Production and Circulation of Late Hellenistic Fine Table Ware in Central Dalmatia,
Croatia

Maja Mise' 2, Patrick Quinn?, Michael Charlton?, Vincent Serneels® and Alessandro
Montanari®
!Department of Geosciences, University of Fribourg

2 UCL Institute of Archaeology. London
3 'Osservatorio Geologico di Coldigioco, Ancona
Abstract

Detailed compositional analysis is used to assess the hypothesis that fine tableware were
produced and distributed within Central Dalmatia (present day Croatia) during the Late
Hellenistic period. Examples of Black Slipped and Grey Slipped Ware sherds from two Greek
cities, Issa on the island of Vis and Pharos on the island of Hvar, both of which contain pottery
kilns, were analysed via geochemistry and thin section petrography. These data were compared
to raw material samples from both islands, fine table ware sherds from the Dalmatian harbour
site of Siculi, today Resnik, and legacy chemical data from southern Italy and north-western
Greece, based on their typological similarity, in order to shed light on their production locations
and distribution. This novel approach to provenience studies of the Hellenistic fine tableware
takes into account not only the local provenance of vessels, but tries to locate the place of
manufacture of imported vessels and their possible imitations and development within the
context of learning. Besides, authors argue that apart of movement of pottery, the raw material
was transported via existing maritime routes and used by the two different workshops at the
same time. In the amidst extensive Hellenistic trade networks, fine tableware have been
produced in Central Dalmatia by emerging local centres in the Greek cities of Issa and Pharos.

Keywords: Fine tableware; Dalmatia; Late Hellenistic period; Geochemistry; Thin section
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Introduction

The establishment of the Greek cities Issa on the island of Vis and Pharos on the island of Hvar
on the Central Dalmatian islands at the beginning of the 4™ ¢c. BC marked the beginning of
social and economic change among the Iron Age communities of the East Adriatic (Figure 1).
This is visible in the large quantities of Greek and Hellenistic pottery, the wine drinking sets,
at indigenous settlements at this time (Mise 2015: 20-23, 2017 and 2019), as well as the wide
circulation of amphorae in the Adriatic area (Kirigin 1994; Carre and Mattioli 2003; Kirigin et

al. 2006; Seselj 2009; Lahi 2009; Gamberini 2014; Carre et al. 2014; MiSe et al. 2019).

Previous studies have hypothesised that Issa and Pharos were key production sites of amphorae
and Hellenistic fine tableware (Kirigin et al. 2002; Cargo and Mige 2010) and that Issa exported
their products to settlements along the East Adriatic coast (Mise 2015: 40-41). In order to
facilitate trade with indigenous communities further inland, it is believed that Issa established
the harbour of Siculi, in present day Resnik, near Split.
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Figure 1. Map of Adriatic and Central Dalmatia with the location of Issa, Pharos, Siculi and
the other geographic features and sites indicated in the text.

The abundance of Hellenistic fine tableware at Iron Age settlements signifies important cultural
changes in the East Adriatic coast and poses key questions about pottery production,
distribution and contacts that indigenous communities maintained with traders from Hellenistic
city-states in the Adriatic-lonian region. Rather than redistributing imported products from
large Hellenistic production centres in southern Italy and Greece, Issa and Pharos may have
established their own workshops and exported fine ware to communities along the eastern
Adriatic coast and further inland. Whilst, subtle morphological and stylistic differences exist
between southern Italian fine ware imports and local Dalmatian variants (Mise 2015: 30-40)
(Figure 2), these are not always clear cut and distinguishing them among fragmented sherds is
difficult (Figure 3).
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Figure 2. Images of Late Hellenistic fine ware from Issa. A. Typologically classified as
import from southern Italy. B. Typologically classified as local Issaean ware (Archaeological
Museum Split, Fb- 1699 (A) and Fb- 1032 (B))

In order to explore on the hypothesis that the Greek cities Issa and Pharos produced and
exported fine ware pottery, the present study investigates the composition of examples of the
most common Hellenistic fine tableware from both sites. Their petrographic and geochemical
composition has been characterised in detail and compared to field samples of raw material
from both islands, as well as sherds unearthed at the mainland harbour site of Siculi in Resnik.
Finally, legacy compositional data on morphologically similar Hellenistic fine ware from South
Italy, Sicily and north-western parts of Greece is used to assess the possibility that Issa and
Pharos manufactured their own variants of this types of Hellenistic ware using local raw
materials. The results of the study are discussed in terms of the nature of pottery production by
Dalmatian Greeks and the existence of trade and cultural contacts with the Adriatic-lonian
region.

Archaeological Background

The Greek populations established an independent political and economic life, based on wine
production and trade, upon their arrival in Central Dalmatia (Kirigin 1999, p. 147-164). It is
believed that wine was cultivated on the Stari Grad Plain of Hvar (Figure 3A) (Slapsak and
Kirigin 2001; Kirigin 2018) and on the Velo and Zlopoje Plains on the island of Vis (Figure
3B) (Kirigin et al. 2006). A key aspect of the culture of wine making and its consumption were
ceramic drinking sets, including vessels such as pitchers (oinochoai) (Figure 2). This form,
together with jugs (pelikai) and cups (skyphoi) are common in tombs at the Martvilo Necropolis
in Issa, as well as the name ‘Dionysus’, the Greek God of wine, which commonly occurs on
funeral stele (Kirigin 1985).

It is known that Issa and Pharos maintained trade contacts with southern Italy, particularly the
port settlement of Canosa in northern Apulia (Seselj 2009: 510-511), which was a major
exporter of grain during the late 4™ and 3" ¢. BC (Figure 1). Typological classification and
cross-examination of large quantities of the Hellenistic fine tableware from Greek and
indigenous settlements along the East Adriatic coast reveal close correspondence with vessels
from southern Italy, particularly decorated ware of the ‘Gnathia’ style. This suggests that these



were imported for the purpose of wine drinking. Alternative hypotheses include that potters
from Canosa settled on the islands of Vis and produce vessels in Issa with a similar style using
local raw materials (Green 2001) or Dalmatian potters were inspired by southern Italian
imported vessels to produce their own versions (Kirigin 1990; Mise 2013 and 2015: 40).

The discovery of pottery kilns at Issa and Pharos provides evidence to support the above
suggestions. At Issa, part of a kiln was excavated in the late 1940s near the western Martvilo

Necropolis, and possible remains of second kiln were found near the eastern VlaSka Njiva

Necropolis. For the latter kiln, only written record from 1921 of its discovery was preserved
(Cargo and Mise 2010). The remains of kiln were found during the recent excavations in the
south-east corner of the residential complex at Pharos (Popovi¢ 2010; Popovi¢ and Devlahovié¢
2018). Besides architectural remains of kilns, the debris of ceramic production in both
Dalmatian Greek cities can be followed thorough unearthed moulds for Relief Hellenistic ware

and lamps in Issa (Cargo and Mi$e 2010) and for terracotta figurines in Pharos (Popovié 2010).

Unfortunately, due to destructive nature of the applied compositional analysis in present study,
the moulds were not analysed, and future analysis need to consider non-destructive methods,
such as portable X-ray florescence, for their detailed compositional characterisation. Based on
the assessments of the overall pottery assemblage through comparative typological
observations of vessels and sherds from the south-eastern residential complex in Pharos

(Kirigin, Hayes, Leech 2002) and compositional analysis of amphorae from Pharos (MiSe et

al. 2019) the kiln in Pharos has been operational from at least mid 4" c. BC till the destruction
of the town by Romans in the Il Illyrian war in 219 BC. Typological and stylistically

observations of sherds from the residential complex in Issa (MiSe 2010) and of the published

vessels from tombs at the Martvilo Necropolis (MiSe 2013 and 2015), the local production in

Issa started at the end of the 4" ¢c. BC and probably continued in Roman period. For the later
date, we are still lacking detailed reports of Issa during the Roman period.

Excavations at Iron Age and Hellenistic sites along the Eastern Adriatic, such as the harbour
of Siculi in Resnik (Figure 1), yielded large quantities of Hellenistic fine tableware. Segvi¢ et
al. (2012) analysed samples from this site and interpreted them as being locally produced based
on close geochemical correspondence between vessels of the same style. However, no kilns,
wasters or other production remains have been reported from the site and no attempt was made
to compare the ceramics to the local raw materials. It is therefore possible that this pottery was
imported to Siculi, from either pottery workshops of Dalmatian Greek cities, or perhaps further
afar. This assumption is also possible given the character of the site as a harbour and a
distribution point.

Materials and Methods
Material

Forty-five Hellenistic fine tableware sherds were selected from the residential complex in Issa
(n = 29) and from the south-eastern residential complex in Pharos (n = 16). These include
sherds of wine drinking vessels of the well-known Black Slipped Ware (BSW) from Pharos,



and both BSW and Grey Slipped Ware (GSW) from Issa (Table 1). Black Slipped Ware is
sometimes referred to as ‘Black Glazed Ware’ due to the lustrous appearance of the slip. It was
produced at various locations across the Mediterranean during the Classical and Hellenistic
periods (Mise 2015: 55- 57). Grey Slipped Ware or simply ‘Grey Ware’ is also known as
Campanian C for their first classification in this southern-Italian region (Morel 1981), and is
still used as a synonym for other regional productions in Mediterranean. This type is
characterised by a grey paste and grey coating achieved under reducing conditions during the
final phase of firing and cooling (Mirti et al. 2001). It was manufactured from the 3™ to late
2" centuries BC in several Mediterranean workshops (Morel 1981; Yntema 2001: 213 and
2005: 8-9) and is found in large numbers at many sites along the Eastern Adriatic coast (Mise
2015: 57-58). It is not however, common at Pharos.

The selected samples of the BSW can be dated in the 3™ ¢. BC, while GSW to the 3™ and 2"
and RSW to 2" ¢. BC, according to their style-typological analogies in the Adriatic — lonian
region (Mise 2015), and stratigraphic units in the recent excavations in Pharos (Popovi¢ 2010,
Popovi¢ and Devlahovi¢ 2018). Based on the comparative style-typological criteria established
by Mise (2015: 30-40) for identifying local imitations of southern Italian imports, the 11
sampled sherds from Issa and Pharos (V1S601, 603, 604, 605, 619, 622 and SGP602, 603, 629,
635, 636, and Table 1B and Figure 3C, E and F) could be classified as Italian imports, whereas
the other 34 appear to be local variants (Table 1B, Figures 3A and B). Although, as above-
mentioned, the typological differences between imports and local products are difficult to

determine on small sherds (Figure 3).
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Figure 3. Selected images of analysed Late Hellenistic sherds from Issa (VIS), Pharos (SGP)
and Siculi (RES). A) and B) BSW typologically classified as local imitations, C) to F) BSW
typologically classified as southern Italian imports, G) BSW typologically classified as local
and H) RSW from Siculi in Resnik



Fifteen Hellenistic fine ware sherds were also sampled from harbour at Siculi, including BSW,
GSW and Red Slipped Ware (RSW) (Figure 3H, Table 1A and B). The latter pottery type,
which is particularly numerous at the site is morphologically related to Grey Slipped Ware.
Several specimens were included in order to investigate this connection in more detail and shed
light on their raw materials and production location.

Wavelength dispersive X-ray florescence spectrometry

All sherds were analysed using wavelength dispersive X-ray florescence spectrometry (WD-
XRF). They were abraded with a tungsten carbide drill bit to remove the slip coatings.
Approximately 10 g of each sample was milled to a powder and loss on ignition was measured
by thermogravimetry at 900°C using a LECO TGA 701. Samples were prepared as
homogeneous glass tablets by melting them at 1050°C for 15 min, inside a platinum crucible
and mixing 0.7 g of ignited sample powder and 7 g of flux (6.65 g of MERCK Spectromelt
A10 Li2B40O7 and 0.35 g of MERCK LiF). The beads were analysed with a Philips PW 2400
WDS-XRF equipped with a Rhodium anode housed at the laboratory of the Department of
Geosciences, University of Fribourg. The concentration of 22 major, minor and trace elements
was calculated using an in-house calibration based on 40 international standards, mainly
silicate rocks (Appendix 1). Data quality was assessed with an in-house clay reference sample,
which indicated that all elements were measured with an accuracy of 5% relative error or less
(Appendix 2).

Multivariable statistical analysis

The multivariate geochemical data was examined via principal component analysis (PCA),
average linkage hierarchical cluster analysis (HCA) and linear discriminant analysis (LDA) in
order to characterise and compare the different wares from the three sites and identify
geochemical groupings within the 60 analysed potsherds. All data was transformed to centred
log-ratios (Aitchison 1986) prior to analysis to obtain freedom from the constant sum
constraint.

Ceramic petrography

Based on their geochemical grouping, Chemical Group 1 and 2, as identified by the Principal
Component Analysis (Figure 5), we selected 22 sherds of BSW and GSW from Issa and Pharos
for detailed microstructural analysis by ceramic petrography. Within the ceramic thin sections,
the main source of information are inclusions. Due to refined process of purification of raw
material, fine ware pottery contains less inclusions and therefore less petrographic information
than coarse ware (Quinn 2013: 7, 10). Although, less information can be recorded from the
clay matrix and voids of fine ware (Quinn 2013: compare sections 4.1.3.1 to sections 4.1.3.2
and 4.1.3.3), we wanted to investigate whether geochemical groups differ in their
microstructural composition as well.

All 22 selected samples were thin sectioned in a vertical orientation through the vessel wall of
all sherds (Whitbread 1996: 415, Fig 1; Quinn 2013: 23-33) at the Department of Geoscience,
University of Fribourg. These were examined under the polarising light microscope at the
University of Fribourg and at the UCL Institute of Archaeology, at magnifications of x25-200
and studied in terms of composition, shape and texture of their particulate inclusions, the nature



of their clay matrix and the shape, size and arrangement of voids. Attempts were made to group
the thin sections into petrographic fabrics based on visual observation following the protocols
in Whitbread (1995) and Quinn (2013).

Geological prospecting

In order to test whether the Hellenistic fine tableware sherds from Issa and Pharos were locally
produced, a program of raw material prospection and analysis was carried out on the islands of
Hvar and Vis. The geology of both Central Dalmatian islands, Vis and Hvar, is homogenous
limestone (Figures 4A and B). This geological formation has karstic landscape with rare clay
deposits. However, in the geological formation around Stari Grad Plain, the largest fertile field
on the island of Hvar, and Velo Polje, the largest field on the island of Vis, formation of terra
rossa soils can be in situ or derived from the karstic dissolution of a limestone bedrock. Using
geological maps and accompanying reports (Korbar et al. 2012; Ostri¢ et al. 2015), as well as
information provided by interviews with local people, attempts were made to identify and
sample deposits in the area that could have been used as a source of raw material for ceramic
production in the past (Table 2).

On the island of Hvar, a total of 7 samples of terra rossa soil were collected around ancient
Pharos and 2 samples of terra rossa soils in the Stari Grad Plain. The 2 samples of Eocene
flysch clay deposits were collected in Zarace Bay on the southern coast of the island of Hvar
(Figure 4A). On the Vis island a total of 22 samples of terra rossa soils formed in limestone
were collected around ancient Issa and clayey material that formed over pyroclastic rocks
above Komiza Bay, on southern side of the island, identified by Segvi¢ et al. (2012) as possible
source of raw material for the Hellenistic pottery production in Issa (Figure 4B). During the
extensive geological mapping of the island of Vis, Eocene flysch clay was not geologically
recorded on the island (pers. comm. with T. Korbar from Croatian Geological Survey). Due to
extensive modern developments in the surrounding area of ancient Issa and Pharos, it was not
possible to access all deposits that were also, due to overgrown vegetation, not easy to find.

All collected raw material samples were refined in the laboratory by settling and sieved with
diameter of 1 mm. The refined clay fraction was then formed into briquettes and fired at the
850°C in an electric kiln under oxidising conditions (following description for the paste
preparation and firing temperature for the Greek and Hellenistic fine ware production in
Cuomo di Caprio 2007: 150-151). However, not all collected samples of terra rossa soil were
suitable for modelling briquettes, they were either too dry and lack of plasticity for modelling
briquettes. This is also confirmed for the clayey material from Komiza bay on Vis.
Subsequently, 7 samples of terra rossa soil from Vis, and 2 samples of the terra rossa from
Hvar together with 2 samples of Eocene flysch clay were fired in briquettes, and were thin
sectioned and characterised geochemically (Table 2) in the same manner as the archaeological
ceramics, described above. Although, clayey material from Komiza bay was not suitable for
briquettes, they were chemically characterised due to above-mentioned assumption as being a
source of raw material in ancient production. The raw material thin sections were compared to
the fine ware sherds under the microscope. A LDA model was created for observed sherds and
added to clays to identify potential matching.
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Figure 4. Map indicating location of raw material field samples collected from the islands of
Hvar (A) and Vis (B), including simplified bedrock geology. Based on Ostri¢ et al. (2015)
and Korbar et al. (2012) respectively.

Comparison by legacy data

Although, the Hellenistic fine ware imports analysed in the present study are identify base on
the style-typological observations, the published data on morphologically identical sherds from
South Italy, Sicily, the lonian, Peloponnese and Epirus regions of Greece was utilised to verify
their non-local origin (Farnsworth et al. 1977; Rotunno et al. 1997; Barone et al. 2005, 2014;
Papachristodoulou et al. 2006, 2010; Mangone et al. 2008). By comparing the geochemical
characteristics of the sherds from Issa, Pharos and Siculi with these published datasets it was
possible to test the possibility that they originated from outside the Dalmatian and Adriatic



regions. Although, a direct statistical classification cannot be attempted with published datasets
due to different approaches and apparatus used, general comparisons were made on the values
of certain elements. It has been suggested that values of Cr and Ni can be used to distinguish
between Hellenistic ware thought to have been produced in southern Italy and north-western
Greece (Farnsworth et al. 1977; Jones 1986; Barone et al. 2005). The values of these two
elements were compared in two-variable scatterplots in order to visualise differences and
similarities between Dalmatian Hellenistic ware and the legacy data from above-mentioned
regions.

Results
Geochemical analysis by XRF

The concentration of the 22 measured elements was summed for each of the 60 analysed fine
ware samples (Table 1A) and one sherd of BSW from Issa (V1S619), which had a low total
(89.96%) was omitted. Two elements exhibited very high variation between samples, the CaO
(32%) and Pb205 (94%) and they were also removed for the dataset. The latter can be affected
during the burial of ceramics (Freestone 2001), while values of the CaO in RSW samples, with
standard deviation of 18% (Table 1A), were outside of the detection limit of the WD-XRF
(Appendix 1). Besides the high variability of CaO between ceramic samples, the variably of
CaO values is even greater between the raw material and analysed sherds (Table 1 and 1A),
that can constraint their direct comparison and CaO was removed from further analysis. The
values for the 19 elements (Al, Ba, Cr, Cu, Fe, K, Mg, Mn, Na, Nb, Ni, Rb, Si, Sr, Ti, V, Y,
Zn and Zr) were examined to identify obvious geochemical patterning in the dataset, before
commencing multivariate statistics.

A plot of principal components 1 and 2 (Figure 5A), which explain 65% of the total variance
in the dataset, reveals the presence of three main groups. The largest of these, the Chemical
Group 1, is characterised by high Mg and Ni (Figure 5B; Table 1A) and consists of the majority
of the BSW sherds and all of the GSW samples, but none the RSW samples. By conducting
PCA on the samples from Chemical Group 1 only (Figure 5C, D) it can be seen that significant
overlap exists between the composition of the sherds of the same ware group collected from
different sites, as well as different wares collected from the same and different sites. Chemical
Group 1 contains five of the eleven BSW sherds that were suspected to have been imported
from southern Italy based on their shape and decoration. These do not differ chemically from
possible local products. A second more dispersed chemical group, the Chemical Group 2, is
composed of six BSW sherds from Issa and Pharos, all suspected imports, which have lower
Cr, Ni and Ti than the other fine ware samples, including the other 32 BSW sherds (Figures
5A; Table 1). Finally, a third group, the Chemical Group 3, consists of all five RSW sherds
from the port of Siculi, which have high Ca, Si and Z, low Al, K and Mn (Figures 5A; Table
1A). The same three compositional groups were also detected within the dataset via average
linkage hierarchical cluster analysis (Figure 6).
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Figure 5. Principal components analysis of geochemical data on 18 elements within 59 Late
Hellenistic fine ware ceramics from Issa, Pharos, Siculi

A. Scatterplot of principal components 1 and 2 from PCA on full dataset, labelled according
to site and ware group and indicating the presence of three groups. B. Loading plot for the
above, indicating the influence of 18 elements in the PCA. C. Scatterplot of principal
components 1 and 2 from PCA of Group 1 samples only, labelled on group according to site
and ware group, and those marked red are typologically classified as imports. D. Loading

plot for the above indicating the influence of 18 elements in the PCA
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Figure 6. Hierarchical cluster analysis of geochemical data on 18 elements within Late
Hellenistic fine ware ceramics from Issa, Pharos, Siculi (presented in the dendogram as
Resnik). Leaves of dendrogram are labelled according to site and ware group.

The 15 processed raw material samples were found to be suitably for modelling briquettes,
except two specimens from Komiza Bay on Vis. Clay from Komiza bay also have very different
chemical composition from analyses samples (Table 2), and it is unlikely source of raw
material for their production. After excluding these, as well as one sample of terra rossa soil
(VISTR9), which had a low analytical total, data on the remaining 11 raw materials were
subjected to linear discriminant analysis (LDA) along with the 59 fine ware sherds, in order to
detect geochemical matches between the two datasets (Figure 7). This reveals that Eocene
Flysch clay from Hvar (samples FL1 and FL2) is similar to the Chemical Group 1 and three
terra rossa soil samples from Vis (VISTR8, VISTR23 and VISTR24B) plot close to the
Chemical Group 2. The RSW sherds from Siculi that constitute Chemical Group 3, are not
related to any of the raw material samples collected from the two islands.
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Figure 7. Linear discriminant analysis scatterplot comparing geochemically the three
compositional groups detected by PCA within 59 Late Hellenistic fine ware ceramics from
Issa, Pharos, Siculi with 11 clay samples collected on the islands of Hvar and Vis.

Ceramic petrography

Based on compositional grouping of BSW and GSW sherds in Chemical Group 1 and 2, as
shown in Figure 5A, we wanted to see if the sherds differ in their fabrics, as well as in their
chemical composition. The ceramic petrographic analysis was conducted on 22 sherds of BSW
and GSW from lIssa, Pharos and Siculi in Resnik (Table 1B). As mentioned above, the
fine ware pottery contains less petrographic information than coarse ware (Quinn 2013: 7, 10),
due to purification in the paste preparation process and contain less inclusions, who are the
main source of information within ceramic thin sections. Although all samples have similar
fabrics, with detailed petrographic descriptions, some small differences in the fabrics can be
identified and divided into 3 petrographic groups.

Petrographic Group 1 (VIS605, VIS607, VIS610, VIS618, VIS620, SGP611, SGP614,
SGP616, SGP619, SGP622, SGP626, SGP638 and SGP639) belonging to BSW, is

12



characterised with non-calcareous, homogenous reddish matrix with low optical activity and
estimated abundance of inclusions of 30%. All inclusions are well sorted, closed spaced, very
fine silt-sized (0.08-0.16mm) and sub-rounded and rounded in shape. (Figure 8, 1A and B).
Predominant inclusions are quartz monocrystalline. Clay pallets are common, and calcite,
biotite mice and plagioclase feldspar are rare. No other inclusions could be identified. VVoids
are also rare, vughs in shape and less than 1mm in size. Petrographic Group 1 corresponds to
the Chemical Group 1.

Petrographic Group 2 (VIS701, VIS703, VIS704, VIS705 and VIS706) belonging to the GSW
(Figure 8, 2A and B). This group has the same fabric description as previous Petrographic
Group 1, but with grey homogenous matrix. This group also corresponds to the Chemical
Group 1.

Petrographic Group 3 (VIS601, VIS603, SGP602 and SGP603) belong to the BSW, is
characterised with non-calcareous and homogenous reddish matrix with low optical activity
and estimated abundance of inclusions 50%. All inclusions are well sorted, closed spaced, very
fine silt-sized (0.08-0.16mm) and sub-rounded and rounded in shape (Figure 8, 3A and B).
Predominant inclusions are quartz monocrystalline. Clay pallets are common, while calcite,
biotite mice and plagioclase feldspar are rare. VVoids are also common and are vughs in shape
and less than 1Imm in size. Petrographic Group 3 corresponds to the Chemical Group 2

No petrographic distinction was detected between the Petrographic Group 1 and 2, that is
between BSW and GSW sherds in thin section, except for the colour of their clay matrices,
which is likely to be due to different firing conditions. The BSW samples in Petrographic
Group 3, belonging to Chemical Group 2, differ from those belonging to Petrographic Group
1 only in terms of the abundance of the inclusions in the clay matrix, that may suggest different
paste preparation. The fine clay matrix with no large or rounded and angular inclusions may
suggest that the clay paste used to manufacture the ceramics could have been refined by settling
or levigation (Whitbread 1995: 392; Quinn 2013: 154-156).

A petrographic comparison between the pottery thin sections and those made from the fired
clay briquettes revealed that few matches exist. The Eocene flysch clay samples from Zarace
Bay, Hvar that were found to be chemically related to the BSW and GSW of Chemical Group
1 (Figure 7) are characterised in thin section by clasts of limestone, silt-sized quartz and very
fine sand-sized foraminifera microfossils (Figure 8,4A and B).

13
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Figure 8. Thin section photomicrographs of Late Hellenistic fine ware ceramics from Issa,
Pharos, Siculi and raw material field samples collected from the islands of Hvar. A) BSW
from Issa and Pharos classified in Petrographic Group 1 B) BSW from Issa and Pharos
classified in Petrographic Group 2. C) GSW from Issa classified in Petrographic Group 3.

14



D) Fired briquette of the Eocene flysch clay sample from Zarace Bay, Hvar. All

magnification on the microphotographs are 500um

Discussion
Compositional relationship between different type of Hellenistic fine tableware

The overlap between the BSW and GSW sherds in the Chemical Group 1 (Figure 5A, C)
indicates that pottery of these two related types have a similar composition. Sherds of both
types of wares excavated from Issa are chemically indistinguishable from one another, as well
as from BSW type from Pharos and Siculi. This suggests that the samples in the Chemical
Group 1, the majority of the ceramics analysed in this study, were made with the same raw
materials and paste preparation process. This interpretation is also suggested by the
petrographic characteristics of the thin sectioned sherds. The BSW and GSW sherds in
Petrographic Group 1 and 2 have the same types of inclusions, and only differ in the colour of
matrices, suggesting different firing temperature of the paste prepared with the same recipe.
With this in mind, it is likely that they were manufactured by a single workshop or workshops
in the same geological context that share the same clayey raw material and preparations
methods, rather than being the products of several geographically separate regional centres.
This seems to be confer with the morphological features of the samples in this group, that are
thought to be local variation of the southern Italian products.

The presence, within Chemical Group 1, of five sherds of BSW (VIS605, VIS619, VIS625,
SGP635 and SGP636) that are based on their typological classification, suspected to have been
made in southern Italy, raises doubts about the morphological distinction between imports and
possible local vessels (Figure 5C). It is unlikely, given geological variations of the Dalmatian
and southern Italian regions, that pottery could be so closely related compositionally. The
Dalmatian islands, as mentioned before, are homogenous limestone, while the southern Italian
region is more geologically diverse with more pottery workshops in different geological areas
(for more about geological areas surrounding identified southern Italian workshops see for
Apulia Rotunno et al. 1997 and Mangone et al. 2008, and for Calabria and Sicily Barone et al.
2005, 2014). A more likely scenario is that the BSW sherds in Chemical Group 1 were
produced by a single workshop using the same raw materials and that the typological
differences between the sherds can be explained in other ways, for example in terms of the
products of several potters within a workshop, each with their own distinct style due to the
cultural context of learning or by copying error. The latter is an unintended and universal
phenomenon as result of human perceptual-motor limitations that prevent the potter from a
perfect replication of a given model, even if the potter is an expert (Gandon et al. 2014a). In
fact, the subtitle morphological differences of standardise shapes of BSW in the Chemical
Group 1, can be better explained by the constrains of the cultural context into which learning
takes place and therefore to be a source of predictable variation (Lemonnier 1986; Gosselain
2000; Gandon et al. 2014a) and/or by introduction of novelty into standardise forms (Costin
1991 and 2000; Gandon et al. 2014b). In other words, variations between vessels of the same
type, in this case between BSW in Chemical group 1, can be expected within the same
workshop and these should not be considered as new types of ware, but as developments within
the BSW in cultural context of learning. On the other hand, the same composition of BSW and
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GSW in the Chemical Group 1 could be observed as objects which have evolved from the same
cultural context, but independently from multiple chains of transmissions (Gandon et al.
2014a). BSW and GSW, although belong to different types of ware, as defined by different
colour of coatings, have the similar shape. In this case the potters used the same raw material
and paste preparation process for modelling the same shape, but they deliberately chose
different firing process. The fact that these two types of ware belong to the same chemical
group strengthens the argument that one workshop could produce different types of fine ware
during the Late Hellenistic period.

The six sherds of BSW that make up the Chemical Group 2 are compositionally different from
those of the Chemical Group 1 in terms of their elemental and petrographic characteristics.
This does not appear to be the result of alteration in the burial environment, as that they were
excavated from both Issa and Pharos. It is therefore likely that these six sherds were made using
different raw materials and paste preparation methods to those of Chemical Group 1, and most
probably by a separate workshop. Though the BSW sherds from the two sites in Chemical
Group 2 are not overlapping, they plot very close to one another (Figure 5A) indicating that
they may have a similar origin. All six samples exhibit some morphological features that could
suggest that they are southern Italian imports. Comparing them to the legacy data, as explain
below, confirmed this hypothesis.

Turning to the Chemical Group 3, which consists of the five RSW sherds, all unearthed in
Siculi in Resnik. These samples have distinctive composition that differs significantly from the
sherds of Chemical Groups 1 and 2. They are likely to have been produced with different raw
materials to the other 54 sherds. It is possible to rule out post-depositional alteration due to
their chemical distinction from the BSW and GSW samples also analysed from Siculi. With
this in mind, their unique composition with the present dataset indicates that RSW is not
directly connected with these other Hellenistic fine ware types, BSW and GSW, and are
produced by a different workshop. Certainly, no connection can be proposed between this
pottery type and either BSW or GSW from lIssa or Pharos and further analysis is needed to
clarify the origin of the RSW from Siculi.

Source of production

Disregarding the potentially misleading typological differences between the suspected imports
and local variants and focussing on the compositional data only, within present dataset there
are three chemically distinctive groups of fine ware sherds. Sherds of Chemical Group 1 are
present at Issa, Pharos and Siculi, Chemical Group 2 sherds occur at Issa and Pharos and
Chemical Group 3 ceramics only at Siculi, among the 59 samples analysed. Having established
this, the next question is where these ceramic compositional groups were produced. The
geochemical and petrographic comparisons between the ceramics and the raw material
collected and analysed from the islands of Vis and Hvar can be used to shed light on the
possibility that one or more compositional groups of sherds were made at Issa or Pharos. The
match between Chemical Group 1 and the Eocene flysch clay samples from Zarace Bay, Hvar,
could suggest that this was the source of raw material for production of these ceramics. The
absence of microfossils in the ceramics and their presence in the Eocene flysch clays, as seen
in the thin sections (Figure 8, 4A and B), can be explained by a process of refining of the raw

16



material and firing temperature which could remove these silt-sized bioclasts (Quinn 2013:
154-156). The presence of chemically similar BSW sherds at Issa would then have to be
explained either by the movement of fine ware between two islands, that is between Issa and
Pharos, or that they both shared the same source of raw material and the paste preparation
recipe. The latter will include the transport of flysch clay from Zarace bay to Issa (since this
type of clay has not been recorded in the geology of Vis island) and to Pharos. Zarace bay is
located on the southern part of the island of Hvar with a mountain range between the bay and
the ancient city of Pharos. Issa, situated on the northern side of the island of Vis, had better
access to this source trough maritime transport that was more affordable (Horden and Purcell
2000: 11). It is true that pottery workshops were typically located close to sources of bulky raw
materials such as clay, temper, fuel and water (e.g. Arnold 1985: 32-60). On the other hand,
Zarace bay lays on the maritime trade route between both cities, Issa and Pharos, so the
transport of this raw material to the both workshops is possible. A long-distance transport of
raw material for ceramic production in not unusual. The discovery of the imported clay in
amphorae in the Tell al-Timai, ancient Thmuis in the central Nile delta, that matches the
chemical composition of fired vessels in the kiln of the 4™ ¢. BC (Hudson et al. 2018),
straighten the possibility of raw material transport in Central Dalmatia during the Hellenistic
period.

The broad correspondence between three samples of terra rossa soils collected from Vis with
the sherds of Chemical Group 2 could also be indicative of their production at Issa, though the
compositional match is less convincing in this case.

Analysed sherds of BSW belong to two different chemical groups, Group 1 and 2. This may
suggest that this type of ware was produced with two different types of raw materials at one or
more workshops. Though they production in the same workshop with different raw material is
not impossible, it seems unlikely. A better explanation would be that one of the chemically
distinct groups of BSW, samples in the Chemical Group 2, were imported. This argument can
be strengthened with their different chemical composition compared to the raw material from
Zarace bay.

The lack of correspondence between the raw material samples from Vis and Hvar and the five
RSW sherds from Siculi in Resnik seems to rule out the possibility that this group was
manufactured at either site and was imported to the mainland harbour site from different
workshop.

Regional differences and possible imports

The movement of pottery has been main source of identifying trade and exchange systems
among the ancient communities. The increase of trade towards the Late Hellenistic and Roman
Republican period (Parker 1992), increased the movement of fine tableware. In order to seek
possible non-local origin for analysed Hellenistic fine ware from Issa, Pharos and Siculi in this
study, and trace possible imports from other workshops and regions, comparisons were made
with published geochemical data on stylistically similar material from southern Italy and Sicily
(Rotunno et al. 1997; Barone et al. 2005, 2014; Mangone et al. 2008), and north-western
Greece (Farnsworth et al. 1977; Papachristodoulou et al. 2006 and 2010). The latter region was

17



chosen based on the typological similarities between RSW from Siculi and from Ambrakia in
Epirus (Ayyein 2009; Mise 2015: 60). This was the opportunity to compare available data from
north-western part of Greece to our RSW samples in order to shed a light on their possible
origin outside Adriatic basin.

Direct statistical classification cannot be attempted with published datasets due to the different
approaches and apparatus used. However, general comparisons can be made in terms of certain
elements. As mentioned above, it has been suggested that values of Cr and Ni can be used to
distinguish between Hellenistic ware thought to have been produced in southern Italy and
north-western Greece (Farnsworth et al. 1977; Jones 1986; Barone et al. 2005). Concentrations
of Ni and Cr in southern Italy is lower (< 150 ppm) than in samples from Greece (> 200 ppm).
For the latter region, the chemical composition of the raw materials seems to be influenced by
the outcropping of ophiolite nappe (Barone et al. 2011). By plotting the data on these two
elements for sherds from the various published studies, alongside the 59 samples from Issa,
Pharos and Siculi (Figure 9A), it is possible to both visualise this distinction and use it to shed
additional light on the provenance of the three chemical groups detected in the present study.
We have to emphasise that plotted specimens were identified as local in cited studies, such as
Apulian, Sicilian, and also, local in the north-western Greece and Corinth. For latter and for
clarity of the plots we used the term “Greece”.

The suspected BSW lItalian imports, that form Chemical Group 2, have close Cr and Ni values
to Hellenistic fine ware sherds from Catania, Lentini and Siracuse on Sicily analysed by Barone
et al. (2005, 2014), as well as several from Canosa and Monte Sannace in Apulia in Italy by
Rotunno et al. (1997) and Mangone et al. (2008) (Figure 9A). This pattern is in agreement with
hypothesis that these six sherds of Chemical Group 2 from Issa and Pharos are imports and
could have come from southern Italy or Sicily. The BSW and GSW sherds that constitute
Chemical Group 1 and the RSW sherds of Chemical Group 3 have different values for Cr and
Ni and plot elsewhere on the graph. They do not appear to be related to the Sicilian or Apulian
ceramics, but instead have a composition that can be somewhat comparable to the “Greek” data
(Figure 9A). Comparative data on the latter is unfortunately not abundant and, as seen here,
are widespread in the Ni and Cr plotted graphs. However, those measurements that do exist
suggest that Greek fine ware sherds chemically distinct from Sicilian material in terms of the
elements Cr and Ni. On the other hand, some of the Apulian samples have higher values of Ni
and Cr and some of them are plotted in between the two Ni vs Cr groups. These Apulian
samples could have been imports from Greece and not local products and it is difficult to clearly
distinguish Apulian samples solely based on the values of these two elements. This is also true
for analysed Dalmatian samples. High concertation of Ni and Cr are indicative of a derivation
of these elements from mafic volcanic rocks (Degryse and Breakmans 2014). However, the
parts of Greece where samples in question came from is limestone dominated Corfu, Corinth
and western Epirus (Jones: 131-121, 169-223 and Whitbread 1996: 263), as are the Dalmatian
islands (Figure 1). It is tempting, by plotting only values of Ni vs Cr, to identify all samples
with higher values to “Greek” origin, but also it could be misleading if we disregard other
provenance criteria, such as prospecting of local raw material.
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Figure 9. Cr and Ni comparisons. A. Scatterplot of Ni and Cr values from published sites in
Sicily, southern Italy and Greece in comparison with chemical group (Figure 4) from

Dalmatia. B. Scatterplot of Ni and Cr values of samples from Dalmatia analysed by Segvicet
al (2012, 2016) with chemical groups in Figure 4

There are two other constraints to this approach. First, the available and comparable data are
scarce to make full assessments of the Ni vs Cr values in different regions, and the alteration
of chemical composition due to raw material preparation for ceramic paste that are intrinsically
variable (Kilikoglou et al. 1988; Arnold 2000; Buxeda | Garrigés et al. 2003). Braekmans et
al. (2011) have demonstrated, on the Hellenistic ware from Turkey, that certain elements, such
as MgO, K, Sc, Ni, Cr and TiO2 elevate, while La, SiO2, Al203, Na203 and Zr lower due to
levigation process of refining raw material and clay paste preparation. The same can be
observed by comparing chemical values of the Hellenistic fine tableware and raw material from
the islands of Vis and Hvar (Table 1A and 2), where elevation of TiO2, MgO, Na20, Cr and
Ni can be noted and decrease of SiO2 and Al203. Other elements, K, Sc, and Zr did not show
much difference between potsherds and local clays. However, more studies and experiments
with raw material and comparison with the paste preparations is needed to make full
assessments of chemical alterations in ceramic during production process.

A final set of data that can be used for comparison is that of earlier analyses on Hellenistic fine
ware from Issa, Siculi and Cape Plo¢a by Segvi¢ et al. (2012, 2016). Many sherds of these
analyses closely match the sherds in the present report in terms of the abundance of Cr and Ni
(Figure 9B). Whilst common data on certified reference materials is not available and
discrepancies could therefore exist in terms of the measurement of the two elements. However,
the close correspondence seems to indicate that Hellenistic fine ware ceramics of common
origins were detected in both studies. The bulk of the fine ware samples analysed by Segvi¢ et
al. (2012, 2016) have higher values that match those of Chemical Group 1. As in the present
study, these include BSW and GSW sherds from Issa and Siculi, but also GSW from nearby
sanctuary at Cape Plo¢a. Segvié et al. (2012, 2016) interpreted these ceramics as originating
from several sources in Dalmatia, including Issa and Siculi, although they did not analyse raw
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materials from these locations. No evidence for pottery production has been uncovered at the
harbour site of Siculi and the local production of GSW pottery appears to have been assumed
based on its abundance of the samples of similar chemical composition (Segvi¢ et al. 2012),
rather than their similarities with raw materials. Given the extensive trade contacts in the
Hellenistic period, movement of vessels from one site to another and possible movement of
potters, as well as sharing similar morphological features via cultural transmission, the
abundance criteria could not be fully applied without understanding and acknowledging these
circumstances. A better explanation of the co-occurrence of typologically and compositionally
similar ceramics at the three sites is that they were produced in a single location and distributed
for consumption elsewhere.

Taking into account all approaches, typological, compositional and cross-examination with
local raw materials, as well with the same types of ware from possible regions of import, local
potters in Dalmatia produced fine table ware during the Hellenistic period. The best candidates
for the local production are two Greek cities, Issa on the island of Vis and Pharos on the island
of Hvar. The best argument for this conclusion is the Chemical Group 1 that consist of sherds
from both sites, and they showed closed matching with local Eocene flysch clay. Although, the
source of this clay is on the island of Hvar, it is possible that potters, due to lack of available
clay on the island of Vis, sailed to the southern part of the neighbouring island of Hvar to
collect more suitable clayey raw materials. This argument can be supported with location of
ZaraCe bay on a possible maritime route along the southern parts of the island Hvar and that
lead to Issa, on the northern parts of islands of Vis, and also to Pharos, located on the bay on
northern part of the island. The mountain range between Zarace bay and Pharos on the island
of Hvar made difficult to access this source of raw material by land. It is possible that potters
in Pharos also used maritime transport. In this case, to distinguish the production of BSW in
the Chemical Group 1 between Pharos and Issa is not possible. They probably produced BSW
at the same time, late 4" and 3™ c. BC, and used the same source of raw material based on the
microstructure and chemical composition of this group. It also confirmed the hypothesis of
local production of fine Hellenistic tableware in central Dalmatia, as the first organized pottery
manufacturing in both Dalmatian Greek cities. Regarding the BSW sherds in the same
Chemical Group 1 and the fact that this type of ware was not found in Pharos, not at least in
large quantities, it is possible to assumed that this type of ware was produce only in Issa and
not in Pharos. The historical circumstance may also verify this hypothesis. Namely, after the
destruction of Pharos in the Il Illyrian war in 219 BC, pottery production ceased and was not
continued. Further analysis of sherds from Pharos dated after the late 3™ ¢. BC may offer clearer
picture of pottery production in Pharos in later periods.

The imported pots from southern Italy can be identified in Chemical Group 2, and RSW in the
Group 3 is not locally produced, since it does not match with local clays. The origin of
production of RSW from Siculi in Resnik cannot be hypothesized, and further analysis of this
type of ware is needed.

Conclusions

The compositional and microstructural analysis of the 60 Hellenistic fine tableware sherds from
3 key sites in Dalmatia, two Greek cities Issa on the island of Vis and Pharos on the island of
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Hvar, and mainland harbour in Siculi in Resnik, presented in this study have confirmed the
establishment of pottery manufacturing in Issa and Pharos. Both Dalmatian Greek cities
produced BSW at the same time, using the same raw material from Zarace bay, transported via
maritime routes to both workshops. After the Il Illyrian war and destruction of Pharos in late
3" ¢. BC, it seems that production continued in Issa, but not in Pharos, based on the same
chemical composition of GSW from Issa with BSW in the Chemical Group 1. Furthermore,
the study provides a firm answer, based upon current evidence, were the local variants of
southern Italian fine tableware were produced and distributed within Central Dalmatia during
the Late Hellenistic period. The geochemical analysis of BSW, GSW and RSW in the present
study have shed some much-needed light on this topic. Namely, several BSW sherds that were
considered to be south Italian imports, based on their morphological features, have the same
chemical composition as the sherds in the Chemical Group 1 and are closely matching with
local raw material. This confirmed the importance of compositional analysis of fine Hellenistic
tableware in provenance studies as well as the importance of raw material analysis. Slight
differences in morphological features of BSW within the same compositional group can imply
the developments of this type of ware in cultural context of learning. Local potters were
imitating southern Italian imports to developed their own typological characteristics, that
sometimes cannot be fully recognised on small sherds, but only on fully preserved vessel.
Another aspect of the development within the same workshop, as the Chemical Group 1 has
shown, is the production of GSW with the same raw material and the same paste preparation
recipe as the BSW, indicating that potters deliberately used different technological process of
firing for achieving grey colour of the GSW.

The present study also confirmed trade contacts existed between Dalmatian islands and the
settlement in South Italy with analysed sherds of BSW from lIssa and Pharos, in Chemical
Group 2, that are distinct in their fabrics and chemical composition. The imports in Dalmatia
could have also come from different regions, such as norther-western Greece, due to possible
close composition of comparable data, but more data are regarded for further examination of
this possibility. The current study could not identify the workshop in Siculi in Resnik, and
regarding its nature as a harbour on the mainland and on the trade routes, it received products
from Issa and Pharos, and maybe further afar with distinct RSW sherds, that don’t belong to
either local Dalmatian production nor to southern Italian imports.

It therefore appears that, taking advantage of extensive Hellenistic trade networks, fine table
ware were produced in Central Dalmatia by emerging local centres. These may have been
transported and consumed by Iron Age communities on the Adriatic coast via the harbour site
of Siculi in Resnik.
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Table 1A. Details of analysed Late Hellenistic Fine sherds excavated from suspected pottery kilns at the settlements of Issa (VIS) and Pharos (SGP), and
from the harbour site of Siculi in Resnik (RES), including their composition as measured by WD-XRF

Sample SiO, TiO, AlL,O; | Fe;03 | MNnO | MgO | CaO Na,O | K;O P,0Os Ba Cr Cu Nb Ni Pb Rb Sr \Y% Y Zn Zr Total
VIS605 | 54.73 | 0.83 16.38 | 8.33 0.14 5.48 1027 | 1.3 29 0.23 381 359 47 13 315 18 131 314 | 164 29 104 142 100.79
VIS607 | 55.14 | 0.85 16.38 | 8.33 0.12 6.14 9.31 142 2.88 0.22 373 365 47 14 317 23 121 293 | 141 31 119 150 100.99
VIS608 | 54.31 | 0.82 16.3 8.33 0.12 6.28 1048 | 1.23 2.84 0.16 342 361 47 13 312 24 117 326 146 29 126 142 101.05
VIS609 | 52.64 | 0.86 16.48 | 8.56 0.12 5.96 10.31 1.28 2.09 0.48 381 373 44 13 329 20 75 278 156 30 114 151 98.81
VIS610 | 54.67 | 0.87 16.8 8.58 0.13 6.1 9.13 1.23 2.88 0.18 391 375 50 14 324 32 123 279 | 147 30 126 162 100.76
VIS618 | 55.02 | 0.87 16.64 | 8.52 0.12 5.87 7.89 1.25 2.99 0.27 393 371 50 13 324 14 129 258 | 209 28 112 148 99.54
VIS619 | 51.67 | 0.8 15.97 | 0.08 0.14 5.85 1289 | 111 2.88 0.36 420 332 42 12 307 15 120 358 242 28 116 138 99.96
VIS620 | 53.88 | 0.84 16.62 | 8.46 0.12 6.2 9.62 1.1 2.68 0.7 373 364 52 14 320 18 109 303 242 30 123 152 100.44
VIS622 | 53.8 0.89 17.33 | 8.81 0.12 6.24 8.03 0.99 2.46 0.46 390 382 56 11 336 16 88 269 | 241 32 128 160 99.34
VIS625 | 54.61 | 0.89 1745 | 8.81 0.12 6.29 8.12 1 2.53 0.45 374 382 51 13 332 20 93 272 | 205 30 123 160 100.48
VIS626 | 5359 | 0.83 16.29 | 8.23 0.12 6.02 10.71 1.13 2.62 0.17 347 355 52 11 318 22 98 302 232 30 128 144 99.91
VIS631 | 54.2 0.87 16.99 | 8.82 0.12 6.27 8.4 1.08 2.81 0.27 378 373 51 12 328 19 107 281 220 32 125 150 100.04
VIS632 | 53.63 | 0.88 17.19 | 8.99 0.15 6.08 9.26 1.08 2.58 0.55 415 377 56 13 335 26 97 310 | 199 32 125 156 100.61
VIS636 | 53.97 | 0.82 16.8 8.37 0.13 5.88 9.08 1.04 2.95 0.34 408 349 48 12 314 10 127 321 | 256 31 111 142 99.60
VIS637 | 5255 | 0.91 18.2 9.35 0.13 6.06 8.67 0.87 2.09 1.34 461 380 47 15 340 18 65 234 | 216 31 115 154 100.39
VIS701 | 534 0.93 17.94 | 9.07 0.13 6.4 9.46 0.96 1.83 0.49 379 412 30 14 333 50 43 284 | 182 32 123 157 100.81
VIS703 | 55.62 | 0.9 17.33 | 8.81 0.12 6.15 7.78 0.93 241 0.6 429 392 40 13 335 20 83 254 | 163 29 115 151 100.88
VIS704 | 5563 | 0.9 17.64 | 9.09 0.13 5.88 6.94 0.7 2.27 1.25 508 390 46 13 335 23 77 234 | 188 32 118 157 101.00
VIS705 | 53.61 | 0.98 1766 | 9.54 0.12 6.24 8.05 0.87 1.95 1.26 497 420 38 15 357 42 58 236 195 35 133 170 100.49
VIS706 | 555 0.84 16.67 | 8.62 0.14 6.01 8.36 1.36 3.01 0.27 390 368 41 12 318 36 146 317 171 31 119 145 100.98
VIS707 | 51.31 | 0.9 18.47 | 9.23 0.19 6.26 11 0.8 1.98 0.71 374 390 40 13 352 69 65 396 | 183 30 120 144 101.07
VIS711 | 51.2 0.92 17.67 | 9.18 0.12 5.91 8.86 0.97 1.88 2.85 628 408 71 11 332 119 62 224 | 280 34 139 165 99.82
VIS712 | 55.04 | 0.89 16.69 | 8.88 0.14 5.85 7.84 1.07 2.53 0.76 434 394 52 14 327 74 103 226 224 31 127 160 99.92
VIS714 | 55.03 | 0.88 16.77 | 8.68 0.11 5.84 7.74 0.95 2.34 1.2 480 386 51 12 322 19 84 242 244 30 118 148 99.76
VIS721 | 54.02 | 0.89 16.6 8.78 0.13 6.32 8.8 1.18 2.68 0.39 421 387 52 11 337 53 90 298 249 31 135 156 100.01
VIS722 | 53.88 | 0.84 15.66 | 8.3 0.12 6.23 11.07 1.12 2.36 0.35 392 365 46 13 314 14 73 318 235 30 135 154 100.12
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SGP601 | 52.64 | 0.76 15.09 | 8.46 0.12 6.45 1245 | 111 2.58 0.35 418 458 42 12 432 19 109 318 205 31 104 140 99.86
SGP611 | 5454 | 0.86 16.99 | 859 0.13 5.96 8.53 1.19 3.11 0.31 406 364 48 14 326 0 137 299 171 31 124 151 100.42
SGP614 | 545 0.81 15.95 | 8.05 0.12 5.9 8.61 1.29 3.18 0.31 376 343 48 14 304 7 140 299 257 30 123 144 98.92
SGP616 | 54.74 | 0.82 16.45 | 8.15 0.12 5.8 8.44 1.68 3.18 0.32 378 350 51 13 313 14 143 299 368 31 119 145 99.90
SGP619 | 55.39 | 0.83 16.36 | 8.24 0.12 5.9 8.69 1.18 3.15 0.25 406 357 51 14 315 17 143 304 | 273 33 118 149 100.31
SGP622 | 52.19 | 0.82 16.13 | 8.38 0.16 4.81 12.03 | 0.89 2.53 1.56 518 343 52 12 301 11 100 343 268 31 108 153 99.74
SGP626 | 56.31 | 0.83 15.79 | 8.09 0.12 5.28 9.02 1.19 2.92 0.58 397 360 43 14 296 20 132 285 238 31 109 171 100.34
SGP634 | 51.38 | 0.78 15.75 | 7.99 0.14 491 1533 | 1.31 1.5 0.83 420 319 38 13 295 14 97 375 237 28 89 132 100.12
SGP635 | 54.83 | 0.86 16.53 | 851 0.13 5.74 8.45 1.07 2.99 0.74 401 364 39 14 313 18 130 286 271 30 122 149 100.07
SGP636 | 53.81 | 0.84 16.53 | 842 0.14 5.96 10.01 | 1.03 3.13 0.29 396 345 51 12 315 15 135 339 282 29 121 140 100.37
SGP637 | 56.02 | 0.84 16.17 | 8.09 0.12 5.29 8.09 1.32 3.1 0.57 397 360 43 13 309 15 139 260 | 277 32 114 159 99.81
SGP638 | 52.72 | 0.87 17.62 | 9.08 0.14 5.2 8.95 0.76 3.53 0.73 576 537 59 14 402 21 157 250 | 242 32 133 153 99.86
SGP639 | 54.26 | 0.8 16.04 | 8.04 0.13 49 11.96 | 1.26 2.97 0.27 392 353 55 12 298 21 132 292 142 28 107 134 100.84
RES602 | 54.52 | 0.85 16.69 | 8.33 0.12 5.69 9.38 1.12 2.84 0.48 434 358 57 12 304 23 116 292 278 30 115 144 100.24
RES603 | 53.23 | 0.82 16.06 | 8.29 0.12 6.07 1114 | 122 2.4 0.39 409 358 46 12 312 7 80 323 185 30 125 148 99.95
RES610 | 52.58 | 0.86 1724 | 854 0.12 6.08 10.1 0.95 2.19 0.95 516 369 44 14 333 9 70 346 217 31 127 145 99.83
RES611 | 55.77 | 0.89 16.62 | 8.32 0.12 5.58 6.84 1.44 2.94 0.29 435 374 41 14 329 20 130 251 256 29 107 158 99.03
RES612 | 52.48 | 0.84 16.78 | 8.21 0.14 5.69 10.79 | 1.23 2.61 1.04 611 366 40 12 314 16 97 358 256 32 103 145 100.05
RES701 | 53.31 | 0.97 18.48 | 9.35 0.15 5.8 7.1 0.92 2.02 2.28 812 410 44 14 351 13 55 279 288 33 121 163 100.64
RES702 | 54.78 | 0.88 1712 | 831 0.13 5.29 8.52 1.05 2.41 1.08 675 385 45 13 311 16 101 281 246 32 128 157 99.81
RES703

A 56.96 | 0.88 1755 | 8.03 0.1 5.57 5.98 1.12 2.78 0.66 595 383 36 14 331 6 123 240 | 245 31 128 154 99.86
RES703

B 51.19 | 0.75 1479 | 7.15 0.12 3.86 1772 | 101 1.87 1.76 841 378 50 9 254 1 80 438 211 31 131 144 100.48
RES705 | 53.88 | 0.87 17.02 | 8.29 0.12 5.77 9.16 0.97 2.32 1.01 549 376 42 12 323 7 83 287 252 32 138 153 99.65
VIS601 | 54.32 | 0.74 15.64 | 6.28 0.08 2.66 11.25 | 1.18 2.35 4.83 441 203 19 15 117 21 101 574 103 31 115 166 99.52
VIS603 | 52.2 0.73 1526 | 6.21 0.1 3.59 1734 | 101 2.02 1.91 374 197 36 15 129 23 78 483 105 31 108 162 100.36
VIS604 | 53.96 | 0.73 15.5 6.28 0.11 3.33 1494 | 1.02 2.12 2.59 413 204 23 14 131 24 80 429 101 30 128 155 100.75
SGP602 | 58.47 | 0.69 15.47 | 5.77 0.09 2.42 13.4 1.14 2.64 0.52 340 104 26 16 46 20 107 285 96 29 95 171 100.76
SGP603 | 56.74 | 0.72 15.57 | 5.86 0.11 2.37 14.88 | 1.07 2.68 0.59 349 109 29 15 48 22 115 341 105 29 100 165 100.74
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SGP629 | 58.06 | 0.89 18.56 | 7.36 0.11 2.52 8.75 1 2.79 0.52 417 131 33 21 61 19 127 299 161 32 102 167 100.71
RES502 | 57.84 | 0.74 11.36 | 3.56 0.08 1.57 21.99 | 0.55 1.39 1.19 560 346 40 13 175 30 69 248 160 34 107 206 100.47
RES503 | 61.65 | 0.84 12.86 | 4.02 0.05 2.35 14.7 1.06 1.2 1.02 529 371 42 14 174 20 59 191 231 42 126 232 99.94
RES509 | 59.15 | 0.77 11.75 | 3.77 0.05 1.56 18.88 | 0.58 1.38 0.99 503 375 40 13 173 20 67 215 214 39 107 222 99.06
RES519 | 58.31 | 0.8 11.93 | 3.86 0.06 1.55 19.05 | 0.69 1.22 1.68 560 381 42 15 178 21 58 226 178 39 109 238 99.33
RES523 | 58.25 | 0.78 12.14 | 3.82 0.07 1.48 19.37 | 0.65 1.2 1.72 601 360 44 14 179 16 57 238 206 41 105 236 99.69
M 54.56 | 0.84 16.27 | 7.77 0.11 5.17 10.66 | 1.07 2.47 0.84 453.4 | 3533 | 44.76 | 13.26 | 2884 23.83 | 1005 | 300 | 210.9 | 31.38 118'2 158.4

Sb 2.08 0.05 1.54 1.79 0.023 | 1.46 3.50 0.21 0.54 0.80 105.8 | 73.69 | 8.82 1.62 83.03 19.5 28.7 655 | 5513 | 2.8 10.85 | 22.84

cv 0.038 | 0.070 | 0.094 | 0.230 | 0.199 | 0.283 | 0.329 | 0.196 | 0.221 | 0.945 | 0.233 | 0.208 | 0.197 | 0.122 | 0.287 0.81 0.28 0.21 | 0.261 | 0.08 0.091 | 0.144

Table 1A. Geochemical groups determined by PCA (Figure 5A) and their Mean, Standard
Deviation and Coefficient of Variance, with Petrographic grouping

Sample Site Ware Provenance base on | Petrographic | Chemical Group
typological Group
observation
VIS605 Issa Black Slip | Apulian import 1 1
Ware

VIS607 Issa Black Slip | Local imitation 1 1
Ware

VIS608 Issa Black Slip | Local imitation 1
Ware

VI1S609 Issa Black Slip | Local imitation 1
Ware

VIS610 Issa Black Slip | Local imitation 1 1
Ware

VIS618 Issa Black Slip | Local imitation 1 1
Ware

VIS619 Issa Black Slip | Apulian import 1
Ware

VI1S620 Issa Black Slip | Local imitation 1 1
Ware

VIS622 Issa Black Slip | Apulian import 1
Ware
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VIS625 Issa Black Slip | Local imitation 1
Ware

VIS626 Issa Black Slip | Local imitation 1
Ware

VIS631 Issa Black Slip | Local imitation 1
Ware

VIS632 Issa Black Slip | Local imitation 1
Ware

VIS636 Issa Black Slip | Local imitation 1
Ware

VIS637 Issa Black Slip | Local imitation 1
Ware

VIS701 Issa Grey Slip Ware | Local 2 1

VIS703 Issa Grey Slip Ware | Local 2 1

VIS704 Issa Grey Slip Ware | Local 2 1

VIS705 Issa Grey Slip Ware | Local 2 1

VIS706 Issa Grey Slip Ware | Local 2 1

VIS707 Issa Grey Slip Ware | Local 1

VIS711 Issa Grey Slip Ware | Local 1

VIS712 Issa Grey Slip Ware | Local 1

VIS714 Issa Grey Slip Ware | Local 1

VIST721 Issa Grey Slip Ware | Local 1

VIS722 Issa Grey Slip Ware | Local 1

SGP601 Pharos Black Slip | Local imitation 1
Ware

SGP611 Pharos Black Slip | Local imitation 1 1
Ware

SGP614 Pharos Black Slip | Local imitation 1 1
Ware

SGP616 Pharos Black Slip | Local imitation 1 1
Ware

SGP619 Pharos Black Slip | Local imitation 1 1
Ware

SGP622 Pharos Black Slip | Local imitation 1 1
Ware

SGP626 Pharos Black Slip | Local imitation 1 1
Ware
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SGP634 Pharos Black Slip | Local imitation 1
Ware

SGP635 Pharos Black Slip | Apulian import 1
Ware

SGP636 Pharos Black Slip | Apulian import 1
Ware

SGP637 Pharos Black Slip | Local imitation 1
Ware

SGP638 Pharos Black Slip | Local imitation 1
Ware

SGP639 Pharos Black Slip | Local imitation 1
Ware

RES602 Resnik Black Slip | Local imitation 1
Ware

RES603 Resnik Black Slip | Local imitation 1
Ware

RES610 Resnik Black Slip | Local imitation 1
Ware

RES611 Resnik Black Slip | Local imitation 1
Ware

RES612 Resnik Black Slip | Local imitation 1
Ware

RES701 Resnik Grey Slip Ware | Local 1

RES702 Resnik Grey Slip Ware | Local 1

RES703A | Resnik Grey Slip Ware | Local 1

RES703B Resnik Grey Slip Ware | Local 1

RES705 Resnik Grey Slip Ware | Local 1

VIS601 Issa Black Slip | Apulian import 2
Ware

VIS603 Issa Black Slip | Apulian import 2
Ware

VIS604 Issa Black Slip | Apulian import 2
Ware

SGP602 Pharos Black Slip | Apulian import 2
Ware

SGP603 Pharos Black Slip | Apulian import 2
Ware

SGP629 Pharos Black Slip | Apulian import 2
Ware
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RES502 Resnik Red Slip Ware | Import from Greek 3

unknown workshop
RES503 Resnik Red Slip Ware | Import from Greek 3

unknown workshop
RES509 Resnik Red Slip Ware | Import from Greek 3

unknown workshop
RES519 Resnik Red Slip Ware | Import from Greek 3

unknown workshop
RES523 Resnik Red Slip Ware | Import from Greek 3

unknown workshop

SiO2 | TiO2 | AlOs | Fe:03 I\gn MgO | CaO | NaxO | K20 | P20s Ba Cr Cu Nb Ni Pb Rb Sr \Y Y Zn Zr

Group 1
M | 5397 | 086 | 16.75 836 | 013 | 582 | 950 111 2.61 | 068 | 45137 | 37592 | 47.18 | 12.88 | 324.37 | 24.37 | 10435 | 29533 | 22439 | 30.73 | 120.22 | 150.80
SD | 138 | 005 0.78 128 | 001 | 048 | 2.09 0.19 0.44 | 055 | 109.49 | 3327 | 6.91 118 | 25.87 | 21.57 | 2835 | 4430 | 4665 | 150 | 10.04 8.54
CV | 003 | 005 0.05 015 | 011 | 0.08 | 0.22 0.17 017 | 081 0.24 0.09 0.15 0.09 0.08 | 0.89 0.27 0.15 0.21 0.05 0.08 0.06
Group 2
M | 5563 [075 | 1600 | 6.29 010 | 2.82 | 1343 | 1.07 243 | 1.83 | 389.00 | 158.00 | 27.67 | 16.00 | 88.67 | 21.50 | 101.33 | 401.83 | 111.83 | 30.33 | 108.00 | 164.33
SD | 251 007 | 1.26 0.57 001 | 052 | 304 | 007 032 | 171 | 4072 | 4839 |631 | 253 4114 | 1.87 | 19.38 | 11392 | 2432 | 121 | 1198 | 543
CV | 0.05 0.09 | 0.08 0.09 013 | 018 | 023 | 007 013 | 093 | 0.10 0.31 023 | 016 0.46 | 009 | 019 0.28 0.22 0.04 | 011 0.03
Group 3
M | 5904 |079 | 1201 | 381 0.06 | 170 | 18.80 | 0.71 128 | 132 | 55060 | 366.60 | 41.60 | 13.80 | 175.80 | 21.40 | 62.00 | 22360 | 197.80 | 39.00 | 110.80 | 226.80
SD | 1.53 0.04 | 0.56 0.17 001 | 036 |262 |021 010 | 036 |3691 |1383 | 167 | 084 2.59 518 | 557 | 2205 | 2852 |3.08 | 861 13.16
CV | 0.03 0.05 | 0.05 0.04 021 | 021 | 014 | 029 0.08 | 027 | 007 0.04 0.04 | 0.06 0.01 024 | 009 | 0.0 0.14 0.08 | 0.08 0.06
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Table 2. Details of raw material field samples collected from the islands of Hvar and Vis and their composition as measured by WD-XRF

SiO2 | TiO2 | Al2O3 | Fe203 | MNO | MgO | CaO | Na2O | KO | P2Os [ Ba | Cr | Cu [ Nb [ Ni [Pb|Rb |Sr |V Y | Zn

zZr

Total

Sample Site | Description
VISTRL | Vis | Terra rossa 5148 | 149 | 29.96 | 11.7 | 007 | 202 | 138 | 039 |1.61 | 009 | 285 | 270 | 43 |47 | 183 |49 | 153 | 88 | 319 | 55 | 180 | 442 | 100.41
VISTRS | Vis | Terra rossa 58.68 | 1.08 | 247 | 944 |012 |18 | 131 |069 | 258 |01 |432|189 |48 |36 | 119 |46 | 196 | 93 | 242 | 50 | 143 | 345 | 100.76
VISTRY | Vis | Terra rossa 50.01 | 095 | 2282 | 8.49 |005 [ 136 | 126 | 033 | 179 | 007 | 287 | 162 |29 |34 | 123 |36 | 148 | 61 | 285 | 42 | 123 | 288 | 87.29
VISTR10 | Vis | Terra rossa 67.54 | 092 | 2012 | 796 |04 | 117 | 111 |038 |0.38 | 005 | 294 | 171 |44 |29 | 129 |37 | 140 | 84 | 238 | 45| 101 | 321 | 101.08
VISTR23 | Vis | Terrarossa 35.94 | 1 21.61 [ 836 | 009 |3.78 |27.91]038 |1.19 | 009 [194 | 230 |54 |26 | 191 |39 |96 |88 | 265 |40 | 130 | 299 | 10052
VISTR24B | Vis | Terra rossa 3554 |15 | 271 | 1087 |01 |18 | 2229|027 |09 |o011 |165|332|55 |32 | 21638 |80 |80 | 340 | 38 | 167 | 367 | 100.69
VISTR26 | Vis | Terra rossa 50.33 | 1.22 | 2386 | 9.86 |06 | 161 | 125 |075 |24 |01 |391|390|45 |36 | 140 |46 | 173 |89 | 227 | 57 | 136 | 423 | 100.77
FL1 Hvar | Geological clay | 44.22 | 055 | 128 |6.24 | 032 |4.69 | 2693|102 | 277 | 041 | 256 | 211 |52 |8 [229 |5 |120|680 | 212 | 26| 123 |98 | 99.86
FL2 Hvar | Geological clay | 43.32 | 0.56 | 12.63 | 597 | 0.29 | 4.49 |28.49 | 0.96 | 254 | 012 | 258 | 104 |61 |8 | 217 |10 | 105 | 745 | 171 | 25 | 130 | 107 | 99.57
TRUNP | Hvar | Terrarossa 50.01 | 1.25 | 24.63 | 1026 | 019 | 117 | 128 |072 | 159 | 0.26 | 284 | 227 | 173 | 33 | 176 | 39 | 114 | 79 | 375 | 68 | 183 | 360 | 100.58
TR2/P Hvar | Terra rossa 6397 | 1.18 | 2151 | 9.09 |08 |[097 |09 |05 |1.44 | 022 | 261|257 | 158 | 31 | 153 |43 | 102 | 72 | 359 | 63 | 159 | 396 | 100.17
HVATR3 | Hvar | Terrarossa 5218 | 1.29 | 3042 | 11.8 |041 | 108 |1.09 |043 |1.81 [ 013 | 306 | 271 |61 |36 | 193 |62 | 154 | 104 | 303 | 64 | 208 | 417 | 100.56
HVAI12A | Hvar | Terra rossa 66.01 | 1 19.04 | 747 013 [162 | 171 | 074 | 237 |012 | 407 | 256 | 28 |29 |94 |54 | 150 | 117 | 203 | 41 | 146 | 373 | 100.41
VISK?2 Vis Egﬂ?ﬁ;ctﬂ;'ay

51.93 | 0.76 | 1663 | 622 | 006 |[7.90 | 9.05 | 142 | 425|014 | 281 |74 [30 |19 |40 |19 | 135|113 | 130 | 28 | 94 | 153 | 98.52
VISK4 Vis EE?T:?Z";CS;;'&V

2848 | 031 | 735 |317 |014 |633 | 5179|035 | 245|014 |272 |29 |24 |7 |21 |17 |53 | 258 |66 | 14| 129 | 71 | 100.59
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Appendix 1: Appendix 1. Standard Reference Material

detection Range (wt error
%)
limit min max relative %
Sio2 0.01 25 80 2
TiO2 0.01 25 2
Al203 0.01 30 2
Fe203 0.01 15 2
MnO 0.01 0.4 2
MgO 0.01 50 2
Ca0O 0.01 15 2
Na20 0.01 45 5
K20 0.01 15 2
P205 0.01 1 2
Ba 20 2000 10
Cr 5 4000 5
Cu 5 250 10
Nb 2 300 5
Ni 5 2500 5
Pb 20 150 10
Rb 3 2500 5
Sr 3 1500 5
Y, 10 650 5
Y 3 150 5
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Zn 3 300 5
Zr 3 850 5
Appendix 2: clay reference sample
RT (clay) Si02 TiO2 AI203 Fe203 MnO MgO Ca0 Na20 K20 P205
Wt % Wt % wt % Wt % Wt % Wt % wt % wt % Wt % Wt %
Mean (n=4) 60.61 0.66 16.3 5.59 0.08 3.55 8.69 153 3.43 0.1
SD 0.35 0 0.05 0.01 0 0.01 0.03 0.19 0.02 0
RSD 0.58 0 0.32 0.25 0 0.36 0.29 123 0.51 0
RT (clay) Ba Cr Cu Nb Ni Pb Rb Sr \ Y Zn Zr
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
Mean (n=4) 391.75 103.75 325 13.75 65.5 275 164.25 349.25 118 29.25 105.5 156.25
SD 13.96 2.22 1.29 0.96 1.73 252 0.96 4.72 3.92 1.26 1 3.59
RSD 3.56 2.14 3.97 6.96 2.64 9.15 0.58 1.35 3.32 4.3 0.95 23
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