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Abstract
The greenstone industry of Valgrana/Tetto Chiappello was studied with an archaeo-typological and mineral/petrographic approach (functional study, XRPD, polarized light microscopy and SEM-EDS), to infer their provenance and the role of this site in the general greenstone circulation during Neolithic. Most tools (mainly cutting-edge tools) are made of sensu stricto greenstones (( 80%), especially mixed Na-pyroxenite and eclogite in roughly equal amounts. The abundance of roughouts and broken tools, with evident use-wear traces, suggests that these implements were possibly used even before (or sometimes without) pre-shaping. Based on mineralogical and morphological ‘markers’, a dual mechanism of raw materials supplying was hypothesized for Valgrana: most were retrieved from the closer areas of the southern Monviso ‘massif’ (few dozens of km far, as the crow flies), though a subordinate supply channel was probably represented by commercial trades with other settlements, thus allowing the stocking of raw materials and/or artifacts also from the more distant Voltri ‘massif’ (70-to-80 km far). For what concerns the provisioning mode, a ‘secondary high-ground supplying’ mainly operated in Valgrana, according to which the raw materials were retrieved from greenstone boulders dismantled by erosion and rolled down along the Monviso ‘massif’ mountainsides; however, it cannot be excluded that direct extraction from primary outcrops may also have occurred. In the operative chain, Valgrana can be identified as a subordinate sedentary ‘satellite site’, in which specialized workers took care of raw materials gathering and preliminary tool processing – to be continued and concluded elsewhere.
Key words: Greenstone; Jadeitite; Omphacitite; Eclogite; Neolithic implement.
1. Introduction

In Northern Italy, the first polished implements used in Neolithic by prehistoric people for agriculture, deforestation and establishing exchange circuits were mainly made of greenstones. These implements (e.g., axes, chisels, adzes), as well as personal ornaments (e.g., polished ring-bracelets or disc-rings: Pétrequin et al., 2019), underwent a vast circulation – i.e., in Southern France and along a SE-to-NW direction extending from Southern Italy to Great Britain (Ricq-de-Bouard, 1993; Pétrequin et al., 2003; D’Amico et al., 1995). Moreover, cutting-edge tools in greenstone were also found in Malta (Mancusi, 2017), Slovakia, Czech Republic and Hungary (Spišiak and Hovorka, 2005; Pétrequin et al., 2011; Bendő et al., 2014; 2019). Most of them, however, were retrieved in archaeological sites of the Po plain, just to the South of the Western Alps. The term greenstone, commonly used by the archaeologists, includes a wide variety of rocks, all sharing a typical green hue and characterized by particular hardness and toughness. These greenstones, which derive from ophiolites metamorphosed at high-pressure conditions (HP-meta-ophiolites, thereafter), petrographically can be divided into two groups (Giustetto and Compagnoni, 2014): i) ‘Na-pyroxene rocks’ (commonly referred to as ‘Jades’), mainly formed by Na/Ca-pyroxenes solid solutions of the Jd-Q-Ae series (Morimoto et al., 1988) and including three different lithotypes, namely ‘jadeitite’ [jadeite, NaAl(Si2O6) > 95 vol. %], ‘omphacitite’ [omphacite, (Na,Ca)(Al,Mg)(Si2O6) > 95 vol. %] and ‘mixed Na-pyroxenite’ (containing approximately equal amounts of jadeite and omphacite); ii) ‘Na-pyroxene + garnet rocks’, in which omphacite is associated to garnet in variable amounts, including ‘eclogite’ (omphacite/garnet 25 to 75 %, in mutual modal amounts) and ‘garnet-omphacitite’ (garnet < 25 vol. %). All these lithologies, commonly grouped under the term ‘sensu stricto greenstones’, are extremely important for prehistoric research, despite their scarcity and localized geologic occurrence in the Western Alps; in fact, they are excellent ‘markers’ for tracing the raw material supply sources and circulation routes after trade relationships. Indeed, the term ‘Jade’ includes ‘jadeite jade’ (often coupled with omphacite) and ‘nephrite jade’ [a tremolite/ferro-actinolite series amphibole: Ca2(Mg,Fe)5Si8O22(OH)2]: the former will mainly be considered hereafter (D’Amico et al., 2004; Ou Yang, 2006; Ou Yang et al., 2011; McClure, 2012).

‘Sensu stricto greenstones’ are extremely rare in the alpine context, being mainly located either in the Monviso or in the Voltri ophiolitic ‘massifs’ (D’Amico, 2005; Pétrequin et al., 2005a, 2005b, 2006; 2012a; Compagnoni et al., 2007; 2012) either as small ‘primary’ outcrops (few m3) at high altitude or ‘secondary’ boulders and pebbles/cobbles in Oligocene conglomerates of the Tertiary Piemonte Basin or Quaternary alluvial deposits, derived from the dismantlement of the formers (Compagnoni et al., 2006; D’Amico and Starnini, 2006a; 2006b; D’Amico and De Angelis, 2009; Forno et al, 2015). The origin of these lithotypes has been investigated since the pivotal studies of Gastaldi (1871), Damour (1881) and Franchi (1900; 1903); it is nowadays acknowledged that these ‘sensu stricto greenstones’ belong to the Internal Piemonte Zone of the Western Alps arc, consisting of meta-ophiolite units derived from the Liguria-Piemonte oceanic domain, which underwent alpine metamorphism under eclogite facies conditions (e.g., Compagnoni, 2003). Other more common lithotypes – such as prasinite, serpentinite and chloritite – granted by the same greenish colour and occasionally used for producing prehistoric artifacts, may be comprised in the archaeological literature under the same ‘greenstone’ term; these rocks, however, have scarce or no archaeometric relevance, due to their ubiquitous distribution in the Western Alps (Giustetto et al., 2018).
This study deals with the characterization of the polished lithic industry – mainly in greenstone – from the archaeological site of Valgrana/Tetto Chiapello, in Northwestern Italy
. Almost 250 stone tools, consisting of complete implements, roughouts and fragments, were investigated with a consolidated morpho-typological and analytical protocol, which allowed a thorough characterization of their stylistic and mineral-petrographic features. These aspects were painstakingly compared with those of analogous archaeological tools or geological samples of known origin, searching for similar traits that may hint a common origin and allow feasible archaeometric extrapolations.
2. Materials and methods
2.1 Archaeological case study and materials
The archaeological site of Valgrana/Tetto Chiappello (near Cuneo, Piedmont region: Fig. 1.a and b) is located on the northern slopes of a small relief nearby a plateau where a small village still exists (at 960 m asl), on the mildest reliefs of the southern Cottian Alps between the Grana and Stura di Demonte valleys (44°23'53" N; 7°23'28" E). In 1999, the local Archaeological Superintendence disposed an investigation after the finding of several prehistoric artifacts due to an intense ploughing activity. These findings, consisting of splintered and/or polished stone tools and pottery fragments with excised decorations, allowed dating this site to a Neolithic sedentary settlement aimed at greenstone retrieval and tool manufacturing, referable to the second and third phases of the Square-Mouthed Pottery (SMP) Culture  (Ribero, 2017, 2018). Accurate data concerning the location of the site, the chronology and details of the excavations and the consistency of the retrieved tools were reported in Venturino Gambari and Mancusi (2016), Mancusi (2016) and Pétrequin et al. (2017a). 
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Figure 1. a) Map of NW Italy showing the position of the Valgrana/Tetto Chiappello archaeological site (star) and of other coeval archaeological sites cited in the text (1, Chiomonte; 2, Alba; 3, Castello di Annone; 4, Villaromagnano; 5, Rivanazzano; 6, Momperone; 7, Brignano Frascata; 8, Montalto Dora). The position of the Monviso (Vi) and Voltri (Vo) ‘massifs’ is also shown. The blue rectangle indicates the area of the geological map in b). The inset shows a simplified map of northern Italy, with an indication of the sites of Valgrana/Tetto Chiappello (star) and Sammardenchia (9). b) Simplified geological map of the Italian side of southern Cottian Alps (from Po Valley to Stura di Demonte Valley), showing the location of the archaeological site of Valgrana/Tetto Chiappello (star) and the extent of the geological units considered as possible sources for the raw material supply. Geology and legend scheme derived from Piana et al., 2017b; French part redrawn from Kerckhove, 1980. Legend: Quaternary deposits: all, alluvial deposits (Holocene–Present); fl, terraced alluvial and fluvioglacial deposits (Pleistocene–Holocene); lr, landslide, block stream and rock glacier deposits; gla, glacial deposits. Tertiary Piemonte Basin and Pliocene succession: tpb. Alpine Foreland Basin succession: afb. European-palaeomargin-derived units: pp, continental distal margin succession (Pre-Piemontese Zone); brd, Dauphinois, Briançonnais and Acceglio–Longet units; arg, Argentera ‘massif’; dmb, Dora–Maira Unit, pre-Triassic basement rocks; dmc,  Dora–Maira Unit, Permian–Mesozoic meta-sedimentary cover. Liguria–Piemonte oceanic units (Piemonte Zone): s, serpentinite and peridotite; mb, metabasite s.l.; qz, quartzite; cs, calc-schist; m, marble. Cargneules and slices of metasedimentary rocks preserved along tectonic contacts: bc.
The slope hosting the archaeological site corresponds to a Pleistocene fluvioglacial terrace (Perotto, 2004). The substrate is made up of Triassic dolostones and dolomitic limestones and Jurassic(?)-Cretaceous calc-schists (Servizio Geologico d’Italia, 1971), attributed to the Palaeo-European continental distal margin succession (Pre-Piemontese Zone; Piana et al., 2017a, b; Fig. 1.b). The carbonate rocks of the substrate are affected by karstic phenomena, which had a role in the formation and preservation of the archaeological stratification. The investigated part of the archeological site represents in fact the filling of a large sinkhole; this probably caused a partial reworking of the archaeological material on the flanks of the sinkhole and its concentration towards the centre of the palaeo-depression (Venturino Gambari and Mancusi, 2016). Some serpentinite blocks (possibly boulders) lie a few tens of metres uphill from the site. Furthermore, on the divide between the Grana and Stura di Demonte valleys, a few kilometers upstream and south of the Valgrana/Tetto Chiappello site, calc-schists of the Liguria-Piemonte ocenic units (Piemonte Zone) largely crop out and contain abundant, metre- to decametre-sized bodies of serpentinite (Malaroda, 1970; Piana et al., 2017a, b; Fig. 1.b). 

The polished stone industry of this site consists of 393 objects – mainly axes, adzes, hammerstones and related roughouts. All different steps of the polished stone operative chain are represented, including several fragments/splinters and some pebbles; few are the finished objects. 247 lithic implements – mostly in greenstone and mainly representing cutting-edge tools (i.e., axes, with few adzes and chisels) – were non-invasively investigated, in order to obtain a preliminary characterization of the related functions and lithotypes.
2.2 Methods
The 247 implements were analyzed with a consolidated protocol, involving both archaeological (morpho-typological exam) and non-invasive archaeometric methods. Basing on their representative lithotype distribution and distinctive features, a more restricted number (24 fragmented/unfinished tools) was then selected for micro-invasive mineral-petrographic analyses, namely X-ray powder diffraction (all 24 samples), optical polarizing and scanning electron microscopy (10 out of 24) (Chiari et al., 1996; Compagnoni et al., 2006; Giustetto et al., 2008). A complete listing of all analyzed artifacts is reported in Table 1, comprehensive of their function, lithotype and density. From each tool, drill cores (10 mm in diameter) representative of the rock composition were extracted with a diamond crown drill and used to prepare powders and thin sections. 

X-ray powder diffraction (XRPD) data were collected in the 3°-70° 2( range, using an automated Siemens D-5000 diffractometer with (/2( setup in Bragg-Brentano geometry, Cu-Kα radiation and a zero-background, flat sample holder. Data were processed with the Diffrac Plus (2005) software (EVA 11,00,3). 
	Na-PYROXENE ROCKS

	Inventory code
	Supplementary code
	Description
	Notes (from macroscopic and stereomicroscopy observations)
	Density

  (g/cm3)
	XRD
	P.M.
	SEM-EDS
	Picture (Fig.2a)

	JADEITITE:                                   

	TC 97
	S.P. Y33
	Splinter
	= = =
	3.30
	X
	X
	X
	=

	TC02 4
	=
	Axe
	jadeite-albite granofels, with possible titanite crystals
	3.06
	X
	X
	X
	(iv)

	OMPHACITITE:                            

	TC02 6
	=
	Axe
	= = =
	3.25
	X
	=
	=
	(iii)

	TC 80
	S.P. Y75
	Axe
	Pyroxene appears quite zoned
	3.42
	X
	=
	=
	(v)

	TC 83
	S.P. Y25
	Axe
	Prismatic whitish and green pyroxene crystals are observed
	3.42
	X
	=
	=
	=

	TC 89
	S.P. Y93
	Axe
	Porphyroblastic garnets, light green and zoned pyroxene
	3.41
	X
	X
	X
	=

	TC 135
	S.E.D.T. D1
	Axe
	Porphyroblasts of chloritized garnet
	3.29
	X
	=
	=
	=

	TC 148 b
	=
	
	= = =
	3.37
	X
	=
	=
	=

	MIXED Na-PYROXENITE:          

	TC I 4
	MP1 FPV9
	Axe
	Coarse grained, with tiny black crystals (ilmenite?)
	3.09
	X
	X
	X
	=

	TC 109
	E7
	Hammerstone
	Approx. equal amounts of jadeite & omphacite, with ilmenite
	3.40
	X
	=
	=
	=

	TC 133
	SMDS L2s1
	Axe
	Light green and bright green pyroxenes 
	3.25
	X
	=
	=
	=

	TC 171
	BA A3
	Axe
	Possible presence of quartz
	3.22
	X
	X
	X
	=

	Na-PYROXENE + GARNET ROCKS

	Inventory code
	Supplementary code
	Functional typology
	Notes (from macroscopic and stereomicroscopy observations)
	Density

  (g/cm3)
	XRD
	P.M.
	SEM-EDS
	Picture (Fig.2a)

	ECLOGITE:                                    

	TC I 11
	MP1 FPV14
	Axe
	With white, rounded or prismatic albite and zoisite aggregates
	3.32
	X
	=
	=
	(i)

	TC02 20
	=
	Splinter
	Zoned pyroxenes and garnets 
	3.48
	X
	X
	X
	=

	TC 119
	Wa
	Axe
	Portions with blue amphibole
	3.45
	X
	=
	=
	(viii)

	TC 122
	S.P. Y24
	Axe
	Colourless and  blue-greenish pyroxenes 
	3.43
	X
	X
	X
	=

	TC 126
	S.P. Y2
	Axe
	Greener and whitish pyroxenes, atoll-like garnets
	3.53
	X
	X
	X
	(x)

	TC 147 b
	=
	Axe
	Zoned garnet and colourless pyroxene 
	3.57
	X
	=
	=
	(ii)

	TC 159
	E9
	Splinter
	= = =
	3.50
	X
	=
	=
	=

	TC 203
	=
	Axe
	Few garnets; white pseudomorphs after lawsonite
	=
	X
	=
	=
	(vii)

	TC I 13
	MP1 FPV17
	Axe
	Mostly omphacite with abundant opaque ores
	3.40
	X
	=
	=
	(vi)

	GARNET-OMPHACITITE          

	TC 6.1/3
	=
	Axe
	White pseudomorphs after lawsonite; amphibole
	3.17
	X
	X
	X
	(ix)

	OTHER LITHOTYPES

	Inventory code
	Supplementary code
	Functional typology
	Notes
	Density

  (g/cm3)
	XRD
	P.M.
	SEM-EDS
	Picture (Fig.2a)

	CHLORITITE:                        

	TC 151
	S.P. Y28
	Axe
	= = =
	3.15
	X
	=
	=
	=

	METABASALT IN BLUESCHIST FACIES:                                     

	TC 79
	S.P. Y105
	Axe
	Minor glaucophane, pumpellyite and albite
	3.10
	X
	X
	X
	=


Table 1. Mineral/petrographic and functional description of the 24 polished stone implements (including ‘Na-pyroxene rocks’, ‘Na-pyroxene + garnet rocks’ and ‘other lithotypes’) from the Neolithic site of Valgrana/Tetto Chiappello, analyzed with an in-depth mineralogical and petrographic protocol (XRPD and/or optical polarizing microscopy and SEM-EDS), part of which are represented in Fig. 2.a (as indicated in the last four columns).
Polarizing microscopy was performed on a Zeiss WL Pol optical instrument. Scanning electron microscopy (SEM) was performed with a SEM Stereoscan 360, Cambridge Instrument, on carbon-coated, polished thin sections. Chemical characterization was performed by an EDS Link Pentafet, Oxford Instruments (operating conditions: 50 s counting time, 15 kV accelerating voltage, 25 mm working distance, 300 pA beam current). The collected data were processed with the INCA 200 Microanalysis Suite Software, version 4.08, calibrated on natural mineral standards using the ZAF correction method.
3. Results

3.1 Morpho-typological examination

The Valgrana lithic industry forms a coherent and representative assemblage, typical of an evolutionary phase referable to the middle-to-late Neolithic, with artifacts (mostly for cutting, some portrayed in Fig. 2.a) found from both excavation and survey activities. The dimensions and shapes of these lithic tools (unlike the pottery production) are strictly dependent on the nature and supplying source of the raw materials (either blocks from primary outcrops or pebbles/cobbles recovered from secondary supplies) – in particular, if the roughing phase had taken place at the supply point, according to the processed lithology. Consequently, sharp choices in the typological attribution of these tools were sometimes difficult. 

Among the numerous cutting-edge tools, few are the complete axes and often not entirely processed – being further worked by pecking (Hamon, 2008; Adams, 2014; Delgado-Raack et al., 2020) or bush-hammering (Lunardi and Starnini, 2013), or polished on the sole cutting edge. Conversely, a huge number of axe fragments, splinters or roughouts (mostly cutting edges or heels, obtained through flaking), together with some spheroidal and (few) conoid hammerstones, were retrieved (Fig. 2.b). Observations at the stereomicroscope evidenced use-wear traces on both roughouts and edges – suggesting possible breaking during manufacture or use (Mancusi, 2016; Venturino Gambari and Mancusi, 2016) – and at times even on splinters. From a typological point of view, all axes can be basically traced back to two main kinds: i) the so called ‘short Bégude’, with spindle-shaped body, sharp heel, sub-rectilinear margins and curved cutting edge, rarely exceeding 12 cm in length; ii) a version of the so-called ‘Durrington’ type, with roughly tapered heel, lenticular (or flat) section and small sub-rectilinear to sub-curvilinear cutting edge. Probably, the site was specialized in the production of these two types, typical of the middle-to-late Neolithic (4600-4000 BC). Just one fragment of a large ‘Puy’ axe was documented (TC02 111.206), whereas no ‘Chelles’ type was found. However, some sub-trapezoidal axe roughouts are worth mentioning, shaped through flaking and polished on the cutting edge, complete with traces of possible use. No axe was polished up to one third of its body.  All implements are rather small-sized, but a single axe roughout in fine-grained eclogite (TC 139 - 89563) measures 22.2 x 6.5 cm and is possibly compatible with a ceremonial ‘Bégude’(Pétrequin and Pétrequin, 2012; Pétrequin et al., 2012d; Mancusi, 2016); however, its lenticular cross section and unexpanded curved cutting edge most likely classifies it as a variant ‘Bernon’ type. Only two artifacts, classifiable as prestige tools, are completely polished – namely a small chisel in jadeitite (TC02 10) and a miniaturized pendant-axe in paragonitite (86985; Venturino Gambari and Gambari, 2004; Mancusi, 2016) (see Supplementary Material, Table S1).
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Figure 2. a) Examples of implements from the Valgrana/Tetto Chiappello Neolithic site: i) TC I 11 (MP1 FPV14) (axe, eclogite); ii) TC 147b (axe, eclogite); iii) TC02 6 (axe; omphacitite); iv) TC02 4 (axe, jadeite-albite-titanite granofels); v) TC 80 (S.P. Y75) (axe; omphacitite); vi) TC I 13 (MP1 FPV17) (axe, eclogite); vii) TC 203 (axe, eclogite) ; viii) TC 119 (Wa) (axe, eclogite); ix) TC 6.1/3 (axe, garnet-omphacitite); x) TC 126 (S.P. Y2) (axe, eclogite) (other details reported in the Supplementary Material, Table S1); b) Functional distribution of the lithic tools from Valgrana/Tetto Chiappello, as resulting from morpho-typological studies (for each kind of tool, the global number and the related percentage, respectively, are indicated).
3.2 Density measurements and stereomicroscopy examination

The density of 180 polished stone tools (out of 247, selected for analyses) was determined, discarding both too light and too heavy-and-bulky artifacts, which might give unreliable estimates. This allowed discriminating the sensu stricto greenstones from other similar lithologies. The related histogram (Fig. 3.a) shows how the few serpentinites and prasinites have densities ( 3.0 g/cm3 – the threshold above which sensu stricto greenstones can be found. Among the latter, eclogites show the highest densities (up to 3.6 g/cm3), whereas a certain overlapping occurs for ‘Na-pyroxene rocks’ (jadeitite, omphacitite and mixed Na-pyroxenite), which vary between 3.1 and 3.5 g/cm3.
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Figure 3. a) Histogram of density measurements, performed on 180 (out of 247) lithic implements from the Valgrana/Tetto Chiappello site; b) preliminary lithotype distribution of the 247 lithic tools from the same site, obtained by combining stereo-microscopic observations and (wherever possible) density measurements (for each lithotype, the global number of tools and the related percentage, respectively, are indicated).
By coupling the density determinations with the stereomicroscopic observation, a reliable – albeit preliminary – lithotype determination was obtained for all 247 artifacts (Fig. 3.b). ‘Sensu stricto greenstones’ dominate (81 %) on other green lithologies (e.g., serpentinite, prasinite and chloritite: 5 %). Also, 3 nephrites were observed. As expected from the density survey, eclogite and mixed Na-pyroxenite are the most recurring lithotypes (99 and 84 specimens, respectively). The remaining ‘sensu stricto greenstones’ are quite scarce, especially jadeitite, with only five retrieved samples (2 %). The percentage of artifacts made of lithotypes other than greenstones is also quite low (12 samples; 4 %) – though for 19 artifacts (8 %) no clear determination could be attempted. A complete listing of each of the 247 analyzed artifacts, together with inventory code(s), functional description, lithology, density and descriptive notes is reported in the Supplementary Material, Table S1.  

3.3. X-ray powder diffraction

Twenty-four artifacts were chosen for XRPD analyses, basing upon their recurrence and representativeness of the investigated industry. Among these, greenstones are well represented, but other lithotypes are included as well. This approach allowed an exhaustive characterization of these tools mineralogical composition, reported in Table 2.
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Figure 4. X-ray powder diffraction patterns (Cu-Kα radiation) of some selected tools from the site of Valgrana/Tetto Chiappello. The typical reflections of clinopyroxenes [(-221, 310 and 002): magnifications in the upper right corners] are unique and well-defined in jadeitite (a: TC 97) and omphacitite (b: TC 80); conversely, in mixed Na-pyroxenite (c: TC 171), the presence of both jadeite and omphacite causes the top of the peaks to split in (at least) two, partially superposed reflections. In eclogite (d: TC 147b), the main reflections of almandine garnets also appear (Jd: jadeite; Omph: omphacite; Alm: almandine).
	Minerals

Sample label
	omphacite
	jadeite
	aegirine
	garnet
	clinochlore
	albite
	glaucophane
	rutile
	orthoclase
	analcime
	clinozoisite
	pumpellyite
	quartz
	Lithotype
	Notes

	Na-pyroxene rocks

	TC 97 

(S.P. Y33)
	x
	xxx
	
	
	
	
	
	
	
	
	
	
	
	jadeitite
	weak shoulders account for scarce presence of omphacite

	TC02 4
	x(?)
	xx
	
	
	
	x
	
	x
	x(?)
	x(?)
	
	
	
	jadeite-albite-titanite granofels
	plagioclase is albite; possible analcime and orthoclase

	TC02 6
	xxx
	
	
	
	x
	
	
	
	
	
	
	
	
	omphacitite
	weak zoning of omphacite pyroxene



	TC 80 

(S.P. Y75)
	xxx
	
	
	
	
	
	
	
	
	
	
	
	
	omphacitite
	zoned omphacite with indented reflections 

	TC 83 

(S.P. Y25)
	xxx
	
	
	
	
	
	
	
	
	
	
	
	
	omphacitite
	omphacite is the only detectable phase 

	TC 89 

(S.P. Y93)
	xxx
	x(?)
	
	
	
	
	
	
	
	
	
	
	
	omphacitite
	omphacite as only phase; weak shoulders of possible Jd  

	TC 135 

(S.E.D.T. D1)
	xxx
	
	
	
	x
	
	
	
	
	
	
	
	
	omphacitite
	indentation of reflections account for omphacite zoning

	TC 148b 


	xxx
	x(?)
	
	
	
	
	
	
	
	
	
	
	
	omphacitite
	weak shoulders account for scarce jadeite 

	TC I 4 

(MP1 FPV9)
	xxx
	xxx
	
	
	
	xx
	
	
	
	
	
	
	
	mixed Na-pyroxenite
	abundant jadeite and omphacite, with strong zoning of pyroxenes

	TC 109 

(E7)
	xxx
	xxx
	
	
	
	
	
	
	
	
	
	
	
	mixed Na-pyroxenite
	strongly zoned jadeite and omphacite

	TC 133 

(SMDS L2s1)
	xxx
	
	xx
	
	
	x
	
	
	
	
	
	
	
	mixed Na-pyroxenite
	presence of omphacite and aegirine – but no jadeite

	TC 171 

(BA A3)
	xxx
	xxx
	
	
	
	
	
	
	
	
	
	
	x
	mixed Na-pyroxenite
	presence of zoned omphacite and jadeite; accessory quartz 

	Na-pyroxene + garnet rocks

	TCI 11 

(MP1 FPV14)
	xxx
	
	x
	xx
	
	x
	
	x(?)
	
	
	x
	
	
	eclogite
	garnet is mainly almandine; presence of pseudomorphs

	TC02 20
	xxx
	
	
	xx
	
	x
	
	
	
	
	
	
	
	eclogite
	abundant almandine 

 

	TC 119 

(Wa)
	xxx
	
	
	xx
	
	
	
	
	
	
	
	
	
	eclogite
	abundant almandine 



	TC 122 

(S.P. Y24)
	xxx
	x
	
	xx
	
	
	
	
	
	
	
	
	
	eclogite
	possible presence of hydroxylapatite 

	TC 126 

(S.P. Y2)
	xxx
	
	
	xx
	
	
	
	
	
	
	
	
	
	eclogite
	abundant almandine; possible hydroxylapatite presence

	TC 147b
	xxx
	
	
	xx
	
	
	
	
	
	
	
	
	
	eclogite
	almandine garnet and moderately zoned omphacite

	TC 159 

(E9)
	xxx
	x(?)
	
	x
	
	
	
	
	
	
	
	
	
	eclogite
	weak shoulders account for scarce jadeite; garnet almandine

	TC 203
	xxx
	
	
	x
	
	x
	
	
	
	
	x(?)
	
	
	eclogite
	almandine garnet; possible clinozoisite and paragonite 

	TC I 13

(MP1 FPV17)
	xxx
	
	
	xx
	
	
	
	x
	
	
	
	
	
	eclogite
	almandine garnet; possible presence of rutile

	TC 6.1/3
	xxx
	
	
	x
	
	x
	
	
	
	
	
	
	
	garnet omphacitite
	scarce almandine and albite



	Other lithotypes

	TC 151 

(S.P. Y28)
	
	
	
	
	xxx
	
	
	
	
	
	
	
	
	chloritite
	no other minerals were detected by XRPD

	TC 79 

(S.P. Y105)
	
	
	
	
	
	xx
	xx
	
	
	
	
	xx
	
	blueschists facies metabasalt
	abundant glaucophane; pumpellyite and albite


Table 2. Qualitative (and semi-quantitative) mineralogical composition of the 24 polished stone implements (including ‘Na-pyroxene rocks’, ‘Na-pyroxene + garnet rocks’ and ‘other lithotypes’) from the Neolithic site of Valgrana/Tetto Chiappello, as resulting from XRPD analyses [XXX: very strong reflections; XX: strong reflections; X: weak reflections; X(?): dubious].
As already highlighted in previous works (Giustetto et al., 2016, 2017, 2018, 2020), in the XRPD patterns the typical reflections of pyroxenes – i.e., (-221), (310) and (002) – are sharp and unique in the case of jadeitites and omphacitites, where a single pyroxene is present (with slightly varying interplanar distances: Figs. 4.a and 4.b). Mixed Na-pyroxenites, instead, show indented peaks due to the coexistence of at least two different pyroxene compositions (usually jadeite and omphacite) of the same solid solution, often with a complex zoning (Fig. 4.c). The sample ‘TC 133 - SMDS L2s1’ is an exception, as the typical pyroxene (-221) and (310) reflections indicate that an aegirinic (rather than jadeitic) pyroxene occurs, together with omphacite. In eclogites (and seldom garnet-omphacitites), reflections of garnets appear alongside those of pyroxene (omphacite; Fig. 4.d).  

The chemical composition of pyroxenes for each studied sample was inferred by using the grid proposed by Giustetto et al. (2008), superposed to the triangular diagram of Morimoto et al. (1988). These outcomes – which assign an average chemistry to pyroxene solid solutions, basing solely on the dhkl of the typical pyroxene reflections (light- and dark-green bigger dots in Fig. 5 for jadeite and omphacite, respectively) – confirm that the compositional estimates are consistent with the average compositions of the spot analyses collected with EDS on the same samples. 
3.4. Polarizing-microscopy and SEM-EDS

The petrographic study, involving optical and electron microscopy, represents by far the more fruitful approach capable of detecting compositional zoning, microstructural heterogeneities and chronological relationships among minerals, as well as identifying accessory phases undetected by XRPD. Despite its micro-destructivity, the study in thin section allows an in-depth visual comparison of macro/micro-structural features between prehistoric tools and geological samples, thus extrapolating viable information about the raw materials origin (Giustetto et al., 2017). 

Ten thin sections were obtained by as many ‘sensu stricto greenstones’ and other lithotypes, chosen among the tools inspected by XRPD. These sections were analyzed by both polarizing microscopy and SEM-EDS as follows: 

• 5 ‘Na-pyroxene rocks’ (1 jadeitite, 1 metabasite with albite and jadeite, 1 omphacitite and 2 mixed Na-pyroxenites);

• 4 ‘Na-pyroxene + garnet rocks’ (3 eclogites and 1 garnet-omphacitite);

• 1 blueschist facies metabasalt.

The spot EDS analyses of pyroxenes were plotted in the ternary diagram of Morimoto et al. (1988) (Fig. 5.a); those of garnets in the almandine (Alm) + spessartine (Sps) – grossular (Grs) – pyrope (Prp) diagram (Fig. 6). A semi-quantitative mineralogical composition for these 10 samples – resulting by combining XRPD, polarizing microscopy and SEM-EDS – is shown in Table 3. Selected EDS analyses for pyroxenes and garnets are reported in the Supplementary Material (Tables S2 through S14). Mineral abbreviations used in Figs. 7 to 12 are consistent with Whitney and Evans (2010).
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Figure 5. a) Classification diagram of Na-pyroxenes by Morimoto et al. (1988). Compositional variation of Na-pyroxenes from the Valgrana/Tetto Chiappello lithic tools, resulting from EDS spot analyses, observed in: b) “Na-pyroxene rocks” (5 samples); and c) “Na-pyroxene + garnet rocks” (4 samples). The light- and dark-green bigger dots indicate the estimated average composition of jadeite and omphacite, respectively, estimated by X-ray Powder Diffraction data (Giustetto et al., 2008; see text for further information).
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Figure 6. Compositional variation of garnets from “Na-pyroxene + garnet rocks” (4 samples), in the classification diagram almandine + spessartine (Alm + Sps), grossular (Grs) and pyrope (Prp); arrows indicate compositional zoning from core (C) to rim (R).
	Legend:           < 5 %                     5 % - 20 %                      20 % - 60 %                     > 60 %

	Minerals

Sample label
	omphacite
	jadeite
	garnet
	glaucophane
	quartz
	zoisite (ex-laxson.)
	pumpellyite
	biotite/muscovite
	clinochlore
	albite
	rutile
	ilmenite
	titanite
	zircon
	apatite
	monazite
	hematite
	Notes

	Na-PYROXENE ROCKS

	JADEITITE

	TC 97 (S.P. Y33)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	= = =

	jadeite-albite-titanite granofels

	TC02 4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	plagioclase is albite 

	OMPHACITITE

	TC 89 (S.P. Y93)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	= = =

	MIXED Na-PYROXENITE

	TC I 4 (MP1 FPV9)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	plagioclase is albite

	TC 171 (BA A3)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	= = =

	Na-PYROXENE + GARNET ROCKS

	ECLOGITE

	TC02 20
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	hematite and ilmenite included in garnets

	TC 122 (S.P. Y24)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	= = =

	TC 126 (S.P. Y2)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	presence of atoll-like garnet

	GARNET-OMPHACITITE

	TC 6.1/3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	scarce and isolated garnets

	OTHER LITHOLOGY

	BLUESCHIST FACIES METABASALT 

	TC 79 (S.P. Y105)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	= = =


Table 3. Mineralogical composition (vol. %) of 10 polished stone implements in HP-meta-ophiolites (5 ‘Na-pyroxene rocks’, 4 ‘Na-pyroxene + garnet rocks’ and 1 ‘Other lithology’) from the archaeological site of Valgrana/Tetto Chiappello, obtained by combining X-ray powder diffraction, polarizing microscopy and SEM-EDS analyses.
3.4.1 Na-pyroxene rocks

3.4.1.1 Jadeitite
Among the few jadeitites (5), one specimen was analyzed [TC 97 (S.P. Y33); splinter] having fine but heterogeneous grain-size and crossed by shear zones. The pyroxene is a colourless, almost pure jadeite, the crystals of which include in the core tiny omphacite exsolutions. Rare zircons occur as an accessory phase. 

A second examined sample (TC02 4; axe) consists of idioblastic zoned jadeite, surrounded by domains of interstitial to poikiloblastic albite (Fig. 7.a). Idioblastic accessory titanite occurs, including tiny rutile relicts (Fig. 7.b). Rather than a jadeitite, this rock is liable to be classified as a jadeite-albite-titanite granofels (or a Jd-Ab-Ttn metabasite). EDS analyses of pyroxene (Fig. 5.b) show a prevailing jadeite (Jd80-100), with isolated spots having lower values of this component (Jd30-40) and higher Q. These latter analyses, collected in contact zones between jadeite and albite, refer to “late” pyroxenes with occasionally higher Fe3+ contents.
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Figure 7. Appearance of a jadeite-albite-titanite granofels: a) SEM-BSE image showing the fine-grained felt of albite (Ab) and jadeite (Jd) (TC02 4, SEM image, BSE); b) Photomicrograph of idioblastic titanite (Ttn), containing small inclusions of relict rutile (Rt) (TC02 4, PPL).
3.4.1.2 Omphacitite
The only sample analyzed [TC 89 (S.P. Y93); axe] consists of two different portions (Fig. 8.a): one with a strong foliation, marked by the orientation of rutile crystals and – to a minor extent – by “tufts” of possible omphacite; the other characterized by a fine-grained and quite homogeneous omphacite. In the latter portion, veins occur in which tiny “relicts” of almost pure jadeite crystals – possibly including opaque ores – are observed at SEM. These subidioblastic jadeite crystals (( 100 (m across) are surrounded and partly replaced by omphacite (Fig. 8.b), with 10-20 wt % aegirine component (Fig. 5.b).
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Figure 8. Photomicrograph and BSE image of an omphacitite: a) boundary between two different regions: one (right upper part) marked by a strong lineation of rutile crystals (Rt) is interposed to ‘clumps’ of omphacite; the other (on the left) with a fine grain-size, almost pure omphacite (Omph) including small, sub-idioblastic jadeite crystals and opaque ores (Op; in lower left part) (TC 89 – S.P. Y93, PPL); b) in the ‘pure omphacite’ region, darker ‘relicts’ of an idioblastic jadeite (Jd) are surrounded and crossed by a felt of omphacite (Omph), which partly replaces them (TC 89 – S.P. Y93, SEM image, BSE).
3.4.1.3 Mixed Na-pyroxenite
Two distinct samples were studied. The first one [TCI 4 (MP1 FPV9); axe], with a granoblastic microstructure, contains crystals (hundreds of (m across) of both jadeite (colourless) and omphacite (green); the latter at times shows radial and fibrous microstructure with a marked mineral zoning, in which greenish-to-bluish areas are observed (Fig. 9.a). This inhomogeneous and often fragmented pyroxene matrix includes abundant albite and accessory apatite. EDS spot analyses indicate that the pyroxene zoning spreads between the Jd and the omphacite fields, with Ae ranging from few units to 30 wt % (Fig. 5.b). 

The second sample [TC 171 (BA A3); axe] shows a fine-grained matrix, with almost equivalent jadeite and omphacite domains; larger jadeite subidioblasts (200 (m across) also occur, which include small omphacite exsolutions. At SEM, the different pyroxenes are in equilibrium in the fine-grained matrix and show well-defined microstructural relationships: usually idioblastic and homogeneous jadeite crystals – with sharp contours/edges, no evidence of corrosion or re-equilibrations and including tiny omphacite exsolutions – are surrounded by a moderately zoned omphacite (Fig. 9.b). EDS analyses show a bimodal distribution, plotting in the fields of jadeite and omphacite, respectively; for both compositions, the Ae content is lower than 10 wt % (Fig. 5.b). Rutile, quartz and zircon occur as accessory phases, together with titanite and monazite (CePO4) with skeletal habit (Table 3).
[image: image9.png]



Figure 9. Photomicrograph and BSE image of mixed Na-pyroxenites: a) pyroxene matrix, in which aggregates of granoblastic jadeite (whitish: Jd) and omphacite (greenish: Omph), both evidently zoned, are observed (TC I 4 – MP1 FPV9, PPL); b) idioblastic jadeite (darker: Jd) surrounded by a felt of slightly zoned omphacite (clearer: omph), including tiny exsolutions of a pyroxene richer in Ca-Mg; anhedral quartz is observed in the upper right angle (dark: Qz) (TC 171 – BA A3, SEM image, BSE).
3.4.2 Na-pyroxene + Garnet rocks

3.4.2.1 Eclogite
Three samples were analyzed. The first (TC02 20; splinter) shows a deep green-coloured pyroxene matrix, rich in omphacite and aegirine (as suggested by the low extinction angle) with tiny albite plagues, comprehending some garnet aggregates (hundreds of (m across) with abundant epidote, hematite, ilmenite, apatite and opaque inclusions (Fig. 10.a). Possible pseudomorphs of epidote after former lawsonite are present. EDS analyses confirm the abundance of Fe-rich pyroxenes, ranging in composition from omphacite to aegirine-augite fields (Ae20-40; Fig. 5.c). Garnets are rich in almandine, with a low pyrope content (< 10 %) increasing from core to the outmost rim (Fig. 6).  

The second sample [TC 122 (S.P. Y24); axe] has a matrix in which idioblastic crystals (100-200 (m across) of both omphacite (greenish, more abundant) and jadeite (colourless and subordinate) appear; microstructural relationships between them are hard to interpret. Occasionally, bluish-green pyroxenes are also observed. Garnets, isolated or in clusters, are strongly zoned. The rock is rich in ilmenite, with epidote, apatite and scarce zircons as accessory phases. EDS spot analyses for pyroxenes show a bimodal distribution, with clusters concentrated in the jadeite and omphacite fields, with Ae < 15 wt % (Fig. 5.c). The composition of garnets is atypical, with Alm+Sps40-55 (increasing from core to rim) and no (or little) Prp (Fig. 6).
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Figure 10. Photomicrograph and BSE image of eclogites:  a) garnet aggregate (Grt) in a dark green aegirine-rich pyroxene matrix (Ae); hematite (red: Hem) and opaque ores (Op) are included in garnets (TC02 20, PPL); b) atoll-like garnets (Grt) with ‘bright’ rutile crystals in a zoned felt of omphacite (Omph) (TC 126 – S.P. Y2, SEM image, BSE).
Finally, TC 126 (S.P. Y2; axe) shows an idioblastic pyroxene matrix with predominant omphacite crystals (100-200 (m across), in which abundant, sub-millimetric garnet aggregates with an atoll-like habit are dispersed (Fig. 10.b). Small and almost pure jadeite ‘relict’ domains are observed, which include tiny omphacite exsolutions; EDS analyses show a rather Fe-rich omphacite (Ae10-30, the higher content being related to exsolution blebs; Fig. 5.c). Garnets, lacking grossular component, have a moderate zoning with an increase in pyrope (20-25 wt %; Fig. 6) at the more external ring. Accessory rutile (as small crystals surrounding garnets) and sub-millimetric apatite appear as minor phases. 
3.4.2.2 Garnet-omphacitite

The unique analyzed sample (TC 6.1/3; axe) shows a fine-grained and zoned omphacite matrix, including small rutile crystals about 100 (m across (Fig. 11.a). At SEM, ‘relicts’ of jadeite with tiny omphacite exsolutions are surrounded and corroded by a strongly zoned omphacite (Fig. 11.b). Scarce single garnets are observed, as well as pseudomorphs after large porphyroblasts of original lawsonite. EDS analyses of pyroxenes plot in the omphacite field, with Ae10-30; jadeite ‘relicts’ are quite pure, with practically no Fe (Fig. 5.c). Garnets are relatively homogeneous, apart from a slight Alm+Sps increase at the rim (Fig. 6). Rutile and rare zircon are the accessory phases (Table 3).
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Figure 11. Photomicrograph and BSE image of a garnet-omphacitite: a) elongated rutile crystals (Rt) in a felt of fine-grained and zoned omphacite (Omph), occasionally with fibrous-radiate texture (TC 6.1/3, PPL); b) presence of older, ‘relict’ jadeite (darker: Jd), including tiny omphacite exsolutions, surrounded by an omphacite felt (Omph) with a very complex zoning (TC 6.1/3, SEM image, BSE).
3.4.3 Other lithologies
3.4.3.1 Metabasalt in blueschist facies
A single, non-greenstone sample [TC 79 (S.P. Y105); axe] was studied in thin section, which contains abundant glaucophane (Fig. 12.a), albite domains and folded pumpellyite veins. No pyroxene is present, but accessory titanite was recognized at SEM-EDS (Fig. 12.b).
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Figure 12. Photomicrograph of a blueschist-facies metabasalt: a) bluish glaucophane (Gln) in retrogressed areas with a turbid appearance; Hem: small hematite aggregate (TC 79 – S.P. Y105, PPL); b) fine-grained matrix with abundant glaucophane (Gln), furrowed by wide and branched wefts of albite (Ab); brighter areas are titanite (Ttn) (TC 79 – S.P. Y105, BSE SEM image).
4. Discussion
4.1 Mineralogical/petrographic considerations and provenance issues
For what concerns the lithotype distribution, in the Valgrana/Tetto Chiappello site the ‘Na-pyroxene rocks’ and ‘Na-pyroxene + garnet rocks’ (sensu stricto greenstones) clearly prevail (80%) above other lithologies, with a substantial balance between them (( 40 and 40 %: mostly mixed Na-pyroxenite and eclogite, respectively); jadeitite and omphacitite, however, are quite scarce (2 and 4 %, respectively). Prasinite and serpentinite are rare (2% each), which is odd, considering the well assessed local availability of the latter. A similar distribution of greenstones was also observed in the not too far site of Alba (around 60 km, as the crow flies; D’Amico and Ghedini, 1996; D’Amico and Starnini, 2006b; D’Amico et al., 2000), in which, however, jadeitite and other good quality raw materials (e.g., fine-grained eclogite) are more represented (Pétrequin et al., 2017b). The residual 16 % counts an assorted group of different lithologies – some of which quite unusual (e.g., marble, dolerite, calc-schist and micaschist). Also, 3 artifacts in nephrite (( 1%) were found – a lithology hardly observed in other Neolithic sites. 

As far as mineral/petrogenetic features are considered, it is remarkable that in all analyzed eclogites the distribution of minor/accessory minerals is rather monotonous – systematically including rutile, ilmenite and apatite (Table 3). When present, jadeite often shows tiny omphacite exsolutions, reminiscent of those described in literature (Harlow et al., 2006, 2011; Schertl et al., 2012). Yet, despite these analogies, significant differences also exist for what concerns the mutual amounts of omphacite and garnet as well as for the presence or absence of jadeite.

For what concerns the provenance of the raw materials, the Valgrana/Tetto Chiappello site is located in an area where abundant outcrops of good quality serpentinite occur (Fig. 1.b). Despite this, as for other similar contexts of the Piedmont region (e.g., Castello di Annone: Zamagni 2014; Giustetto et al., 2016), most of the retrieved stone artifacts are made of HP-meta-ophiolites – especially mixed Na-pyroxenites and eclogites – not cropping out in the immediate surroundings. Only 6 serpentinite tools (out of 247; ( 2%) were found – the supplying of which, from primary or secondary local sources, is not an issue. On the other hand, locating the site of origin of HP-meta-ophiolites is trickier as the existing geologic maps show that, either in the strict archaeological context or in its nearby surroundings, these lithologies are not reported; a wider scenario must therefore be taken into account. 

Apparently, most aspects suggest that some relatively close areas of the southern Monviso ‘massif’ (few dozens of km from the site as the crow flies; 3 to 4 days walk) might have been exploited as feasible sources of supply for these meta-ophiolites (Fig. 1) – an opinion advanced by other authors as well, who relied on different analytical approaches (i.e., visual examination and spectroradiometry: Pétrequin et al., 2012a; 2012b, 2017a; Errera et al., 2012). From a mineralogical point of view, this trend finds confirmation in the systematic lack of white mica (muscovite, paragonite and/or phengite) in almost any of the investigated Valgrana rock tools – a feature observed also in artifacts of other settlements having a Monviso origin (e.g., Chiomonte: Giustetto et al., 2020). An abundance of white mica marks instead the greenstone tools and geologic samples belonging to the Beigua area (Voltri ‘massif’), found as clasts in adjoining ‘secondary’ deposits of Oligocene and Quaternary age and pinpointed as supply sources for some Southeastern Piedmont Neolithic sites (e.g., Brignano Frascata, Villaromagnano, Momperone; Giustetto et al., 2018). White mica – easily detectable by XRPD – was hardly reported in samples collected from ‘primary’ and/or ‘secondary’ sources in the southern Monviso areas or Po valley (Váczi et al., 2019) – i.e., those areas that might better suit, at least geographically, the reservoir for the supply of the Valgrana raw materials. Despite some controversy (e.g., K-white micas –phengite and muscovite – being seldom observed in the Monviso ‘massif’; D’Amico, 2012; Pétrequin et al., 2012b), the systematic absence of white mica in the analyzed tools from Valgrana represents – providing the statistic value of the analytical survey – a discriminant factor hinting an origin from the Monviso ‘massif’ and/or adjoining clastic deposits. An analogous dispute involves the scarcity of chlorite – usually abundant in geological samples and artifacts of Voltri ‘massif’ origin (Giustetto et al., 2017; 2018), but rare (though not absent) in the Valgrana tools (Tables 2 and 3). Still, presence of chlorite as a possible ‘marker’ for a Voltri origin is yet debated by other authors (Pétrequin et al., 2012b). The unusual artifact in titanite-albite-jadeite granofels (TC02 4) could belong to the blueschist-facies external Piemonte zone (i.e., from the Queyras area, which contains metabasite bodies that are visible in the upper left corner of Fig. 1.b, on the French side of the Agnello Pass). However, the presence of euhedral titanite with corroded rutile relicts rather suggests that this rock most likely belongs to the eclogite-facies internal Piemonte zone.

Yet, despite all evidence, it cannot be excluded that the Valgrana HP meta-ophiolite tools, besides being retrieved from not too close outcrops, might as well have been exchanged (perhaps with good quality serpentinite, available on site) in trades with people of other settlements. Indeed, these trades may also constitute an alternative channel of raw materials supply – not necessarily from the same provisioning places (i.e., the southern Monviso area), but involving the only other feasible source of meta-ophiolites in the district – namely the Voltri ‘massif’ (70-to-80 km far from Valgrana, as the crow flies; Fig. 1.a). Basing on such premises, a dual “channel of supplying” might have existed in Valgrana, justified by both geographic (direct raw material retrieval by not excessively far geologic resources) and commercial requirements (provision of raw materials through trades and exchanges). Sporadic presence, in the studied tools, of minerals and microstructures that are common, or even typical, of the Voltri ‘massif’ – namely clinochlore (detected in specimens TC02 6 and TC 135), glaucophane (particularly abundant in specimen TC 79) and white mica + epidote pseudomorphs after lawsonite (e.g., in TC02 20 and TC 6.1/3; see Tables 2 and 3), leads to envisage that this dual modus operandi of supply – that is, involving both the Monviso and Voltri sources – might indeed have existed in Valgrana. Such an assumption is consistent with the position of the site, not too far from the two supply areas (though definitely closer to the Monviso; Fig. 1.a) and with the chance of organizing trades and exchanges with settlements located eastward – e.g., Alba and Castello di Annone (Giustetto et al., 2016) as well as others that supplied their raw materials exclusively from the Voltri ‘massif’ (e.g., Brignano Frascata and Rivanazzano: Giustetto et al., 2018; D’Amico and Starnini, 2006a; 2012a; 2012b). 

For what concerns the raw material extraction – whether from primary outcrops at high altitudes or secondary downhill deposits – the obtained outcomes point, once again, towards both sources, each with its own retrieval procedure. In fact, while typical surfaces ascribable to pebbles and cobbles are at times clearly visible on some tools – thus suggesting a gathering from Quaternary alluvial deposits, others show traces referable to an extraction from primary blocks, in which the detachment had likely been performed by heat exploiting methods. The latter instance is certainly true for the big ceremonial axe roughout found among the Valgrana tools (TC 139 - 89563; Table S1 in the Supplementary Material), possibly having a Monviso derivation (Mancusi, 2016).
4.2 Archaeological issues and archaeometric implications

Several roughouts and unfinished blades from the Valgrana greenstone industry were obtained by high quality lithotypes, unavailable in the immediate outskirts of the site. Typologically, these cutting tools are ascribable to no more than two types: the ‘Durrington’ and the ‘short Bégude’ – the latter being the most abundant (Mancusi, 2016; Pétrequin et al., 2017a). The related supplying of raw materials might have originated mostly from some closer areas in the Monviso ‘massif’ – separated by distances consistent with those covered by modern gatherers in ethnographic studies (Pétrequin and Pétrequin, 1993) – and used for producing tools inserted in the trade circuits even in the form of roughouts or pre-shaped tools (Venturino Gambari and Mancusi, 2016; Mancusi, 2016; Pétrequin et al., 2017a). Plain use-wears are in fact evident on broken tools, roughouts and, at times, even on splinters, implying that they might have been wrecked during use rather than manufacturing (as opposed to what observed in Castello di Annone: Giustetto et al., 2016; Mancusi, 2016). These outcomes, coupled with the high symmetry of axe borders and their typological consistency (hardly observed in other sites), led to suppose that highly specialized workers did operate in the context. Moreover, sub-trapezoidal axe roughouts – with flat bodies and both edges splintered – are also affected by many use-wears, a further evidence supporting the fact that these tools were used before (and at times without) final shaping, with a sketchy pecking and polishing. In addition to axes, a wide range of splintered tools (e.g., adzes, hammerstones) can be found in the site, thus suggesting that a varied and heterogeneous lithic industry existed, able to produce several kinds of artifacts. These tools, mostly shaped through flaking only – by finishing off the sole cutting-edges – were for all intents considered and employed for daily uses (as in Castello di Annone; Zamagni, 2014): to define them, the French term ‘tranchant’ (or ‘tranchet’) was proposed in the archaeological literature (Mancusi, 2016; Venturino Gambari and Mancusi, 2016; Pétrequin et al., 2017a).

Recently (Mancusi, 2016), a hierarchical organization for Neolithic settlements involved in the extraction, production and use of greenstone tools was proposed, unrelated to chronological or cultural issues and comprehending four different levels: i) ‘first-order sites’, deputed to highly-organized retrieval and distribution of greenstone raw material and tools (i.e., Alba, Rivanazzano and Sammardenchia: D’Amico and Starnini, 2006a; 2006b; 2012a; D’Amico et al., 1992; 1996; 1997; 2000; 2004; Mannoni and Starnini, 1994; Mannoni et al., 1996; Venturino Gambari and Zamagni, 1996), in which the lithological variability and heterogeneous dimensions of the tools indicate a supplying from both primary and secondary sources; ii) ‘second-order sites’, production centres of greenstone tools likely exploiting only secondary sources, as testified by the medium-to-small dimensions of their artifacts, marked by abundance of roughouts derived from the shaping of fluvial pebbles (e.g., Brignano Frascata, Giustetto et al., 2017); iii) ‘satellite sites’, hierarchically subordinated, in which neither specialized production nor lithological heterogeneity occurred, having a marginal role in the trade/exchange circuits; iv) ‘domestic sites’, in which the use of greenstone tools was restricted to a very limited group of people (Mancusi, 2016).

The lack of axes polished from the cutting-edge up to one third of their body (often found in high-ground settlements, such as the one studied here) may be explained by these tools being only pre-shaped and pecked in Valgrana – and then transferred elsewhere in order to complete the manufacturing process (an occurrence also hypothesized for other coeval sites of Northeastern Italy: Lunardi, 2017; Visentini, 2018). The only two completely polished artifacts (TC02 10: jadeitite chisel; 86985: paragonitite axe-shaped pendant) were interpreted as the result of importations from other sites (e.g., Alba) with an easier access to first-quality raw materials (Pétrequin et al., 2017a). Ethnographic comparisons (Pétrequin and Pétrequin 1993; Pétrequin and Jeunesse, 1996) proved that the workers destined to the gathering and rough-hewing of the raw materials were not always charged with the final steps of the manufacturing chain – such as polishing. Thus, it is possible that these pre-shaped roughouts could have been transferred in other sites, from which – after manufacture was completed – the finished and polished tools were inserted in the trade circuit. Although representing an evident production centre (being undoubtedly qualified as an atelier), Valgrana might then be considered a ‘satellite site’ – belonging to the group of those settlements destined to the early steps in tool production (Mancusi 2016), accomplishing just preliminary tasks and disposing of rather homogeneous lithological materials (rocks different than greenstones representing less than 20 %). According to some authors, this might be possible with an only seasonal occupation (Pétrequin et al., 2017a). However, several other indicators contradict this hypothesis, such as: i) the long duration of the settlement – at least four phases of frequentation, from 4600 to 3900 BC, as determined by radiocarbon dating (Pétrequin et al., 2017a); ii) the archaeo-botanical analyses (indicating cultivation of several cereals, even with winter varieties – e.g., the spelt – and legumes alternating with cereals, in addition to the autumn harvest of fruits and berries in the surrounding woods; Motella de Carlo and Venturino Gambari, 2004) and data on pollen (providing anthropic indicators, such as the presence of cereals and herbaceous plants typical of meadow-pasture environments, thus suggesting that the site was close to cultivated areas or processing-storage places of the grains); iii) the large quantity of fragments (( 6800, for a total of 115 kg; Ribero, 2017-2018); iv) the pottery form typologies (ceramic shapes in a fine paste decorated pottery, associated with pottery fragments in a coarse paste and ware); v) the presence of loom weights. In many ways, the lithic production of Valgrana/Tetto Chiappello is quite different from that of other high-ground sites, such as Chiomonte and Montalto Dora (Giustetto et al., 2020; Mancusi, 2016, Padovan et al., 2019). Besides, the low percentage (< 8 %) of objects broken during manufacturing further confirms that highly specialized workers were indeed employed here (Mancusi, 2016). 

For what concerns the provisioning mode of raw materials – whether from primary outcrops or secondary deposits – the Valgrana situation can be described as a ‘secondary high-ground supplying’ (Venturino-Gambari et al., 2002). This means that the raw materials were fundamentally obtained by retrieving boulders along the mountainsides, resulting from the dismantling of primary outcrops at high-altitude and marked by the presence – on their external surfaces – of a thin brownish patina consisting of alteration products related to the action of exogenous agents. Most of the supplying must therefore be considered of secondary origin – mainly high-ground and, at least partly, on the valley floor – though for some selected tools, a pristine primary supplying might have occurred (e.g., the large ceremonial TC 139 - 89563 axe). This sort of ‘mixed’ secondary supply is supported by the careful analysis of some manufacturing splinters, in which the natural rock surface – coated with a thin brown-to-blackish patina, resulting from weathering – is still visible. These boulders were probably retrieved from closer areas of the southern Monviso ‘massif’, not too far and rather easy to access. Although the study of the exchange systems occurring within regions of a particular raw material availability and abundance is far from being completely understood (Thiraul, 2004), the modest supply from primary outcrops in Valgrana – the details of which have yet to be outlined – is in apparent contrast with the displacement of this site with respect to the main exchange networks. Nevertheless, the availability of raw materials was certainly not handy, by considering the strong recycling to which even manufacturing fragments and splinters were subjected. 
5. Conclusions

A mineral-petrographic and archaeological study was performed on the lithic industry – mainly in greenstone – of the Valgrana/Tetto Chiapello site. The results of this survey further enrich the complex picture of Northwestern Italy settlements dating to the medium-to-late Neolithic, confirming that cultural aspects due to the mingling between (II and III phases) SMP culture (Salzani, 2006) and western features already existed in the 2nd half of the V millennium BC (as confirmed by the radiocarbon dating of the Valgrana site: Pétrequin et al., 2017a). The polished industry is consistent and well representative with similar productions occurring between the middle and recent Neolithic; the recurrence, in the cutting-edge tools, of ‘Bégude’, ‘Durrington’, ‘Bernon’ and ‘Puy’ types made of meta-ophiolites fully confirms the chronological framework provided by the ceramic repertoire and supported by radiometric dating (Venturino Gambari and Mancusi, 2016). The total absence of ‘Chelles’ types – reported instead by other authors (Pétrequin et al., 2017a) – is not atypical, as this type had a wider diffusion most northerly (e.g.,  in the contemporary phases of the Montalto Dora settlement; Padovan et al., 2019). The pottery forms, as well as the chipped and polished lithic industries, lead to consider the site as a permanent settlement rather than a seasonal one – as previously suggested (Pétrequin et al., 2017a). This assumption is also supported by the geographical location of the Valgrana site, which favours contacts between Liguria (and related peninsular areas) and those areas beyond the Alps, as indicated by the sporadic findings of the Demonte Stura upper valley, ( 1500 m asl (Vinadio, loc. Le Pianche; Cima di Collalunga; Vallone dell’Ischiator), in the direction of the Tinée valley (Venturino et al., in press). Valgrana could thus be considered as a ‘hinge’ settlement, in which rocks coming mainly from the Monviso – but secondarily also from the Voltri – ‘massifs’ were used, as hinted by mineral/petrographic outcomes, which apparently contradict other recent hypotheses (Pétrequin et al., 2017a). Besides, such an indication further supports the supposed ‘permanent nature’ of the site, motivated by both the need for territorial control and the handling of exchange circuits.

The thorough characterization of the greenstone industry – keeping into account both typological and material-related aspects – showed that this site has to be considered an integral part of the circuit aimed at the production and diffusion of these artifacts. Despite being a ‘satellite site’ within a broader hierarchical system (Mancusi, 2016), Valgrana should not be reputed a ‘minor site’: even though subordinated to larger realities (such as Alba), this site had a significant importance within the large circuit of operating chains for the production of these axe types. For what concerns the sources of the raw materials supply, these might be mainly of secondary origin, both at considerable heights (i.e., extraction of large blocks from moraine deposits) and in downhill detrital deposits of alluvial nature (as hinted by presence of dark patinas on some tools). The few objects in jadeitite (and/or paragonitite) might also be the result of exchanges/trades with other settlements (e.g., as a compensation for locally produced serpentinite sketches). These (rarer) lithotypes have been essentially retrieved by archaeologists in the form of pebbles and/or blocks of excellent quality raw material – with only few artifacts. 

While most HP-meta-ophiolites tools have an alpine origin, gathered from the not too distant areas of the southern Monviso ‘massif’, several mineral/petrographic clues point to a subordinate supplying/trade also from the western side of the Voltri ‘massif’. Besides, the high specialization in the morphological types, coupled to the lack of fully-polished tools and the scarceness of big ceremonial blades, identify Valgrana as a production atelier for objects destined to daily uses. In this sedentary settlement, the raw materials were concentrated and the initial steps of the manufacturing chain performed, only to be continued and concluded later elsewhere. It is plausible that such an agreement could also be based on reciprocal exchanges: good-quality serpentinite, locally available, might be traded for other precious greenstones, coming from distant areas (Venturino and Mancusi, 2016; Mancusi, 2016). Due to its location, Valgrana occupies an excellent position in the general circulation scheme of alpine greenstone rocks and tools, as described by several authors (Ricq-de Bouard and Fedele 1993; Baroni 2006; Pétrequin et al., 2012c). In fact, its high ground position, though inhospitable due to exposure to climate factors, allowed a global view of the below and surrounding territories, including the Monviso area and the crossroads for the trade exchanges from Liguria, Southern France and Eastern Po plain (Venturino and Mancusi, 2016; Mancusi, 2016).
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