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Abstract

e Fastern Alps

e Early Mesolithic

e | ithic industry

e Petrographic and micropalaeontological
analyses

e Techno-typological study

e Use-wear analysis

Parole chiave

The rock-crystal and chert assemblage from the Early Mesolithic site of Staller Stattel STS4A
(Antholz, South Tyrol, 2,125 m a.s.) provides insights into the hunter-gatherer lifeways in the
inner-Alpine mountain areas. Rock crystal found in the fissures of the Tauern Window was fla-
ked on site. Knappers combined typical Sauveterrian schemes with crystal-specific solutions
to reduce this mineral. Use-wear traces on tools indicate butchering, hide- and woodworking,
consistent with the mountain-base-camp nature of STS4A. Petrographic and micropalaeonto-
gical analyses conducted on the chert artefacts suggest the provenance of seasonal groups
and the territories they traversed before reaching Staller Sattel. Dolomitic Buchenstein chert
was knapped on site for producing small armatures. Long-distance mobility is documented
by finished artefacts consistent with chert from the Belluno-Friulian Prealps. The suggested
south-north direction is discussed, showing complementarity use of lithic raw-materials among
coeval sites. Finally, the presence of radiolarite from the Northern Calcareaous Alps further
attests to the crossing of the main Alpine ridge by Mesolithic populations.

Riassunto

e Alpi orientali

e Mesolitico antico

e |ndustria litica

e Analisi petrografica e micropaleontologica
e Studio tecno-tipologico

e Analisi delle tracce d’uso

L’industria in cristallo di rocca e selce di Passo Stalle STS4A (Anterselva, Sudtirolo, 2125 m
s..m.) fornisce nuovi dati sulla frequentazione dei cacciatori-raccoglitori mesolitici dei territori
alpini pit interni. Il quarzo ialino, presente nelle fessure della Finestra dei Tauri, veniva scheggiato
combinando la tecnologia sauveterriana con soluzioni specifiche per il cristallo. Le tracce d’'uso
sugli strumenti prodotti parlano di macellazione, lavorazione della pelle e del legno, in linea con
linterpretazione del sito come campo base. Analisi petrografiche e micropaleontologiche della
componente in selce indicano la provenienza dei gruppi, ovvero i territori attraversati prima che
giungessero a STS4A. La selce dolomitica del Buchenstein/Livinallongo era scheggiata nel sito.
La mobilita a lungo raggio € documentata da prodotti finiti, ricavati da selce compatibile con dli
affioramenti delle Prealpi Bellunesi e Friulane. La direttrice sud-nord viene discussa nel contesto
di siti coevi, mostrando un uso complementare delle materie prime litiche. La presenza della
radiolarite delle Alpi Calcaree Settentrionali suggerisce contatti verso i territori nordalpini.

* E-mail corresponding Author: ursula.wierer@cultura.gov.it

The petrographic and micropalaeontological analyses were conducted by S.B., the technological study by K.K. and U.W., the typological analysis by U.W., the
use-wear analysis by S.A.. The remaining parts were elaborated jointly by S.A., S.B., NM.H.K., K.K. and U.W..
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1. Introduction

2. Study area and site context

1.1 The use of rock crystal in the Alpine Mesolithic

The exploitation of rock crystal as raw material for the pro-
duction of lithic artefacts is a well known phenomenon in the
Alpine Mesolithic. Initial observations in the 1980s highlighted
the presence of hyaline quartz artefacts at several sites in South
Tyrol, in association with chert assemblages (Broglio & Lunz
1984; Lunz 1986). In studies about hunter-gatherer settlement
and mobility patterns, the co-occurrence of specific lithic raw
material varieties in varying percentages has been a key argu-
ment in connecting the numerous and wide spread Mesolithic
sites of the Adige River basin into a site system. Specifically,
the presence of rock crystal artefacts, not only near the primary
sources of the Tauern Window but also at mountain sites lo-
cated further south, and the discovery of individual rock crystal
artefacts even in some rock shelters in the distant valley bottom
around Trento, has been a significant argument for the seasonal
vertical mobility model (Broglio & Lanzinger 1990; Broglio 1994).

In the Eastern Alps, Mesolithic sites with a rock crystal in-
dustry are concentrated in the mountain areas along the Italian-
Austrian border, geographically near, or not far from the alpine
fissures of the Tauern Window. Several sites are documented
between Friuli and Carinthia (overview in Pessina 2005) and
between South and North Tyrol (Lunz 1986; Mahlknecht 2002,
2007; Hammerschmied 2011; Kompatscher & Kompatscher
2011; Kompatscher et al. 2016). In this latter area the frequency
of rock crystal, generally 40-80% of the artefacts per site, quick-
ly decreases moving away from the primary sources (Bagolini et
al. 1984; Kompatscher & Kompatscher 2011). Rock crystal min-
ing attributed to the Mesolithic and Neolithic has been identified
at Riepenkar, an alpine fissure at 2,800 m a.s.l. on the south-
ern slope of the Olperer in the Tuxer Alps (Leitner & Bachnetzer
2011).

Due to the high abundance of primary sources in the West-
ern Alps, it is not surprising that the use of Mesolithic rock
crystal is well attested in those areas. An overview, concerning
Swiss and ltalian sites, is provided by Crotti et al. (2002). Some
excavated sites are of particular interest due to their high per-
centages, 93-99%, of hyaline quartz (Auf der Maur & Cornelis-
sen 2014; Curdy et al. 2003; Fontana et al. 2000; Raiteri 2017).
Two Mesolithic rock-crystal fissures exploited as mines have
been identified in Switzerland. At Fourcla da Strem Sut/Strem-
lUcke, located at 2,817 m a.s.l. in the Swiss canton of Uri, two
exceptional objects, antler beams interpreted as tools for crystal
extraction or flaking hammers, could be recovered along with
the extraction waste (Reitmaier et al. 2016; Cornelissen et al.
2022). Excavations at Fiescheralp, at 2,575m a.s.l. in the Swiss
canton of Valais, led to the discovery of a rock crystal bear-
ing fissure, with crystals knapped on site and transformed into
artefacts (Hess et al. 2021, 2023). Sites with Mesolithic mining
known so far are located at high elevation suggesting a profound
knowledge of the territory, including its geological features and
mineral resources (Hess et al. 2021).

1.2 Aim of the research

The study of the lithic assemblage of the Staller Sattel STS
4A site, mostly constituted by rock crystal, aims to enhance our
knowledge about the lifeway of Early Mesolithic hunter-gath-
erers who frequented the inner-Alpine territories near the main
watershed, during seasonal migrations. The interdisciplinary re-
search carried out through lithic raw material analysis, techno-
typological studies and use-wear analysis, aims to investigate the
procurement and management of minerals and flakable rocks, the
intra- and extra-site flaking processes, the technological know-
how and the choices of tool production, the activities performed
by the inhabitants of the site and their mobility patterns in both the
local and wider territory.

2.1 Geographical and geomorphological setting of the study area

The Mesolithic site of Staller Sattel STS 4A is located in the
municipality of Rasen-Antholz in the Eastern Alps (South Tyrol,
Italy), at 2,125 m a.s.l. The site takes its name from the Staller
Sattel/Passo Stalle mountain pass (2,052 m a.s.l.), located a little
further north on the lItalian-Austrian border (Fig. 1). STS 4A lies
on the southern slope of a wide, northeast to southwest orient-
ed high-altitude-valley basin, shaped by glacial and fluvioglacial
processes (see also Kompatscher at al. 2016). The entire area
has been extensively modelled by active moraines and postglacial
rockslides which led to the formation of several wet areas and
moraine-dammed lakes, the largest being the Obersee (2,016 m
a.s.l.; outline of 1,3 km, Austria). The western margin of the basin
is formed by a steep rocky slope along which the paved road
leads to the Antholzer/Anterselva Lake (1,641 m a.s.l., Italy) and
to the eponymous valley. To the east, the basin gently slopes to-
wards the Defreggen Valley (Austria).

Fig. 1 - Location of the Staller Sattel Pass (Rasen-Antholz, South
Tyrol, Italy) on the ltalian-Austrian border (map base Tirol-Atlas,
Universitét Innsbruck). / Fig. 1 — Localizzazione del Passo Stalle
(Rasun-Anterselva, Alto Adige) sul confine italo-austriaco (base
cartografica: Tirol-Atlas, Universitét Innsbruck).

2.2 Geological setting of the study area

In order to introduce the lithic raw material study presented be-
low, general information about the geological setting is provided here
(see also Kompatscher et al. 2016). The rocky substrate of the Staller
Sattel area is part of the Austroalpine domain, primarily constituted
by crystalline rocks locally intruded by late Alpine magmatic masses
(Fig. 2). The site lies to the south of the northeast-southwest oriented
Defreggen-Antholz-Vals tectonic line where the variscan metamor-
phic basement of Antholz crops out. To the north of this line the
variscan metamorphic basement of Tures crops out (gneiss, parag-
neiss, schists, amphibolites, marbles, phyllites, quartzites), locally in-
truded by extended Oligocene plutonic bodies (tonalites) crossed by
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Fig. 2 - Simplified geologic-tectonic model of the study area (mo-
dified from Cesare et al. 2009: 111, fig. 69, Carta Geologica d’ltalia
1:50.000 Sheet 009 Anterselva). / Fig. 2 - Schema geologico tet-
tonico semplificato dell’'area d’indagine (modificato da Cesare et
al. 2009: 111, fig. 69, Carta Geologica d’ltalia 1:50.000 Foglio 009
Anterselva).

both acid and basic dykes (Geological Map of Italy, scale 1:50,000,
sheet 009 Anterselva/Antholz). Approximately 15 km to the south of
STS 4A the Pustertal/Val Pusteria line, a significant east-west orient-
ed regional tectonic line, separates the Southalpine basement and
covers from the Austroalpine basement.
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2.3 The site context. Stratigraphy, site formation and chrono-
logy

The STS 4A site is located on a flat terrace (2,125 m a.s.l.)
where several other Mesolithic find-spots were identified (Fig. 3).
The archaeological excavation of locus STS 4A covering 18 sgm,
took place between 2009 and 2015. Stratigraphy, soil micro-
morphology and site formation processes have been discussed
in the previous paper (Kompatscher et al. 2016). Podsolization,
typical of coniferous forested soils in high-altitude environment,
is the predominant soil formation process that occurred on sand
and gravel deposits. The Mesolithic occupation corresponds to
the first of two identified pedogenic cycles called “paleo-podsol”
formed in an open-forest environment with an Larix and Pinus
cembra community. Stratigraphic Unit (SU) 10 represents the
residual of the Mesolithic living floor, formed by the accumula-
tion of burning residues and flaking waste, and lies above the
eluvial horizon of the paleo-podzol SU 11 (Fig. 4). SUs 3 and 4,
which also contain lithic artefacts, fill a shallow depression cor-
responding to a void in the podzolic soil, and are interpreted as
the result of anthropogenic reworking of the living floor. Several
anthropogenic structures were documented during the excava-
tion. Horizons 1 and 2, at the top of the sequence, belong to the
current pedogenic cycle. The lithic artefacts found here origi-
nate from upward movement due to post-depositional process-
es. The results of the C14-AMS dating of seven charcoal sam-
ples (Kompatscher et al. 2016) place the stratigraphic sequence
between 9137 + 50 BP and 7861 + 60 BP, corresponding to
8481-8267 cal. BC and 6866-6588 cal. BC (2 sigma) (Fig. 4). Itis
unclear whether the older data set referable to the Preboreal (SU
14 and 15), which dates a thin charcoal level at the base of the
stratigraphy, originates from natural or anthropogenic fires. The
younger dataset corresponding to the Boreal / Boreal-Atlantic
boundary and associated with the lithic artefacts, is undoubtly
of anthropogenic origin.

The lithic artefacts are found from the top of unit 2 down
to unit 11 in the stratigraphy, within a total vertical depth of only
7 cm. The spatial distribution, best shown by the 2,447 three-
dimensionally recorded artefacts, shows a ring-shaped concen-
tration surrounding the above mentioned anthropogenic distur-
bance area (Fig. 5).

N Staller Sattel

Digital terrain model
Institut fur Geographie, Universitat Innsbruck

RoteWand N 20 40m

Fig. 3 - View of the Ackstall terrace with the mesolithic site Staller Sattel STS 4A during excavation (left); digital terrain model and location of
the lithic findspots (right). / Fig. 3 = Vista del terrazzo Ackstall con il sito mesolitico Staller Sattel STS 4A in corso di scavo (sinistra); modello

digitale terrestre con ubicazione dei ritrovamenti litici (destra).
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Fig. 4 - Part of the stratigraphic section 5-5
with main stratigraphic units (above); den-
dro-chronological curves of the 14C-AMS
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v4.4.4 (below). / Fig. 4 = Porzione della se-
zione stratigrafica 5-5 con principali unita
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Fig. 5 = The spatial distribution of the 2,447
lithic —artefacts three-dimensionally posi-
tioned during excavation. Anthropogenic
structures are shown in red / Fig. 5 — Distri-
buzione spaziale dei 2.447 reperti litici posi-
zionati in fase di scavo. In rosso le strutture
antropiche.



3. Materials and methods

3.1 Materials

The lithic industry from Staller Sattel STS 4A constits of 10,534
elements, 75% of which is very small flaking waste. A total of 2,447
pieces have been spatially recorded in the three-dimensional exca-
vation grid and numbered separately (,RR" for ,Reperti Registrati”).
The remaining 8,087 artefacts were collected by water screening the
sediment using Tmm meshes; their spatial distribution has been re-
corded according to the excavation units (33 x 33 cm).

The industry has a fresh appearance. Only 3-4% of the 790
studied artefacts show worn edges, which could be at least part-
ly recent due to the site location next to a hiking trail. About 4-6%
of the pieces show fire-induced alteration, a surely underestimated
percentage difficult to be recognized on rock crystal. Heat leads to
a higher fragility of the artefacts but does not alter their colour. Ex-
cept very sporadic chert artefacts, the assemblage is not affected by
patina. About ten artefacts, made both from rock crystal and from
chert, show superficial residues which could be traces of pitch. The
fragmentation rate of the analysed artefacts is very high, about 65%.
Given the condensed stratigraphy, the sample has been studied as
a single assemblage without distinction between stratigraphic units.

3.2 Methods of the techno-typological analysis

The study has been conducted on a selection of 790 artefacts
consisting of the technologically diagnostic elements and of the re-
touched pieces (Tab. 1). About 90% of this selection are registered
items and 10% were recovered through sieving. Particular attention
has been paid to the technological study of rock crystal, as hyaline
quartz constitutes about 90% of the industry. Experimental flaking
aimed to test the fracture mechanics and knapping properties of
this mineral. A significant aspect of the technological study was the
analysis of the external crystal surfaces, preserved on 25% of the
analysed items, in order to orient the artefacts according to the crys-
tal geometry. The axonometric drawing of selected artefacts within
an ideal crystal was useful for reconstructing the crystal reduction
methods.

The few refittings (n. 10) and conjoins of ancient fractures are
not the result of systematic research. Rock crystal is difficult to refit.
It is colourless and transparent, so to the eye confuses the features
of opposing faces. The distinction between blades and bladelets
(length/width >= 2) is set at a width of 11 mm. This was established
after plotting the totality of width values, which revealed a gap in the
records between 9 and 11 mm.
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The typological analysis has been carried out according to G.
Laplace’s typology (1964), except for the splinterd pieces classified
according to Crémilleux and Livache (1976). Subtypes of the backed
points and geometrics have been classified according to the typolo-
gy of Broglio and Kozlowski (1984). The definition of diagnostic var-
iants among the microlithic armatures is based on the descriptions
published by the G.E.E.M. (1969, 1972).

3.3 Methods of the raw material analysis

The raw material analysis was developed through several
steps. First, the entire assemblage was divided into two groups: 1.
A group of quartz (hyaline/milky/vein quartz) and quartzites, refer-
able to provenance areas near the site; 2. A group of cherts from
different, non-crystalline geological contexts attesting more distant
provenance areas. The first group has not been studied in detail to
determine precise source areas, assuming their more or less local
origin. In contrast, detailed petrographic analyses were carried out
on the second, smaller but significant, group of allochtonous chert
artefacts (n. 123).

At first, they were grouped according to their macroscopic fea-
tures, separating those affected by thermal or surface alterations.
Then, all the chert artefacts were analysed in detail under a stereomi-
croscope (Optika SZ series, up to 90X with camera Moticam 3+ USB
3). Diagnostic features such as transparency, lustre, colour, cortex
characteristics, textures and structures, fossil content and acces-
sory minerals helped classify the chert types (cherts or radiolarites)
and to group and assign each chert lithotype to specific geological
formations and/or secondary sources. Microfossils were identified
using comparison atlases and other reference works (Robaszynski
& Caron 1995; Premoli-Silva & Sliter 1995, 2002; Bolli et al. 1985).

Detailed photos of the microfacies of the chert artefacts were
taken and described to support our attributions. The preserved nat-
ural surfaces on the artefacts (cortex or neo-cortex) allowed us to
determine whether the sourcing occurred near primary outcrops or
from secondary sources (slope detritus, soils, torrent pebbles), as
well as the morphology of the raw materials exploited (slab, nodule,
cobble). The archaeological samples were compared with similar ge-
ological samples for definitive formational attribution.

Both Italian and Austrian geological cartography were consult-
ed to hypothesize possible displacements between the site and
the source areas (Carta Geologica d’ltalia, 1:100.000 e 1:50.000
ISPRA; Mandl 2000; Gawlick et al. 2009; Brandner et al. 2011;
Brandner & Gruber 2012).

Tab. 1 - Techno-typologically analyzed mesolithic artefact assemblage from Staller Sattel STS 4A site, divided by lithic raw material. /
Tab. 1 - Lindustria mesolitica di Passo Stalle, sito STS 4A, sottoposta ad analisi tecno-tipologica. Divisione per materia prima litica.

Lithic raw Cores Unretouched Retouched Retouched Debris and Natural Waste from Total
material: artefacts artefacts - artefacts indeterminate blocks armature
armatures -common fragments and slabs -and
tools toolmaking

Rock crystal 12 379 108 83 58 9 649
Buchenstein chert 6 34 12 3 9 1 65
Rosso Ammonitico chert 3 8
Southern Prealpine chert 1 20 7 5 38
ZiLIJc;r:En “pegmatitic” 3 1 1 4 1 10
Northalpine radiolarite 2 2
Quartz/Quartzite 7 7 1 15
Indeterminable 2 1 3
Total 19 448 134 94 83 3 9 790
% Retouched artefacts 59% 41% 100%

(n.228)
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3.4 Methods of the use-wear analysis

Use-wear analysis was carried out on a sample of 98 artefacts,
selected among retouched tools and unretouched items recovered
from stratigraphic units 1, 2, 3, 10 and 14. The analysed artefacts
were made on rock crystal (n. 83), Buchenstein chert (n. 4) and
other Southalpine cherts (n. 11). The study focused on domestic
tasks carried out at the site. The analysis of impact traces on the
armatures was not part of the research.

Use-wear analysis of the rock crystal artefacts followed the
specific methodology developed for this material (Fullagar 1986;
Pignat & Plisson 2000; Knutsson et al. 2015; Ollé et al. 2016). In
examining tool surfaces, we focused on scarring, striations, polish-
ing, and abrasions. Regarding scarring, the development of micro-
chipping on rock crystal does not consistently correspond with the
morphologies observed for other raw materials (Fernandez-March-
ena & Ollé 2016). This difference is attributed to specific regions
of the crystal artefacts, primarily on the ventral face, which exhibit
surface undulations caused by the frequent presence of lancets.
These undulations alter the surface of the tool, leading to increased
stress on the worked material during use. As a result, when stress
causes an edge fracture, the microchipping takes on the morphol-
ogy of the lancets (Fernandez-Marchena & Ollé 2016). In contrast,
in areas without lancets, the microchipping exhibits a conchoidal
appearance (Knutsson 1988; Fernandez-Marchena & Ollé 2016).
Therefore, our analysis of edge scarring primarily focuses on the
dimensions, localization, and arrangement of the scars, rather than
their morphological characterization.

The analysis of implements made of Buchenstein and other
cherts was based on the identification of edge damage, rounding,
polish, and striations (Tringham et al. 1974; Odell & Odell-Vereecken
1980; Keeley 1980; Vaughan 1985).

All lithic implements were analysed using both low-power
(Tringham et al. 1974; Odell & Odell-Vereecken 1980; Odell 1981)
and high-power approaches (Keeley 1980; Vaughan 1985; Van Gijn
1990) with the aid of different microscopes:

- a 3D digital Hirox KH 7700 microscope equipped with an
MX-G 5040Z body and an AD-5040Lows lens (20x-80x mag-
nifications) for LPA, and equipped with an MXG-10C body and
OL 140 Il lens (140x-560x magnifications), a polarizing filter and
an AD-10S Directional Lighting Adapter for HPA examinations.

- aZeiss Axio Scope 7 reflected light optical microscope with 10
oculars and three objective lenses (100-400x magnifications),
equipped with polarizing filters and DIC for HPA examinations.
Traces on the archaeological lithic tools were interpreted by

comparing them with an experimental reference collection, com-

posed of experimental tools made from chert and rock crystal and

representing a wide range of uses and activities (see chapter 8.1).

4. Lithic raw material analysis and provenance

4.1 Local lithic resources: Rock crystal primary sources

Rock crystal makes up about 90% of the lithic assemblage re-
covered at Staller Sattel STS 4A site. Mineralogical investigations
and fluid inclusions analysis, which have been conducted elsewhere
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Fig. 6 — Extension of the tectonic Tauern Window in the Eastern Alps (above, according to Seemann, 1994); the distance of the Staller Sattel from the
southernmargin ofthe Tauern Window (red line) and from the nearest areas known for alpine fissures (red-striped) (below, according to Exel 1980; 1982)./
Fig. 6 — Estensione della finestra tettonica dei Tauri nelle Alpi Orientali (in alto, secondo Seemann, 1994); la distanza di Passo Stalle dal margine meri-
dionale della finestra dei Tauri (linea rossa) e dalle piti vicine aree note per fessure alpine (tratteggio rosso) (sotto, secondo Exel 1980; 1982).



to determine the potential sources of the material (Niedermayr 2011),
have not been taken into consideration. The presence of numerous
artefacts bearing portions of natural crystal faces, indicating an origin
from automorphic minerals, as well as the abundance of transparent
elements, is consistent with the hypothesis of its genesis within open
alpine fissures (de Lombera Hermida 2008, Niedermayr 2011). The
Staller Sattelis located near the southern border of the tectonic Tauern
Window. It stretches over 160 km in a west-east direction, from the
Brenner Pass to the Katschberg Pass, encompassing the Zillertaler
Alps and the Hohe Tauern (Seemann 1994) (Fig. 6 above). The win-
dow exposes the deeper-lying subpennidic and pennidic units of the
Alps (Schmid et al. 2004; Schmid et al. 2013), traditionally known
as the Zentralgneis and the Untere und Obere Schieferhiille. These
tectonic units are rich in alpine fissures that developed during the
uplift. The cavities had been filled by hot hydrothermal fluids, which
underwent slow cooling during geological time (Niedermayr 1994;
Kandutsch et al. 1998). The fluids crystallized, forming the fillings of
the fissures. The resulting minerals, frequently in the form of colour-
less hyaline quartz or smoky quartz crystals, have been object of
collection and trade for many centuries.

Based on the geographical proximity, possible provenance ar-
eas for the STS 4A hyaline quartz can be hypothesized. Important
areas with rock crystal fissures are located north of Staller Sattel,
within a belt that stretches from the north-west to the north-east (Fig.
6 below). To the west, one encounters the fissures of the Zillertaler
Alps, with areas historically exploited by mineral collectors. On the
present-day ltalian slope, they are known around Lappach/Lappago,
Neves, Weissenbach/Rio Bianco and along the main Alpine ridge up
to the Birnltcke/Forcella del Picco (Exel 1980). The Venedigergroup
extends from here towards the east, with crystal fissures roughly
between Prettau/Predoi and Matrei, delimited by the Umbail-, Vir-
gen- and Frossnitz Valleys. This district is the closest to Staller Sattel,
located at a distance of roughly 15 to 30 km in direct line. A further
area with primary sources lies to the east of Matrei and the Tauern
Valley, between the Granatspitz- and Glocknergroup, today accessi-
ble via the Dorfer Valley (Exel 1982).

Modern mineral collectors move in rough terrain at significant
altitude. However, it should be kept in mind that the more easily
accessible areas may have been extensively exploited in the past.
Therefore it can be assumed that the availability of rock crystal was
considerably different in the Postglacial, with a higher abundance
also at lower altitudes.

4.2 The most local lithic resources: filonian quartz (“pegmatitic
quartz”) and quartzites

Ten artefacts were made on meta-magmatic quartz mineraliza-
tions (so called “pegmatitic quartz”), often in association with feld-
spars, tormalina and biotite, crossing the paragneiss of the Tures
basement (PI. 1: 5-6). Close to the Staller Sattel pass, on the northern
slope of the valley, these are rather frequent. Quartz mineralizations
are also found in the Oligocene plutonites, both in dykes and in the
thermal metamorphic aureole.

Other expoitable local lithologies are represented by white or
grey metamorphic quartzites which form banks up to 0.5 m thick in
the Austroalpine (Antholz and Tures) variscan paragneiss basement
(PI. 1: 7-8). Their use at STS 4A is not proven (see chapter 6.7). In
sum, flakable rocks available within a short distance from the site,
less than 5 km, are scarce and of poor quality.

4.3. Non-local lithic resources from the Austroalpine

4.3.1 Radiolarites from the Chiemgau/Ruhpolding Group (Upper
Jurassic)

Two armatures, a backed fragment and a geometric piece (trian-
gle) are made of light grey radiolarite (PI. 1: 1-2). The raw material shows
strong similarities with the radiolaritic horizons, specifically with the ra-
diolarian marls that are typical of the so called “Chiemgau-Schichten”
(Middle Jurassic). The Chiemgau formation has recently been included
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in the Ruhpolding Group of the Northern Calcareous Alps (Austria/
Bavaria) (Gawlick et al. 2009). Artefacts made from these lithotypes
are quite frequent at the Mesolithic high-altitude site Ullafelsen (Sell-
rain, Innsbruck, Austria), located in a side valley, the Fotscher Valley,
some tens of kilometers northwest of the Brenner Pass (Pl. 1: 3-4)
(Bertola 2011a). Their features are very similar to those observed on
the STS 4A-artefacts. The nearest comparable outcrops to Staller
Sattel are located in the Karwendel Mountains, particularly near the
Achensee, north of the Inn Valley (Fig. 7).

4.4. Non-local lithic resources from the Southalpine

They represent the majority of the non-local flaked artefacts.
These cherts originate from the Eastern Southalpine sedimentary
covers, extending approximately 100 km south of the Puster Valley
(from the Dolomites to the Prealps facing the Po Plain) and about
150 km in an east-west direction (from the Adige Valley to the Tag-
liamento Valley). Within this large area the features of the cherts
recovered at STS 4A allow to hypothesize the most probable provi-
sioning routes and areas. The above mentioned cherts have been
grouped and assigned to specific geological formations and prov-
enance areas as described in the following chapters and related
macrophotoes. Percentages are reported in figure 8 and table 2.

4.4.1 Dolomites. Buchenstein cherts (Triassic, Ladinian)

The most frequently used chert at STS 4A is the Buchen-
stein (Neri et al. 2007: 51-54), certainly not for its quality, but be-
cause closest to the site and generally frequent in the Dolomites.
Among the geological formations different sub-units have been
described (Knollenkalke, Banderkalke, Plattenkalke). The STS 4A
cherts have been mainly collected from Plattenkalk-like horizons.
The silicified horizons (layers) or nodules in the pelagic limestone
are mostly dark, with less frequent green varieties. The chert mi-
crofacies are characterized by the presence of radiolarians, cal-
cisferes, pelagic bivalves and volcanic inputs (Pl. 2: 1-6). Cherts
are almost always inhomogeneous, frequently laminated, slight-
ly vitreous and somewhat rough to the touch due to incomplete
silicification. Among the STS 4A assemblage, there are also cor-
tical artefacts, not much exploited cores, and fragments of small
natural slabs, suggesting that the raw material was procured from
not too far from the site. Blocks were collected from the detritus
near the outcrops or from soils. The nearest outcrops with quite
abundant cherts are found in the area of Prags/Braies, between
the Pragser Wildsee/LLago di Braies and the Toblacher See/lLLago
di Dobbiaco, about 22 km in a direct line south of STS4A. These
outcrops lie at 1,230 m a.s.l. and therefore easily accessible from
the Puster Valley (Fig. 7).

Tab. 2 - Results of the petrographic analyes of the STS 4A arte-
facts different from rock crystal (BL-FR = Belluno-Friulian Prealps). /
Tab. 2 - Risultati delle analisi petrografiche dell'industria di STS 4A
diversa da cristallo di rocca (BL-FR = Prealpi Bellunesi-Friulane).

Lithology Nr %

Filonian quartz and quartzites 6 5,0
Radiolarites — Chiemgau Group 2 1,6
Buchenstein 64 53,3
Rosso Ammonitico Superiore 8 6,7
Fonzaso - Prealps BL-FR 2 1,6
Soccher/Fadalto — Prealps BL-FR 5 4,2
Maiolica — Prealps BL-FR 8 6,7
Scaglia Variegata Alpina — Prealps BL-FR 8 6,7
Scaglia Rossa - Prealps BL-FR 14 1,7
Non identified 3 2,5
Total 120 100
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Fig. 7 — Localization of the sourcing areas of chert and radiolarite compatible with the raw materials identified at Staller Sattel STS 4A(aerial
photo from Google Earth). / Fig. 7 — Localizzazione delle aree di provenienza delle selci e radiolariti compatibili con le materie prime identi-
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Fig. 8 - Results of the petrographic analyes of the STS 4A artefacts
different from rock crystal (the Prealpine chert comes from the Bel-
luno-Friulan Prealps). / Fig. 8 — Risultati delle analisi petrografiche
dell’industria di STS 4A diversa da cristallo di rocca (la selce preal-
pina provine dalle Prealpi bellunesi-friulane).

4.4.2 Dolomites. Rosso Ammonitico and Maiolica cherts (Upper
Jurassic-Lower Cretaceous)

In the Dolomites, the pelagic (Jurassic to Cretaceous)
Southalpine series has been nearly completely eroded by the
Alpine uplift. Isolated patches are found near Cortina d’Ampez-
zo, in the Fanes—Sennes—Prags/Braies area, and on top of the
Sella and the Puez/Gardenaccia group, at elevations between
2,500 and 3,500 m a.s.l. (Geological Map of Italy 1: 50,000,
sheets 028 La Marmolada and 029 Cortina d’Ampezzo; Brondi
etal. 1977: 19; Lukeneder 2011). The flakable cherty formations
include the Rosso Ammonitico (small nodular micritic Tithonic
horizons with red cherts) and the Maiolica, characterized by
dark grey cherts (Bini et al. 1995), whilst the outcrops of Marne
del Puez, Scaglia Variegata Alpina and Scaglia Rossa (here re-
ferred to as “Ruoibes de Inze formation”, near Antruilles; Sauro
& Meneghel 1995: 16) are very sporadic and highly tectonized.
The outcropping series have limited geographic extension, are
difficult to access and are often disturbed by tectonics and
strongly condensed. The exploitation of these cherts was oc-
casional at STS 4A. A few Rosso Ammonitico artefacts, most-
ly consisting of armatures, show strong analogies with cherts
cropping out in the Fanes area, at about 2000 m a.s.l., where
they are characterized by thick wavy microlamination highlight-
ed by thin spiculas alignment (PI. 2: 7-8). Regarding the Maiol-
ica, a partial provenance from the dolomitic outcrops cannot
be completely excluded for STS 4A artefacts, although most
of them show clear affinities with the prealpine area (see the
following chapter).



4.4.3 Belluno and Friulan Prealps. Fadalto, Soccher, Fonzaso,
Maiolica cherts (Upper Jurassic-Lower Cretaceous)

The lithic industry of STS 4A comprises chert lithofacies that
can undoubtedly be attributed to geological formations outcrop-
ping in the prealpine areas. The presence of silicified bioclastic
calcarenites clearly indicates re-sedimented horizons within the
Belluno-Carnian slope-to-basin formations. These lithofacies are
abundantly found at the margins of the Friulian Platform and are
referred to as “Faldalto Calcarenites” (the nearest, Ghetti 1987,
1989) or “Soccher Limestone” (PIl. 3: 1-4). Furthermore, most of
the artefacts made of Fonzaso and Maiolica cherts contain fine
detrital components, suggesting that these cherts likely originate
from the same provenance areas, at least for the majority of the
artefacts. Additional evidence supports this hypothesis. One end-
scraper displays a small natural surface originating from a strongly
rounded pebble with iron oxides in the inner fractures (PI. 3: 7-8).
These pebbles are abundant in the Friulian Plain (Plio-Pleistocene
fluvio-glacial pebbles of the Tagliamento amphitheater) and, to the
best of current knowledge, have not been recorded elsewhere
(Fig. 7) (Fontana & Ferrari 2020).

4.4.4 Belluno Prealps. Upper Scaglia Variegata Alpina (Middle
Cretaceous, Cenomanian)

In the Southalpine, the upper part of the Maiolica (Aptian to
Cenomanian) is generally referred to as “Scaglia Variegata Alpina”.
Although in the Belluno geological sheet (1: 50.000) this formation
has not been divided and is mapped as Maiolica, this distinction
is made in the present article. A group of Cenomanian artefacts
belongs to cherts cropping out within a few tens of metres at the
top of the Scaglia Variegata Alpina (yellow varieties). Their micro-
palaeontological content allows for their stratigraphic placement
(PI. 4: 1-4). We can exclude their occurrence in the Dolomitic ar-
eas, where the series are highly condensed or eroded. Possible
provenances areas for these artefacts include the Non Valley,
near the Adige Valley, where they are frequent (Bertola 2011a),
as well as the westernmost part of the Belluno Prealps (munici-
pality of Feltre). Despite some variability within the group, which
suggests a certain caution in attribution, their petrographic fea-
tures suggest stronger affinities with the Belluno Prealps due to
the presence of fine microdetritus dispersed in the matrix. These
chert types have been collected near prime chert outcrops and
never in alluvial contexts.

4.4.5 Belluno Prealps. Scaglia Rossa cherts (Upper Cretaceous,
Turonian-Maastricthtian)

In terms of absolute frequency, the second most commonly
used chert after the Buchenstein is the Scaglia Rossa (PIl. 4 and
5). The Scaglia Rossa formation of the Belluno Prealps (Costa
et al. 1996: 33-35) contains abundant chert nodules and layers
throughout the whole formation, not only in the lower part as seen
in most Southalpine Scaglia Rossa outcrops (Peresani & Bertola
2010: 91-92). STS 4A artefacts represent various chert types dis-
tributed across the entire formation, from the bottom (PI. 4: 5-8) to
the top (PI. 5: 1-8), ranging from reddish to yellowish brown. Most
of these artefacts originate from the upper Scaglia Rossa out-
crops (Campanian to Maastrichtian age. PI. 5: 1-8). In terms of mi-
cropalaeontological association, colour and texture, comparable
Scaglia Rossa cherts are found only in the Belluno Prealps. This
is certainly clear evidence of the provenance of this chert group.
Additionally, the Scaglia Rossa cherts used at STS 4A have been
collected near optimal chert outcrops.

4.4.6 Considerations about the provenance of the Southalpine
cherts in the STS 4A site

A part of the exploited cherts were collected at high altitudes
in the Dolomites, attesting movements within the mountain area
for hunting or seasonal shifts.

The presence of Jurassic to Cretaceous detrital cherts (Fald-
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alto Calcarenites, Soccher, Fonzaso, Maiolica) suggests their

provenance from transitional areas between a platform and a ba-

sin. This is particularly the case of the Friulian Platform, which
remained active until the end of the Cretaceous, and the adiacent

Belluno-Carnian basin (Gnaccolini 1968; Costa et al. 1996: 28-33;

Masetti & Bianchin 1987: 199-201; Zanferrari 2008).

These data suggest movements much further south, given
that comparable chert outcrops are found in the Belluno-Friulian
Prealps, particularly:

- in the lower Piave Valley (Belluno Valley and in the adjacent
reliefs bordering the Venetian Plain) (Fig. 7). The best chert
outcrops in terms of abundance, accessibility and integrity,
are located on the southern slope of the Belluno Valley, be-
tween the Alpago and the locality of Mel (Peresani & Bertola
2010: 91-92; Visentin et al. 2016).

- in the lower Tagliamento Valley, extending down to its mouth
in the high Friulian Plain. Small and strongly rounded pebbles
of various chert lithotypes are frequent in this area. The best
in terms of homogeneity and flakability are the pebbles from
the Fonzaso and Maiolica formations.

5. Techno-typological analysis of rock crystal

5.1 Rock crystal as knappable raw material
5.1.2 Shape of the quartz crystal

The term “rock crystal” or “hyaline quartz” refers to mac-
ro-crystalline quartz in the form of isolated crystals characterized
by flat crystalline faces and transparent appearance (automorph
quartz) (Mourre 1996; de Lombera Hermida 2008). Quartz be-
longs to the trigonal-trapezohedral crystal class. Its crystals have
four crystallographic axes (Rykart 1989, Fig. 9: 3):

- the c-axis or main axis and
- the three a-axes, which are in a right angle to ¢ and form

constant angles of 120° between each other. The shape of a

quartz crystal is determined by its ordered atomic structure

(crystal grid). Its shape consists of a combination of basic

crystallographic forms. The most common combination is:

- the six-sided prism (m) and
- the two main rhombohedra (r and z). These, when combined,

form the six-sided terminations of the crystal (Rykart 1989:

43. Fig. 9: 1-2).

The angles between the analogous crystal faces are con-
stant and remain the same even when the size of the crystal faces
varies (Fig. 9: 2). They meet at 120° (m to m), 142° (mtor/ mto 2),
134°(r to z) and finally at 86° at the top of the crystal (rtor/ z to z).

5.1.3 Varying habit and adaptations of the real crystals

The progressive growth of rock crystals within a crystal fis-
sure occurs through the deposition of substance from circulating
hydrothermal solvents onto the crystal faces (Fig. 10: 1-2). The
differing growth rate of the faces (r with respect to z, as well as r-z
with respect to m) leads to a variety of shapes, which determine
the individual habit of the real crystals (Rykart 1989: 50, Fig. 29A;
Mottana et al. 1997). Furthermore, depending on the position
and the orientation of the crystal within the fissure, and on the
projection of the neighbouring crystals, the growth in a certain
direction may be favoured or hindered (Fig. 10: 3) (Mullis 1991).
Nevertheless, even the resulting distorted, flattened or elongated
crystals maintain the above mentioned angles. In nature quartz
crystals generally grow in associations. A typical association of the
quartz is twinning, where two or more crystals grow together by
contact or by compenetration (Mottana et al. 1997). During their
growth crystals may be subjected to diaclases caused by internal
flaws and tectonic forces (de Lombera Hermida 2009). Once bro-
ken, the fragments may continue to grow within the cavern adapt-
ing their shape to the new position (,regenerated” crystal fragment
or ,healed” crystals).
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Fig. 9 - 1. The most common combination of crystallographic forms found in quartz crystals; 2. Ideal quartz crystal with indication of the an-
gles; 3. Crystallographic axes and angles (modified from Rykart 1989). / Fig. 9 - 1. La pit comune combinazione di forme cristallografiche nei
cristalli di quarzo; 2. Cristallo di quarzo idale con indicazione degli angoli; 3. Assi cristallografiche e angoli (modificato da Rykart 1989).
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Fig. 10 - 1. Rock crystals inside an alpine fissure (modified by Col-
lina-Girard 1997); 2. Growth and growth ratio between rhombohe-
dron and prism (modified by Rykart 1989, Abb 29a); 3. Rock crystal
druzy (Mineralienmuseum St. Johann in Ahrn); 4. Prism with hori-
zontally striated surface; 5. Rhombohedron with opaque surface. /
Fig. 10 - 1. Cristalli di rocca all’interno di una fessura alpina (modi-
ficato da Collina-Girard 1997); 2. Crescita e rapporti di crescita tra
romboedro e prisma (modificato da Rykart 1989, Abb 29a); 3. Drusa
di cristallo di rocca (Museo dei Minerali, San Giovanni - Valle Aurina);
4. Prisma con superficie striata orizzontalmente; 5. Romboedro con
superficie opaca.

5.1.4 Rock crystal colour and surface, size and physical properties

Rock crystals are colourless and can be completely trans-
parent, or range from transparent to translucent, specially at the
crystal base attached to the enclosing rock which is more sub-
ject to tectonic forces. Due to their exposure to corrosive hydro-
thermal solvents the surfaces of the r and z may appear more or

less matte. In contrast, the prism faces show a parallel striping
perpendicular to the c-axis (Fig. 10: 4-5). Contact surfaces be-
tween adjacent and intergrown crystals are matte with a rough,
ribbed surface.

Rock crystals show a great variety of sizes. Their length can
range from less than 1 mm up to several meters. Nevertheless,
rock crystals longer than 25 cm represent an exception (Rykart
1989). Currently the largest examples in Southern Tyrol’'s museum
collections are those measuring 50-60 cm (at the Naturmuseum
Bozen and at the Mineralienmuseum St. Johann Ahrntal). The ra-
tio between the length and thickness of quartz crystals typically
ranges from 3:2 to 4:1 (Rykart 1989: 50).

Hyaline quartz is very brittle. The transparent portions break
forming neat concave fractures whereas the fractures on the
translucent are uneven (see also de Lombera Hermida 2008). Due
to the anisotropy of this mineral, a preferred splitting and cleavage
direction runs parallel to the faces of the rhombohedra (Fig. 10: 2)
(Mottana et al. 1997, n. 71; Rykart 1989: 50; de Lombera Hermida
2009: 7, Mourre 1996: 206). This is confirmed by the results of the
present study, which shows that the preferred direction to open
and to reduce the crystals at STS 4A is indeed oblique to the
c-axis (see chapters 5.2.2 and 5.2.3).

Hyaline quartz has a hardness value of 7 on the Mohs’ scale.
According to the results of the experimental work (see chapter
8.1.6) rock crystal has sharper and more resistant edges com-
pared to chert.

5.1.5. Knapping properties and features

Experimental knapping carried out as part of the present
study showed that rock crystal exhibits less conchoid fracturing
compared to Southalpin chert, particularly in the translucent por-
tions. This results in a generally weaker curvature between the
Hertzian cone (bulb and counter curve) and the flat ventral surface
(Fig. 11). Only removals from the transparent crystal portions with
smooth flaking surface may have pronounced bulbs. In the case
of hinging, hinged terminations on rock crystal are rarely round-
ed, which can again be explained by the less conchoid fracturing
(Fig. 12). The distal ends are usually either stepped or normal. Oc-
casionally, due to high internal pressure and low rotation during
splitting, the ventral face of the resulting detachment may exhibit
a rippled surface. Therefore, when using rock crystal as a lithic
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raw material, the optimal preparation of the core to avoid hinging
is less compelling than with chert, which has a more conchoidal
fracture pattern.

Rock crystal is very brittle and not very flexible, so the de-
tachment of very thin blanks (less than 2 mm) almost always leads
to their breakage, unlike with chert. On the translucent portions,
the removals are often characterized by unpredictable changes in
the direction of the blow. This can hinder or affect the detachment
of the desired product and the further reduction of the crystal.

The fracture surfaces of the transparent portions are general-
ly smooth (sometimes also ribbed or rippled), whereas those gen-
erated on the translucent or matte portions are never smooth. For
this reason, products detached from the basal translucent portion
of the crystals are difficult to orient. This is due to the limited de-
velopment of the bulb, the superimposition of the ripples and the
frequent changes in the direction of the propagation wave. In the
case of blank fragments, feeling the ventral face with the fingers
can help to determine the orientation of the blow.

Rock crystal can be easily retouched. Regular conchoidal re-
touching is achieved only on the transparent portions whereas the
negatives of the translucent portions are generally shapeless. The
distinction between natural fractures and negatives is therefore
difficult, sometimes recognizable only through small edge splin-
terings caused by the retoucher.

Fig. 11 - Bulb and a b c
countercurve. Compa-
rison between a) chert
and b) rock crystal
blanks. / Fig. 11 = Bul-
bo e controcurva. Con-
fronto tra supporti in a)
selce e b) cristallo di
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Fig. 12 - Pattern of hinged fracture. a) Chert, with rounded
fracture; b) Rock crystal, with step or normal fracture; c) rock
crystal, with rippled ventral face. / Fig. 12 - Andamento della
frattura riflessa. a) selce con frattura arrotondata; b) cristallo
di rocca con frrattura step o normale; c) cristallo di rocca con
faccia ventrale increspata.

5.2 Reduction of rock crystal at the site STS 4A
5.2.1 Size of the chosen crystals

The studied rock crystal assemblage from STS 4A does not
comprises intact crystals or larger fragments that would allow
for the determination of the size and habitus of the exploited
minerals. The few artefacts preserving larger portions of the
hexagonal prism indicate a minimum width of 20-30 mm for the
prism faces.

5.2.2 Reduction scheme of intact rock crystals

Intact crystals show features that allow them to be used as
cores without preparation. Due to the smooth surface no decor-
tication was required (see also Visentin 2017: 81). The angle of the
apex, lower than 90°, was already suitable for flaking (Figg. 9: 2
and 13: 3a). Production on hyaline quartz crystals began directly
from the outer surface, in contrast to chert where the desired
blanks were often detached from the inner portion of the block.
Intentional breakage of the crystal to obtain useful angles was
difficult to control and therefore risky. A first blank detached from
the apex could be followed by others in the same direction. After
reducing the rhombohedron, the oblique flaking surface could
be established on the prism (Fig. 13: 3b). Subsequently, after a
horizontal 180° rotation of the crystal, a second surface could be

e
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Fig. 13 - Possible sequen-
ce of reduction of an intact
rock crystals at STS 4A.
Central arris and flaking
surfaces are here repre-
sented as flat, although
these could be curved or
bulged. / Fig. 13 — Possibi-
le sequenza di riduzione di
un cristallo di rocca intatto
a STS 4A. Nervatura cen-
trale e superficie di distac-
CO SOno qui rappresentate
come piane, ma potevano
essere ricurve o bombate.
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created and a central arris formed. In this way, one surface could
be used as striking platform and the other as flaking surface
(Fig. 13: 8c). This action could also have been performed earli-
er, already on the rhombohedron (Fig.13: 3d). Depending on the
position of the arris, the surfaces created could vary in length
and facilitate the production of blanks for different purposes.
Additionally, the inclination of the flaking surface could vary ac-
cording to the desired products. This procedure enabled a flex-
ible and continuous exploitation of the crystal core. The flaking
angles had to be kept under control during knapping.

This method of blank production could be continued until
the complete reduction of the crystal, unless interrupted by ir-
regularities in the raw material or mistakes during flaking. On the
translucent crystal portions unexpected changes in the direction
of the blows or hinging on the flaking surface were quite fre-
quent and difficult, if not impossible, to correct. Further reduc-
tion could then only be attempted opportunistically, for example
by establishing a new oblique flaking surface on the crystal base
after a vertical rotation (Fig. 13: 3e. For comparison see also
Visentin 2017: 81).

5.2.3 Examples of blank production according to the above de-
scribed scheme

At STS 4A no “first blank” indicating the opening of the
crystal from the apex has been identified, but the extraction of
desired products from the rhombohedron is demonstrated by
two artefacts, both transformed into tools (PI. 6: 1-2). The subse-
quent reduction phase is best observed on some blades and on
a laminar flake (PI. 6: 3-4, 6-7). The débitage was carried out in a
way that both the striking platform and the flaking surface were
oriented obliquely to the crystal c-axis. The angular disconti-
nuity formed by the encounter between the prism face and the
negatives acted as longitudinal (Pl. 6: 3, 6) or transversal con-
vexities of the core (Pl. 6: 4, 7). This phase led to the production
of the most regular blanks in the assemblage. The systematic
use of the above mentioned oblique striking platform is also evi-
dent from several flakes, at least one of which was used for core
maintenance (PI. 6: 8-10).

A different method of reduction involved the detachment of
blanks transversely to the c-axis. The resulting large and thick
flakes had functional potential, as demonstrated by the exam-
ples that were transformed into tools (PI. 6: 5). Several artefacts
attest to the initial opening of the crystal from the basal rhom-
bohedron (PI. 7). Despite the poor quality of this portion of the
crystal, such flakes could either be transformed into tools (PI. 7:
14, from a twinned crystal) or used without retouching (PI. 7: 11.
See chapter 8.2).

5.2.4 Blank production on thick flakes

Besides the reduction of intact crystals or natural crystal
fragments, thick flakes have also served as cores. Residual por-
tions of their ventral face (see “+” symbol indicating the positive
facet) are clearly visible on 22 artefacts and, with some uncer-
tainity, on additional 18. Large flakes used as cores originated
from all parts of a crystal (rhombohedron, the portion between
rhombohedron and prism, prism, crystal base). The débitage
used for their reduction varied as follows:

- unipolar, either half-turning or frontal, aimed at producing
bladelets, evidenced on two cores and a refitting (PI. 8: 7
and 11);

- bipolar versus centripetal, possibly for the production of
flakes, attested on a discoidal core (PI. 8; 2).

- but mostly centripetal, as demonstrated by numerous flakes
(PI. 9: 10-11).

Judging by their shape, some discoidal cores with a bicon-
vex cross-section may also have originated from flakes (PI. 8: 1
and 6).

5.2.5 Reading the cores. The final phase of rock crystal reduction

Information about the final phase of reduction are obtained
from the 11 intact cores (Tab. 3). These cores are all small in size,
ranging from 11.9 and 30.4 mm in length. Only half of them show
transparent and high-quality crystal, while the remaining ones are
translucent. The external crystal portions refer to all parts of the
crystal, from the rhombohedron to the base. Exploitation also in-
volved twinned, and therefore irregular, crystals (PIl. 7: 13 and 8: 5),
crystals with healed fractures (PI. 9: 8, 11) and examples showing
contact zones with an adjacent crystal (Pl. 8: 7).

During the final exploitation, nearly all cores produced flakes.
Judging from the last negatives these were between 16 mm and 23
mm long, with a mean value of 18 mm. Due to the limited convexi-
ties of the flaking surfaces and their width, the resulting flakes were
thin. The extraction of bladelets and lamellar flakes is evident in
three examples, even though they do not display regular negatives
(P1. 8: 7-8, 11).

Core reorientations are frequent. The few crested blanks of the
assemblage likely derived from such operations. Core abandon-
ment generally occurred due to hinged scars, loss of flaking angle
or size reduction.

The 11 intact cores can be grouped as follows:

a) The simplest cores have a single flaking surface, wide and fee-
bly convex, exploited at its final stage with unipolar (PI. 8: 8-9),
bipolar (PI. 8: 5) and bidirectional débitage (Pl. 8: 2. Phase 2
serving for maintenance). The core back is formed either by an
external crystal face or by other natural surfaces. The cores
have a discoidal shape (see “oval cores” Broglio & Kozlowski
1984), except for a sub-pyramidal core.

b) More complex cores show two adjacent flaking surfaces ex-
ploited from a single striking platform in order to control the
transversal convexity. Core RR 2343 has a wide flaking sur-
face adjacent to a narrow one (Pl. 8: 10). The negatives from
the opposite striking platform indicate core reorientation. Two
adjacent narrow flaking surfaces characterize the only pris-
matic bladelet core in the assemblage (PI. 8: 7).

¢) The most complex cores have two flaking surfaces exploited
from two different striking platforms. Two discoidal cores with
a biconvex cross-section (PI. 8: 1, 6) show alternating reduction
from the both faces, with at least 2 reorientations. Another ex-
ample, irregular in shape, shows successive exploitation of both
faces (Pl. 8: 4). Cores RR 1762 and RR 2298, now polyhedral
in shape, have two orthogonal flaking surfaces used one after
the other (PI. 8: 3, 11). Core RR 1762 shows frontal exploitation
with maintenance from the flanks. After the loss of the flaking
angle, the core was rotated. At this point production continued
with centripetal detachments from a peripheral striking platform.
The small residual core RR 2298 shows initial exploitation on the
lateral edge of a flake from a strongly inclined striking platform
located on the butt (“burin shaped core” with frontal débitage).
After core reorientation débitage continued on the ventral face
of the flake in a half-turning modality.

In summary, the rock crystal cores which represent the final
phase of exploitation show several features typical of Sauveterrian
chert technology (Wierer 2008; Flor et al. 2011; Kompatscher 2011;
Wierer & Bertola 2016; Visentin 2018). These include:

- the use of thick flakes as cores;

- exploitation of relatively wide and feebly convex flaking surfaces;

- short series of detachments, mostly unipolar (or bipolar to cor-
rect flaking mistakes) or centripetal;

- production of thin blanks as an important flaking objective;

- frequent core reorientations;

- core exploitation until the cores become very small.

An important difference, compared to chert assemblages, is
the observed rarity of prismatic cores, which could be due to the
absence of a specific bladelet production at STS 4A.



Preistoria Alpina, 55 (2025) / 17

Tab. 3 - Features of the rock crystal cores. / Tab. 3 = Caratteristiche dei nuclei in cristallo di rocca.

Portion

Presence

Core Plate Morphology Core Production Orientation of Reorientation
of crystal; of natural
number 8,n. of core on flake target detachments of core
transparency crystal surface
Débitage facial on single & wide flaking surface:
between
RR 1788 - discoidal rhombohedron ) .
RR 2447 5 biconvex and and irregular core back possible flakes bipolar
prism; transparent
discoidal crystal base; bidirectional
RR 691 2 biconvex transparent core back yes vs. centripetal
discoidal crystal base;
RR 1790 9 plano-convex translucent core back flakes unipolar
flat fragment with
RR 663 8 sub-pyramidal “healed fracture”; ﬂgf()i:]e bseijorllfa%e laminar flakes unipolar
translucent 9
Débitage on two adiacent flaking surfaces (wide & narrow) from 1 striking platform:
RR 2343 10 sub-prismatic transparent flakes bipolar probably, 180°
' . contact zone . yes. Striking bladelets & .
RR 2424 7 prismatic between crystals; core flank platform on flakes unipolar
trasparent butt of flake
Débitage on two distinct flaking surfaces, from 2 distinct striking platforms:
discoidal . . flakes (& . o
RR 133 1 biconvex  Prism; translucent lateral possible bladelets?) a) & b) unipolar 180
L a) unipolar,
discoidal . flakes (& X
RR 764 6 . trasparent possible P b) bipolar, 180° 2x
biconvex bladelets?) 2) unipolar
RR 2101 4 irregular & flat crystal base; flakes a) mplet, 180°
traslucent b) unipolar
rhombohedron ,
RR 1762 3 polyhedral and prism; core base flakes a) unlpola 90°
b) centripetal
transparent
rhombohedron .
- S w butt & dorsal a) unipolar frontal
RR 2298 1 burin-shaped with hea!?d face of flake yes bladelets b) unipolar 90°
to polyhedral fracture’; used as core half-turnin
trasparent 9

5.2.6 The bipolar tecnique, part of the final exploitation?

Although no splintered core has been found, some artefacts
with reduced width and splintering at the extremities seem to
originate from such cores. During the final phase of exploitation,
some cores could have been further reduced using the bipo-
lar technique. This technique has been systematically applied
to rock crystal reduction at Mont Fallere in Aosta (Raiteri 2017)
and is attested also at Casera Lissandri 17 (Visentin et al. 2016).

5.3 Flaking objectives of rock crystal débitage
5.3.1 Few blades of good quality

The assemblage comprises 19 blades, mostly produced
during the early stages of crystal reduction (11 of them have por-
tions of external crystal faces). The thick blade detached from a
twinned crystal (PI. 10: 1) further shows that the flaking surface
was established obliquely to the crystal c-axis. The longitudinal
curvature of the core was achieved through the obtuse angle
formed by the intersection of dorsal negatives and the prism
face. Thin blades with sharp edges were detached from a rather
wide flaking surface (PIl. 6: 4, 6-7 and 10: 7). Proximally they
show careful abrasion of the overhang between the striking plat-
form and the flaking surface. The curvature of the flaking surface
is maintained through slightly convergent detachments. Another
method to produce blades, also in series, involved convergent

or centripetal débitage, apparently from cores with peripheral
faceted striking platform (PI. 10: 2-4), following careful abrasion
of the overhang.

The rather few blades were intended for use as tools, either
retouched (n. 7) or unmodified (at least n. 2; see for example PII. 6:
6and 10: 5, 7).

During the blade production, fairly thick laminar flakes were
obtained as well (PIl. 6: 3 and 10: 6).

5.3.2 Extraction of bladelets

Only two of the cores, both on flakes, show unequivocal
bladelet negatives (PI. 8: 7, 11). Bladelet extraction began from the
external crystal faces and was carried out in unipolar sequences
(PI. 11). Cresting for core maintenance is completely absent. Two
bladelets show extraction along the natural prism edges, a re-
duction method that represents an exception in the assemblage
(P 11: 4).

Bladelets are rare among the unretouched artefacts (8-9%.
The same is observed for the common tools. Only six out of 83
are unequivocally made from bladelets. These are best represent-
ed among the truncations. Among the armatures, the identifica-
tion of bladelets is biased by the backed retouch, which frequently
hinders the recognition of the original blanks (see also chapter
5.4.2 and tab. 5, n. 67 indeterminable blanks). Bladelet features
can still be recognized on approximately 17% of the items.
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Tab. 4 - Retouched artefacts divided by lithic raw materials. / Tab. 4 — Ritoccati divisi per materia prima litica.

Typological Rock Buchenstein Rosso Prealpine Filonian Northalpine Indeterminable Total
groups: crystal Ammonitico chert quartz radiolarite

Backed points 30 2 1 33
Backed bladelets 6 1 7
Backec] pieces with 9 1 1 1 12
truncation

Geometrics 13 5 1 2 2 23
Fr. of geometrics or

backed pieces with 6 1 1 8
truncation

Fr. of backed tools 44 2 1 2 1 1 51
Total Armatures 108 12 5 5 1 2 1 134
Burins 3 3
Endscrapers 17 1 5 23
Truncated pieces 14 2 16
Scrapers (long,

short, indet.) 18 1 19
Abrupt

indifferenciated 11 1 12
pieces

Denticulates 17 1 18
Splintered pieces 3 3
Total Common tools 83 3 0 7 1 0 0 94

Tab. 5 - Blanks used for armature production. / Tab. 5 — | supporti utilizzati per il confezionamento delle armature.

Technological Rock . Rosso Prealpine Filonian Northalpine .
Buchenstein L. . . Indeterminable Total
category: crystal Ammonitico chert quartz radiolarite
Indeterminable 67 8 2 3 1 1 82
Bladelets: 18 3 1 1 1 24
semi-cortical/natural y ,
bladelet
bladelet from core 1 " 5
flank
bladelet from core " "
flank?
maintenance
bladlelet 4 4
regular bladelet 11 3 1 1 16
Flakes: 23 1 2 2 28
indeterminable flake 5 5
cortical/natural flake 2 >
(51-100%)
generic flake 15 7 2 2 20
maintenance flake 1 7
Total 108 12 5 5 1 2 1 134
In comparison with coeval industries using Southalpine chert, that they come from centripetal (Pl. 9: 1-6), unipolar conver-
where bladelets are an important production target, at STS 4A this gent (Pl. 9: 9) or, more rarely, bidirectional (bipolar or orthog-
category represents at most a secondary flaking objective. onal) (Pl. 9: 7) flaking surfaces. The ventral curvature of some
items indicates core flaking surfaces with a pronounced distal
5.3.3 Flake production as main flaking objective convexity (Pl. 9: 10). The flaking surfaces had to be wide and

oriented slightly oblique to the external prism face. The pres-

ence of faceted butts indicates for cores with a peripheral pre-

pared striking platform.

On the contrary no flake production from unipolar débitage

a) Flakes, typically thin and with one or more cutting edges, used with parallel detachments is attested (except for the thick
either unmodified or retouched. The dorsal negatives show laminar flakes mentioned in chapter 5.3.1).

The main objective of knapping hyaline quartz was the produc-
tion of flakes. Flakes with different morphologies were produced for
the following purposes:



b) Regular and thin flakes (thickness 0.8 — 3.1 mm), which
were subsequently transformed into armatures, typically as
Sauveterre backed points. Due to the extensive modifica-
tions the technical features of the original flakes can hard-
ly be reconstructed. The 7 backed points unequivocally
extracted from flakes (oriented transversally to the original
blank), show orthogonal (n. 3), unipolar (n. 2), unipolar or
centripetal (n. 1) and bipolar (n. 1) dorsal scars. Such flakes
could have been produced within the context of flaking ob-
jective a).

c) Rather thick flakes (thickness > 4 mm), extracted during the
initial phases of débitage and transformed into common
tools. The examples display more or less extended external
crystal surfaces. These were transformed into endscrapers
and burins, and to a lesser extent, into denticulates and trun-
cations.

5.4 Rock crystal armatures
5.4.1 General information

The production of microlithic armatures was one of the main
flaking objectives for rock crystal at STS 4A. The 108 armatures
made from hyaline quartz belong to different typological groups
(Tab. 4). Besides the most numerous backed fragments, the as-
semblage is dominated by backed points, followed by geometrics
and backed pieces with truncation. Backed bladelets are rare.
The size of the intact armatures ranges from 6.2 mm to 16.7 mm.

5.4.2 Blanks used for armature manufacturing

Except for two items made from translucent rock crystal, all
armatures are made from transparent material. This indicates a
careful selection of the crystal portions with the best flaking prop-
erties. About 15% of the armatures display portions of an exter-
nal crystal face. When extracted from the prism, the blanks were
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mostly detached obliquely in relation to the c-axis (PIl. 12: 22), and
only rarely parallel to it (Pl. 12: 33 along a natural arris). Several
armatures were extracted from the crystal rhombohedron (PI. 12:
24-25). At least one example shows a natural surface resulting
from contact with an adjacent crystal.

The invasive backed retouch hinders the reconstruction of
the technological features of the original blanks (Tab. 5). Besides
the numerous indeterminable blanks, the few identifiable ones in-
dicate that flakes (n. 23) are more frequent than bladelets (n. 18).
Among the bladelets, the regular ones predominate. Judging by
the dorsal scars, the bladelets mostly belong to unipolar flaking
sequences (n. 6). The traces of other sequences (n. 3 orthogo-
nal; n. 2 unipolar or centripetal, n. 2 orthogonal or centripetal,
n. 1 bipolar, n. 1 multidirectional) suggest their origin from cores
with a wide flaking surface and expanded or centripetal striking
platforms.

The flakes used as blanks to produce armatures appear
mostly generic (Tab. 5), detached during unipolar (n. 7) and or-
thogonal (n. 7) flaking sequences. Other orientations of the neg-
atives (n. 1 centripetal, n. 1 bipolar, n. 3 unipolar or centripetal)
also suggest in these cases a production from cores with a wide
flaking surface and expanded or centripetal striking platforms.
Bladelets and flakes for armatures were likely produced from the
same cores.

It has to be highlighted that more than a quarter of the ar-
matures (backed fragments, geometrics and backed points) are
oriented transversely to the débitage axis of the blank (Tab. 6) (n.
29 out of 108, PI. 12). This demonstrates the systematic use of
regular and thin flakes for armature manufacturing.

5.4.3 Techniques used for the backing of rock crystal armatures

The backing of the armatures is typically achieved with abrupt
unipolar retouch. Only in exceptional cases (n. 8) the retouch is
partially bipolar (Pl. 12: 1, 8, 15-16, 19 and 26-27).

Tab. 6 - Orientation of the armatures to the débitage axis of the blank. / Tab. 6 — Orientamento delle armature rispetto all'asse di distacco

del supporto di origine.

Lithic raw material: Orientationto Backed Backed Backed Geometrics Fr. backed tools Fr.of Total
blank: point bladelet tool with w. truncation backed
truncation or Geometrics pieces
Rock crystal longitudinal 19 7 9 3 28 71
transverse 10 2 1 5 1 10 29
indeterminable 2 6 8
Total Rock crystal 29 7 8 14 6 44 108
Buchenstein chert longitudinal 1 1 1 1 2 6
transverse 1
indeterminable 5
Total Buchenstein chert 2 1 1 5 1 2 12
Rosso Ammonitico longitudinal 1 1 1 3
transverse 1 1
indeterminable 1 1
Total Rosso Ammonitico 1 1 1 1 1 5
Prealpine chert longitudinal 2 2
transverse 1 1 2
indeterminable 1 1
Total Prealpine chert 1 2 2 5
Filonian Quartz longitudinal 1 1
Indeterminable longitudinal 1 1
Northalpine radiolarite longitudinal 2 2
Total 32 8 1 24 8 51 134
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Tab. 7 - Waste from armature production. / Tab. 7 - Residui della
produzione di armature.

Waste from armature production: Rock crystal

Microburins 3
Notch adiacent to fracture 3
Krukowski microburins 2
Total 8

Ratio waste / backed tools 8/108 =0,07

The intentional shortening of blanks using the microburin
technique was rare. Only three armatures — a backed point, a
scalene triangle on flake and a trapezoidal segment on a bladelet
(PI. 12: 8, 32, 23) — display the typical piquant triedre. The sporadic
microburins are represented by two distal examples (PI. 13: 2) and
one proximal example (Pl. 13: 1; Tab.7).

Two “notches adjacent to fracture”, a distal and proximal one,
refer to intentional shortening (PIl. 13: 3-4). In contrast, the three
Krukowski microburins may have resulted from accidents during
backing (Pl. 13: 5-6).

This low frequency of microburins cannot be attributed to raw
material constraints, as the microburin technique works effectively
on rock crystal (Visentin 2017). A possible explanation for the infre-
quent use of the microburin technique could be related to the pref-
erence, observed at STS 4A, for very thin blanks in armature manu-
facturing. Experimental knapping has shown that about 80% of the
blanks thinner than 2 mm break during débitage. Such fragments
are already suitable for backing, particularly for producing geomet-
ric pieces, without any need for further shortening. Furthermore,
the absence of a specific bladelet débitage could also explain the
absence of this technique.

The microburins and Krukowski microburins have been found
within a radius of only 1m, which may indicate a specific place at
the camp where armatures were prepared.

5.4.4 Backed points made of rock crystal

Most of the backed points made of rock crystal have a dou-
ble back along their entire length (n. 16, Tab. 8). Among these, 9
elongated points can be classified as Sauveterre points according

Tab. 8 - Backed points. / Tab. Tab. 8 - Punte a dorso.

to the G.E.EM. (1972). These points occur as typical Sauveterre
points, i.e. with a double point (n. 3. Pl. 12: 1, 2, 13), Sauveterre
points with a single point (n. 4. PI. 12: 3-4, 6) and Sauveterre points
with partial backing (n. 1. Pl. 12: 12). One example with complete
and bilateral backing can be classifiable as a “short point” (S9 ac-
cording to Broglio & Kozlowski 1984).

Four backed points show external crystal surfaces: one case
from the prism and three from the rhombohedron (PI. 12: 1, 12).
Many backed points are oriented transversely to the débitage axis
(11 out of all backed points; 4 out of the 9 Sauveterre points), in
some cases even near the bulbar portion of the flake (Pl. 12: 5).
Three bilateral backed points appear to have been abandoned dur-
ing production (PI. 12: 7, 10-11), likely due to breakage while making
the second back.

5.4.5 Backed bladelets made of rock crystal

The six backed bladelets made of rock crystal do not show
recurrent features (Tab. 9). Some of them appear to be the result
of repairs and re-adaptation of broken armatures, or unfinished ar-
matures, or adaptations of irregular core-maintenance blanks (PI.
12: 16).

5.4.6 Backed pieces with truncation made of rock crystal

The group is mainly composed of backed bladelets with
oblique truncation forming an obtuse angle (Tab. 10), except for
one backed blade with orthogonal truncation (Pl. 12: 18) and a
backed blade with double truncation, both of them oblique (PI. 12:
22). Except for this latter, all items have a single back. Retouching
of the back is generally unipolar, except for a partially bipolar back
(PI. 12: 19). One example resembles a scalene triangle (long with
long base) (Pl. 12: 20).

Two backed blades with truncation show a portion of the ex-
ternal part of the prism, indicating that the original blank was de-
tached obliquely to the c-axis (Pl. 12: 19, 22).

5.4.7 Geometric pieces made of rock crystal

Despite the variety within this typological group, which also
includes circle segments (Pl. 12: 28-29), trapezoidal segments (PI.
12: 23) and isosceles triangles (Pl. 12: 27, 30), the geometric piec-
es are dominated by the scalene triangles (Tab. 11). Among these,
scalene long triangles (represented by the two variants with long
and short base) predominate over the scalene short ones. Six out
of eight have a back on all three sides (Tab. 12). Due to the low
elongation index which is at most 3.2, none can be classified as
Montclus triangle according to G.E.E.M. (1969). Artefact RR 1931

. Rock Buchen Rosso is not a typical Sauveterrian scalene triangle (Pl. 12: 25). Due to
Backed points: crystal stein Ammonitico Total the shape, which is nearly isosceles, and the concave base it re-
minds the triangles de Coincy of the Beuronian (G.E.E.M. 1969).
..with marginal 1 1 This artefact, together with another triangle, show evident portions
back (PD1) of the external crystal faces originating from the rhombohedron (PI.
_with concave 12: 24-25). Four geometric pieces (Pl. 12: 25, 30-32) are oriented
back (PD3) 1 1 transversely or obliquely to the débitage axis. The abrupt retouch
. is generally unipolar, except for two examples with partial bipolar
b poa o1 1 22 retouch (Pl. 12: 26-27).
-with single back 3 77
ith doubl Tab. 9 - Backed bladelets. / Tab. 9 — Lamelle a dorso.
-with double 15
back Rock
_with double 5 Backed bladelets: crystal Buchenstein Total
back & bi-point
Indet. fragments 8 1 9 ...with marginal back (LD1) 2
-with single back -with single back 2
; ..with deep back (LD2) 4 1 6
-with double 6 7 o
back -with single back 3 1
Total 30 2 1 33 -with double back 1
Total 6 1 7

* = maybe fragment of a triangle
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Tab. 10 - Backed pieces with truncation. / Tab. 10 = Dorsi e troncatura.

Backed bladelets with truncation: Rock crystal

Buchenstein

Rosso Ammonitico Prealpine chert Total

normal (DT1) 1

oblique, with obtuse angle (DT4) 7

1 bilat

double irregular (DT5) 1 bilat

Total 9

Tab. 11 - Geometrics. / Tab. 11 - Geometrici.

Geometric pieces: Rock crystal

Buchenstein

Rosso
Ammonitico

Northalpine

radiolarite Total

Prealpine chert

Circle segment (Gm1)

Trapezoidal segment (Gm?2)

Scalene triangle (Gm3)

-2 sides with back

-3 sides with back

Isosceles triangle (Gm4)

NN O IN {00 | = [N

-2 sides with back

Fragment of scalene or
isosceles triangle (fr. Gm3-4)

-2 sides with back

-3 sides with back

Total 13 5

Tab. 12 - Triangles: morphological features and retouch. / Tab. 12 — Triangoli: forma e ritocco.

Morphology & retouch of triangles Rock crystal

Buchenstein

Northalpine

radiolarite Total

Prealpine chert

Scalene triangle (Gm3) 8

4 2 2

—
(&)

-short, with 2 backs

-short, with 3 backs

-long with short base, with 2 backs

N P= N =

-long with short base, with 3 backs

-long with long base, with 2 backs

N

-long with long base, with 3 backs

N

Isosceles triangle (Gm4)

-long, with 2 backs

~
-~
NN W IN N = N =

Total 10

~
N
)
—
oo

5.4.8 Fragments of geometrics or backed pieces with truncation

Some of the backed fragments could belong to either of the
above mentioned groups (Tab. 13). One item has three retouched
edges, while another is oriented transversely to the original blank.

5.4.9 Fragments of backed pieces made of rock crystal

Around 40% of the hyaline quartz armatures are unclassifiable
fragments (Tab. 4). The high proportion of elements with double
back is consistent with the overall armature assemblage, which is
rich in bilateral backed points and frequent three-backed triangles
(Tab. 14). The same trend is observed in the high rate of backed
fragments that are transversely oriented (Tab. 6). An unusual fea-
ture is the relatively high number of fragments with marginal back
(5 examples), possibly related to the fact that these pieces, typically
thinner than others, were more subject to breakage.

Six backed fragments show portions of the external crystal
face. One of these derives from the rhombohedron (PI. 12: 35), an-
other from the prism (PI. 12: 33), with detachment along the natural

Tab. 13 - Fragments of geometrics or backed pieces with trunca-
tion. / Tab. 13 - Frammenti di geometrici o dorsi e troncatura.

E;azsgnr:]ﬁ)n;:s c?:()sctle(ll Buchensteln AmFr{r(\):r?itt)ico Total

Frr. Gm3-DT 4 1 1 6
-with 3 backs 1 1

Frr. Gm-DT 2 2

Total 6 1 1

crystal arris. A backed fragment displays a natural contact surface
between two crystals.

Some items appear to have been broken during the manufac-
turing process: a fragment with an angular back seems to repre-
sent a step in the production of triangles (Pl. 12: 36), while a mesial
double-backed fragment could originate from the manufacturing of
bilateral backed points (PI. 12: 34).
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Tab. 14 - Fragments of backed pieces. / Tab. 14 = Frammenti a dorso.

Fragment.s of Rock crystal Buchenstein Ross.o. Prealpine Indeterminable Filonian Total
backed pieces: Ammonitico chert quartz
8
distal (2 with double back; 8
1 marginal)
18
mesial (4 with double back; 1 19
2 marginal)
proximal 6 (2 marginal) 1 1 2 1 11
9
transverse (4 with double back) °
indeterminable 3 4
Total 44 2 1 2 1 1 51

5.5 Common tools on rock crystal
5.5.1 Burins made of rock crystal

Compared to the average, burins are larger than other re-
touched tools. They are made on flakes with large portions of prism
faces or natural surfaces. Their biseau is always very small. The
blank of the simple burin with a single pan and flat biseau originates
from natural fracturing during detachment (Pl. 14: 1; Tab. 15). The
other simple burin, with a single pan and flat biseau, originates from
a core on a flake oriented obliquely with respect to the c-axis of the

Tab. 15 - Burins, Endscrapers and Truncated pieces. / Tab. 15 - Bu-
lini, Grattatoi e Troncature.

. Rock . Prealpine
Groups/Types: crystal Buchenstein chert Total
Burins:
simple, with single 5 >
pan (B1)
on break (B5)

Total Burins 3 3
Endscrapers

...frontal and long ; y
@G1)

...frontal and short

@3) 5 1 6
...frontal with lateral

retouch, fragment 1 1
(fr. G2/4)

... frontal and short

with lateral retouch 6 3 9
G4)

..with isolated nose 1 1
(G7), short

...carinated frontal

(G9), short 2 2 4
Indet. fragments 1 1
Total Endscrapers 17 1 5 23
Truncated pieces:

marginal (T1) 3 3
normal, with deep

retouch (T2) 5 2 7
oblique, with deeep 6 6
retouch (T3)

Total Truncated 14 5 16

pieces

prism (Pl. 14: 2). The arrises of the core had been heavily battered,
possibly as a result of some kind of activity. The burin on fracture is
made from a maintenance flake detached to correct a large hinged
negative on the prism surface (Pl. 14: 3).

5.5.2 Endscrapers made of rock crystal

Five of the 17 endscrapers are made partly or entirely from
translucent rock crystal. The blanks used in their manufacture are
mostly flakes; only a single endscaper is made on a laminar blank
(PI. 15: 7). Eleven tools display external crystal surfaces which are
located
- on the butt (n. 2), indicating that the striking platform was es-

tablished on the prism, the rhombohedron or the contact sur-

face between adjacent crystals (PI. 15: 1, 5-6);

- laterally, further confirming the detachment of elongated
blanks at an oblique angle to the c-axis (Pl. 15: 7).

- at the centre of the dorsal face (n. 2), indicating the detach-
ment of flakes parallel to the faces of the prism (Pl. 15: 1) or
the rhombohedron (Pl. 6: 1), or along the edge between the
rhombohedron and the prism (PIl. 15: 8).

- forming the back of the endscraper (PIl. 15: 2).

The endscrapers originating from the early stages of crystal
reduction are thicker. No endscraper is clearly made from core
maintenance or rejuvenation flakes.

From a typological viewpont, short frontal endscrapers are
predominant, including types with and without lateral retouching
(Tab. 15). Some examples are exceptionally small. Only a single
frontal endscraper is classified as long (Pl. 15: 7). The general pre-
dominance of short types is likely due to the basal fracturing and
subsequent adaptation (Pl. 15: 2, 7-8, 10-11). The few carinated
endscrapers are also of the frontal types. The assemblage includes
a nosed endscraper (Pl. 15: 1).

5.5.3 Truncated pieces made of rock crystal

With the exception of one case, the crystal used for all truncated
pieces is transparent. Five truncations display portions of the external
crystal faces. One of them was detached transversely to the c-axis of
the prism (PI. 6: 5), while the bladelet for truncation RR 1951 was de-
tached oblique to this axis (PI. 16: 1). Two truncations show the use of
thick blanks with irregular external crystal surfaces (Pl. 16: 2).

Overall, the group of rock crystal truncations is heterogene-
ous, comprising flakes, bladelets and blades. Length values range
from less than 10 mm to more than 33 mm. Several truncations (n.
6) are microlithic and may have functioned as armatures. From a ty-
pological viewpoint, orthogonal truncations prevail over the oblique
ones (Tab. 15).

5.5.4 Scrapers made of rock crystal (long, short and fragmented)

The hyaline quartz used for the scrapers is transparent, with
the exception of two tools made from translucent crystal.



Tab. 16 - Scrapers (long, short and fragmented), Undifferentiated
pieces with abrupt retouch, Denticulates, Splintered pieces. / Tab.
16 - Raschiatoi (lunghi, corti e frammentari), Erti indifferenziati,
Denticolati, Pezzi scagliati.

Rock
crystal

Filonian Prealpine

quartz chert Total

Groups/Types:

Long scrapers:

..with marginal
retouch (L1)

...with deep
retouch (L2)

Short scrapers:

...with marginal
retouch (R1)

lateral with
deep retouch (R2)

3(11) 1 4

5 (4 fr) 5

transverse with
deep retouch (R3)

latero-transversal
with deep retouch
(R4)

Scraper fragments:

2(11) 2

...with marginal
retouch (L-R1)

..with deep
retouch (L-R2)

Total Scrapers 18 1 19

Undifferentiated
abrupt pieces:

..with marginal
retouch (A1)

..with deep
retouch (A2)

Total Undifferentiated 11 1 12
Denticulates:
Notch (D1) 8 1 9

Denticulated
scraper (D2)

5(1 fr) 1 6

6 (51 6

Denticulated
endscraper (D4)

Total Denticulates 17 1 17

Splintered pieces:

..with modified
edge (E1)

...with modified
and knocked off 1 1
edge (E3)

Total Splintered
pieces

Most of the long scrapers, which are up to 30 mm in lengthe,
have marginal retouch (Tab. 16). Two of these (PIl. 6: 4 and 10: 4)
are made on blades detached obliquely to the c-axis of the prism.
The same orientation is also observed on a short latero-transversal
scraper (Pl. 16: 5).

The short scrapers are made from a variety of blanks: generic
flakes, partially natural flakes (PIl. 16: 3), flakes resulting from the
correction and maintenance of the flaking surface (PI. 16: 4, 6) as
well as on a former core.
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5.5.5 Undifferentiated pieces with abrupt retouch made of rock crystal

Except for two undifferentiated pieces with abrupt retouch which
were made from translucent raw material, the remaining are made on
transparent and semi-transparent quartz. There is no clear evidence
of natural external surfaces. The fragmentation rate is very high, with
only a single tool remaining intact. Its size, 14 mm in length, indicates
the small dimensions of the group. The still identifiable pieces are all
made from flakes or laminar flakes, displaying unipolar (PI. 16: 7) or
bipolar débitage.

Marginal retouch (usually partial) is as frequent as deep retouch
(Tab. 16). Among the latter, the retouch is often interrupted by frac-
tures (n. 5), preventing the shape of the tool from being determined.
This technological group does not provide noteworthy technological
and typological information.

5.5.6 Denticulates made of rock crystal

Except for three pieces made from translucent raw material, the
other denticulates are transparent. Half of the artefacts bear traces
of the external crystal surfaces: from the zone between the base and
the prism (Pl. 7: 14), from the prism (PI. 6: 7) and from the rhombo-
hedron (PI. 6: 2).

Denticulates were predominantly made from flakes (n. 12), in-
cluding natural, maintenance or generic flakes. They originate from
the initial phase of opening (PI. 7: 14), with unipolar and centripetal
scars (PIl. 10: 2 and 16: 8). Some flakes with centripetal negatives
show a ventral curvature clearly attributable to a discoidal core.
Among these, RR 1325 attests the use of discoidal cores on flake
(PI. 9: 10). Three denticulates are made on relatively thin blades (PI.
6: 7 .and 10: 2).

From a typological viewpoint, denticulates are predominately
notches (D1), all made with deep retouch (Tab. 16). Three examples
feature a double notch (PI. 10: 2).

5.5.7 Splintered pieces made of rock crystal

All splintered pieces are made from transparent hyaline quartz
flakes. One piece has a natural butt from the prism face. In two cas-
es, the splintering affects only the transversal edge (E1), while in the
last case, it also affects the lateral edges (E3) (Tab. 16).

6. Techno-typological analysis of chert and other flakable
rocks

6.1 The reduction of the Buchenstein chert

Technological analysis shows that the Buchenstein chert was
knapped on site for tool production. Exploitation began from small
slabs and small to very small prismatic blocks, originating from natu-
ral fracturing, without preparation (Pl. 17: 1, 3- 4). These natural sur-
faces are generally smooth and flat, or slightly wavy. Reduction de-
veloped along orthogonal planes, with striking platforms established
the on a fracture or natural surface in order to initiate extraction along
a natural edge (PI. 17: 4). Débitage proceeded with short series of
detachments. Bladelet production was carried out using:

1) frontal débitage, on a narrow flaking surface (Pl. 17: 3). This
technique was used to reduce small slabs, with short flaking
sequences, and any mistakes could be corrected by forming
a second opposite striking platform (see, for example, the frag-
mentary bladelet (PI. 17: 9).

2) a débitage on a wide flaking surface, in a half-turning way (Pl.
17: 1). The maintenance of the core convexities was achieved
through lamellar detachments converging towards the core
base (see pyramidal shape of core RR 843, and the orientation
of the dorsal scars of the rejuvenation flake PI. 17: 7, see slightly
plunged bladelet with asymmetric distal end PI. 17: 6). Another
method of maintenance involved the detachment of flakes from
the core flanks. The correction of the frequent hinged negatives
was achieved by the detachment of plunging flakes (PI. 17: 7). In
an advanced state of reduction the knapper might attempt a core
reorientation, a typical behaviour in Sauveterrian technology.
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The example (Pl. 17: 1) shows the opening of a new lamellar
flaking surface along the edge between the striking platform
and the flaking surface, a trial soon abandoned due to hinging.

Buchenstein flake production is attested by a residual discoidal
core (Pl. 17: 2). This core, along with the rejuvenation flake PI.17: 5,
similar to a debordante flake, indicates flake production with facial
débitage, again typical of the Sauveterrian débitage.

6.2 The retouching of the Buchenstein chert

At Staller Sattel STS 4A the Buchenstein chert was used for
few specific tool categories. Twelve out of 15 retouched artefacts
are armatures (Tab. 4). These are very small in size, ranging from
6.4 to 12.4 mm length, and generally thin (ranging from 0.6 to 2.8
mm). Several items have a flat dorsal face with no any arris. At least
some of the armatures were made from bladelets (Tab. 5), possibly
originating also from the early phases of core reduction (Pl. 17: 15
with natural surface).

Typologically, the armature assemblage is dominated by ge-
ometric pieces. Nearly all of them are scalene triangles, short and
backed on three sides (Tabb. 4, 11-12; PIl.17: 16-18). Examples nn.
17 and 18, found lying near one another, are nearly identical. The
backed points made of Buchenstein chert, none of which are intact,
are very thin. It cannot be excluded that they are fragmented trian-
gles (Pl. 17: 14). All armatures have a direct unipolar back. The mi-
croburin technique is not attested, nor is there any evidence of other
intentional shortening techniques. This is likely due to the brittleness
of this specific raw material.

The only three common tools made of Buchenstein are an end-
scraper and two truncated pieces (Tab. 4). The frontal endscraper,
which is particularly thin, was made on a rejuvenation flake with a
hinged end (PI. 17: 8). The truncations are very small in size (Pl. 17:
10) thus resembling armatures. Microlithic truncations are frequently
attested in Sauveterrian assemblages.

6.3 Artefacts made of Rosso Ammonitico chert

The small artefact assemblage made of Rosso Ammonitico
chert is mostly composed of armatures (5 out of 8, Tabb. 1 and 4),
very small in size and made either from bladelets or small flakes.
From a typological viewpoint the assemblage comprises a backed
piece with truncation, a geometric fragment (former triangle) (P!.
18: 1-2), a backed point with marginal retouch and several backed
fragments. Considering the few elements of flaking waste, which
are small in size and technologically non-diagnostic, it is likely that
they originate from tool maintenance rather than from a production
sequence. Therefore, the limited Rosso Ammonitico assemblage
seems to be the result of a sporadic arrival, possibly related to the
retooling of a hunting weapon.

6.4 The reduction of cherts from the Southern Prealps

The artefacts made of chert varieties originating from the South-
alpine formations of the Friulian-Belluno Prealps have a fresh appear-
ance; only three artefacts are covered with patina. Several artefacts
are burned (n. 12 out of 41). Three elements — two endscrapers (PI.
18: 14-15) and a crested bladelet (Pl. 18: 5) — display traces of dark
and punctiform substance that further analysis would determinate.
The impression of the Authors is that it could be pitch. The assem-
blage is represented by nearly all technological categories (Tab. 1).
Nevertheless, the absence of waste from the initial stages of débit-
age, and the sporadic elements interpretable as flaking waste, ex-
cludes systematic knapping activity on the site, except for tool and
core maintenance. This is consistent with the importation of finished
items (tools, armatures, unretouched blanks with functional potential
and cores ready for extraction).

Judging from the natural surfaces observed on some of the core
maintenance blanks, the cores were established on cortical blocks,
on small blocks with natural surfaces from diaclasis or on pebbles.
The only preserved core (Pl. 18: 3) is made from a small prismatic

block. It was aimed at producing small flakes by a half-turning débit-
age from a single natural striking platform. The transversal convexity
was maintained by lateral detachments, while there is no longitudinal
curvature. The carinated endscraper (Pl. 18: 4) is made on a former
core-on-flake, probably of pyramidal shape. This former core shows
the typical reorientation, an operation useful for prolonging core
exploitation. Flaking mistakes, such as hinging, caused by a loss
of flaking angle are frequently observed. Several hinged flakes are
found both among the unretouched artefacts and among the blanks
transformed into armatures. Several flakes with functional potential
originate from sequences with centripetal detachments, (PI. 18: 7, 15-
16) from the first phases of débitage (PI. 18: 12). Only one flake clearly
originates from a unipolar sequence on a large flaking surface.

Bladelet production is indirectly attested by several unretouched
artefacts originating from the maintenance of bladelet flaking surfac-
es (Pl. 18: 5-6). These artefacts are generally quite thick and show
convergent or bipolar negatives. By plunging, they established the
longitudinal curvature of the core.

6.5 The transformation of the cherts from the Southern Prealps

Sauveterrian complexes are typically characterized, amongst
other features, by a bladelet production aimed at producing arma-
tures. This cannot be stated with certainty for the assemblage of
Prealpine cherts at STS 4A as none of the five armatures clearly orig-
inate from bladelets. Two of them are made from flakes, oriented
transversely to the flaking axis (PI. 18: 10) (Tabb. 5 and 6). Regarding
the chert varieties, up to four out of the five armatures are made of
chert from the Soccher Limestone formation (see chapter 4.4.3).

The armatures are very small. The intact specimens range be-
tween 7.5 and 8.0 mm in length, with thickness varying between
0.9 and 2.4 mm. No backed points or backed bladelets are present
(Tab. 4). The two scalene triangles are short and have three backed
sides (PI. 18: 8, 10). The back of the armatures is always made with
direct unipolar retouch, except for one item which has inverse bipolar
backing. Notably there is the complete lack of microburins and other
backing residuals.

Common tools (Tabb. 4 and 6) were made from flakes, often
originating from centripetal débitage (see above). Prealpine chert,
specifically Maiolica and Scaglia Variegata Alpina (see chapters 4.4.3
and 4.4.4), was preferentially used to make endscrapers (n. 5 out of 7
domestic tools). The types of endscraper are shown in table 15. The
two carinated endscrapers, made from thick Maiolica flakes, seem
to come from the same reduction sequence (Pl. 18: 4, 14). On both of
them the Herztian cone is exposed, indicating that their detachment
occurred with an over-sized hard hammerstone.

6.6. The sporadic use of local filonian “pegmatitic” quartz

The use of filonian or pegmatitic quartz is attested by sporadic
artefacts (10 among the spatially recorded finds: a backed fragment,
a short scraper, three unretouched artefacts, a raw material bloc and
four small items of flaking waste). The small sample comprises arte-
facts of notable size compared to the average size of the lithic indus-
try from STS 4A, which can be explained by a minor geographical
distance from its outcrops (see chapter 4.2). According to refit n. 7
(PI. 18: 19), this raw material was also collected in the form of small
slabs. The technological features of the artefacts indicate a reduction
process consistent with Sauveterrian lithotecnics. The cores’ flaking
surfaces were rejuvenated through thick flakes in the case of hinging
(PI. 18: 17, 20). Such thick blanks could be transformed into common
tools, asin the case of n. 17. Its dorsal negatives show core reduction
with two striking platforms for producing flakes and bladelets. Blade-
lets made of filonian quartz were used for armature production (PI.
18: 18 on lateral bladelet).

In general, products and flaking waste suggest that the débit-
age of filonian quartz does not differ from the chert varieties found
at the site. Despite the small number of artefacts, all major lithic cat-
egories are represented. While it cannot be proven, this raw material
could have been knapped on site.



6.7 Quartz and local grey quartzite — knapped or not?

Among the elements from quartz and local grey quartzite recov-
ered from the site (Tab. 1) only a single piece can be identified as a
flake. It remains doubtful whether the others are artefacts or not. Two
conjoined quartzite elements form a natural fragment. Another item
represents a portion of a quartz pebble. It cannot be proven that this
material was used for knapping.

6.8. Radiolarite armatures from the Northern Calcareous Alps

The two armatures made from radiolarite, most probably of
northern Alpine provenance, are both scalene triangles (Tab. 12; PI.
18: 21-22). The intact example (n. 21) is made from a bladelet. Its
shortest side is slightly concave. Both items show retouching also on
the long side, but only on n. 22 this forms a third back. The similarity
between these two armatures, both of comparable size (width: 3 and
3.2 mm; thickness 1.4 e 1.2 mm) and morphology, suggests that
they arrived as finished products, possibly mounted on the same
weapon.

From a typological viewpoint, the two armatures, while not in-
usual in Sauveterrian typology, also show similarities with armature
types reported in northern Alpine Beuronien contexts, namely some
strongly scalene triangles of “Beuronian C”, the most recent phase
of the ancient Mesolithic in Southern Germany (Taute 1973-74: 14-16,
fig. 3). These triangles are attested in the lithic assemblage of Sarch-
ing ‘83 near Regensburg (Eastern Bavaria), in the Danube sands,
with C14 datings between 8340 + 60 BP and 7752 + 48 BP (Heinen
2001). The assemblage comprises abundant small and strongly sca-
lene triangles, some with concave base, including specimens with
long sides partly or entirely retouched (Heinen 2001: 470, Fig. 218
nn. 1, 3, 7, 28, 31). The author suggests that such features may have
originated form contacts with the Sauveterrian techno-complex of
Northern Italy (Heinen 2001: 536 and following).
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7. An overview on retouched artefacts across raw material
varieties

7.1. Armatures

At STS 4A the microlithic armatures show the highest raw-mate-
rial variety among the different artefact categories (Tab. 1). Rock crys-
tal is the most commonly used material for making armatures (80%),
with transparent crystal portions systematically selected to ensure
high-quality mineral. The second most common raw material is Bu-
chenstein chert (13%). The production of armatures apparently did not
involve the microburin technique, as this typical manufacturing waste
is sporadic among rock crystal artefacts and totally absent among all
chert varieties (Tabb. 1 and 7). Elsewhere, such waste from armature
manufacturing is very abundant, especially in the Sauveterrian high-al-
titude sites of the Southern Alps (Lanzinger 1985). A possible explana-
tion could be both the absence of systematic bladelet production with
rock crystal, as well as the easier breakage of the blanks. This latter
aspect is also valid for the Buchenstein blanks, which are particularly
thin. The absence of microburins has also been observed in the lithic
assemblage of Mont Fallere dominated by rock crystal (Raiteri 2017).

The dimensional analysis of all the 40 intact armatures highlights
their very reduced size, concentrated within a length range of 5.8
- 16.7 mm (measuring the longest axis) and a width range of 1.6 -
5.2 mm (Fig. 14). Thickness, measured across the entire sample,
ranges from 0.5 - 3.8 mm, with a clear predominance of the 1.1-2
mm class (Fig. 15). The size differences observed between the two
most exploited raw materials has a typo-technological explanation.
Rock crystal was preferably used for backed points, mostly with
double back, both right and left, representing variants of the Sauve-
terre point (Tab. 8). In several cases, these points were made on thin
flakes that were backed transverely to combine the necessary length
with robustness. This explains the larger size of the hyaline quartz

Dimensions of intact armatures (n. 40)
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armatures (Figg. 14 and 15). In contrast, the production of backed
points played no role among the Buchenstein and the other lith-
ic raw materials. These are either absent, fragmentary or atypical.
Such differentiation could be explained by the large size of quartz
crystals compared to the Buchenstein chert blocks.

The production of geometrics (such as triangles) and backed

tools with truncation, two groups that are morphologically and di-
mensionally very similar to each other, used all raw materials, but
is percentage-wise, most frequent among the Buchenstein and the
Prealpine cherts (Tabb. 4, 10-11).

The geometric pieces are dominated by scalene triangles, pro-

tefacts shows a fairly balanced ratio, with 41% of domestic tools
compared to 59% of armatures (Tab. 1). A percentage of less than
70-75% for the latter is considered typical for base camps where
a variety of subsistence tasks were carried out (Lanzinger 1985;
Bagolini & Dalmeri 1987).

At STS 4A the common tools made from chert have been pref-
erably chosen among the core-maintenance and core-correction
blanks due to their major thickness. This is a common feature in
Sauveterrian industries. In contrast, thick rock crystal blanks used
for domestic tools do not originate from maintenance but rather
from crystal opening and other operations made on the natural

duced with all the different raw materials (Tabb. 11-12). The long sca-
lene triangles are made exclusively of rock crystal and radiolarite,
whereas the short scalene triangles are preferably made of Bu-
chenstein and Prealpine cherts. Scalene triangles with a third back
are well represented across all raw material varieties. However, due
to the low elongation index (3.2 at most), none can be classified as
Montclus triangle (according to G.E.E.M 1969).

In general, a higher rate of generic backed fragments is noted
among the rock crystal armatures compared to the other raw ma-
terials (Tab. 14), which is consistent with the preferential use of this
mineral in the hafting-and-retooling process of hunting weapons
carried out on site.

crystal surface. Retouched tools made from flakes and blades
are mostly represented by endscrapers, scrapers and denticu-
lates (Tab. 4). Among these, endscrapers show a greater variety of
raw-material, and also a higher technical investment in production
and maintenance (Tab. 15). The predominance of this typological
group is also due to several endscrapers made from Prealpine
chert (5 out of 23).

8. Use-wear analysis

8.1 Experimenting the functionality of rock crystal as raw material

An experimental protocol was developed to characterize use-
wear on rock crystal surfaces and assess the functionality of ar-
tefacts made from this mineral. A series of 16 tool replicas were
produced, and then used to perform different tasks (Tab. 17).

7.2. Retouched domestic tools
The proportion of domestic tools among the retouched ar-

Tab. 17 - Experimental artefacts and activity carried out for the use-wear study. / Tab. 17 - Pezzi sperimentali e attivita eseguite nell’ambito
dello studio funzionale.

Active Active Working
Exp. n. Tool type edge, edge Task Motion Workgd Contact  Contact time
material angle  surface -
morphology angle (min)
1 Unretouched flake  Pointed 25° Butchering (skinning) ~ Longitudinal ~ Meatsskin ~ 80%90° :’ggtr;aa'ﬂ 5
2 Unretouched flake Pointed 25° Butchering (evisceration) Longitudinal Meat 60°/80° Ventral 5
+ transverse + dorsal
" o ) - . Longitudinal oone  Ventral
3 Unretouched flake  Rectilinear 25 Butchering (disarticulation) T Iransverse Meat+bones ~ 60%90 + dorsal 10
4 Unretouched flake  Rectilinear 30° Butchering (defleshing) Transverse Mfg;gggses 60° Ventral 15
5 Unretouched flake Convex 30° Butchering (defleshing) Transverse Meat+bones 30° Ventral 5
+tendons
Hide processing (removal
6  Unretouched flake  Rectilinear 20° of subcutaneous fat) Transverse Skin 30° Ventral 20
without abrasives
Hide processing (removal
7 Unretouched flake  Rectilinear 30° of subcutaneous fat) Transverse Skin 30° Ventral 20
without abrasives
Rectilinear 5 . . . R
8 Endscraper (Retouched) 40 Tanned hide processing Transverse Skin 30 Ventral 45
9  Unretouched flake Sinuous 30° Bone working Transverse Bone 30° Ventral 7
10 Unretouched flake Convex 25° Bone working Longitudinal Bone 80°/90° :/cejgtrr:; 60
Rectilinear 5 . o100
11 End scraper retouched 40 Bone working Transverse Bone 30%40 Ventral 15
. 5 , - 5 Ventral
12 Unretouched flake  Rectilinear 30 Wood working Longitudinal Wood 90 + dorsal 15
13 Unretouched flake Concave 25° Wood working Transverse Wood 40° Ventral 10
. Rectilinear o . o
14 Side scraper retouched 40 Wood working Transverse Wood 30 Ventral 10
. o ) N 5 Ventral
15 Unretouched flake  Rectilinear 30 Antler working Longitudinal Antler 90 + dorsal 15
16 Unretouched flake Concave 35° Antler working Transverse Antler 40° Ventral 15




8.1.1 Butchering

Experimental butchering, in particular skinning, evisceration, dis-
articulation, and defleshing, was performed on some portions of rabbit.
The activities were carried out using only small artefacts (5 unretouched
flakes), as the archaeological sample under consideration consists ex-
clusively of small objects. One of the tools was hafted to a wooden
handle using pitch and sinew. During these operations, both transverse
and longitudinal movements (uni- and bidirectional) were executed.
Butchering requires tools with relatively sharp, active cutting edges.
The most effective tools are those with a straight profile and an angle
of 20°-30°. Retouched edges are inadequate for this type of activity.

During butchering the tool may come into contact with bone,
which leads to significant changes to the resulting traces. Therefore,
it is essential to distinguish between alterations caused by exclusive
contact with meat tissues and those caused by contact with both
meat and bone.
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Traces resulting from the processing of soft animal tissues are
poorly developed, mainly consisting of small, isolated scars ac-
companied by slight edge rounding and occasional, shallow, fine
striations (Fig. 16: a).

When a tool comes into contact with bone, the traces become
more pronounced. They consist of some small, discontinuously
arranged scars along the used edge. These traces are associat-
ed with fine abrasion and narrow, irregular striations (Fig. 16: b-c).
Butchering did not result in polished areas on the tools’ surface.

8.1.2 Antler working

Two unmodified tools were used for this task performing ac-
tions both parallel to the active edge and perpendicular to it. Unlike
chert tools, where unmodified active edges with a low angle are not
effective because they lose functionality after a few minutes of use
due to excessive fracturing, rock crystal tools, even with unmod-

Fig. 16 — Experimental use-wear traces. a) Isolated scars produced by skinning (exclusive contact with soft animal tissues); b) Edge
rounding and fine abrasion in association with scars from evisceration (mainly contact with soft tissues and occasionally with hard animal
tissues); ¢) Scars and narrow striations produced by disarticulation (due to contact with both soft and hard animal tissues); d) Intense abra-
sion and short striations produced by scraping antler; e-f) Intense micro-scarring produced by sawing antler; g) Large scarring and wide
striations produced by sawing wood; h) Pronounced abrasion and light smooth polish associated with pits and short striations produced
scraping wood, i) Large and short striations associated with scarring produced by scraping wood. / Fig. 16 - Tracce d’uso sperimentali.
a) Isolati distacchi prodotti da spellamento (contatto solo con tessuti animali morbidi); b) Arrotondamento degli spigoli, leggera abrasione
e shbrecciature risultanti da operazioni di eviscerazione (principalmente contatto con tessuti morbidi e occasionalmente con tessuti animali
duri); c) Sbrecciature e sottili striature derivanti da attivita di disarticolazione (contatto sia con tessuti animali morbidi che duri); d) Abrasione
intensa e corte striature prodotte da raschiamento di palco, e-f) Sbrecciature evidenti prodotte segando palco,; g) Ampi distacchi e larghe
striature prodotti segando legno; h) Abrasione marcata e politura omogenea e poco sviluppata associate a “pits” (cavita) e brevi striature
risultanti dalla raschiatura del legno; i) Striature larghe e corte associate a sbrecciature prodotte dalla raschiatura del legno.
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ified edges, are well-suited for antler working. Antler processing
causes the formation of many scars on the rock crystal artefacts,
often large and medium sized, frequently arranged on multiple lev-
els associated with marked abrasion (Fig. 16: d-f). Striations are
large and short (Fig. 16: d). Edge rounding is not recorded. The
antler processing did not result in the formation of polishing.

8.1.3 Woodworking

The experimental activity was conducted on holm oak (Quer-
cus ilex) wood, using an endscraper and two unmodified flakes,
with the tools employed in both transverse and longitudinal move-
ments. Good results, in terms of efficiency, were achieved with
cutting edges that had a straight profile and an active edge an-
gle of less than 35%40°. The concave profile proved well-suited for
transverse movements, as it conformed to the shape of the branch.
Woodworking results in medium and large sized scars on the active
edge. Additionally, regular, wide, and superficial striations, along
with faint smooth polishing, are observed, often accompanied by
small craters (pits) on the tools’ surface (Fig. 16: g-i).

8.1.4 Bone working

Bone working may include all activities related to the trans-
formation of this raw material into various artefacts, such as orna-
mental objects, tools, tool handles, etc. Unlike butchering the lithic
tool comes into contact exclusively with bone. Three tools were
experimentally used for these tasks (two unmodified artefacts and
a sidescraper). For motions carried out transversely to the active
edge, straight or slightly concave cutting edges, both retouched
and unmodified, with an active edge angle measuring less than
40°, proved to be effective. For actions performed parallel to the ac-
tive edge, straight or slightly convex edges with an angle between
20° and 35° were found to be suitable.

Use-wear produced by hard materials typically affects only
the outermost edge (Knutsson 1988). The traces developed dur-
ing bone working consist of medium to large sized scars, which
may be arranged on one or more levels, along with predominantly
irregular striations, associated with extensive abrasion (Fig. 17:
a-c). Bone working also produces frequent deep and large stria-
tions. In our experimental tests, bone working did not cause the
polishing of rock crystal surfaces, differently from what other ex-
perimental studies report (Fernandez-Marchena & Ollé 2016).

8.1.5 Hide processing

This phase of the experimentation focused on the processing
of rabbit hide using three artefacts (two unmodified and one end-
scraper). The first stage involved cleaning the hide of subcutane-
ous fat and flesh residues. This was done both with the addition
of sand (to facilitate fat removal) and without any additives. Un-
modified edges, with a straight profile and an edge angle of less
than 30°, proved to be particularly effective, especially during fat
removal. The subsequent step involved treating the leather after
tanning. In this phase, modified edges with a relatively large active
edge angle (40°) were found to be suitable for breaking the dermal
fibres of the leather, softening and thinning it.

The hide-working process causes minimal alterations to the
rock crystal artefacts. Significant traces were only found when
abrasives (sand) were used on fresh hide, resulting in edge
rounding, abrasion of the area in contact with the worked ma-
terial, and abundant, short and narrow striations, in association
with some small-sized scars (Fig. 17: d). Cleaning the hide of
fat without the use of abrasive substances and processing the
leather after tanning did not produce diagnostic traces, except
for small, isolated scars and some irregular striations (Fig. 17:
e). Processing tanned hide produced a marked abrasion, nar-

Fig. 17 - Experimental use-wear traces: a) Abrasion and large scars on multiple levels, accompanied by faint striations produced by tran-
sverse movements on bone;, b) Medium sized scars and irregular striations produced by sawing bone; c) Large and medium sized scars
produced by sawing bone; d) Extended and marked abrasion, along with numerous striations, produced by removing fat from skin using
sand; e) Slight edge damage due to cleaning the skin of fat without the use of abrasive substances; f) Pronounced abrasion, edge roun-
ding and short striations produced by the processing of tanned hide. / Fig. 17 = Tracce d’uso sperimentali: a) Abrasione e ampi distacchi
organizzati su piu ordini, accompagnati da leggere striature prodotte da movimenti trasversali su 0sso; b) Distacchi di media dimensione e
striature irregolari prodotte segando o0sso; ¢) Distacchi di media e grande dimensione prodotti segando 0sso, d) Abrasione estesa e mar-
cata, accompagnata da numerose Striature, prodotte dalla rimozione di grasso dalla pelle con I'utilizzo della sabbia, €) Sbrecciature poco
marcate sui margini dovute alla pulitura della pelle dal grasso senza sostanze abrasive; f) Abrasione marcata, arrotondamento dei margini
e corte striature prodotte dalla lavorazione di pelle conciata.



row, fine striations, and edge rounding (Fig 17: f). No polishing
occurred on the surface of the tools during any of the hide-pro-
cessing stages.

8.1.6 Insights on the functionality of rock crystal

Though not exhaustive, our experimental program has pro-
vided some interesting insights:

a) The development of traces on rock crystal is very slow. When
working with resilient materials such as wood and antler, no-
ticeable traces begin to form after approximately 15 to 20
minutes of use. Tools employed on less resilient materials,
such as meat and hide, generally did not develop significant
traces—particularly when used for short durations, as was
the case in most experiments (e.g., 5 to 15 minutes for butch-
ering). In instances where use-wear was observed, it was
often associated with the presence of abrasive substances
such as bone, ash, or sand. These observations are consist-
ent with previous studies (Gibaja & Carvalho 2005; Araujo et
al 2007), which report the development of butchering- and
soft-material-related traces only after extended use. This
suggests that the absence of use-wear on tools used to pro-
cess softer animal materials — especially during short tasks
— may not necessarily indicate a lack of use. Further exper-
iments involving longer use durations are required to better
understand the conditions under which traces develop on
this raw material.

b) Rock crystal tools have very sharp cutting edges that lose
their effectiveness more slowly compared to other raw mate-
rials as chert and jasper. This makes rock crystal particularly
well-suited for all types of work, especially in butchery.

c) Rock crystal’'s active edges, when in contact with hard ma-
terial (such as antler, bone and wood), fracture much less
than those on chert and other knappable rocks, making mi-
cro-scars almost invisible without magnification.

8.2 Results of the use-wear analysis on the archaeological ar-
tefacts

Use-related traces have been identified on 33 artefacts of the
studied sample (98 in total), 30 of which are made of rock crys-
tal, one of Buchenstein chert and two of prealpine Maiolica and
Scaglia Rossa chert, respectively (Tab. 18). Surface modifications
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Tab. 18 - The archaeological sample with use-wear-traces. /
Tab. 18 - |l campione archeologico con tracce d’uso.

Artefact_ Rock S. Prealpine Buchenstein Total
categories: crystal chert
Endscrapers 4 1 5
Burins 2 2
Truncated 1 1
pieces
Undifferentiated
Abrupt 1 1
retouched
pieces
Denticulates 3 3
Scrapers
(long, short 3 3
and fragmented)
Subtotal
retouched 14 1 0 15
Unretouched 11 1 12
flakes
Unretouched

. 2 2
laminar flakes
Unretouched
blades 2 2
Indeterminable ; ]
fragments
Slab 1 1
Subtotal
unmodified 16 ! 1 18
Total 30 2 1 33

caused by post-depositional phenomena mainly affect artefacts
made of Buchenstein chert (two items show a gloss patina) and
a few elements made of other types of chert (five artefacts exhibit
a light glossy appearance). Finally, five rock crystal objects show
traces of dubious origin. The remaining items do not show any
surface modification.

The identified use-wear (Tab. 19) mainly consists of edge

Tab. 19 - Analyzed archaeological sample with use-wear traces, divided both by type of action and processed material. / Tab. 19 = ||
campione archeologico con tracce d’uso, diviso sia per tipo di attivita che per materiale lavorato.

Action Processed materials

Artefact categories

Longitudinal Transverse Indeterminable | Hide Meat Wood Hard Semi-hard Soft |ndet.
Endscrapers 5 2 1? 2
Burins 1 1 1 ;
Truncated pieces 1 1
Undifferentigted abrupt ’
retouched pieces
Denticulates 1 2
Scrapers (|, s, fr)
Unretouched flakes 7 5 1 1? 4 1 2
Unretouched laminar ’ ’ ’ ’
flakes
Unretouched blades 1 1 1 1
Indeterminable 1 1
Small slab
Subotals 16 16 3 2 2 7 8 2 9
Total 33 33
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Fig. 18 — Archaeological sample from Staller Sattel STS 4A: a) Polish and edge rounding consistent with hide processing, on a chert
endscraper; b) Pronounced abrasion and edge rounding attributable to hide processing on a rock crystal endscraper; c¢) Abrasion and
micro-scarring associated with a weakly polished area, characterized by short striations and pits, on a burin, interpreted as the result of
wood scraping; d) Edge damage, abrasions, and narrow striations on a unretouched blade, interpreted as the result of butchering, likely
disarticulation. / Fig. 18 = Campione archeologico da Staller Sattel STS 4A: a) Politure e arrotondamento dei margini compatibili con la
lavorazione della pelle su un grattatoio in selce; b) Abrasione marcata e arrotondamento dei margini attribuibili alla lavorazione della pelle
Su un grattatoio in cristallo di rocca; c) Abrasione, sbrecciature e zona con leggera politura, caratterizzata da brevi striature e “pits”, su un
bulino, interpretate come conseguenza della raschiatura del legno, d) Sbrecciatura del margine, abrasioni, e striature sottili su una lama non
ritoccata, interpretate come il risultato di operazioni di macellazione, probabilmente disarticolazione.

1000 um

Fig. 19 — Archaeological sample from Staller Sattel STS 4A. a) Abrasions associated with irregular and longitudinal striations on a rock cry-
stal sidescraper, interpreted as the result from cutting hard material; b) Edge damage on a rock crystal denticulate, interpreted as the result
of cutting semi-hard material; c) Thin longitudinal striations on an unretouched flake, interpreted as the result of cutting soft material (likely
meat); d) Weak rough polish and edge rounding on a Buchenstein slab, interpreted as the result of scraping soft material. / Fig. 19 - Cam-
pione archeologico da Staller Sattel STS 4A. a) Abrasioni associate a striature irregolari e longitudinali su un raschiatoio in cristallo di rocca,
interpretate come prodotte dal taglio di materiale duro, b) Sbrecciatura del margine su un denticolato in cristallo di rocca, interpretata come
il risultato del taglio di materiale semiduro; c) Sottili striature longitudinali su una scheggia non ritoccata, interpretate come conseguenza del
taglio di materiale morbido (probabilmente carne); d) Politura poco sviluppata e irregolare accompagnata da arrotondamento del margine
Su una placchetta in selce del Buchenstein, interpretati come il risultato del raschiamento di materiale morbido.



scarring, located on one or both sides of the tool, in association
with striations and abrasions. Polishing is generally absent or
weakly developed and does not allow to identify the processed
material, except in a few cases.

Cutting motion was identified on 16 pieces, associated with
butchering (1 flake), processing indeterminate materials of vari-
ous consistency, soft (n. 1), medium/hard (n. 4) and hard (n. 6),
as well as unidentifiable materials (n. 3). Transverse actions were
identified on n. 16 artefacts, related to hide processing (n. 2),
woodworking (n. 1), processing indeterminate materials of var-
ious consistencies, such as soft (n. 1), medium/hard (n. 4) and
hard (n. 3), and unidentifiable materials (n. 5). In one case, both
the type of motion and processed material remain unknown.

Among the retouched artefacts, use-wear was detected on
five endscrapers (four made of rock crystal and one from chert),
three scrapers (in rock crystal), three denticulates, two burins,
one abrupt piece, and one truncation. Endscrapers were used
for processing hide with transverse motions (n. 2) (Fig. 18: a-b)
and for scraping hard material, likely wood, and unidentified ma-
terial (n. 2) (PI. 19: 1-3). Scrapers and denticulates were used
for cutting hard, or medium/hard material (Pl. 19: 6-7), burins
for processing wood (Fig. 18: ¢) and hard material (Pl. 19: 4),
the truncation for scraping non-identifiable material (Pl. 19: 5).
The abrupt piece displays not recognizable traces. Sixteen un-
retouched artefacts, primarily flakes, an indeterminable blank
and a small Buchenstein slab exhibit clear use-wear (Fig. 19:
d). These were used for butchering (n. 1) (Fig. 18: d) and cutting
materials of various consistencies, namely hard (n. 2), semi-hard
(n. 2), soft (n. 1), as well as unidentified materials (n. 3). Further-
more unretouched artefacts were used for scraping hide (n. 1)
and material of various consistency (hard, n. 2; semi-hard, n. 4;
soft, n. 1), as well as unidentified material (n. 1).

Used artefacts display only a single working edge, except
for one flake with two active edges. This may suggest that the
tools were not extensively used. The active edges are mainly
rectilinear (n. 24), with fewer exhibiting a convex (n. 8), sinuous
(n. 1), and pointed (n. 1) delineation. Rectilinear edges were used
equally for longitudinal (n. 13) and transverse (n. 12) motions,
whereas convex edges were mainly used for transverse actions
(n. 4 transverse, n. 2 longitudinal). The sinuous edge was used
transversely and the pointed edge longitudinally.

The retouched edges served as active portions on five end-
scrapers and one sidescraper, while the remaining nine formal
tools were used along their unretouched edges.

8.3 Discussion on use-wear and functionality

Microscopic analysis revealed that the examined artefacts
were used to process materials of various consistencies: hard,
medium, and soft. However, the processed material could only
be identified for a few specific artefacts (n. 5) which were used
in processing hide and wood, as well as in butchering. This dif-
ficulty in identifying the worked material may be attributed to
the high resistance of rock crystal to use-wear formation (Araudjo
Igreja et al. 2007; Fernandez_Marchena & Ollé 2016). Moreover,
the presence of a single working edge per artefact suggests that
the tools were likely non-intensively used at the site.

The scenario provided by the functional results demon-
strates that various activities were carried out at Staller Sattel
STS 4A. This is supported by the heterogeneous composition of
the toolkit and the varied consistency of the processed materi-
als, which suggest a range of different domestic tasks.

Use-wear has been detected on both formal tools and on
unretouched flakes and blades. We observed that artefacts
used for butchering or processing soft materials, with the excep-
tion of endscrapers, which merit a separate discussion, are un-
retouched blades or flakes. Butchering primarily requires cutting
tools with very sharp edges (see chapter 8.1), so unretouched
edges facilitate the dismemberment of the animal (e.g. Walker
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1978). Retouched edges may be employed in such operational
contexts when potential contact with hard materials, such as
bone, would benefit from more durable edges.

Endscrapers are typically regarded as specialized tools for pro-
cessing hide with transverse action (e.g. Gavrit Roux & Beyries 2018),
and this seems to be the case for at least two specimens from Staller
Sattel STS 4A. However their employment in other tasks, to a lesser
extent, has been recorded in several archaeological contexts, such
as for scraping wood (e.g. Jardén Giner 2000), scraping mineral ma-
terials (e.g. Porraz et al. 2018) or processing hard animal tissues (e.g.
Porraz et al. 2010). Despite its rarity, the sample from Staller Sattel
seems to reflect this trend, as one endscraper shows traces possibly
associated with wood processing. The use of this tool type for either
a specialized function or a wider range of activities may depend on
various circumstances, such as the site function and environmental
constraints (Andrefsky 1997).

The morphology of the working edges reveals a clear preference
for rectilinear and unretouched edges, suitable for both scraping and
cutting. Such preference is also documented by the majority of for-
mal tools, which display use-wear on an unretouched edge rather
than on the retouched margin (with the exception of endscrapers
and a side scraper). This evidence suggests that retouching on cer-
tain artefacts may have served to facilitate hafting or tool-handling.
No hafting traces have been identified in the archaeological sample.
Given that rock crystal tools have more durable cutting edges com-
pared to chert tools (see chapter 8.1, see Aradjo Igreja 2009), the
need to retouch them for sharpening to increase their resistance to
hard material may have been less significant.

9. Discussion and conclusions

9.1. Site function and activities

The previous interpretation of Staller Sattel STS 4A as a moun-
tain base camp, in line with its central location at the conjunction be-
tween adjacent hunting territories and its strategic position within the
reconstructed route network (Kompatscher et al. 2016, chapter 5), is
consistent with the character of the lithic industry. The reduction of
rock crystals and, to a much lesser extent, small Buchenstein chert
slabs, was carried out on site. Blanks, mainly flakes, were produced
and partly transformed into armatures and domestic tools according
to Sauveterrian technology.

The frequency of common tools (41%), which is high compared
with other Sauveterrian assemblages from mountain sites (Lanzinger
1985), further supports the interpretation of the site as a base camp,
where logistics and subsistence tasks would have played an impor-
tant role. Use-wear studies indicate the processing of materials with
various consistencies through cutting and scraping actions. The
working of wood, a raw material available in the immediate surround-
ings (Kompatscher et al. 2016), is attested by wear traces. Use-wear
traces observed on several lithic artefacts provide evidence of butch-
ering and hide working which can be linked to the processing of hunt-
ed prey. Repeated use-wear traces found on the endscrapers sug-
gest systematic hide-working tasks carried out by the dwellers at the
camp. In this regard, five of the endscrapers, all intensely exploited,
are made from cherts sourced from the distant Belluno-Friulian Pre-
alps. This suggests that groups embarking on long-term migrations
equipped themselves with tools or blanks made from high-quality
raw materials not available along their route. It seems that retooling
and repairing hunting weapons were tasks commonly carried out at
the site, given that broken and intact microliths make up 59% of all
retouched artefacts. Sauveterre points were primarily made of rock
crystal, whereas smaller armatures (such as triangles and backed
pieces with truncation) were mostly made of Buchenstein chert. Small
projectiles show the highest raw-material variety of the assemblage,
also including items made from high-quality Prealpine chert. There is
no evidence for an on-site manufacturing of this raw material, which
makes their arrival as finished armatures highly probable.
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9.2. Rock crystal as lithic raw material in the Alpine Mesolithic

Our study shows that the transparent portions of crystals,
which were preferentially worked at STS 4A, respond to débitage
in a most similar way to high-quality chert. The disadvantages
associated with the anisotropy of rock crystal, such as the higher
brittleness and a less flexible breaking behaviour of this mineral,
could be controlled by the knappers. In contrast, the translucent
portion of the crystals, which may exhibit unpredictable changes
in the direction of detachments, allow for less predetermination
of the desired blanks and result in higher raw material waste. The
débitage of hyaline quartz is conditioned by the given angles and
faces. The extremities of the rhombohedra offer the only suitable
angle to open an intact crystal. To obtain the desired thin blanks,
mostly flakes, knappers at STS 4A positioned the flaking surface
obliquely to the c-axis. Without any need for prior preparation, the
longest and most regular blanks could be extracted during the
first phase of débitage. Core management followed the Sauve-
terrian reduction schemes commonly observed on small chert
blocks: maintenance of a wide and only slightly convex flaking
surface, detachment of short series of unidirectional convergent
or centripetal blanks, frequent core reorientations, as well as the
use of large flakes as cores.

Despite the differences compared to chert, the latter being
isotropic and therefore more flexible during debitage, the techni-
cal expertise of the Mesolithic knappers allowed them to obtain
the desired end products from such unusual raw material by suc-
cessfully combining original crystal-specific solutions with typical
Sauveterrian reduction schemes. Indeed, the realized end prod-
ucts do not differ from the characteristic Sauveterrian armature
and tool assemblages made from chert. Regarding the function-
ality of hyaline quartz tools, our experimental tests yield positive
results, showing greater sharpness and durability of the working
edges compared to chert. This offers advantages in specific tasks
such as butchering and processing hard materials. The variable
outlining of the edges, depending on the quality of the crystal —
straight in the transparent part and wavy or saw-shaped in the
translucent portions — could have been useful on this behalf. In
sum, rock crystal is suitable for Early Mesolithic production and
can not, therefore, be considered tout court a replacement mate-
rial. Furthermore, a certain versatility of this raw material emerges
from experimental work carried out using techniques and meth-
ods different from those identified at Staller Sattel (Chelidonio
1990; Visentin 2017).

[t is a fact, however, that sites with an abundant rock crystal
industry, as a result of on-site reduction of this mineral, are spo-
radic. In general, these sites are located not too far from the pri-
mary sources and in regions where high-quality chert is absent.
Comparisons between Staller Sattel STS 4A and other excavated
Mesolithic sites dominated by hyaline quartz artefacts (93-99%) are
found in the Western Alps. Moving from east to west, two swiss
sites can be identified: Andermatt Hospental-Moos, a valley bot-
tom site at 1,475 m a.s.l. in the Canton Uri attributed to the Late
Mesolithic (Auf der Maur & Cornelissen 2014), and Zermatt Alp Her-
mettij, a high-altitude rockshelter at 2,600 m a.s.l. at the foot of the
Matterhorn in the Canton Valais, with fireplaces dating to the Early
Mesolithic (Curdy et al. 2003). Further west, two ltalian sites can
be cited: Alpe Veglia/Cianciavero in Piedmont, at 1,750 m a.s.l. at
the head of the Val d’Ossola, identified as Sauveterrian base camp
with nearby quartz outcrops (Fontana et al. 2000) and MF1 Mont
Fallere site in Aosta, at 2,240 m a.s.l., with an industry in second-
ary deposition attributed to the Sauveterrian (Raiteri 2017). For the
first three sites, the authors emphasize their location along or near
routes leading to important inner-Alpine passes.

In the Eastern Alps, the already noted rapid decrease of the
rock crystal component when moving away from the primary
sources (see chapter 1.1), does not fully align with the distribution
of the Cretaceous chert varieties from the Southern Alps. These
latter have a wider distribution pattern, extending northwards be-

yond the outcrops. It can therefore be deduced that rock crystals
and crystal cores were not systematically transported as raw ma-
terial reserve, as appears to have been the case with Southalpine
chert. One reason for this could be the higher quality and better
flaking properties of this latter. Another explanation for this be-
haviour might be related to the logistics of seasonal mobility. In
early summer groups moving towards high altitudes, would be
equipped with necessary goods, including high-quality chert.
In contrast, by late summer or autumn, when returning to lower
altitudes, where winter territories were likely located, additional
transport of rock crystals, especially when moving towards terri-
tories with sufficient high-quality chert outcrops, would have been
an unnecessary fatigue.

9.3. Considerations about seasonal mobility and contacts

The considerations in this chapter are summarized in figure
20. Based on the proximity of territories with rock-crystal bearing
fissures, we can infer that the Sauveterrian hunter-gatherers who
frequented Staller Sattel STS 4A covered one or more mountain
ranges along the main Alpine ridge (the Venedigergroup, flanked
by the Zillertaler Alps and the Granatspitz- and Glocknergroups)
during their seasonal migrations. They could have accessed them
during their stays at Staller Sattel STS 4A, a site with base-camp
character, or, hypothetically, by crossing the Alpine divide on their
way back south. The direct minimum distances, as the crow flies,
between the hyaline-quartz sources and Staller Sattel, are ap-
proximately 15-20 km, but the real distances had to be greater,
due to the mountain barriers.

Also, the Dolomites were among the mountain ranges ex-
ploited during the seasonal hunting-and-gathering circuits that
the Staller Sattel area was part of, as shown by the artefacts
made of Buchenstein and Rosso Ammonitico cherts. Whereas
the latter is represented by sporadic armatures, likely imported
as finished artefacts, the chaine opératoire of the Buchenstein
chert is nearly complete. The nearest known primary sources lie
approximately 22 km south in a direct line, near Prags/Braies,
and are easily accessible. The best routes to and from STS 4A,
crossing the Puster Valley, have been reconstructed (Fig. 21). Al-
though Buchenstein chert is a raw material of low flaking quality,
its widespread outcrops across the Dolomites (Fig. 20) might have
been advantageous for an embedded procurement during sea-
sonal migrations.

Interesting hints about long-distance mobility result from the
other high-quality Southalpine chert types. Their petrographic
features and the overall characteristics indicate an origin from the
Fadalto calcarenites, the Soccher limestone, and the formations
of the Fonzaso, Maiolica, Scaglia Rossa and Scaglia Variegata Al-
pina cropping out in the Belluno-Friulian Prealps, with a particular
focus on the Belluno Valley. Another likely source area is the high
Friulian Plain of the Tagliamento River. Both areas are located at a
distance of approximately 90-100 km and 110 km respectively in
a direct line from the Staller Sattel. It is therefore no wonder that
none of these varieties seem to have been knapped at STS 4A but
were instead imported as single finished artefacts.

Early Mesolithic exploitation of cherts from the Belluno-Fri-
ulian Prealps is well known for the Veneto region. Petrographic
analyses carried out at Mondeval de Sora, a Mesolithic rock shel-
ter located in the Belluno Dolomites, indicate that cherts used
during the Sauveterrian site occupation of sector lll were mostly
collected from the Belluno Valley, around Alpago and Longarone,
areas located about 40-50 km to the south (Valletta et al. 2016).
Further parallels with STS 4A are seen in the exploitation of the
Triassic Buchenstein formations, which are locally available (Val-
letta et al. 2016, referred to as “Livinallongo”). Finally, a few rock
crystal artefacts are also part of the industry, attesting to contacts
between the Belluno Dolomites and the Tauern Window.

The southernmost occurrence of rock crystal though, most
likely sourced from the Tauern Window, is represented by sev-
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en artefacts found at the Sauveterrian site Casera Lissandri 17
on the Cansiglio Plateau in the Venetian Prealps (Visentin et al.
2016). Aside from this allochtonous mineral, the groups primarily
relied on chert varieties from the Venetian Prealps, mainly collect-
ed from the nearby Belluno Valley (30 km to the west), the area
around Alpago and the Cansiglio itself. A few Maiolica artefacts
suggest provisioning from at least 45 km to the west of the site,
given their similarities to the so-called Trento-Plateau condensed
facies.

In addition to these excavated sites, interesting raw-material
similarities with STS 4A are found among the surface sites of the
Comelico in the Carnian Prealps (Bertola 2023, fig. 37). The wide
variety of lithic material comprises cherts both from the Bellu-
no-Friulian Prealps and the high Friulian Plain, dolomitic Buchen-
stein cherts and sporadic rock crystal artefacts.

In sum, there is a complementarity of lithic raw material varie-
ties between Staller Sattel STS 4A, Mondeval de Sora and Casera
Lissandri 17. The available data indicate a south to north trajectory,
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Fig. 21 — Proposed routes from and to Staller Sattel STS 4A in
relation to the nearest procurement areas of Buchenstein chert
(green) and of rock crystal (light blue), both knapped on site (map
base: Tirol-Atlas, Universitét Innsbruck). / Fig. 21 — Proposta dei
percorsi da e per Passo Stalle STS 4A rispetto alle piu vicine aree di
approvvigionamento di selce del Buchenstein (verde) e di cristallo
di rocca (azzurro), le litologie scheggiate nel sito (base cartografica:
Tirol-Atlas, Universitéat Innsbruck).

connecting the southern Alpine fringe, namely the Belluno- and
Friulian Prealps, via the Dolomites, or the adjacent Carnian Pre-
alps, with the mountain ranges north of the Puster Valley. If we
accept that Sauveterrian hunter-gatherer groups organized their
logistic nomadism according to distinct territorial units (Fontana
& Visentin 2016; Fontana et al. 2021, 2023), Staller Sattel STS
4A might be connected to the logistic system proposed for the
territory covered by the Piave River hydrographic basin. In this
context, the Venetian-Friulian Plain, located at the foothills of the
mentioned Prealps, would have provided ideal wintering ground
for these Mesolithic groups.

Finally, the identification at STS 4A of two artefacts made of
radiolarite from the Northern Calcareous Alps, consistent with
the varieties found in the Karwendel Mountains north of Inns-
bruck (about 80 km in a straight line from Staller Sattel), neces-
sitates considering some form of connections with territories or
populations beyond the main Alpine watershed. We are unable to
contextualize the arrival of these two microlithic armatures: were
they leftovers from a hypothetical Beuronian site use, or did they
somehow enter the equipment of Sauveterrian nomads, while
they were moving through northern Alpine territories? This latter
interpretation would be more cautious, also supported by the fact
that the territories on the present-day Austrian slope of the Alpine
divide were exploited by both Sauveterrian and Beuronian groups.
This aspect has been documented at the open-air Ullafels-
en site, located in the Stubai Alps in North Tyrol (Austria). The

long-term seasonal hunting camp was used by groups with
both techno-cultural backgrounds, as shown by the lithic indus-
try, especially by the provenance of the raw material (Fig. 20;
Schafer 2011).

In addition to Southalpine Cretaceous chert from the Italian
Non Valley and Franconian chert from the Kehlheim district in
Lower Germany, also radiolarite from the Chiemgau and Ruhpol-
ding formations, cropping out in the Karwendel and Rofan Moun-
tains, was introduced (Bertola 2011a, 2011b; Bertola & Schéfer
2011; Bertola et al. 2020). There is evidence that the radiolarite
was rather processed by knappers with Beuronian techno-cul-
tural background. In contrast, the use of rock crystal at Ullafels-
en, representing 13,7% of the lithic assemblage, was most likely
knapped by Sauveterrian dwellers (Schéafer 2011: 317; Bertola et
al. 2020). Mineralogical studies indicate pennidic localities of the
Zillertaler as well as the Tuxer Alps as the most probable prov-
enance (Niedermayr 2011). On base of the raw material data of
Ullafelsen and of STS 4A, a partial overlap of exploited territories
cannot be excluded.

Staller Sattel STS 4A represents a further site attesting the
north-south crossing of the main Alpine divide, a phenomenon
already documented for the Early Mesolithic in the region (Bertola
2011b; Schéfer 2011; Bertola et al. 2020; Kompatscher & Kom-
patscher 2005, 2011). Nevertheless, the co-occurrence at STS
4A of artefacts, specifically armatures, made of lithic raw materi-
als originating from both the southern and northern fringes of the
Alps constitutes new evidence. These data contribute to widen
the picture of long-distance contacts and mobility of Early Holo-
cene alpine populations.
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Appendix/Appendice

STS4A - n. 2466 STS4A - n. 2466

ULLAFELSEN - LIGHT GREEN GREY

STS4A-n. 623 5| |STS4A-n.623

5 mm 5 mm

STS4A - n. 307 7| | STS4A-n. 307 8

3 mm 3 mm

Plate 1- Radiolarites, filonian “pegmatitic” quartz and quartzites. 1. Geometric armature of northalpine radiolarite (upper Jurassic, Chiemgau/Ruhpol-
ding Group) of white-light grey colour, slightly metamorphosed (cleavage); 2. Detail of the microfacies with an association of small radiolarians and rare
dark sponge spicules in a silicified marl matrix. Microfossils are generally deformed and badly preserved; 3. Chiemgau radiolarite artefact found at the
mesolithic site Ullafelsen (Sellrain, Innsbruck, Austria); 4. The microfacies is very similar to the sample from Staller Sattel STS 4A; 5-6. Flake made of
local “pegmatitic” quartz, likely originating from the Tures/Anterselva gneiss basement; 7-8. Flake made of local grey quartzite. Multi-decimetric quart-
Zite horizons are frequently found within the gneiss. / Tav. 1 - Radiolariti, quarzo filoniano “pegmatitico” e quarziti. 1. Armatura geometrica in radiolarite
nordalpina (Giurassico Superiore, Chiemgau/Ruhpolding Group) di aspetto bianco-grigio chiaro, leggermente metamorfosata (clivaggio); 2. Dettaglio
della microfacies con una associazione a piccoli radiolari e rare spicole di spugna di aspetto scuro in matrice marnosa silicizzata; i microfossili sono
generalmente deformati e mal preservati; 3. Manufatto in radiolarite Chiemgau proveniente dal sito mesolitico di Ullafelsen (Sellrain, Innsbruck); 4. La
microfacies e molto simile al campione di STS 4A; 5-6. scheggia in quarzo filoniano (“pegmatitico”) locale, probabilmente proveniente dal basamento
gneiss Tures/Anterselva; 7-8. scheggia in quarzite grigia locale. Orizzonti quarzitici pluridecimetrici sono frequenti entro gii gneiss.
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Plate 2 - Buchenstein and Rosso Ammonitico Veronese cherts, Dolomites. 1-2. Fragment with ventral and dorsal negatives in black chert
from Buchenstein (Ladinan age, Dolomites); 3. Blade fragment on black chert from Buchenstein (Ladinan age, Dolomites) with slight lami-
nations; 4. Detail of the microfacies showing the cavities of the radiolarians filled with milky quartz or calcite, and pelagic lamellibranchs with
concave morphologies and thin shell; 5. Black chert flake from a Buchenstein plate. The cortical areas are impregnated with clay sediments
and iron oxides (collected from soils); 6. The microfacies shows abundant presence of fine volcaniclastic debris; 7. Chert flake from the Ros-
so Ammonitico Veronese (Dogger-Malm, Dolomites) with white-ivory cortex, collected from outcrops; 8. The whitish microfossils are mainly
composed of sponge spicules and subordinate radiolarians, with scattered iron oxides also present. / Tav. 2 = Selci del Buchenstein e del
Rosso Ammonitico Veronese - Dolomiti. 1-2. Frammento con negativi ventrali e dorsali in selce nera del Buchenstein (Ladinico, Dolomiti); 3.
Frammento di lama su selce nera del Buchenstein (Ladinico Dolomiti) con leggere laminazioni; 4. Dettaglio della microfacies che mostra le
cavita dei radiolari riempite di quarzo latteo o da calcite, e lamellibranchi pelagici a morfologie concave e guscio sottile; 5. Scheggia in selce
nera su placchetta di Buchenstein con aree corticali impregnate da sedimento argilloso e da ossidi (raccolta da suoli); 6. La microfacies
evidenzia un abbondante presenza di fine detrito vulcanoclastico; 7. Scheggia in selce del Rosso Ammonitico Veronese (Dogger-Malm,
Dolomiti) con cortice bianco-avorio, raccolta presso affioramenti; 8. | microfossili biancastri sono costituiti prevalentemente da spicole di
spugna e da subordinati radiolari; sono presenti anche ossidi di ferro sparsi.

o
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Plate 3 - Cherts from the Belluno-Friulian Prealps - Fonzaso, Soccher and Maiolica. 1. Vitreous grey-green chert bladelet from Fonzaso
(Dogger, Belluno-Friulan Prealps) with large cortical portions rich in “filaments”; 2. Detail showing a microcrystalline matrix embedding
radiolarians, sponge spicules and pelagic lamellibranchs; 3. Backed fragment made of chert from Soccher/Fadalto Limestone (Upper Ju-
rassic-Lower Cretaceous), deposited in areas closer to the feeding Friulian Platform; 4. The detail highlights the coarse and hetereogeneous
bioclastic debris (rudists, corals, algae, crinoids, resedimented benthic foraminifers); 5. Endscraper from Maiolica grey chert, with broad
faded bands; 6. Detail of fine cryptocrystalline texture embedding minute re-sedimented radiolarians and rare sponge spicules, often with
calcite fillings; 7. Endscraper from Maiolica chert, similar to the previous sample; 8. In this case the presence of a strongly rounded surface,
the impregnation by oxides and the significant decarbonization suggests the collection of the pebble from ancient alluvial deposits in the
high Friulian Plain, close to the Tagliamento morainic amphitheater. / Tav. 3 = Selci delle Prealpi Bellunesi-Friulane — Fonzaso, Soccher e
Maiolica. 1. Lamella in selce grigio-verde vetrosa del Fonzaso (Dogger, Belluno-Friulan Prealps) con ampie porzioni corticali ricche di “fi-
laments”; 2. Dettaglio della stessa che mostra una matrice microcristallina inglobante radiolari, spicole di spugna e lamellibranchi pelagici;
3. Frammento di dorso in selce del Soccher/Calcare di Fadalto (Giurassico Superiore-Cretaceo Inferiore), deposta in aree piu prossimali
rispetto alla piattaforma friulana alimentatrice; 4. Il dettaglio evidenzia il detrito bioclastico grossolano ed eterogeneo (rudiste, coralli, alghe,
crinoidi, foraminiferi bentonici risedimentati); 5. Grattatoio in selce grigia della Maiolica con larghe bande sfumate; 6. Dettaglio della tessitura
finissima criptocristallina inglobante minuti radiolari ri-sedimentati e rare spicole di spugna, spesso con riempimenti di calcite; 7. Grattatoio
in selce della Maiolica, analogo al campione precedente; 8. In questo caso la presenza di caratteristiche superfici fortemente arrotondate,
I'impregnazione di ossidi e la forte decarbonatazione suggeriscono la raccolta del ciottolo da alluvioni antiche nel contesto dell’alta pianura
friulana, vicino all’anfiteatro morenico del Tagliamento.
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Plate 4 - Cherts from the Belluno-Friulian Prealps - Scaglia Variegata Alpina summit and Scaglia Rossa basal. 1. Endscraper made of opaque
yellow-greenish chert from Scaglia Variegata Alpina; 2. Microfacies composed of radiolarians and planktonic foraminifers (Preglobotruncana
stephani) of Cenomanian/ Turonian age; 3. Bladelet of yellow chert from Scaglia Variegata Alpina, with fine debris and part of the radiolarians filled
with bright calcite resulting in tiny spotted inclusions; 4. Microfacies characterized by dispersed minute calcite crystals and rare milky planktonic
foraminifers, including Rotalipora cushmani and Preglobotruncana stephani of Cenomanian age; 5. Bladelet fragment of reddish-brown chert
with greyish patches from the Scaglia Rossa basal; 6. Well-preserved microfossils composed of radiolarians and planktonic foraminifers (Dica-
rinella hagni) indicating Turonian age; 7. Flake fragment of chert from Scaglia Rossa with a reddish-brown and yellowish-brown mottled matrix,
and rare brown-pink calcareous inclusions; 8. The very fine siliceous matrix embeds radiolarians and planctonic foraminifers (Marginotruncana
sp.) of Turonian-Coniacian age. / Tav. 4 - Selci delle Prealpi Bellunesi-Friulane - Scaglia Variegata Alpina sommitale e Scaglia Rossa basale.
1. Grattatoio in selce selce giallo-verde opaca della Scaglia Variegata Alpina, 2. Microfacies a radiolari e foraminiferi planctonici (Preglo-
botruncan astephani) di eta Cenomaniana/Turoniana; 3. Lamella in selce gialla della Scaglia Variegata Alpina, con detrito fine, e parte dei
radiolari riempiti da calcite brillante, con effetto di piccole inclusioni a chiazze; 4. Microfacies caratterizzata da minuti cristalli di calcite di-
spersi e da rari foraminiferi planctonici lattei, tra cui Rotalipora cushmani e Preglobotruncana stephani di eta Cenomaniana; 5. Frammento
di lamella in selce di colore bruno rossastro con plaghe grigiastre della Scaglia Rossa basale; 6. Microfossili ben conservati formati da
radiolari a foraminiferi planctonici (Dicarinella hagni) che indicano eta Turoniana, 7. Frammento di scheggia in selce della Scaglia Rossa a
matrice bruno rossastra e bruno giallastra a chiazze, con rari inclusi calcarei bruno rosati; 8. La finissima matrice silicea ingloba radiolari e
foraminiferi planctonici (Marginotruncana sp.) di eta Turoniana-Coniaciana.
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STS4A - n. 869 I STS4A - n. 869
‘ Globotruncanita stuarti
__Somm 1 mm
STS4A - n. 50-100-c 3 STS4A-n. 50-100-c
‘ Globotruncanella sp.
5 mm
STS4A - n. 1509 Y STS4A - n. 1509
Radotruncana calcarata
Rugoglobigerina sp.
3 mm 1 mm
STS4A -n. 1237 VAR STS4A - n. 1237

Racemigumbelina fructicosa

Contusotruncana sp.

Plate 5 - Cherts from the Belluno-Friulian Prealps - Scaglia Rossa summit. 1. Flake made of light brown chert, partially cortical, from Scaglia
Rossa; 2. Detail of the microfacies with planktonic foraminifers of Campanian/Maastrichtian age (Globotruncanita stuarti); 3. Bladelet of yellowish
brown chert, opaque and homogeneous; 4. Planktonic foraminifers, including Globotruncanella referable to the Maastrichtian, 5. Small flake
fragment of light brown chert; 6. The micropalaeontological association includes, among others, Rugoglobigerina sp. and Radotruncana cal-
carata of Campanian age; 7. Bladelet in opaque yellowish brown chert; 8. Detail of the microfacies showing a micropalaeontological association
with Contusotruncana sp. and Racemigumbelina fructicosa of Maastrichtian age. / Tav. 5 - Selci delle Prealpi Bellunesi-Friulane — Scaglia Rossa
sommitale. 1. Scheggia in selce della Scaglia Rossa colore bruno chiaro, parzialmente corticata; 2. Dettaglio della microfacies con foraminiferi
plactonici di eta Campaniana/Maastrichtiana (Globotruncana Stuarti); 3. Lamella in selce di colore bruno giallastro, opaca e omogenea; 4.
Foraminiferi planctonici, tra cui Globotruncanella sp. riferibile al Maastrichtiano; 5. Piccola scheggia in selce di colore bruno chiaro, 6. L'associa-
zione micropaleontologica comprende tra gli altri Rugoglobigerina sp. e Radotruncana calcarata di eta Campaniana; 7. Lamella in selce bruno
giallastra opaca;, 8. Dettaglio della microfacies che mostra un'associazione micropaleontologica a Contusotruncana sp. e Racemigumbelina
fructicosa di eta Maastrichtiana.
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Plate 6 — Rock crystal artefacts from STS4A showing the reduction of crystals and the production of different types of blanks. Retouched
artefacts: 1. Endscraper; 2, 7. Denticulates; 4. Long sidescraper; 5. Truncation. With use-wear: nn. 4, 6-8, see plate 19. / Tav. 6 — Reperti in
cristallo di rocca da STS 4A mostrando la riduzione dei cristalli e la produzione di diversi tipi di supporti. Ritoccati: 1. Grattatoio, 2, 7. Denticolati,
4. Raschiatoio lungo; 5. Troncatura. Con tracce d‘uso: nn. 4, 6-8, vedi tavola 19.
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. Plate 7 — Rock crystal artefacts from STS 4A showing the reduction of
A crystals from the base, and the production of different types of blanks.

A Retouched artefacts: 14. Denticulate. With use-wear: n. 11 (flake on the
left), see plate 19. / Tav. 7 - Reperti in cristallo di rocca da STS 4A mo-
strando la riduzione dei cristalli dalla base e la produzione di diversi tipi
di supporti. Ritoccati: 14. Denticolato. Con tracce d’uso: n. 11 (scheg-
gia sulla sinistra), vedi tavola 19.
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Plate 9 - Rock crystal flakes from STS 4A. Retouched tools: 10. Denticulate. With use-wear: nn. 1 and 3, see plate 19.. / Tav. 9 = Schegge in
cristallo di rocca da STS 4A. Ritoccati: 10. Denticolato. Con tracce d’'uso: nn. 1 e 3, vedi tavola 19.
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Plate 11 — Rock crystal bladelets from STS 4A. / Tav. 11 - Lamelle in
cristallo di rocca da STS 4A.
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Plate 10 — Rock crystal blades from STS 4A. Retouched tools: 2.
Denticulate; 4 and 7. Long sidescraper. With use-wear: nn. 2, 5, 7,
see figures 18-19 and plate 19. / Tav. 10 - Lame in cristallo di rocca
da STS 4A. Ritoccati: 2. Denticolato; 4 e 7. Raschiatoi lunghi. Con
tracce d’'uso: nn. 2, 5, 7, vedi figure 18-19 e tavola 19.

Plate 13 - Waste from armature manufacturing on rock crystal. 1-2.
Microburins; 3-4. Notch adiacent to fracture; 5-6. Krukowski micro-
burins. / Tav. 13 - Scarti del confezionamento delle armature su

cristallo di rocca. 1-2. Microbulini ordinari; 3-4. “Incavo adiacente a
frattura”; 5-6. Microbulini Krukowski.
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Plate 12 - Rock crystal armatures (backed tools) from STS 4A. 1-14. Backed points; 15-17. Backed bladelets; 18-22. Backed bladelets with
truncation; 23-32. Geometric pieces; 33-38. Backed fragments. / Tav. 12 = Armature (strumenti a dorso) in cristallo di rocca da STS 4A. 1-14.
Punte a dorso; 15-17. Lame a dorso; 18-22. Lame a dorso e troncatura; 23-32. Geometrici; 33-38: Frammenti di dorso.
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Plate 14 - Burins from rock crystal. With use-wear: nn. 2-3, see figure
18 and plate 19. / Tav. 14 - Bulini su cristallo di rocca. Con tracce d’u-
so: nn. 2-3, vedi figura 18 e tavola 19.
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Plate 15 - Endscrapers from rock crystal. With use-wear: nn. 1-2, 5, 10, see figure 18 and plate 19. / Tav. 15 — Grattatoi su cristallo di rocca.

Con tracce d’uso: nn. 1-2, 5, 10, vedi figura 18 e tavola 19.
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Plate 16 - 1-2. Truncations; 3-6. Scrapers; 7. Undifferentiated abrupt pieces; 8. Denticulates. All made of rock crystal. With use-wear: n. 5,
see plate 19. / Tav. 16 — 1-2. Troncature; 3-6. Raschiatoi, 7. Erti indlifferenziati; 8. Denticolato. Tutti su cristallo di rocca. Con tracce d’uso: n. 5,
vedi tavola 19.
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Plate 17 - Artefacts made of Buchenstein chert. 1-4. Cores; 5-7, 9. Unretouched artefacts; 8. Endscraper; 10. Truncation; 11. Backed blade;
12, 16-18. Geometrics; 13. Backed piece with truncation; 14 and 19. Backed point fragments; 15. Backed fragment. / Tav. 17 — Industria litica
ricavata da selce del Buchenstein. 1-4. Nuclei; 5-7, 9. Non ritoccati; 8. Grattatoio,; 10. Troncatura; 11. Lama a dorso; 12, 16-18. Geometrici; 13.
Strumento a dorso e troncatura; 14 e 19. Frammenti di punte a dorso; 15. Frammento di dorso.
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Plate 18 — Armatures made of Rosso Ammonitico chert: 1. Backed piece with truncation; 2. Geometric piece. Artefacts made of prealpine
cherts: 3. Core; 4. Endscraper on former core; 5-6. Unretouched artefacts; 7. Abrupt undifferentiated piece; 8 and 10. Geometrics; 9 and 11.
Backed fragments; 13-16 Endscrapers. Artefacts made of filonian (,pegmatitic”) quartz: 17. Scraper; 18. Backed fragment; 19-20 Unretouched
artefacts. Armatures made of northern Alpine radiolarite: 21-22. Geometrics. With use-wear: n. 4, see figure 18. / Tav. 18 = Armature realizzate
su selce del Rosso Ammonitico: 1. Strumento a dorso e troncatura, 2. Geometrico. Industria ricavata su selce prealpina: 3. Nucleo; 4. Gratta-
toio su ex nucleo; 5-6. Non ritoccati; 7. Erto indifferenziato; 8 e 10. Geometrici; 9 e 11. Strumenti a dorso; 13-16. Grattatoi. Manufatti ricavati su
quarzo filoniano (“pegmatitico”):17. Rasciatoio; 18. Frammento di dorso; 19-20. Non ritoccati. Armature fatte su radiolarite nordalpina: 21-22.
Geometrici. Con tracce d'uso: n. 4, vedi figura 18.
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Plate 19 - Archaeological sample from Staller Sattel STS 4A on rock crystal. Wear traces from scraping (dots) and cutting (straight line):
1-3. Endscrapers; 4. Burin; 5. Truncation; 6. Long sidescraper; 7. Denticulated piece; 8-11. Unretouched blade, laminar flake and flake. /
Tav. 19 - Campione archeologico da Staller Sattel STS 4A su cristallo di rocca. Tracce d’'uso compatibili con raschiare (punti) e tagliare (linea):
1-3. Grattatoi; 4. Bulino 5. Troncatura; 6. Raschiatoio lungo; 7. Denticolato; 8-11. Lama, scheggia laminare e scheggia, non ritoccati.



