distribution of the traces on UTF t/anvil of CTC 04 and the ones examined by de la Torre and colleagues, we can
hypothesise that the pounding activity performed on anvil CTC 04 was short-term and concentrated in a small area.
To sum up, structure and function of Mousterian and Uluzzian anvils are different: Mousterian anvil was used for
crushing activities whereas Uluzzian anvils were specifically made and used for flaking by bipolar technique. Even

considering that the Mousterian sample is represented by only one anvil, it is worth noting that this tool shows
functional features not recorded in the Uluzzian items.
Among the hammerstones, we identified four techno-types: techno-type 1- round hammerstone/ pestle; techno-type 2 –
massive hammerstone; techno-type 3 – thin hammerstone/retoucher; techno-type 4 – angular hammerstone (Fig. 24).
Techno-type 1- round hammerstone/pestle (Fig. 24) includes tool CTC 01, a round pebble with two UTF t/hammerstone
located on convex areas. This techno-type is recorded only in the Mousterian sample.
Techno-type 2 – massive hammerstone (Fig. 24) includes the tools CTC 04 and 06. These tools possess a massive
volume, and their convex edges were used as UTF t/hammerstone for active percussion.
Techno-type 3 – thin hammerstone/retoucher (Fig. 24) includes the tools CTC 02, 07 and 12 whose convex edges were
used as UTF t/hammerstone. The difference between techno-type 2 and 3 is their different mass, size and subsequent
dimension of the contact area, which led to a different use.
Techno-type 4 – angular hammerstone (Fig. 24) includes CTC 15 whose convergent edge was used as UTF
t/hammerstone. This techno-type is documented only in the Uluzzian record.
The Uluzzian hammerstones CTC 06, 07, 02 and 15 are of three different techno-types (CTC 06 techno-type 2, CTC 07,
02 techno-type 3 and CTC 15 techno-type 4) and of different raw materials (CTC 06 sandstone and CTC 07, 02 and 15
limestone). CTC 06 and 07 have the blank morphology (spheroid) as well as their double function, that is the UTF
t/hammerstone and UTF t /anvil. They have been possibly used in knapping, as use-wear patterns as well as traces
distribution are consistent with this activity. Both tools were used for direct percussion, as shown by use-wear analysis
and as suggested by their shape and size. Usually the hammerstones used for the bipolar knapping have a contact flat
surface and a spherical or cubic morphology. These characteristics are useful for holding the hammerstone better and
for hitting with more strength (Rault 1992; Donnart et al. 2009), as our experimental tests also showed us. CTC 02 is a
discoid and only plays the role of hammerstone/retoucher.
The tool CTC 15, as well as the function of anvil, displays evident percussion traces located on the UTF t (an angular
edge), suggesting that this object has probably been used to crush hard material rather than for knapping activity.
Hammerstones with angular edges are not suitable for knapping, because a uniform surface which transmits uniformly
the force is required to produce a conchoidal fracture on the core (de la Torre and Mora 2009-2010).
The three Mousterian hammerstones are one of each techno-type: CTC 01 round hammerstone/pestle; CTC 04 massive
hammerstone (which also has a double function as anvil), and CTC 12 which is a thin hammerstone/retoucher. The
dispersed distribution of pit-marks along the whole surface of the CTC 01 (UTF t/hammerstone) would suggest that it
has been used as a pestle, rather than a hammerstone for knapping activity. Hammerstones for knapping activity usually
exhibit concentrated use-wear at one or both extremities of the pebble which is absent on CTC 01. Shallow and rounded
pit-marks recorded on the UTF t of tool CTC 01 could be consistent with contact with organic material (i.e. nuts).
The traces localised on the lateral side of CTC 04 (UTFt1/hammerstone), have a large distribution not consistent with a
use as hammerstone in knapping activity. It is conceivable that it could have been used to crush hard or medium-hard
materials (i.e bone), given the big size of the specimen and the extended depressions caused by the thrusting percussion
Only the UTF t/hammerstone of CTC 12 is likely to have been used in knapping activity. The weakly battered zone,
located on an extremity of this tool, as well as the dimensions and the weight of this object, suggest that it has been used
as retoucher.
To sum up, whilst anvils coming from the two techno-complexes showed essential differences, as far as regards the
hammerstone between Mousterian and Uluzzian there are fewer differences. However, it is notable that the function of a
hammerstone is strictly related to its techno-type, namely it is the shape and mass of the tool which gives it a different

function, thus defining the kind of action that is performed. Techno-type 1-hammerstone-pestle is characterised by a
tool of a spheroid shape (Mousterian-CTC 01) which was therefore best suited to performing a pounding action.
Techno-type 2 is characterised by tools that are massive in volume and thus were suited to perform direct knapping
(Uluzzian tool-CTC 06) and to pound materials (Mousterian tool-CTC 04). Techno-type 3 (Uluzzian tools CTC 02, 07;
Mousterian tool CTC 12) is characterised by tools of thin discoid morphology, all made of sandstone, which were suited
to perform retouching activities.
Two Uluzzian blanks (CTC 15 and 18) as well as having a function of anvil also possess a UTF t/working edge (Fig.
25). CTC 15 shows traces related to contact with abrasive substances, whilst the potential working edge of the CTC 18
does not exhibit use-wear.

5 Discussion
5.1 Hammerstone and anvil function
Our experimental results have shown that bipolar knapping produces distinctive use-wear on percussive tools. On the
anvils traces are mostly linear impacts together with deep sub-rectangular hollows. These stigmata have already been
documented by previous research on this issue (Breuil and Lantier, 1951; Donnart et al., 2009; de la Peña, 2011¸ Roda
Gilabert et al., 2012). Whilst bipolar knapping creates recurrent linear impacts, the traces produced by other percussive
activities are significantly different. At macroscopic observation, pounding and crushing different kinds of raw
materials produces diffuse pitting and small depressions, whose development could be linked to both the hardness of
worked material and the intensity of use (e. g. Roda Gilabert et al., 2012; de la Torre et al. 2013; Arroyo and de la Torre
2016; Hayes et al., 2018)..In our experiments of bipolar knapping the linear impacts are generated by the impact of the
dihedron of the core on the anvil when it is strongly hit by the hammerstone (for the structuration of the dihedron on the
core see Aureli et al. in preparation). Damages on anvils from cracking and pounding medium or hard materials are
usually characterised by impact marks due to accidental hammerstone contact, because the processed materials absorb
most of the energy (de la Torre et al. 2013; Arroyo and de la Torre 2016). Furthermore, the use of splintered pieces as
wedges also fail to create linear impacts on the anvil, because contact with the anvil surface is prevented by the worked
material.
Traces on hammerstones used for bipolar technique are less distinctive, even though the formation of deep hollows is
significant enough when compared to hammerstones used in direct percussion. The latter tools usually exhibit diffuse
pitting and occasional and shallow hollows. At microscopic level the near absence, or a sporadic presence, of striations
could constitute a specific feature of the hammerstone used in bipolar knapping.
No traces denoting bipolar knapping on anvil has been recorded on the Mousterian pieces. The observed use-wear
(especially diffuse pit-marks and shallow hollows) instead suggest that Mousterian tools were used as hammerstone or
anvil in other percussive activities (e.g. crushing, retouching). One specimen (CTC 01) exhibits diffuse distribution of
pit-marks and shallow hollows that suggest that it was used as a pestle for pounding medium/hard materials. On the
pebble CTC 12 traces related to knapping (pit-marks and some detachment scars clustered on one side of the stone)
have been documented, it was likely used as a retoucher in direct percussion.
The specimen CTC 04 has been employed as both anvil and hammerstone. In both cases the used areas do not show
traces related to bipolar knapping, shown by the absence of linear impacts when the specimen functioned as an anvil
and the presence of diffuse distribution of pit-marks and shallow hollows when it functioned as hammerstone. It can be
inferred that CTC 04 was used in crushing some kind of hard material (such as hard-shell nuts, bones).

In contrast, all the anvils recovered in the Uluzzian layers show linear impacts often found together with deep hollows
showing the use of bipolar knapping. Some of these tools were also used as hammerstones in direct percussion. These
tools display sub-circular and sub-rectangular pit-marks together with striations but there is an absence of hollows.
The fact that the Uluzzian tools were also used for other activities apart from knapping can be noted on the specimen
CTC 15, the UTFt hammerstone, which has an angular morphology, was used for crushing hard materials. CTC 16 and
CTC 18 exhibit a working edge, one of which bears use-wear traces, probably due to the contact with dry hide.
Therefore, a double function of several tools, i.e. CTC 15 and CTC 16) can be inferred (even if we are not able to
establish a chronological sequence). This fact indicates that Uluzzians may have taken advantage of the same tool to
subsequently perform several other activities.

5.2 The different structures and functions of hammerstones and anvils in the Mousterian and Uluzzian
Different features can be recognised between the hammerstones and anvils in the Mousterian and the Uluzzian layers at
Castelcivita.
Mousterian tools are all made in sandstone, and the most common UTF t is the hammerstone. Only in one case, is a
UTF t/anvil attested to, and it would appear to have been used for crushing activities. The Mousterian tools were
selected for their natural shape, and no further action was performed to change the volume and shape of the tool before
using them.
Such a small sample does not allow us to outline a detailed scenario about the use of these tools in the Mousterian of
Castelcivita. Nevertheless, two observations can be made, firstly no bipolar knapping was performed by these tools
(absence of use-wear traces indicating bipolar technique) and secondly these tools were employed in various tasks (e.g.
crushing, retouching). In this framework, it is worth noting the flexible function of the specimen CTC 04, used as anvil
and as hammerstone.
The bipolar flaking technique is however documented in some other Mousterian sites, but it holds a marginal position,
which is usually related to the breaking open of little pebbles in the initial stages of the knapping activity (Bietti et al.
2009-2010), rather than for the production of target objects. Study on the Mousterian lithic assemblage of Castelcivita
does not yet show the presence of this technique, moreover an exploitation of blocks rather than little pebbles is attested
to at the site (Gambassini 1997). However, the involvement of hammerstones and anvils in tasks other than knapping
activity is largely documented in Mousterian (e.g. breaking bones, nuts) (Pop et al. 2018).
When looking at the Uluzzian record, a different scenario can be observed. Mostly tools are made in limestone and they
have all undergone a first phase of flaking/retouching in order to suit their final use as a tool. Only two objects (CTC 06
and 17) were used without any modification.
Uluzzian anvils have mostly been used in bipolar knapping. Most of the examined tools show an intense exploitation,
documented by very developed use traces, and the presence of more than one used zone. The structured anvils (suitably
modified anvils) recovered at Castelcivita were made of limestone. Whilst limestone blocks are easily found near the
site, limestone blocks with two flat surfaces (easily exploitable as a stable biflat anvil) were difficult to find. This is
because blocks of limestone can be found as debris collapsed from the vault of the cave or as slope debris. In both
cases, the blocks generally show an irregular shape. On the contrary, sandstone cobbles coming from the Calore river
display more regular shapes and roundness. In particular, the more commonly found biflat sandstone cobble (discoidal
in shape), that did not need to be modified, would have been the natural choice. Therefore, this also supports our idea
that the creation of structured anvils was a technical choice, not driven by the scarcity of raw material. The anvils in the

Uluzzian record of Castelcivita are generally small and light. This could be a desired characteristic for anvils used in
bipolar knapping, maybe because it could signify portable tools.
The collected data show a certain flexibility in the role played by a single tool (both as hammerstone and as anvil), at
least in the Uluzzian record of Castelcivita, confirming a functional variability also noted in other studies (Donnart et al.
2009; Roda Gilabert et al. 2012).
In the Uluzzian record, there is a distinct lack of hammerstones used in bipolar percussion, in comparison to the large
number of anvils used for this purpose that was found. According to our experimental tests -also supported by the
literature (e.g. Donnart et al., 2009; de la Peña, 2011; Roda Gilabert et al., 2012; Caricola et al., 2018)- the Uluzzian
percussive tools from Castelcivita are commonly used both as hammerstones in direct percussion and as anvils in
bipolar technique. Furthermore, as hammerstones, they do not show developed traces, thus suggesting a short term or
occasional use. So far the absence of hammerstones for bipolar knapping in the Uluzzian layers is difficult to explain,
hopefully future excavations of the site will shed some light on this conundrum.
To summarise, we can synthesise the main distinctive features of Mousterian and Uluzzian tools at Castelcivita in the
following table (Table 6), even if we are aware of the limitation given by the small Mousterian sample. Between the
Mousterian and the Uluzzian, we may note a different selection of the raw material and a different technical way of
approaching the tool: Mousterian takes advantage of the natural shape of the blank, whilst the Uluzzian changes the
original volume of the blank, adapting the natural shape of the blank to their necessities.

Mousterian

Uluzzian

All made in sandstone

Mainly made in limestone (only two in sandstone)

Kept the natural shape of blank

Adjustment by flaking of the blank

Hammerstones with percussion traces

Hammerstones with percussion traces

Anvil with traces NOT related to bipolar knapping

Anvils with traces of flaking by bipolar technique

/

Working edges

Table 6 Overview of the percussive tools in Mousterian and Uluzzian techno-complex

5.3 Reflection on the Uluzzian lithic technical behaviour
The bipolar technique on anvil is one of the distinctive features of the Uluzzian (Marciani et al. 2020 and references
therein). Thanks to recent study on the Uluzzian context at Roccia San Sebastiano (Collina et al. 2020) and Castelcivita
(ongoing analysis, see http://www.erc-success.eu), it has become clear that the bipolar technique was not an imposition
or a constraint imposed by the raw material. In fact, it is a purposeful technological choice which includes not only the
selection of the module of raw materials to be flaked but also management and control of guide ribs (Collina et al.
2020) and dihedron on the core in order to channel the force of the impact. As regards this issue, a specific study is in
progress with the aim of understanding in greater depth the role of the dihedron in the bipolar knapping on anvil in the
Uluzzian techno-complex (Aureli et al., in preparation). The use of the bipolar technique on anvil in the Uluzzian is
actually a straightforward choice which gave technical advantages related to the higher versatility in terms of initial
blanks to be flaked (pebbles, blocks, flakes), and debitage goals (high productivity of a variety of objects characterised
by different size, morphology and edge delineation, rectilinear profiles) (Collina et al. 2020; Rossini 2020; Aureli et al.
in preparation).
The Uluzzian sample from Castelcivita reveals a certain level of technical investment concerning the instruments devoted
to perform the bipolar production: the anvils. These technical choices began with the accurate selection of the raw

material, which needed to have specific physical characteristics. The raw material selection to make an anvil appears to
be oriented towards compact elastic rocks, probably because they do not absorb the force produced by the hammerstone,
but on the contrary, they return it. It has been observed in our experimental tests and confirmed by other studies (Vergès
and Ollé 2011) that in bipolar knapping the counterblow produced by the anvil plays a key role in the detachment of
flakes. Moreover, the abundance of limestone in the cave could have played a part in this selection. As well as this specific
choice in the raw material, we note that there was also a specific choice in how to structure the anvils. There has been a
specific technical choice to modify the anvil, creating an unstable UTF p portion, which makes necessary the use of a
support which the anvil could be inserted into (e.g. wood, ground, sand). In this regard, we were able to identify specific
use-wear on the other side of the anvils only on one specimen (CTC 16), whilst the other specimens show unclear traces.
Probably the support in which they were inserted as well as the short time of use do not help the formation of diagnostic
traces.
The main question of our interest now is to clarify the reason behind this modification activity on the anvils. Specifically,
what does it mean from a technical point of view to insert the anvil into a support? What advantages does it give to the
knapper?
Perhaps, an anvil inserted into a support, as well as becoming more stable, also could have given the knapper a greater
control of the impact, namely the impact shock would have been low.
During our experimental activity, it was clear that there was a recurrent gestural adaptation to be able to produce the
target flakes. These adaptations were, both in the position of the core on the anvil and on the angle and gesture
performed by the experimental knapper. During the experimental flaking activity, we tested the physical response of
flaking that comes from using biflat anvils placed on different materials. When placed on a hard surface (in this case a
block of rock) the double impact, the one of the hammerstone and the counterblow of the anvil were enhanced.
Whereas, when we placed the anvil directly on the ground or on a piece of wood, the impacts of the strike and
counterblow were lower. We plan to also experiment with structured anvils.

6. Conclusion
Hammerstones and anvils are rich in informative potential about the technical behaviours of our ancestors. Even if
percussive activities appear simple and easy, they result from accurate technical choices, starting from the selection of
raw material. Understanding the way of functioning as well as the function of hammerstones and anvils allowed us to
explore in-depth fundamental tasks for the subsistence of Prehistoric people (e.g. tool production, food processing…).
Whilst taking into account the limitations of the small Mousterian sample, the Mousterian and Uluzzian tools of
Castelcivita are different in raw material and in the way of perceiving the tool, maybe because of the different functions
they had in the two techno-complexes. The Mousterian only used unchanged, sandstone blanks to perform various
percussive activities (pounding and retouching) but not for bipolar knapping. The Uluzzian people mostly used
percussive tools for knapping and more specifically in the bipolar technique. This behaviour probably affected the way
of approaching the tool. The Uluzzian people modified the original volume and natural shape of the blank according to
their purposes. In particular, the attention that Uluzzians devoted to the construction of the anvils supports the idea that
the bipolar technique played a central role in this techno-complex. The bipolar technique should be considered a
technical choice, related to the entire procedure of the production: the search for raw materials with specific physical
characteristics, the management of the production of target objects and the use of the structured anvils in order to gain a
specific reaction from the raw material.

Our research showed the potentials of an integrated study of use-wear and techno-functional analysis applied to these
particular tools, that allowed us to understand their purposeful structure in relation to their actual use. This is a relevant
result, at least as regards our knowledge of bipolar knapping on anvil in the Uluzzian techno-complex which does not
appear as a simple uncontrolled technique, but as a precise technical choice aimed to obtain specific results in terms of
lithic production.
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Fig 1 Localisation of Grotta di Castelcivita, view of the cave entrance, stratigraphic sequence, and plan of the area
excavated by Gambassini (1975-1988), where the examined tools were retrieved

Fig 2 Anvils and hammerstones from the Mousterian and Uluzzian layers of Castelcivita

Fig 3 Experimental traces on anvil produced by bipolar knapping technique. Exp. 02 (anvil used for flakes/blades
production) a. Linear impacts arranged in sequence; b. Formation of hollow after a series of blows. Exp. 20 (anvil used
for flakes/blades production) c. Linear impacts; d. Close-up of percussion impact. Exp 13 (anvil used for flakes/blades
production) e. Sub-rectangular hollow produced after 1313 blows; f. Residual linear impact. Exp. 01 (anvil used for
breaking open blocks) g. Scattered impact cracks; h. Close-up of a crack

Fig 4 Experimental traces on hammerstone used in bipolar knapping. Exp.08. a. Deep rectangular hollows and pitmarks in the marginal zone of the used area. b. Close-up of a deep hollow; c. Striations inside a hollow; d. sporadic
polishing and striations

Fig 5 Experimental traces on hammerstone used in direct percussion. Exp.17. a. Sub-circular pit-marks; b. large
striations caused by overhang abrasion. c Crystal crushing; d. Sporadic polishing

Fig 6 Clast morphometry distribution of hammerstones and anvils from Mousterian and Uluzzian layers of Castelcivita
according to Zingg (1935)

Fig 7 CTC 01: Mousterian hammerstone-pestle. To note: main features of the tool; description of techno-functional
units; use-wear related to UTF t : a. Irregular pit marks and small hollows scattered on the flat surface (RTI image with
specular enhancement); b. Crystal crushing and few polishes organized in spots

.

Fig.8 CTC 12: Mousterian thin hammerstone-retoucher. To note: main features of the tool; description of technofunctional units; use-wear related to UTF t: a. Battered zone on the extremity of the tool; b. Crystal removal;

Fig. 9 CTC 04: Mousterian anvil/hammerstone. To note: main features of the tool; description of techno-functional
units; use-wear related to UTF t (anvil): a. Sub-circular hollow on the flat surface of the stone, without linear impacts
(RTI image with specular enhancement);

Fig 10 CTC 04: Mousterian anvil/hammerstone. To note: main features of the tool; description of techno-functional
units; use-wear related to UTF t1 (hammerstone): a. Pit-marks on the lateral side of the stone

Fig. 11 CTC 06: Uluzzian hammerstone and double anvil. To note: main features of the too; description of technofunctional units (double anvil); use-wear related to UTF t (anvil-face A): a. Sub-rectangular hollows, in chronological

sequence (1-2) and rectilinear impact that could be the last action performed on this face of the anvil (3); use-wear
related to UTF t1 (anvil-face B): b. Shallow hollow with linear impacts. c. Close-up of the hollow

Fig. 12 CTC 06: Uluzzian hammerstone and double anvil. To note: main features of the tool; description of technofunctional units (hammerstone); use-wear related to UTF t2 (hammerstone): a. Clustered sub-circular pit-marks and
striations

Fig 13 CTC 16: Uluzzian anvil with a working edge. To note: features of the tool; description of techno-functional units
(anvil); use-wear related to UTF t (anvil): a. Used area on the flat surface of the specimen, showing two different phase
of use A (more intense) and B (less intense). b. Close-up of area A, displaying a rectangular hollow with residual linear
impacts; use-wear related to UTF p: c. Percussive impact on the other side of the anvil

Fig 14 CTC 16: Uluzzian anvil with a working edge. To note: main features of the tool; description of techno-functional
units (working edge); use-wear related to UTF t (working edge): a-b. Edge rounding with rough polishes on the working
edge of the anvil

Fig. 15 CTC 15: Uluzzian anvil and angular hammerstone. To note: main features of the tool; description of technofunctional units (anvil); use-wear related to UTF t (anvil): a-b. Close-up of the principal used area showing subrectangular hollow and linear impacts arranged in sequence

Fig. 16 CTC 15: Uluzzian anvil and angular hammerstone. To note: t main features of the tool; description of technofunctional units (angular hammerstone); use-wear related to UTF t1 (angular hammerstone):a. Step fractures b. Polishes
organized in spots located on the angular extremity of the anvil.

Fig. 17 CTC 07: Uluzzian anvil/hammerstone. To note: main features of the tool; description of techno-functional units
(anvil); use-wear related to UTF t (anvil): a. Close-up of the principal used area showing sub-rectangular hollows and
linear impacts. b Detail of a hollow with linear impacts

Fig. 18 CTC 07: Uluzzian anvil/hammerstone. To note: main features of the tool; description of techno-functional units
(hammerstone); use-wear related to UTF t1 (hammerstone): a. Marginal battered zone showing percussive impacts in
clustered distribution and striations

Fig. 19 CTC 17: Uluzzian flat anvil. To note: main features of the tool; description of techno-functional units (anvil);
use-wear related to UTF t (anvil): a. linear hollow and linear impact

Fig. 20 CTC 18: Uluzzian anvil with working edges. To note: main features of the tool; description of techno-functional
units (anvil and working edges); use-wear related to UTF t (anvil): a. Linear impacts arranged in sequence.

Fig 21 CTC 02: Uluzzian thin hammerstone. To note: main features of the tool; description of techno-functional units;
use-wear related to UTF t: a. Battered zone at the extremity of the tool

Fig 22: Anvils techno-type and use wear traces

Fig 23 Hypothesize of stabilizing an angular anvil (techno-type 1)

Fig 24 Hammerstone techno-type and use wear traces

Fig 25 Tool with working edges techno-type and use wear traces

