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Abstract 20 

The use of ceramic sourcing to study human interaction spheres opens new perspectives on Early 21 

Neolithic voyaging in the Ligurian Sea (northern Italy). Our work contributes to this effort by 22 

documenting through archaeometric analyses - optical microscopy in particular - the discovery of a 23 

few imported vessels in some important prehistoric sites of the Impressed Ware Culture of western 24 

Liguria. Their fabrics are characterized by inclusions of gneisses, ophiolites or alkaline-potassic 25 

volcanic rocks, which are incompatible with the local rock formations. The sources of these imports 26 

could be located in a few geological sectors of the Tyrrhenian coast included between central 27 

Liguria, Corsica and Lazio. 28 

The results of this research demonstrate that a very early maritime circulation of pottery initiated in 29 

the central Mediterranean with the introduction of the ceramic pyrotechnology at the very beginning 30 

of the Neolithic period (ca. 6000 BC). The provenance areas of the imported vessels possibly 31 

indicate the route of human colonization of the Ligurian-Provençal arch from the south-east, 32 

probably favored by the direction towards north-west of the surface marine currents.  33 

The strict stylistic similarities (in vessel shapes and decorative motifs) observed in the pottery 34 

production and the other aspects of the material culture of the Impressed Ware Culture sites of the 35 

north and central Tyrrhenian coast are thus explained as the result of an intense contact network 36 



existing between the populations living along the coasts of the Mediterranean, which were trading 37 

and exchanging overseas several commodities, among which surely obsidian and greenstones, but 38 

also, perhaps, perishable substances contained in vessels. 39 

 40 
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Highlights 43 

Thin section analysis point to the presence in Liguria of Impressed ware sherds from several 44 

Tyrrhenian productive areas. 45 

The existence of early Neolithic maritime routes along the western Mediterranean coasts could be 46 

inferred. 47 

The existence of pottery production sites can be predicted in areas where archaeological data are 48 

scarce or missing. 49 

 50 

1. Introduction 51 

The picture presented here derives from the preliminary results of an ongoing research that is not 52 

yet completed. That study deals with a synthesis of data about the earliest pottery production in 53 

Liguria (north-western Italy), dating to the Early Neolithic (beginning VI millennium cal BC, 54 

Branch et al., 2014), and attempts to characterize the compositional and textural features of the 55 

pastes in order to define the provenance of the raw materials and the technology of production 56 

(Capelli et al., 2006a, 2006b, 2006c). 57 

The regional Early Neolithic pottery production is currently represented by artifacts found mainly in 58 

cave sites that are concentrated in western Liguria and are attributed to the Impressed Ware Culture 59 

(Fugazzola Delpino et al., 2002) (Fig. 1). Several of these sites also have successive occupations 60 

that allow the study of material production over different millennia and associated with different 61 

cultures. The samples discussed in this paper are from the excavations at the following sites: Pian 62 

del Ciliegio rock shelter (Capelli et al., 2008, 2009; Del Lucchese, 2009), Arene Candide cave 63 

(Bernabò Brea, 1946, 1956; Ferraris and Ottomano, 1997; Mannoni, 1999; Tinè, 1999; Capelli et 64 

al., 2007), Pollera cave (Mannoni, 1990) and from the open-air site of San Sebastiano di Perti 65 

(Starnini and Vicino 1993; Capelli et al., 2006d), all of which are located in the Finalese area 66 

(Savona Province) (Fig. 1: 2 and  Fig. 2). Another sample was taken from Arma di Nasino (Leale 67 

Anfossi, 1974; Capelli et al., 2011), a rock shelter located in Val Pennavaira, about 30 km west of 68 

Finale Ligure as the crow flies (Fig. 1: 1). 69 



 70 
Fig. 1. Location of the studied sites shown on a schematic geological map of Liguria (from Capelli et al. 2006b, figure 71 
2, modified). 1: Arma di Nasino; 2: Finalese sites (Pian del Ciliegio rock shelter, Arene Candide cave, Pollera cave and 72 
San Sebastiano di Perti). 73 
 74 

 75 
Fig. 2. Geological sketch map of the Finalese area with the location of the analyzed sites (modified from Capelli et. al, 76 
2006d; redrawn and modified from Giammarino et al., 2002). 1: clays, sands, gravels; 2: clays, marly clays, marls, silty 77 
marls, siltstones, silty sandstones; 3: conglomerates, coarse sandstones, sandy-clayey marls, marls, biocalcirudites, 78 
biocalcarenites, coquinoid limestones, bioclastic limestones; 4: fine grained, strongly recrystallized limestones; 5:  79 
quartz-siltstones, quartz-arenites, quartz-conglomerates; dolostones, dolomitic limestones, limestones; 6: arkosic 80 
metaconglomerates and metaarenites, phyllites, metapelites, quartz-sericite schists, graphite schists; 7: metarhyolites 81 
and metarhyodacites; metaandesites and prasinitic schists; sericitic and cloritic schists, phyllites, micaschists, quartzites, 82 
quartzschists, quartz-arenites, quartz-conglomerates and metaarkoses; quartzschists, quartz-micaceous schists, 83 
chloritoid-schists, albitic-chloritic schists, graphitic phyllites; 8: metaconglomerates, metaarenites, phyllites, phyllitic 84 
schists, graphite schists. 85 



 86 
2. Materials and methods 87 

The archaeometric research presented here was carried out on samples representing a choice of the 88 

typical ceramic production of the Impressed Ware Culture (Fugazzola Delpino et al., 2002). It 89 

consist of vessels of different shapes and sizes (from handled bowls and necked jars to large storage 90 

containers), whose surfaces can be either plain or decorated with impressed motifs made with shell 91 

margins (Cardium, Cerastoderma, etc.) or other various tools (Fig. 3, Fig. 4 and Table 1). 92 

The principal analytical method used is the optical microscopy (both stereomicroscopy and thin 93 

sections analysis under a polarizing microscope Olympus BX51). Selected samples were also 94 

analyzed with the X-ray powder diffraction (XRPD). XRPD analyses were carried out using a 95 

Philips PW3710 diffractometer. Powdered samples were run between 2.5° and 70°2θ, with a 96 

generator potential of 30 kV, a generator current of 22 mA (using a CuKα radiation), a Ni filter, and 97 

a scan speed of 1°/min.  e software used for XRPD data reduction was Philips PC-APD Diffraction 98 

Software and MacDiff 3.0.6c. 99 

The first step of the research has been the systematic revision of the prehistoric pottery thin sections 100 

housed at the Laboratory of Archaeometry of the Dipartimento di Scienze della Terra, 101 

dell'Ambiente e della Vita (DISTAV) of the University of Genova (Capelli et al., 2006a), where 102 

several samples belonging to Early Neolithic Impressed Ware from Ligurian sites (Pollera and 103 

Arene Candide caves, Nasino rock shelter) are conserved. Subsequently, the various archaeological 104 

contexts evaluated have been integrated with the selection of new samples (Pian Ciliegio rock 105 

shelter, San Sebastiano di Perti open air site and new samples from Arene Candide cave). 106 

One of the principal aims of this research project, besides the definition of the local, earliest pottery 107 

production in terms of techniques and raw materials, is to possibly identify imports, localizing the 108 

zones of provenance. A further aim is to compare compositions and techniques both intra-sites, 109 

among the different types of vessels present in a single site, and inter-sites, among the different 110 

production areas on a regional and extra-regional scale. The final goal is to identify and characterize 111 

the mineralogical and petrographic markers as well as the technologies that are distinctive to the 112 

pottery production in particular areas, periods, and vessel types. Ultimately this research might help 113 

at understanding the function of the various pottery containers produced by the earliest farmers of 114 

the region. 115 

In this paper we present the synthesis of our, although preliminary, promising results so far 116 

achieved, focusing mainly on the pottery that was not produced locally, in order to reconstruct the 117 

movement of people and materials in the central-northern Tyrrhenian area during the Early 118 

Neolithic. We refer readers to the bibliography for expansion on the particular sites that were 119 

investigated. 120 



 121 

 122 
 123 
Fig. 3.  Shapes and decorations of Impressed Ware analyzed ceramics: 1-6) Arene Candide  cave; 7) San Sebastiano di 124 
Perti, open air site. 125 
 126 

 127 
 128 
Fig. 4 – Shapes and decorations of Impressed Ware analyzed ceramics: 1) Nasino Rock shelter; 7) Pian del Ciliegio 129 
Rock shelter. 130 
 131 



Analysis n. Site/layer/excavation year Description Provenance References Figure  
7053 Arene Candide cave, 

15+14c/1972-77 
handled cup with impressed 
decoration; medium ware 

possibly local Del Lucchese, 
Starnini 2010, Fig. 
1, n. 1 

3, n. 1  

7057 Arene Candide cave, 14/1972-
77 

thick wall fragment of a large 
container with impressed 
decoration and burnished surfaces; 
medium ware 

imported Tiné 1999 3, n. 2 

7056 Arene Candide cave, 
24D/1940-50 

thick wall fragment of a large 
container with impressed 
decoration and burnished surfaces; 
medium ware   

local manufacture 
with grog from 
imported vessel 

Capelli et al. 2007, 
Fig. 5 

3, n. 4 

7059 Arene Candide cave, 14/1972-
77 

rim fragment of a necked jar with 
incised motif and burnished 
surfaces; medium-coarse ware 

imported Traverso 1999, Fig. 
10, n. 70 
 

3, n. 3 
6, n. 2 

4538 Arene Candide cave, 15/1972-
77 

rim fragment of a small necked jar 
with impressed dots and shell 
impressions; burnished surfaces,  
fine ware 

local Del Lucchese, 
Starnini 2010, Fig. 
4, n. 7 

3, n. 5 

459S Arene Candide cave, 
27C/1940-50 

thick wall fragment of a large 
container with impressed 
decoration; medium-coarse ware   

imported Maggi, Starnini 
1997, Fig. 4, n. 1; 
Capelli et al. 2006a, 
Fig. 1 

3, n. 6 
6, n. 3 

6616 San Sebastiano di Perti, 1980 wall fragment decorated with 
impressed circles; medium ware 

local Capelli et al. 2006b, 
Fig. 4 C 

3, n. 7 

8057 Pian del Ciliegio rock shelter, 
1992-97 

wall fragment, 10 mm thick  of a 
medium-coarse vessel decorated 
with “sillons d’impressions” 

local Capelli et al. 2009, 
Fig.  2, n. 2 

4, n. 2 

8059 Pian del Ciliegio rock shelter, 
US130+US137/1992-97 

wall fragment, 7.5 mm decorated 
with lines of small impressions; 
coarse ware 

local Capelli et al. 2009, 
Fig.  2, n. 1 

4, n. 4 

8056 Pian del Ciliegio rock shelter, 
US133+US41/1992-97 

wall fragment, 6.5 mm thick, 
decorated  with shell impressions; 
coarse ware 

local Capelli et al. 2009, 
Fig.  2, n. 3 

4, n. 5 

7060 Pian del Ciliegio rock shelter, 
US75/1992-97 

wall fragment, 7.5 mm thick, 
decorated with impressions; coarse 
ware 

imported Capelli et al. 2009, 
Fig.  2, n. 5 

4, n. 3 
6, n. 6 

8070 Nasino rock shelter, 1836 thick wall fragment of a large 
handled container with plastic 
ridges, smoothed surfaces; medium 
ware 

imported Capelli et al. 2011, 
Fig. 2, n. 6 

4, n. 1 

 132 
Table 1. Description of some of the most significant Impressed Ware sherds analyzed and discussed in the text (see Fig. 133 
3 and Fig. 4). Macroscopic evaluation of the ware: fine = no visible inclusions, medium = a few non-plastic inclusions 134 
>1mm,  coarse = many non-plastic inclusions >1 mm. 135 
 136 

3. The analyzed Early Neolithic sites 137 

The majority of the samples from the Impressed Ware from Arene Candide cave, Pollera cave, Pian 138 

del Ciliegio rock shelter and S. Sebastiano di Perti are characterized by metamorphic and/or calcite 139 

inclusions (including sandy temper, e.g. intentionally added non-plastic components) that are well 140 

compatible with local rocks (Fig. 2 and Fig. 5: 1-5). Therefore these samples can be considered of 141 

local manufacture. However, some potsherds from Arene Candide (Fig. 3: 2 and 6) and Pian del 142 

Ciliegio (Fig. 4: 3) as well as the one sample from Nasino (Fig. 4: 1) can be certainly defined as 143 

imports because of the incompatibility of their fabrics (Fig. 5: 6 and Fig. 6: 1-6) with the local 144 

geology. Raw materials procurement distances were ranked according to the distance of the site 145 

from the closest geological area compatible with the non-plastic inclusions of the fabrics. In similar 146 

studies on early pottery production (Manen, Convertini, 2012), authors considered as local the 147 



products manufactured with raw materials from resource areas located less than 1 km from the sites 148 

where ceramics were left, close those located between 1 and 7 km, and as allochthonous, e.g. 149 

imported, those located over 7 km. 150 

We briefly describe below the archaeological and geological contexts of these sites with a 151 

discussion about the petrographic markers of the imported ceramics. 152 

 153 

3.1 Arene Candide 154 

The cave, which opens along the coastline near the promontory of Caprazoppa (Fig. 2), slightly 155 

distant from Finalmarina (Finale Ligure, Savona province), has one of the most important 156 

stratigraphies for the prehistory of the upper Tyrrhenian area including traces of occupation dating 157 

to the Early Neolithic (Maggi et al., 1997). The Early Neolithic layers excavated during the 158 

different campaigns (Bernabò Brea, 1946; 1956; Tiné, 1999) yielded a ceramic assemblage 159 

composed of, respectively, circa 8.000 sherds weighting about 100 kg (1940-1950 excavations: 160 

Maggi, Starnini 1997, table 1) and 5891 sherds (1972-1977 excavations: Traverso 1999, 116). 161 

Shapes and vessel sizes are different, including pots for serving and consuming foods and large 162 

storage jars (Fig. 3: 1-6), with plain, burnished or smoothed surfaces or decorated with various 163 

impressed motifs (Maggi, Starnini 1997). 164 

The thin section analysis of 31 representative samples of Impressed Ware (Ferraris and Ottomano, 165 

1997; Mannoni, 1999; Capelli et al., 2007) permitted to enucleate some different petrographic 166 

groups that characterize this earliest pottery production. These groups are variously represented and 167 

more or less differentiated on the basis of peculiar technical and compositional features. On 168 

petrographic bases, they are predominately to be considered local production, among which one 169 

notes a diversification of production techniques and raw materials, available in areas near to the site 170 

or, in some cases, within a range of a few dozen kilometers. On the other hand, the imported pottery 171 

shows different groups of fabric, characterized by inclusions derived from gneissic rocks (see § 4.2) 172 

or ophiolites (see § 4.3, fabrics a, b, c, e). These groups can be referred to geological sectors east of 173 

the Finale area, firstly near Savona, secondly in central-western Liguria or in Corsica, and thirdly in 174 

eastern Liguria, central Tuscany, or in Corsica. 175 

Grog was observed in part of the ophiolitic fabrics and in rare local samples. However, it is 176 

noteworthy that in one sherd of a vessel produced locally (sample 7056 from layer 24D of Bernabò 177 

Brea excavations) a few fragments of grog rich in "diallage" clinopyroxene peculiar of ophiolitic 178 

gabbro (Fig. 5: 5) are present (Capelli et al., 2007), which would testify the recycling of one 179 

imported container as temper in the local, Finalese production. 180 

 181 



3.2  Pian del Ciliegio 182 

The site is a rock shelter located in the Plateau of Manie, a few kilometers from the sea, inland to 183 

Finale Ligure (Fig. 2). From recent excavations, the occupation of the site can be attributed mainly 184 

to the Middle Neolithic, Square-mouthed Pottery culture (Del Lucchese, 2009). Nevertheless, 185 

within the stratigraphy nine fragments of impressed ware pottery were recovered, datable to the 186 

Early Neolithic, that, although found in secondary deposition, constitute important witness to the 187 

occupation of the rock shelter before the Middle Neolithic. Of these fragments, eight can be 188 

attributed to the Impressed Ware Culture while one has a particular incised decoration that seems 189 

characteristic of the latest (Epicardial) phase. 190 

The archaeometric analysis carried out on all nine samples (Capelli et al., 2008, 2009) shows the 191 

presence of at least six very different products in terms of raw materials used and techniques of 192 

manufacture. Only one part of these can be attributed to the Finalese territory due to geological 193 

constraints. There are seven samples (three of which showed in Fig. 4: 2, 4 and 5) with probable 194 

local or circum-local provenance with inclusions that can be correlated with the geological 195 

formations of the Finalese area. The remaining two are definitely imported. The first one (8060, see 196 

§ 4.3, fabric d), characterized by inclusions containing basic or ultrabasic elements (Fig. 6: 4) and 197 

derived from the ophiolitic complexes of the Apennines of eastern Liguria, central Tuscany or 198 

Corsica, is partly comparable to some imported pottery samples found at Arene Candide cave (see § 199 

4.3, fabric c). The second sample (7060, Fig. 4: 3) has a temper constituted of elements of potassic 200 

alkaline volcanic rocks (Fig. 5: 6, see § 4.4) associated with fragments of sedimentary rocks. This is 201 

a unique example so far identified in Liguria, its zone of provenance/production most probably can 202 

be assigned to the Tyrrhenian sector between southern Tuscany and northern Lazio (Capelli et al., 203 

2008). 204 

 205 

3.3 Arma di Nasino 206 

The rock shelter of Nasino situated in Val Pennavaira (Fig. 1: 1) inland from Albenga (Savona 207 

province) is a shallow cave occupied at various times during prehistory, including the Early 208 

Neolithic as revealed by the excavations carried out in the last century (Leale Anfossi, 1974; Scotti 209 

and Maggi, 2002). During the process of reviewing our databank of thin sections, a sample was 210 

identified, unique until now from this context that corresponds to a fragment of a large storage 211 

vessel of the Impressed Ware Culture decorated with plastic cordons (sample 8070, excavations of 212 

M. Leale Anfossi, inv. 1836; Fig. 4: 1). The paste is characterized by the presence of basalt, 213 

serpentinite and diallage and the lack of calcareous inclusions, which is incompatible with the 214 

geology of western Liguria and in particular of Val Pennavaira. In fact this area, from upstream to 215 



downstream, is cut first into the sedimentary rocks mainly pertaining to the Meso-Cenozoic Cover 216 

of the Ligurian Briançonnais Domain and subordinately to the Western Liguria Flysch Unit and 217 

then into the sedimentary cover of the Pre-piedmontese Domain. In the considered sector these 218 

geological units are essentially composed of Meso-Cenozoic limestones, dolomitic limestones, 219 

marls, sandstones, siltstones and claystones (Boni et al., 1970, 1971; Giammarino et al., 2002; 220 

Decarlis et al., 2013). 221 

The sample from Nasino is fairly similar, in both petrographic and technical features, to part of the 222 

imported pottery with ophiolitic inclusions from Arene Candide cave (see § 4.3, fabric e) and could 223 

be related to the same sectors of provenance (possibly located in southern Tuscany). Moreover, the 224 

discovery of imported pottery holds particular importance for the specific location of the site of 225 

Nasino, inland about 20 kilometers from the present-day coastline (Fig. 1: 1). For these reasons the 226 

context of Nasino clearly deserves a more detailed archaeometric study, based on a greater number 227 

of samples. 228 

 229 

4. Mineralogical and petrographic characterization of the main fabric groups 230 

 231 

4.1 Local fabrics 232 

a) The temper of the majority of the local fabrics is essentially composed of acidic metamorphic 233 

(quartz-micaschist, quartzschist, acidic metavolcanic) rock fragments and derived minerals, whose 234 

dimensions are generally < 1-2 mm (Fig. 5: 1, 2 and 5).  235 

b) Much rarer are the samples rich in inclusions from greenschists (meta-andesites) (8057, Fig. 5: 236 

3). Both groups of inclusions can be referred to the Paleozoic basement rocks of the Briançonnais 237 

succession of the Finalese area (Gaggero et al., 2004; Decarlis et al., 2013) (Fig. 1).  Sparry calcite, 238 

frequently formed by speleothems, is usually absent or subordinate to the acidic metamorphic 239 

component. It can be correlated with the cave concretions and veins diffused in the local Triassic or 240 

Miocene carbonate formations (Vanossi, 1991; Giammarino et al., 2002).  241 

c) In a few cases, however, very angular sparry calcite inclusions are dominant, clearly deriving 242 

from crushed raw materials (Fig. 5: 4). On the other hand, it is noteworthy that in the pottery 243 

assemblage of the only open-air site studied so far, San Sebastiano di Perti (Capelli et al., 2006d), 244 

sparry calcite is lacking and all the fabrics are characterized by alluvial temper from acidic 245 

metamorphic rocks (sample 6611, Fig. 5: 2). 246 

XRPD analyses of local samples (8059, 7061, 7062) from Pian del Ciliegio (Capelli et al., 2008) 247 

show a mineralogical composition consisting of quartz + albitic plagioclase + illite/muscovite ± 248 



calcite for the fabrics with dominant acidic inclusions and nontronite + tremolitic amphibole + 249 

quartz + albite + epidote for the one sample (8057) with meta-andesite inclusions (Fig. 7).  250 

 251 

 252 
Fig. 5. Microphotographs (crossed polars) of local (1-5) and imported (6) fabrics of impressed ware samples. 1: Arene 253 
Candide, layer 27G, sample 23 (see § 4.1, group a); 2: S. Sebastiano di Perti, sample 6611 (see § 4.1, group a); 3: Pian 254 
del Ciliegio, sample 8057 (see § 4.1, group b); 4: Arene Candide, layer 27G, sample 9 (see § 4.1, group c); 5: Arene 255 
Candide, layer 24D, sample 7056 (see § 4.1, group a); 6: Arene Candide, layer 27G, sample 4 (see § 4.2). ca=sparry 256 
calcite; di=“diallage” clinopyroxene; gn=gneiss; gr=grog; mb=metabasic rock; mi=mica; px=clinopyroxene; qs= 257 
quartzschist; qz=quartz. 258 
 259 

4.2 Imported fabric with gneissic inclusions 260 

Three characteristic ceramic samples from the Impressed Ware layers of the Arene Candide cave 261 

(one from layer 27G of L. Bernabò Brea excavations: Bernabò Brea, 1946, 1956; and two 262 

respectively from layer 14 and 15 of S. Tinè excavations: Tinè, 1999) analyzed in thin section show 263 

very homogeneous pastes that could be referred to a single production. The fabric (Fig. 5: 6) is 264 

characterized by very abundant, also very coarse (>3 mm across) inclusions composed of biotite 265 

and muscovite micas, fragments of gneiss and micaschists occasionally including Al-silicates and 266 

garnet, and rare plagioclase + hornblende amphibolites. 267 



In Liguria, rather compatible rocks only outcrop in the Savona and Calizzano areas (about 30 km 268 

distant from Finale, respectively along the coast to the north-east and in the hinterland to the north), 269 

related to the pre-Carboniferous basement of the Ligurian Briançonnais Domain (Vanossi, 1991; 270 

Giammarino et al., 2002). However, similar basement rocks can also be found in southern France, 271 

in the Esterel Massif (Toutin-Morin et al., 1994). 272 

 273 

 274 
 275 
Fig. 6. Microphotographs of imported fabrics (1, 3-6: crossed polars; 2: plain polarized light). 1: Arene Candide, from 276 
layer 26C, sample 451S (see § 4.3, fabric a); 2: Arene Candide, from layer 14, sample 7059 (see § 4.3, fabric b); 3: 277 
Arene Candide, from layer 27C, sample 459S (see § 4.3, fabric c); 4: Pian del Ciliegio, sample 8060 (see § 4.3, fabric 278 
d); 5: Arene Candide, from layer 14, sample 7057 (see § 4.3, fabric e); 6: Pian del Ciliegio, sample 7060 (see § 4.4). 279 
am=amphibolite; ba=basalt; di=“diallage” clinopyroxene; ga=gabbro; gr=grog; mb=metabasic rock; pl=plagioclase; 280 
px=clinopyroxene; sa=sanidine; se=serpentinite. 281 
 282 

 283 

 284 



 285 
Fig. 7. X-ray diffractograms of samples from Pian del Ciliegio (arbitrary intensity). cc: calcite; chl: chlorite; ep: epidote; 286 
non: nontronite; plg: plagioclase; px: pyroxene; qtz: quartz; tre: tremolite; wm: muscovite/illite (modified from Capelli 287 
et al., 2008). 288 
 289 

 290 

4.3 Imported fabrics with ophiolitic inclusions 291 

Various fabrics with dominant or subordinate ophiolitic inclusions have been identified in the 292 

pottery contexts of Arene Candide, Pian del Ciliegio and Nasino. The different petrographic and 293 

textural characteristics point to several production sites from relatively distant places located in the 294 

northern Tyrrhenian ophiolitic sectors. The main features of these fabrics are the following: 295 

a) angular, moderately abundant, moderately sorted, also very coarse (> 3 mm across) temper 296 

mainly composed of serpentinite, fine-grained greenschists (amphibole ± albite ± epidote) and rare 297 

metagabbro, metabasalt and quartz-micaschist fragments (sample 451S from layer 26C of Arene 298 

Candide, from L. Bernabò Brea excavations) (Fig. 6: 1); 299 

b) angular to rounded, poorly-sorted, very abundant inclusions (< 2 mm) mainly composed of 300 

serpentinite, fine-grained greenschists (albite + epidote ± calcite ± amphibole) and subordinate 301 



quartzite and quartz-micaschist fragments (sample 7059 from layer 14 of Arene Candide, from S. 302 

Tiné excavations) (Fig. 3: 3 and Fig. 6: 2); 303 

c) angular to (rarely) subrounded, very abundant, poorly-sorted inclusions (up to 3 mm, generally 304 

<1 mm) composed of plagioclase and "diallage" clinopyroxene, subordinate gabbro and 305 

altered/oxydized basalt, and rare serpentinite fragments (sample 459S from layer 27C of Arene 306 

Candide, from L. Bernabò Brea excavations) (Fig. 3: 6 and Fig. 6: 3); 307 

d) angular, very abundant inclusions (up to 2 mm) composed of coarse-grained (partly 308 

amphibolitized or chloritized) gabbro, serpentinite, fine-grained amphibolite fragments and derived 309 

plagioclase, clinopyroxene (also “diallage”), and amphibole crystals (sample 8060 from Pian del 310 

Ciliegio) (Fig. 6: 4). The mineralogical composition resulting from the XRPD analysis (Capelli et 311 

al., 2008) is: plagioclase + tremolitic amphibole + augitic clinopyroxene + chlorite (sample 8060 312 

from Pian del Ciliegio, Fig. 7). 313 

e) angular, poorly-sorted, moderately abundant inclusions (generally < 1 mm) composed of quartz 314 

crystals, grog, subordinate quartzite, quartzschist and quartz-micaschist fragments, feldspar and 315 

mica crystals, rare micaschist fragments, ophiolitic elements (serpentinite and metabasite fragments, 316 

small "diallage" clinopyroxene crystals), and occasional volcanic elements (basalt and glass 317 

fragments, clinopyroxene and sanidine individuals) (Fig. 3: 2 and Fig. 6: 5). The grog fragments 318 

derive from different pottery productions, as they show fabrics either rich in ophiolitic inclusions 319 

(in particular "diallage" and rare amphibole) or in quartz and other acidic elements; a slight 320 

variability is present in terms of texture and frequency of inclusions (sample 7056 from layer 24D 321 

of L. Bernabò Brea excavations, and sample 7057 from layer 14 from S. Tiné excavations at Arene 322 

Candide, and sample 8070/1836 from Nasino). 323 

The Alpine metamorphic overprint is evident in fabrics a) and b), whose areas of provenance can be 324 

located in central Liguria (Capponi and Crispini, 2008; Capponi et al., 2013) or in part of north-325 

eastern Corsica (Brovarone et al., 2013 and references therein). 326 

That overprint is lacking in fabrics c) and d), which must be ascribed to the Apenninic ophiolitic 327 

sectors of eastern Liguria (Giammarino et al., 2002) and Tuscany (Tuscan archipelago included: 328 

Martini et al. 1996; Bortolotti et al., 2007) and part of north-eastern Corsica (Brovarone et al., 2013 329 

and references therein). 330 

Concerning the fabric e), the peculiar association of different rock types might point to southern 331 

Tuscany. In particular, on the one hand, the mafic volcanites could be related to the Plio-332 

Pleistocenic alkali-potassic complexes extended along the Tyrrhenian coast from Campania to 333 

southern Tuscany, up the Fiora river basin (Conticelli et al., 1986; Martini et al. 1996), but on the 334 

other hand, ophiolites are lacking in Lazio and Campania. 335 



 336 

4.4 Imported fabric with volcanic inclusions 337 

One imported sample of Impressed Ware with characteristic decoration (Fig. 4: 3), although found 338 

in secondary position in the stratigraphy was identified among the analyzed potsherds from Pian del 339 

Ciliegio (Del Lucchese, 2009). This sample (7060) is characterized by medium-grained (<0.7 mm 340 

across), well-sorted and subangular to rounded inclusions consisting of volcanic elements (sanidine 341 

feldspar, plagioclase, clinopyroxene, rare ore minerals and sphene grains; often altered basaltic and 342 

trachytic rock fragments) dominant on fine-grained sandstone, claystone, quartz-micaschist, chert 343 

fragments and metamorphic quartz and feldspar crystals (Fig. 6: 6). They probably represent an 344 

intentionally added sandy temper. 345 

The mineralogical composition resulting from the XRPD analysis (Capelli et al., 2008) is: quartz + 346 

aegirinic-augitic clinopyroxene + illite/muscovite + albitic plagioclase + K-feldspar (Fig. 7).  347 

The volcanic component can be correlated with the alkali-potassic Plio-Pleistocene complexes of 348 

the Tyrrhenian area between southern Tuscany and Campania (Conticelli et al., 1986). Taking into 349 

account both the features of the accessory sedimentary and metamorphic inclusions and the 350 

distribution area of the Impressed Ware sites of upper- and medium Tyrrhenian facies (Fugazzola 351 

Delpino et al., 2002), a provenance of that fabric from Tuscany-northern Lazio was considered 352 

more probable rather than a provenance from southern Lazio or Campania (Martini et al. 1996; 353 

Capelli et al., 2008). From this point of view, it must be remembered that obsidian from Palmarola 354 

Island, in the Pontine Archipelago in front of Lazio, was found in the Early Neolithic levels of 355 

Arene Candide (Ammerman and Polglase, 1997). 356 
 357 
4.5 Technology 358 

The technical choices (Rye 1980; Schiffer and Skibo 1987; Skibo 2013) made by the Early 359 

Neolithic potters can be understood by comparing the fabrics of the potsherds to the locally 360 

available resources to discern how these were being used in the manufacturing process.  361 

In particular it is important to assess whether these resource choices and manufacturing techniques 362 

were merely socially or culturally constructed or they are reflections of what the potters were 363 

limited to in their own environment. From this point of view, petrographic analyses of our samples 364 

showed us that the Impressed Ware culture potters used various types of mineral temper and clays 365 

to produce their vessels. At least three types of wares could be distinguished at the naked eye 366 

considering size and frequency of non-plastic inclusions in the paste: fine (no visible inclusions), 367 

medium (a few non-plastic inclusions >1mm) and coarse wares (many non-plastic inclusions >1 368 

mm). Observation in optical microscopy confirmed these differences. The Early Neolithic Ligurian 369 

potters used various clayey and sandy raw materials available in the surroundings of the sites. 370 



Moreover, the presence of grog in some thin-sectioned samples testifies for the recycling of broken 371 

containers in the new productive cycle. It is noteworthy the incorporation of grog made of imported 372 

vessels in the paste of the locally manufactured containers, which is a practice perhaps embedding a 373 

symbolic or cultural meaning. The use of grog can be considered a “way of doing” or a 374 

technological tradition that is shared by the Early Neolithic populations in a large area of the 375 

western Mediterranean (Manen and Convertini, 2012), including Liguria. 376 

Regarding the firing techniques, temperatures <900°C are generally suggested by the lack of 377 

vitrification of the clay matrix and the preservation of calcite and phyllosilicates resulting from both 378 

thin section and XRD analyses (Cultrone et al., 2001; Fig. 5: 4 and Fig. 7). Besides, potsherds 379 

usually show in fracture a sandwich structure with a black, reduced core and thin oxidised 380 

yellowish or reddish brown margins, which are indicative of insufficient length of firing and/or 381 

rapid cooling. However, the technological choices for the production of these early Neolithic 382 

ceramics, the common use of burnishing the surfaces, the careful execution of the impressed 383 

decorative motifs filled with colourful pastes (usually red ochre), the presence of different morpho-384 

functional types, among which large storage vessels with thick bodies (Fig. 3: 2, 4 and 6 and Fig. 4: 385 

1), all testify for a developed stage of ceramic pyrotechnology already reached by the Impressed 386 

Ware Culture potters. 387 

 388 
5. Discussion of the data and conclusions 389 

The results, although preliminary, obtained from our ongoing research showed clearly that in the 390 

Early Neolithic sites from western Liguria (Finale area, in particular) examined so far the local 391 

pottery production is prevailing. However, it was possible to identify also a small but significant 392 

number of sherds belonging to containers produced, not only from a neighborhood area, but also 393 

from far distant areas along the Tyrrhenian coasts that are in some cases at considerable distance 394 

away. The mineralogical-petrographic markers that characterize the fabrics of the imports are 395 

inclusions derived from gneiss, metaophiolites with Alpine metamorphism, Apennine ophiolites 396 

(lacking Alpine metamorphism), and from potassic alkaline volcanic rocks. The areas of 397 

provenance of the imported productions are located in different geological sectors of the coast of 398 

northern and central-southern Italy and/or Corsica. 399 

The above results now suggest the reconstruction of the ideal shipping route that, probably leaving 400 

from Lazio or from southern Tuscany, proceeded north-west touching central Tuscany, eastern 401 

Liguria and central Liguria (or Corsica), and ended up at the zone around Finale and Albenga (Fig. 402 

8). This evidence supports the hypothesis that the maritime dispersal of farming and farmers in the 403 

Western Mediterranean was effected by cabotage over coastal waters and involved short mainland-404 



island or island-island crossings (Zilhão, 2014) and that seafaring started in this area not before the 405 

early Neolithic (Broodbank 2006, 2013). 406 

The inter-site movement of pottery, already during the earliest phase of the Neolithic, is a 407 

phenomenon that, contrary to that proposed for the Adriatic Basin (Spataro, 2002), is documented 408 

for the western Mediterranean in different areas (Barnett, 1990; Tozzi, 2007; Manen et al., 2006; 409 

Manen and Convertini 2012). Moreover, it was also observed that the maintenance of contacts 410 

through navigation would have been important for the creation of social ties and cultural identities 411 

within the Neolithic population of the Mediterranean, and that a little attention has been given to the 412 

study of maritime circulation during prehistory (Farr, 2006). The results of the examination of the 413 

Ligurian context now contribute to the understanding of this phenomenon, clearly adding pottery to 414 

those objects that traveled by sea already at the beginning of the VII millennium BP. In fact, it is 415 

inconceivable that fragile, large and heavy ceramic containers, probably filled with (perishable?) 416 

goods, could be easily transported by foot for long distances in a rough, mountainous territory. 417 

Similarities within the Impressed Ware Culture of the central and north Tyrrhenian facies are 418 

known both for stylistic characteristics (form, decoration) of the ceramic production, as well as 419 

other aspects of the material culture. These similarities can be justified by direct contacts among the 420 

populations of the coastal sites of this part of the Mediterranean who, as documented, exchanged 421 

siliceous rocks, obsidian from Sardinia and Palmarola (Negrino and Starnini, 2003) and objects of 422 

greenstone, as well as perhaps substances contained in terracotta vessels. 423 

Regarding this point, when one observes the movement of the marine surface currents, it can be 424 

noted that the route suggested for the different imported ceramics in Liguria would have been 425 

advantageous in terms of the counter-clockwise direction of the superficial currents of the northern 426 

Tyrrhenian Sea (Stocchino and Testoni, 1977, Fig. 2; Pennacchioni, 1996, Fig. 1; Pinardi and 427 

Masetti, 2000; Capotondi, 2004, Fig. 1). 428 

Future comparative investigations could add a further piece to the mosaic presented here, as shown 429 

by the French site of Pont de Roque-Haute (Guilaine et al., 2007), on the coast of the Hérault 430 

department where along with obsidian from Palmarola, archaeometric analysis has shown also the 431 

presence of imported impressed ware whose origin is probably a geological sector toward the east, 432 

that is toward Provence, or in the Tuscany-Campania-Lazio area (Convertini and Bruxelles, 2007). 433 

In this case, one reasonable explanation of this find could rest, not only in cultural factors, but also 434 

in the fact that the currents are favorable, given the presence of a permanent current along the 435 

Ligurian and Provençal coasts that carries surface water from the Gulf of Genoa to Toulon 436 

(Stocchino and Testoni, 1977, 3). 437 



It is important to underline that the decisive contribution of the sea environment and particularly the 438 

sea-surface circulation (which is determined by the circulation of sea currents and the winds) to the 439 

early growth of seafaring and maritime communications was already demonstrated for the 440 

prehistoric period in the Aegean Sea (Papageorgiou, 2009). 441 

Clearly, with continuing research, amplifying and possibly comparing the data within the areas 442 

considered here, one could gain a more accurate reconstruction of the earliest navigation in the 443 

central-western Mediterranean. 444 

Finally, in a previous synthesis about the Neolithization process it has been proposed that during the 445 

early Neolithic the coastal strip of the western Mediterranean was occupied by low population 446 

densities, and that large voids must be postulated between nodes of the farmers’ settlement network 447 

(Zilhão, 2001, p. 14184). However, our research based on petrographic sourcing of the earliest 448 

ceramics demonstrates that it is possible to fill virtually these voids, predicting the existence of 449 

pottery production sites which are still to be found in areas that are at present archaeologically 450 

mute. In fact the variability in both petrographic composition and technique of the pastes, in 451 

particular as for the ophiolitic fabrics, clearly points to the presence of multiple settlements 452 

scattered in the central-northern Tyrrhenian area. 453 

 454 

 455 
Fig. 8. Reconstruction of the shipping route along the central-northern coast of the Tyrrhenian Sea during the Early 456 
Neolithic gleaned from the results of the archaeometric analyses of impressed ware pottery (from Capelli et al. 2007, 457 
Fig. 6, modified). Black: eastern Liguria, Tuscany and Corsica ophiolites; dotted area: metaophiolites of the Voltri 458 
Group; light gray: Paleozoic basement of Savona; 1a: Finalese area; 1b: Arma di Nasino; 2-10: location of the most 459 
important Early Neolithic, Impressed Ware Culture sites known in the study area. 460 
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 681 
 682 
CAPTIONS 683 

 684 

Fig. 1. Location of the studied sites shown on a schematic geological map of Liguria (from Capelli 685 

et al. 2006b, figure 2, modified). 1: Arma di Nasino; 2: Finalese sites (Pian del Ciliegio rock shelter, 686 

Arene Candide cave, Pollera cave and San Sebastiano di Perti). 687 

 688 

Fig. 2. Geological sketch map of the Finalese area with the location of the analyzed sites (modified 689 

from Capelli et. al, 2006d; redrawn and modified from Giammarino et al., 2002). 1: clays, sands, 690 

gravels; 2: clays, marly clays, marls, silty marls, siltstones, silty sandstones; 3: conglomerates, 691 

coarse sandstones, sandy-clayey marls, marls, biocalcirudites, biocalcarenites, coquinoid 692 

limestones, bioclastic limestones; 4: fine grained, strongly recrystallized limestones; 5:  quartz-693 

siltstones, quartz-arenites, quartz-conglomerates; dolostones, dolomitic limestones, limestones; 6: 694 

arkosic metaconglomerates and metaarenites, phyllites, metapelites, quartz-sericite schists, graphite 695 

schists; 7: metarhyolites and metarhyodacites; metaandesites and prasinitic schists; sericitic and 696 

cloritic schists, phyllites, micaschists, quartzites, quartzschists, quartz-arenites, quartz-697 

conglomerates and metaarkoses; quartzschists, quartz-micaceous schists, chloritoid-schists, albitic-698 



chloritic schists, graphitic phyllites; 8: metaconglomerates, metaarenites, phyllites, phyllitic schists, 699 

graphite schists. 700 

 701 

Fig. 3.  Shapes and decorations of Impressed Ware analyzed ceramics: 1-6) Arene Candide  cave; 7) 702 

San Sebastiano di Perti, open air site. 703 

 704 

Fig. 4. Shapes and decorations of Impressed Ware analyzed ceramics: 1) Nasino Rock shelter; 7) 705 

Pian del Ciliegio Rock shelter. 706 

 707 
Fig. 5. Microphotographs (crossed polars) of local (1-5) and imported (6) fabrics of impressed ware 708 

samples. 1: Arene Candide, layer 27G, sample 23 (see § 4.1, group a); 2: S. Sebastiano di Perti, 709 

sample 6611 (see § 4.1, group a); 3: Pian del Ciliegio, sample 8057 (see § 4.1, group b); 4: Arene 710 

Candide, layer 27G, sample 9 (see § 4.1, group c); 5: Arene Candide, layer 24D, sample 7056 (see § 711 

4.1, group a); 6: Arene Candide, layer 27G, sample 4 (see § 4.2). ca=sparry calcite; di=“diallage” 712 

clinopyroxene; gn=gneiss; gr=grog; mb=metabasic rock; mi=mica; px=clinopyroxene; qs= 713 

quartzschist; qz=quartz. 714 

 715 

Fig. 6. Microphotographs of imported fabrics (1, 3-6: crossed polars; 2: plain polarized light). 1: 716 

Arene Candide, from layer 26C, sample 451S (see § 4.3, fabric a); 2: Arene Candide, from layer 14, 717 

sample 7059 (see § 4.3, fabric b); 3: Arene Candide, from layer 27C, sample 459S (see § 4.3, fabric 718 

c); 4: Pian del Ciliegio, sample 8060 (see § 4.3, fabric d); 5: Arene Candide, from layer 14, sample 719 

7057 (see § 4.3, fabric e); 6: Pian del Ciliegio, sample 7060 (see § 4.4). am=amphibolite; ba=basalt; 720 

di=“diallage” clinopyroxene; ga=gabbro; gr=grog; mb=metabasic rock; pl=plagioclase; 721 

px=clinopyroxene; sa=sanidine; se=serpentinite. 722 

 723 
Fig. 7. X-ray diffractograms of samples from Pian del Ciliegio (arbitrary intensity). cc: calcite; chl: 724 

chlorite; ep: epidote; non: nontronite; plg: plagioclase; px: pyroxene; qtz: quartz; tre: tremolite; wm: 725 

muscovite/illite (modified from Capelli et al., 2008). 726 

 727 

Fig. 8. Reconstruction of the shipping route along the central-northern coast of the Tyrrhenian Sea 728 

during the Early Neolithic gleaned from the results of the archaeometric analyses of impressed ware 729 

pottery (from Capelli et al. 2007, Fig. 6, modified). Black: eastern Liguria, Tuscany and Corsica 730 

ophiolites; dotted area: metaophiolites of the Voltri Group; light gray: Paleozoic basement of 731 

Savona; 1a: Finalese area; 1b: Arma di Nasino; 2-10: location of the most important Early 732 

Neolithic, Impressed Ware Culture sites known in the study area. 733 



 734 

Table 1. Description of some of the most significant Impressed Ware sherds analyzed and discussed 735 

in the text (see Fig. 3 and Fig. 4). Macroscopic evaluation of the ware: fine = no visible inclusions, 736 

medium = a few non-plastic inclusions >1mm,  coarse = many non-plastic inclusions >1 mm. 737 


