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Abstract Abundant clay burnt plaster remains and a few
flaked tools, including an obsidian artefact, found on the
ground surface not far from Trieste (north-eastern Italy) pro-
vide rare evidence of a possible prehistoric open-air occupa-
tion in the area. To confirm and detail their ancient origin, a
plaster sample has been dated between 4000 and 2000 B.C.
via thermoluminescence. Outer and inner structure of selected
plaster samples has been characterized using several tech-
niques, i.e. X-ray diffraction, scanning electron microscopy
and X-ray computed micro-tomography, obtaining informa-
tion about their production technology. The last technique
has allowed to image and virtually extract vegetal remains
and imprints. Their 3D morphological study has contributed
to collect information about the ancient environment and has
provided clues to define the plaster production season. The
provenance of the obsidian artefact from Lipari Island, re-
vealed by prompt gamma activation analysis, suggests that
the finding site was part of long-distance connection systems
and probably worked as intermediate point between the north-
eastern Adriatic coastal areas and the inner Karst plateau.
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Introduction

In the Trieste area (north-eastern Italy), almost all the known
Neolithic and Copper Age sites identified so far are caves and
rock shelters of the Karst plateau (Boschian and Montagnari
Kokelj 2000, Montagnari Kokelj et al. 2013). Only a few
findings are reported from the coastal hilly belt formed by
relatively fertile Eocene turbiditic rocks (Flysch of Trieste)
and alluvial deposits (Montagnari Kokelj 1997; Bernardini
and Betic 2008; Fig. 1). The discovery of three flaked artefacts
and abundant burnt clay plaster remains on the ground sur-
face, along the southern slope of a marly-arenaceous hill (San
Rocco), is therefore interesting. These findings could help to

* F. Bernardini
fbernard@ictp.it

1 Centro Fermi, Museo Storico della Fisica e Centro di Studi e
Ricerche BEnrico Fermi^, Piazza del Viminale 1, 00184 Rome, Italy

2 Multidisciplinary Laboratory, The BAbdus Salam^ International
Centre for Theoretical Physics, Strada Costiera 11,
34151 Trieste, Italy

3 INFN and Department of Materials Science, University of
Milano-Bicocca, Via R. Cozzi 53, 20125 Milan, Italy

4 Nuclear Analysis and Radiography Department, MTA Centre for
Energy Research, Konkoly Thege 29-33, Budapest H-1121, Hungary

5 Department of Agricultural, Food, Environmental and Animal
Sciences, University of Udine, via delle Scienze 91,
33100 Udine, Italy

6 Department of Mathematics and Geosciences, University of Trieste,
Via Weiss 8, 34127 Trieste, Italy

7 Department of Medical Sciences, University of Trieste, Piazza
dell’Ospitale 1, 34125 Trieste, Italy

8 Soprintendenza Archeologia, Belle Arti e Paesaggio del Friuli
Venezia Giulia, Piazza della Libertà 7, 34135 Trieste, Italy

9 Centre for Archaeological Science, University of Wollongong,
Northfields Ave, Wollongong, NSW 2522, Australia

10 Department of Humanities, University of Trieste, Via Lazzaretto
Vecchio 6, 34123 Trieste, Italy

Archaeol Anthropol Sci (2018) 10:1933–1943
DOI 10.1007/s12520-017-0504-7

http://crossmark.crossref.org/dialog/?doi=10.1007/s12520-017-0504-7&domain=pdf


understand the settlement strategies adopted in the late prehis-
toric period by groups moving between the relatively fertile
coast and the inner karstic areas. Their possible chronological
and cultural association is however dubious. There are, in fact,
two basic elements to consider. First, while the production of
flaked tools ended before Roman times, the wall clay plaster
remains are relatively common in prehistoric settlements (e.g.
Anderson et al. 2014), but they are also reported from Roman
(e.g. Morgan 1992) and later archaeological contexts (e.g.
Staffa 1993). In Friuli Venezia Giulia, clay plaster remains
were discovered in both prehistoric/protohistoric (e.g. Fabbri
et al. 2007) and Roman sites (e.g. Prenc 2012). Secondly, the
San Rocco hill—a strategic elevation that stands in the low
Rosandra valley in front of theMuggia bay (Fig. 1)—was later

occupied by a large Roman camp, probably built in the first
half of the second century B.C. (Bernardini et al. 2015b).

To try solving the problem, several analyses were applied
to the artefacts. A plaster sample from San Rocco was dated
by thermoluminescence (TL) in order to ascertain its ancient
origin. Although this dating technique is not one of the most
accurate, it was the only available method to obtain at least a
broad chronological attribution since well-preserved organic
materials were not identified inside the plaster fragments.
Several analytical techniques were then applied to selected
plaster samples in order to study their mineralogical compo-
sition (X-ray diffraction—XRD) and image their outer and
inner morphology (scanning electron microscope—SEM and
X-ray computed micro-tomography—microCT), including
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Fig. 1 a Location of the studied
area. b Elevation model of the
north-eastern Adriatic regions
with the position of the SanRocco
hill. c LiDAR-derived hillshade
of San Rocco hill with contour
lines at 5 m showing the position
of the archaeological findings.
Big and small white circles 1–4:
large distribution area and isolat-
ed findings of plaster remains;
black, grey and white diamonds:
obsidian flake, truncated flint
bladelet and flint pebble with re-
touches, respectively; the red area
corresponds to the fields without
vegetation where the archaeolog-
ical survey was more accurate



vegetal imprints and remains. The microCT analysis was per-
formed to obtain non-destructive 3D structural information,
which cannot be achieved by other traditional techniques.
The collected data have partially revealed the plaster produc-
tion technology and have given some information about the
natural past environment surrounding the site. As far as the
flaked artefacts are concerned, a provenance study of an ob-
sidian tool, found close to the plaster remains, has been carried
out by non-destructive prompt gamma activation analysis
(PGAA).

Location and findings

The San Rocco hill is located in a strategic position, 2 km
away from the innermost present-day shore of the Muggia
bay, and its south-eastern slope is surrounded by the
Rosandra River. The hill, formed by Eocene turbiditic rocks
(mainly sandstones and marls), is part of a fertile semicircular
area delimited to the north and east by the steep slope karstic
plateau and to the south, towards the Istrian peninsula, by the
Montedoro ridge. Its northern part was destroyed by construc-
tion excavations, while a large sector of the hill top was cov-
ered by a landfill. However, the north-eastern and southern
sides of the hill have survived and the remains of a large
republican Roman military camp have been identified
(Bernardini et al. 2015b). Most of the area is covered by
bushes and grasslands with the exception of modern paths
and two small fields (Fig. 1c), where accurate archaeological
surveys were carried out and repeated several times, especially
after heavy rains and ploughings. In addition to secure repub-
lican Roman findings (see Bernardini et al. 2015b), several
tens of fragments of burnt black-reddish plaster remains
(Figs. 1c and 2a) were found together with an obsidian flake
without retouch (Figs. 1c and 2b, 1), a truncated flint bladelet
(Figs. 1c and 2b, 2) and a small grey flint pebble with few,
weathered retouches (Figs. 1c and 2b, 3). The obsidian artefact
shows the typical black partially translucent colour, while the
flint bladelet found nearby shows a pinkish colour and a cal-
careous cortex.

About 30 fragments of burnt plaster remains with variable
sizes (from a few cm up to about 10 cm large samples) were
collected on the south-western slope of the San Rocco hill,
especially in correspondence of point 3 of Fig. 1c. They par-
tially derive from the soil excavated during the twentieth cen-
tury to create two military posts still visible in the area. The
plaster fragments, showing a reddish external colour with
black areas (probably produced by fire), are characterised by
a coarse texture with imprints of branches (Fig. 2a), small
twigs and plants of variable dimension.

Among the collected samples, four plaster fragments (P1–
P4) with particularly evident traces of vegetal imprints have
been selected for the XRD, SEM and microCT analyses.

Sample P1, found still partially buried in the soil, has been
selected for TL dating.

Analytical methods

Burnt plaster remains

X-ray diffraction

X-ray diffraction patterns of four samples (P1–P4) were ob-
tained on powdered samples spread out on aluminium plates
using a STOE D 500 X-ray diffractometer at room tempera-
ture at the Department of Mathematics and Geosciences of the
Trieste University. CuKα radiation was used through a flat
graphite crystal monochromator. The current used was
20 mA and the voltage was set at 40 kV. The scanning angle
ranged from 2 to 40° of 2θ, steps were of 0.01° of 2θ and the
counting time was of 2 s/step.

Thermoluminescence dating

Thermoluminescence dating (Aitken 1985) provides the time
elapsed since the last high temperature heating experienced by
a clay artefact (that, in the case of pottery samples, usually
coincides with its firing in kiln).

One burnt plaster fragment (sample P1) was analysed ac-
cording to the fine-grain technique (Zimmermann 1971)
which uses the polymineral fraction of the material with size
between 1 and 8 μm. The TL measurements of the sample
were carried out at the Department of Materials Science of
Milano-Bicocca University using a home-made system
consisting of an oven for controlled heating in ultra pure ni-
trogen atmosphere (heating rate 15 °C/s) using a photon
counting technique with a bialkali EMI 9635QB
photomultiplier coupled to Corning BG12 blue filters.
Laboratory irradiations were made with a 1400 MBq
90Sr-90Y beta source and a 37 MBq 241Am alpha source de-
livering, respectively, 1.48 ± 0.01 and 14.80 ± 0.1 Gy/min to
the sample position. To evaluate the palaeodose (the numera-
tor of the above mentioned age equation), the Multiple
Aliquot Additive Dose protocol was applied (Zimmermann
1971). To evaluate the annual dose-rate, the concentrations
of the natural radioelements of both sample and burial soil
were measured.

For the internal contribution of the annual dose-rate, 238U
and 232Th concentrations of the plaster were derived from total
alpha counting using ZnS (Ag) scintillator discs and assuming
a Th/U concentration ratio equal to 3.16. The contribution due
to 40K content was obtained from the total concentration of K
measured by flame photometry (Aitken, 1985). The gamma
external contribution mainly derives from the radioactivity of
a 30 cm diameter sphere centred at the sampling point (Aitken,
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1985). Such contribution was evaluated from the radioactivity
concentrations of the plaster itself and of the surrounding buri-
al soil, allowing 0,15 mGy/year due to the cosmic rays
(Prescott and Hutton, 1994). Appropriate correction factors
for the effects of humidity on the absorption of the radiation
were applied (Aitken 1985) and the possible dating results
corresponding to low and high humidity conditions during
burial were evaluated.

Scanning electron microscope

The surfaces of the two plaster samples (P1–P2) were ob-
served by means of a Quanta250 Scanning Electron
Microscope (FEI, Oregon, USA), operating in secondary elec-
tron detection mode at the Department of Medical Sciences of
the University of Trieste, in order to image plant remains and
imprints.

X-ray computed micro-tomography

Three plaster samples (P1–P3) were analysed by X-ray com-
puted micro-tomography to detail their inner structure and
extract possible 3D virtual casts or partially preserved remains
of plants . The analyses were carr ied out at the
Multidisciplinary Laboratory of the BAbdus Salam^
International Centre of Theoretical Physics (hereafter ICTP;
Tuniz et al. 2013). The ICTP system, successfully used to
study several types of archaeological materials (e.g.
Bernardini et al. 2015a, 2016), is based on a microfocus X-
ray source (minimum focal spot size 5 mm, voltage up to
150 kV) and a large area flat panel sensor. The microCT scans
were carried out with a source voltage of 110 kV, a current of
90 μA and recording 2400 projections of the sample over
360°. The final volume renderings were reconstructed using
DigiXCT in 32-bit format, at an isotropic voxel size of
20.6 μm (samples P1–P2) and 36.93 μm (sample P3). Ring
artefacts correction was applied in order to improve the image

quality. The segmentation of the samples was obtained using
Amira 5.3.

A vegetal remain, identified in sample P1 thanks to
microCT and SEM, was later re-analysed by microCT (volt-
age: 60 kV; current: 140 μA; 1440 projections) in the same
laboratory with a higher spatial resolution (voxel size: 7 μm)
in order to image possibly preserved inner structure of the
plant.

Obsidian artefact

Prompt gamma activation analysis

Major and few trace elements analysis of the obsidian artefact
was carried out at the prompt gamma activation analysis
(PGAA) facility of the Budapest Neutron Centre, operating
at the 108 cm−2 s−1 intensity horizontal cold neutron beam
(for the recent developments of the Budapest PGAA system,
see Szentmiklósi et al. 2010). This technique is a non-
destructive method for quantitative determination of all major
and some trace elements. Since neutrons can penetrate deep
into the sample material, the method provides an average bulk
composition for the irradiated volume of a few cubic
centimetres. It is known from neutron radiography of rocks
that a typical silicate rock of a few centimetres width decreases
the neutron beam intensity by 10% relative to the value at the
entrance, and the neutrons can pass along the whole width of
the sample (Belgya et al. 2008). PGAA is based on the detec-
tion of characteristic gamma photons, emitted in (n, γ) reac-
tions (Révay and Belgya 2004). The prompt gamma spectra
were collected by a Compton-suppressed HPGe detector,
which has been accurately calibrated. The gamma-ray spectra
were evaluated using the Hypermet-PC program (Révay et al.
2005). The quantitative analysis is based on the k0 principle
(for a detailed description see Révay 2009 and Kasztovszky
et al. 2008), using the spectroscopic data libraries developed at
the Budapest laboratory (Choi et al. 2007). The composition
was determined using the methods described by Révay
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Fig. 2 a One of the plaster
fragments from San Rocco hill
(P3) with a vertical imprint of a
branch visible in the right part. b
The chipped stone artefacts from
San Rocco hill (drawings by A.
Fragiacomo). Scale bars: 1 cm



(2009). The accuracy of the results is about 3 and 10% for
major and trace elements, respectively (Révay 2009).

PGAA has been successfully applied in the characterisation
of various archaeological stone objects (Kasztovszky et al.
2008; Szakmány et al. 2011; Bernardini et al. 2014a,
2014b), including obsidian artefacts and geological samples
(Kasztovszky and Biró 2004, 2006; Kasztovszky et al. 2014).

Results

Burnt plaster remains

X-ray diffraction

X-ray diffraction patterns of the artefacts indicate that the
main mineral phases present in the samples are quartz (more
than 95%) and very little feldspar (Fig. 3). The absence of
clear peaks related to clay minerals can be probably due to
their vitrification during a heating event, most likely a fire.
This happens when the firing temperature rises over about
400 °C (Thorez 1976). In P2 and perhaps P3 samples, this

vitrification process was probably not complete because a
small peak at 20° 2θ can be attributed to clay minerals.

Thermoluminescence dating

The TL dating results are shown in (Table 1). Taking into
account the overall experimental errors (Aitken 1985) and
the possible values of water content, the last firing of the
sample probably took place sometime between 4000 and
2000 B.C., confirming the ancient age of the plaster.

Scanning Electron Microscope and X-ray computed
micro-tomography analysis of plaster remains

SEM analysis have allowed to image superficial plant remains
and imprints in samples P1–P2. In particular, a leaf imprint
has been clearly recognized in the sample P1. It is about 3-mm
wide and presents a linear shape with parallel venation
(Fig. 4a; Fig. 5, sample P1, 1a). On the other hand, in sample
P2, part of a plant stem with a polygonal cross-section, about
150-mm long and 2-mm wide, has been identified (Fig. 4b;
Fig. 5, sample P2, 1b).
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Fig. 3 X-ray diffractograms of samples P1–P4; 2 theta: 2 theta angle; Feld feldspar, Qtz quartz, CM clay minerals



MicroCT analysis has shown that all the samples have a
similar paste characterized by a prevalent relatively low-dense
and fine-grained material, rare small lithic fragments with var-
iable density and numerous elongated empty areas with sub-
circular sections, corresponding to the spaces that were origi-
nally occupied by vegetal materials (Fig. 5). The segmentation
of the empty areas and the virtual extraction of their cast have
allowed us to identify the shape and orientation of the plants
that were mixed to the clay and other materials to produce the
plaster. The plants do not show a preferential orientation in
any of the analysed samples (Fig. 5). Moreover, the segmen-
tation process has shown the presence of small seeds (from 0.5
to about 1 mm wide) of circular or flat-circular shape (Fig. 5).

In addition, rare plants are preserved as 3D remains show-
ing a relatively high density (Fig. 5, sample P2, 1b, sections 1–
2). The plant stem, re-analysed with a higher resolution, has
revealed details of its inner structure. In particular, microCT-
derived cross-sections of the stem have shown several voids
evenly distributed especially in its external part (Fig. 6). The
microCT-based renderings have allowed to depict the inter-
ruption of most of the voids towards the probable apex of the
stem (i.e. from S1 to S3 of Fig. 6). It has also been possible to
recognise a lateral outgrowth concurrent with one of the main
voids (Fig. 6).

Obsidian artefact

Prompt gamma activation analysis

Major and some trace element concentrations (in weight %) of
the obsidian artefact from San Rocco are reported in (Table 2).
The Cl/SiO2 versus B/SiO2 diagram allows the discrimination
among different obsidian sources (Kasztovszky and Biró
2004, 2006; Kasztovszky et al. 2014). For the graphic reasons,
the mass ratios are multiplied by 10,000. The San Rocco sam-
ple falls in the field of the Lipari Island, well separated from all
the other sources (Fig. 7).

Discussion and conclusions

The application of various analytical methods to burnt clay plas-
ter remains and few flaked tools discovered on the SanRocco hill
(Trieste) has helped understanding how and when this part of the
Trieste territory was used during recent prehistory.

From amethodological point of view, the application of X-ray
microCT to the study of plaster remains has given encouraging
results, allowing to image and virtually extract vegetal remains
and imprints. Their non destructive 3D morphological study can

Table 1 Experimental thermoluminescence dating results

High humidity conditions Low humidity conditions

Palaeodose (Gy) 238 U ppm 232Th ppm K2O (%) Dose rate (mGy/a) Years BP Date B.C. Dose rate (mGy/a) Years BP Date B.C.

19.9 ± 1.4 2.9–3.1 9.3–9.9 1.6–1.7 3.61 ± 0.18 5500 ± 500 3500 ± 500 4.2 ± 0.18 4700 ± 450 2700 ± 450
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Fig. 4 SEM images of plant
remains in sample P1 (a) and P2 (b)



contribute to collect information about plaster production season
and past environments, although the nature of vegetal material
remains inside the plaster is clearly influenced by human selec-
tion and related technological needs.

More specifically, the investigated clay plaster samples
show similar pastes produced mixing together clay, rare small
lithic fragments and abundant plants, which do not show any
preferential orientation. Thanks to SEM and microCT analy-
sis, information about external and internal morphology of
some vegetal remains has been obtained.

In detail, the leaf imprint in sample P1 (Fig. 4a) is consis-
tent with an apical portion of a monocot grass leaf
(Magnoliidae, Lilianae, Poales; Angiosperm Phylogeny
Group 2009). It shows a characteristic linear shape, with par-
allel margin, approximately 3-mm wide, convergent toward
the apex. The presence of remarkable parallel venation and
narrow width of the leaf suggests a putative attribution to
Poaeceae family; nonetheless, these features are shared with
species of other monocot families (e.g. Cyperaceae).

The shape of the stem section in sample P2 (Figs. 4, 5, and
6) is consistent with typical cross-sections of apical twigs of a

particular taxonomical group of the tribe Genisteae (family
Fabaceae; Polhill 1976; Angiosperm Phylogeny Group
2009). In particular, the five-angled section matches with
some species of Cystisus genus (e.g. Cystisus scoparius). In
Genisteae, the cross-section of the stem is of taxonomical
value because of the correspondence with anatomical pres-
ence and distribution of ribs (Metcalfe and Chalk 1950;
Norverto et al. 1994, Schweingruber et al. 2006). More spe-
cifically, Cytisus usually present ribs (from 5 to 8) made of
fibres and chollenchyma (Norverto et al. 1994).

The gapswithin the stem, circularly arranged along the central
pith (Fig. 6, sections 1–3), are consistent with the distribution of
vascular bundles in the primary structure of dicots stems (i.e.
eustele). In brooms, vascular bundles can be either embedded
or in between the ribs (Norverto et al. 1994). The 3D distribution
pattern of these bundles (ending toward the probable apex of the
stem, as occurs in all the meristematic tips) corresponds well to
an apical structure of a twig (Fig. 6b–c). Additionally, the pres-
ence of a vascular bundle in the lateral outgrowth of the stem
matches with a typical scheme of stem branching (Fig. 6).
Moreover, other small gaps, detectable as voids and mainly as
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Fig. 5 MicroCT-based virtual
renderings showing the plaster
fragments P1-P3 in yellow (1), the
plants remains (in green) inside
the plaster in transparency (2), the
extracted plants remains (in
green) (3). a leaf imprint in P1
(see SEM images of Fig. 4a); b
plant stem in P2 (see SEM images
of Fig. 4b); c–e seeds extracted
from P1; f: seed extracted from
P2; S1 and S2 are virtual sections
of P2 fragment; in thewhite boxes
the polygonal cross-sections of
plant stem b are visible. Where
not specified scale bars: 1 cm



low dense spots, are scattered in the central part of the stem
probably representing breaks in the pith tissue (Fig. 6, sections
1–3). It was also possible to recognize a globose-ovoid remain
compatible with the size and shape of the seeds of some Cytisus
(Fig. 5, seed f).

Brooms belonging to Cytisus genus are circum-
Mediterranean species, which underwent a high differentiation
in the Balkan region during Miocene (Cristofolini 1997). They
thrive in heaths, openwoods and abandoned pastures on different
substrates in both Mediterranean and European regions. On the
other hand, grasses are a cosmopolitan taxon widespread in all
terrestrial ecosystems. In temperate zone, they occur mainly in
grassland, marshes and open woods.

The presence of seeds, probably incorporated within the
paste together with their seedcase, suggests that the plaster
was probably produced during the late summer season. In fact,
most of the brooms show a late spring flowering producing
mature seeds some months later.

From a strictly archaeological point of view, one basic re-
sult has been the assessment of the ancient age of the burnt
plaster remains: moreover, the indication given by the TL
dating—i.e. 4000 B.C. as terminus post quem for the last
firing of these remains—would not exclude a possible con-
temporaneity (lato sensu) with the few flaked stone artefacts.
However, further studies are necessary to confirm the dating
of the plaster.

Obsidian artefacts are rather rare in the Trieste Karst and all
of them were found in caves or rock-shelters (Williams
Thorpe et al. 1979). Fourteen artefacts are reported from seven
sites (three from Grotta della Tartaruga, four from Vlaška
Jama, three from Riparo di Monrupino and one in each of
the following caves: Orso di Gabrovizza, Lonza, Zingari and
Ansa), plus an unspecified number of artefacts from Grotta

Moser/Jama na Dolech. Among them, ten were provenanced
(Williams Thorpe et al. 1979) revealing a prevalence of
Liparian obsidians (eight artefacts: one from Tartaruga,
Lonza, Zingari and Ansa caves each, two from Vlaška Jama
and two from Riparo di Monrupino) and a sporadic presence
of Carpathian (one from Grotta della Tartaruga) and Pontine
Islands (one from Vlaška Jama) obsidians. The cultural attri-
bution of many findings is uncertain but most of them are
correlated with the Vlaška Group (Williams Thorpe et al.
1979) or Cultura dei vasi a coppa (Barfield 1972; Bagolini
and Biagi 1983), approximately dated to the second half of the
sixth and the first half of the fifth millennium B.C. Instead, the
Liparian obsidian from Grotta dell’Ansa is attributed to
Copper Age (Williams Thorpe et al. 1979).

Close to the Karst plateau, other obsidian artefacts, mainly
discovered on surface and therefore without a reliable

Table 2 Major and
some trace elements of
the obsidian artefact
from San Rocco
analysed by PGAA, in
wt%. Fe2O3: total Fe
content

SiO2 (wt%) 73.90

TiO2 0.08

Al2O3 13.10

Fe2O3 1.60

MnO 0.07

CaO 0.77

Na2O 4.41

K2O 5.31

H2O 0.29

Sum 99.53

Cl (wt%) 0.32

B 0.0205

Sm 0.000580

Gd 0.000670
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Fig. 6 MicroCT-based
renderings showing the plant stem
in P2 with the position of virtual
sections S.1–S.3 displayed on the
right (a), the voids inside the stem
in transparency probably
corresponding to former vascular
bundles (b) and the extracted
voids (c). Scale bars: 1 mm



chronological framework, are reported fromopen-air sitesmainly
concentrated in the eastern part of Friuli Venezia Giulia, north-
west of the Trieste Karst (Pessina and Radi 2006; Maddaleni
et al. 2014). The site with the highest number of obsidian arte-
facts (11) is Sammardenchia in the Friuli plain (Pessina and Radi
2006), dated between 5500 and 4800 (Improta and Pessina 1998)
or 4500 B.C. (Ferrari and Pessina 2014). Similarly to the Trieste
area,most of the analysed specimens originate fromLipari, while
a single artefact has a probable Carpathian origin (Pessina 1999).

In the Croatian part of the Istrian peninsula, the available data
are comparable in terms of provenance and number of obsidian
artefacts: 30 Liparian and just 2 Carpathian obsidians are report-
ed form Kargadur and other Istrian sites (Tykot 2014).

The small flint pebble could come from the upper course of
Reka river or an area located between Sežana and Divača
(south-western Slovenia) where deposits containing small
flint pebbles are reported (Turk 2004). The raw material of
the truncated bladelet is different from the primary flint de-
posits outcropping in the northern part of Karst plateau, which
show a dark grey to black colour and a low quality (Boschian
2005). Its calcareous cortex, texture and colour are compatible
with the so-called Alpine or Lessini flint originating from the
Jurassic-Cretaceous formations of the southern Alps (Ferrari
and Mazzieri 1998; Barfield 2000).

The numerous clay plaster fragments discovered on the
slope of San Rocco are probably an indirect evidence of
open-air occupation of the hill. Unfortunately, they cannot

be correlated to any archaeological structure but the imprints
of branches detected in the large samples suggest they could
be interpreted as remains of wall plaster belonging to huts or
other structures. However, the absence of prehistoric pottery
fragments and the scarcity of chipped stone industry are diffi-
cult to explain. If the thermoluminescence dating is correct,
the occupation of the hill should anyway be referred to a late
prehistoric phase between late Neolithic and Copper age, ex-
cluding a Roman or later attribution. It is worth mentioning
that at Zaule, less than 1 km west of San Rocco hill, a small
group of archaeological materials, including a few fragments
of pottery vessels, a single-flaked tool and a putative plaster
fragment, has been approximately attributed to the same peri-
od (Bernardini and Betic 2008). Moreover, a very small
polished stone axe blade and a flaked tool were discovered
not far from San Rocco, at Stramare (Montagnari Kokelj
1997; Betic et al. 2008). These findings are among the few
rare open-air Neolithic-Copper Age evidence in the Trieste
area, suggesting that the low Rosandra valley probably acted
as midway point between the north-eastern Adriatic coastal
areas (and related connection systems) and the inner Karst
plateau, as perhaps indicated also by the Liparian obsidians
found both at San Rocco and in some caves around Trieste.
Moreover, the geomorphological differences between the
Karst, used for millennia by shepherds to graze their sheeps
and goats (Boschian and Montagnari Kokelj 2000;
Montagnari Kokelj et al. 2012), and the relatively fertile and
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Fig. 7 Cl/SiO2 vs. B/SiO2 diagram based on PGAA results of the main Mediterranean and central European obsidian sources. On the axes, the mass
ratios*10,000 values are displayed. The San Rocco sample (blue cross) falls within the Lipari field, well separated from the other types



water-rich coastal belt, where sea salt was available (Montagnari
Kokelj et al. 2012), could have induced a diversified seasonal use
of the territory by the same groups. Unfortunately, the available
archaeological data are too scarce to test this hypothesis.

The position of San Rocco, a hill partially surrounded
by a river at the centre of the coast of the Muggia bay, and
its long archaeological occupation, spanning from prehis-
tory to Roman time (Bernardini et al. 2015b), find a sig-
nificant analogy with Sermin in the close bay of Koper
(Slovenia; Horvat 1997). The prosperity and long-life con-
tinuity of these sites along the coast of northern Istria are
probably related to their strategic position with respect to
Bcommercial^ routes and to the exploitation of salt, with
Bindustrial^ installations from Roman times to the nine-
teenth, or even twentieth centuries A.D.
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