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Abstract

The current paper contributes new evidence to the ongoing discussion of the location and organisation of production of
Hellenistic colour-coated ware (CCW), through interdisciplinary investigation of morphological style, technology and
provenance of relevant pottery from a Late Hellenistic deposit found in a well in the Agora of Nea Paphos on Cyprus.
Through naked eye examination, four major macroscopic groups were identified based on vessel typology and fabrics.
Subsequently, 53 representative samples were selected and analysed through a combination of refiring tests, chemical
analysis, thin section petrography and scanning electron microscopy. The results indicated that the sheer majority of this
pottery, despite some compositional and technological variability, reflects the use of similar raw materials compatible
with the geology of Paphos. Therefore, during the Late Hellenistic period, most of the CCW consumed in Paphos were
locally produced. The observed variation in the assemblage can be associated with several factors, such as natural
diversity of raw materials, a number of co-existing pottery workshops, technological choices made by the potters and
to a lesser extent post-depositional processes. This integrated research has a profound impact on studies of production
and consumption of the Late Hellenistic pottery on Cyprus.

Keywords Cyprus - Nea Paphos - Colour-coated ware - Late Hellenistic period - Chemical analysis - Petrographic analysis

Background and research questions Hellenistic and Roman ceramics from the House of Dionysos
in Nea Paphos (1991). Generally, CCW is characterised by the
presence of a matt or semi-lustrous slip, whose colour can vary

from red to black even within the same vessel. It is associated

The colour-coated ware (CCW) is a class of fine pottery com-
monly used around sites in the Eastern Mediterranean from the

beginning of the Hellenistic period until the Early Roman times
(late fourth c. BCEirst c. CE; Table 1). It was originally de-
fined and named by John W. Hayes in his publication of
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with tableware and includes a variety of forms, such as various
types of bowls, plates and jugs, as well as unguentaria and
lamps. It is widely accepted that the same or very similar shapes
of CCW were produced at several places in the Eastern
Mediterranean (e.g. Fenn and Romer-Strehl 2013: 377;
Drougou 2014: 146). Based on archaeological evidence
(Hayes 1991; Papuci-Wtadyka 1995) and chemical analyses
(Picon and Blondé 2002), it has been suggested that Nea
Paphos was one of the production places of CCW. The objec-
tive of this paper is to investigate further this suggestion ad-
dressing questions of provenance, technology and production
organisation of the Late Hellenistic CCW pottery from Paphos,
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Table 1 Relative and absolute chronology of Nea Paphos with indication of the pottery found in the well deposit from the Agora and the CCW
production

Period Chronology Important events Pottery

Early Hellenistic ~ Late fourth-late third c. BCE

of Nea Paphos

Middle Hellenistic Late third-late second c. BCE

Late fourth—early third c¢. BCE: foundation

Late fourth c¢. BCE: the beginning of the
CCW production

Late third—early second c. BCE: Nea Paphos

becomes the capital of the island

Late Hellenistic Late second-late first c. BCE

Roman Late first c. BCE-293 ¢. CE

58 BCE: the Romans annexed Cyprus

Late second—third quarter of the first c.
BCE: pottery from the well deposit at the
Agora in Paphos

17 or 15 BCE: earthquakes destroyed Nea Paphos First c. CE: the end of the CCW production

through the combined typological, compositional and techno-
logical studies of a ceramic assemblage from a closed deposit."
The latter, related to a sealed context from a well at the Agora in
Nea Paphos, includes pottery dated from the late second to the
beginning of the third quarter of the first c. BCE. It is particu-
larly valuable as it provides securely and closely dated evidence
on CCW production and consumption for a key period in the
history of the site.

The site and the pottery

Nea Paphos, located in southwestern Cyprus, at the cross-
roads of the main sea routes between East and West, was
an important commercial and administrative hub for many
centuries. It is believed that the city was founded either by
Nicocles, the last king of Palaipaphos, in the late fourth c.
BCE (Nicolaou 1966; Mtynarczyk 1990: 66-105;
Mtiynarczyk 1996: 193) or by Ptolemy I in the early third
c. BCE (Bekker-Nielsen 2000; Balandier 2011: 376). The
new city was divided into the residential (Maloutena,
Ktisto), administrative (Fanari Hill) and commercial
(Agora, harbour) districts (Fig. 1a). At the end of the third
or in the early second c. BCE, it became the headquarters
of the Governor of the island (Maier and Karageorghis
1984: 230; Mtynarczyk 1990: 121-122). Not only was

! This study is part of a PhD research project focused on the characterisation
and contextualisation of CCW in Paphos. In the framework of this project, a
few thousands of CCW potsherds and whole vessels from two excavations in
Paphos, the Agora and the Maloutena residential area, were studied macro-
scopically. As a result, 16 macroscopic groups (MG 1-MG 16) were defined,
and 164 samples were selected for further chemical and petrographic analysis,
see: Marzec 2017. In a previous paper (Marzec et al. 2018), MG 1 and MG 2
have been discussed. They date to the Early Hellenistic period (late fourth—ca.
mid-second century BCE) and are represented by 35 samples, the majority of
which was unearthed in the Maloutena residential area (33 out of 35 samples).
The current paper presents the macroscopic groups: MG 9, MG 10, MG 11 and
MG 12, dated to the Late Hellenistic period (late second-late first c. BCE) and
represented by 53 samples (see Table 2) from one closed deposit in the Agora,
which did not include any examples representing MG 1 and MG 2. Moreover,
MGs discussed in the current paper are neither chemically nor petrographically
related to MG 1 and MG 2.
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the city an administrative centre of the island but also a
location of strategic importance in which the Ptolemaic
fleet was stationed to be supplied as its geographic loca-
tion allowed easy access to natural resources. The dense
forests and the mineral ores located in the nearby moun-
tains were particularly attractive to the Lagids and influ-
enced the socio-economic and cultural development of
Nea Paphos in the Hellenistic period (Maier and
Karageorghis 1984: 230-231; Green 1990: 30, 125, 194;
Mtynarczyk 1990: 129-130).

In Nea Paphos, CCW comprises the most common
class of fine pottery recovered at the excavations in all
districts through the entire Hellenistic period (Table 1).
It appears in a number of different forms and fabrics,
possibly indicating its varied origin. The stylistic study
has so far shown that the CCW frequency as well as the
diversity in the shape of the vessels and macroscopic ap-
pearance of fabrics increased significantly in the Late
Hellenistic period, which dates from the late second to
the late first c. BCE.2 In 58 BCE, the Romans annexed
Cyprus, but the significant changes in the pottery assem-
blage reflecting the new political situation are seen in
contexts dated after an earthquake, which destroyed the
city in 17 or 15 BCE. In those contexts, in terms of fine
ware pottery, CCW occurs rarely and only includes semi-
coarse echinus bowls and plates with a rolled rim, while
eastern sigillata is the predominant pottery class.

The archaeological context

The ancient Agora in Nea Paphos comprised a square
enclosed by porticoes from the east, south and west sides,
which were built in the late second or the early first c.
BCE. The excavations at the Agora have been carried

2 Marzec E, Kajzer M (forthcoming) Hellenistic Table Ware Pottery (from the
late 4th to the 1st century BC). In: Papuci-Wtadyka E (ed.) PAPHOS AGORA
1. The results of the Jagiellonian University Interdisciplinary Research in Nea
Paphos (2011-2015). Krakow
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1. Agora

2. Ktisto

3. House of Dionysos

4. Maloutena

5. Fanari Hill

6. Extent of Ancient Harbour

out since 2011 in four trenches (I-IV).> One of them
(Trench II) uncovered the area of the eastern portico, compris-
ing a part of the crepidoma, the stylobate and rooms within the
vicinity. The construction of the rooms dates to the times of
Augustus, after the earthquake that hit the city in 17 or
15 BCE, but the presence of earlier layers in some parts of
the trench suggests that the portico was originally built in the
Late Hellenistic period. The Late Hellenistic closed deposit
discussed in this paper was found in the well (Structure 173)
discovered in Room 13 (Fig. 1). The well was partially carved
into the bedrock. Its upper east side adjoined the crepidoma
and the other three were constructed with limestone blocks.

3 Miszk L (forthcoming) Stratigraphy of the Agora. In: Papuci-Wiadyka E
(ed.) PAPHOS AGORA 1. The results of the Jagiellonian University
Interdisciplinary Research in Nea Paphos (2011-2015). Krakow

e

Fig. 1 a Plan of Nea Paphos, based on J. Miynarczyk’s research (1990) with modifications by the Paphos Agora Project. b Trench 11, illustrated by K.
Rosinska-Balik, 2014, © Paphos Agora Project. ¢ The well, structure 173, photographed by R. Stabonski

The well had a depth of 7 m and was filled with objects from
top to bottom. Moreover, water was encountered at the depth
of 5.95 m and excavation required pumping equipment. The
deposit yielded numerous nearly complete vessels and thou-
sands of pottery sherds. This assemblage comprises different
categories of ceramics such as fine wares, plain wares,
cooking wares and amphorae. The pottery found in the well
deposit dates from the late second until the third quarter of the
first c. BCE. However, the presence of Eastern Sigillata A
form 23, Eastern Sigillata D forms P18A and P20, as well as
a coin of Ptolemy of Cyprus (80-58 BCE) suggests that the
deposition took place between the end of the first quarter and
the beginning of the third quarter of the first c. BCE. There is
no evidence of later contamination or disturbance. Other finds
belonging to the deposit, such as metal objects, glass vessels,
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terracotta figurines and lamps, have confirmed this date.* Fine
pottery of various wares and fabrics is the most abundant
category of finds in this deposit. Apart from CCW, Eastern
Sigillata A and Eastern Sigillata D, the assemblage also in-
cludes the so-called Red Slip and banded pottery.

Methodology

The first stage of the research combined the macroscopic
study of fabric and shape. The fabric examination was based
on the classification of the ceramic assemblage into groups
according to the following parameters: frequency, size and
colour of inclusions, frequency, size and shape of voids, col-
our of the fresh break, fired core types (according to Gaufl and
Kiriatzi 2011: 408, Fig. 30), hardness, feel of the surface,
texture of fresh break and colour of slip. The classification
and description system adopted in this study were proposed
by Orton and Hughes, and it is presented in Pottery in
Archaeology (2013: 275-285). Fabrics were examined by na-
ked eye and with a x 10 magnifying glass in natural light.
Hardness was assessed through the use of fingernail and knife,
while the feel of the surface was established through finger
touch. The macroscopic examination of fabric was
complemented by the typological analysis, which was under-
taken exclusively on diagnostic sherds. It followed the func-
tional classification proposed by S. Rotroff (1997) with some
modifications.

The macroscopic analysis was carried out on nearly a thou-
sand of individual CCW vessels, recovered in the well depos-
it. Based on the two variables (fabric and vessel shape), the
assemblage was classified into eight macroscopic groups
(MG). The sheer majority of CCW was associated with four
of them, MG 9, MG 10, MG 11 and MG 12, which are as-
sumed to represent the potential local production (Hayes
1991; Papuci-Wtladyka 1995). Fifty-three samples
representing their variability were selected for laboratory anal-
ysis to test the macroscopic classification consistency and
provide further evidence on the provenance and manufactur-
ing technology of the four most common groups (Tables 2 and
3). Other four MGs, represented only by single vessels or few
sherds and classified as imports, were not sampled as the
research was focused on the local production.

All selected samples were subjected to refiring tests at the
same temperature and under the same conditions (1000 °C,
1 h soaking time, oxidising conditions) in order to ‘remove’
colour variation introduced by firing rather than raw materials
composition and to provide a more solid ground for the mac-
roscopic grouping (Whitbread 1995: 390-391; Kiriatzi et al.

4 Papuci-Wtadyka E (ed.) (forthcoming) PAPHOS AGORA 1. The results of
the Jagiellonian University Interdisciplinary Research in Nea Paphos (2011—
2015). Krakow
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2011: 69-70). The colours of fully oxidised clay pastes and
slips were recorded using the Munsell Soil Color Charts
(1990) and compared directly with the sherds before refiring.
Then, all samples were analysed through wavelength-
dispersive X-ray fluorescence (WD-XRF) spectroscopy in or-
der to characterise their elemental composition. The ceramic
samples were carefully cleaned to remove any surface con-
tamination and decoration layers and subsequently ground to a
fine powder. Fused glass beads were prepared, using 1 g of the
previously dried and then ignited sample and 6 g of a mixture
of lithium metaborate/lithium tetraborate with lithium bro-
mide as non-wetting agent. The analysis was carried out on
a WD-XRF spectrometer, BRUKER S8-TIGER with a Rh
excitation source, using a custom calibration based on 43 cer-
tified reference materials (Georgakopoulou et al. 2017).
Twenty-six major and trace elements were determined: Na,
Mg, Al Si, P, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Rb,
Srt, Y, Zr, Ba, La, Ce, Nd, Pb, and Th. Subsequently, the WD-
XRF data were subjected to statistical multivariate analyses
using the R software. The statistical treatment followed the
approach proposed by J. Buxeda i Garrigos (1999). Based
on the results of the refiring tests, macroscopic and elemental
analysis, 15 samples representing the observed variation were
selected for petrographic analysis. Covered standard thin sec-
tions were prepared and examined using a Zeiss Axioskop 40
polarising microscope at magnifications ranging between x 25
and x 500. The description followed an adjusted version of the
description system proposed by Whitbread (1995).

Based on the combination of macroscopic and labora-
tory analyses, the relation between the MGs was defined
and a final grouping was established. In order to provide
more detailed information concerning surface treatment
and firing regimes, ten samples, analysed already through
thin section petrography, and representing variability ob-
served in relation to surface treatment and firing, were
chosen for scanning electron microscopy (SEM) (Tite
and Maniatis 1975; Maniatis and Tite 1981). The fresh
breaks of the selected samples were carbon-coated and
examined with a FEI, Quanta Inspect D8334 SEM in sec-
ondary electron and backscattering mode. Semi-
quantitative analysis for major elements was carried out
using an attached energy-dispersive X-ray fluorescence
spectrometer (EDS). Additionally, geological sampling
was carried out in the area of Paphos in order to explore
the availability and the characteristics of the locally avail-
able potential raw materials for pottery manufacture. Four
geological samples were collected: alluvial sediments
from the Ezousa river and Agriokalami stream, bentonite
clay from Armou and clay rich sediment from excavations
at the ancient Agora in Nea Paphos (Fig. 2). Four bri-
quettes were formed from each sample. One briquette
was left unfired and the others were fired for 1 h (soaking
time) at 700 °C, 900 °C and 1100 °C, respectively, under
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Table2  Selected CCW specimens representing four MGs and type of analysis employed in the study
MG Sample Form Refiring WD- Thin section SEM
1000 °C XRF petrography
9 A.14 Jug with cylindrical neck and ovoid body v v \
/ A18 Plate with rolled rim v v v l
n=18 A19 Plate with rolled rim v N
A30 Plate with rolled rim V J
A36 Jug with pear-shaped body \/ v
A37 Lagynoids \ \
A40 Jug with funnel-shaped mouth and globular body y \
A.47 Jar with two handles \/ v
A.50 Echinus bowl N R
A5l Echinus bowl \ R
A53 Plate with rolled rim v v
A.54 Echinus bowl v J
A.56 Plate with rolled rim v \/
A.61 Echinus bowl \ J
A.63 Large plate with rolled rim \ \/ \ \
A.65 Large echinus bowl N \
A.64 Plate with rolled rim v V V
A.69 Echinus bowl \/ v N \
10 A.12 In-turned rim bowl v v v
/ A.15 Large echinus bowl \ \
n=10 A.16 Bi-conical jug \ \
A.17 Echinus bowl \ J
A2l Plate with rolled rim N \ N N
A4l Jug with cylindrical neck and ovoid body V \
A42 Large echinus bowl \/ v \ \
Ad43 Echinus bowl \ \
A48 Fishplate with overhanging rim \ \
A.49 Echinus bowl \ v
11 A.03 Echinus bowl J v J
/ A.05 Platter v V
n=17 A.08 Plate with rolled rim N v
A22 Plate with rolled rim V V
A23 Plate with rolled rim V V
A24 Platter v v N N
A38 Large plate with rolled rim \ \ \ \
A39 Jug with trefoil-mouth \/ v
A44 Jug with cylindrical neck and ovoid body \ \ \ \
A.45 Plate with rolled rim y v
A.57 Echinus bowl v v
A58 Hemispherical cup N R
A.59 Echinus bowl v \
A.60 Echinus bowl v \
A.62 Plate with rolled rim N v
A.66 Large echinus bowl \ \ \
A68 Echinus bowl v J

@ Springer
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Table 2 (continued)

MG Sample Form Refiring WD- Thin section SEM
1000 °C XRF petrography

12 A.07 Lekane \ \ \ \
A.09 Large plate with rolled rim \ \

n=38 A.10 Large plate with rolled rim v v
A.13 Plate with rolled rim v v
A29 Platter v v
A46 Echinus bowl \ \/ \ \
A52 Echinus bowl \ \/
A.67 Plate with rolled rim \ V

oxidising conditions using a muffle furnace. All fired bri-
quettes were examined through thin section petrography,
additionally those that were fired at 700 °C and 900 °C
were analysed by WD-XRF (methodology as in Kiriatzi
et al. 2011).

Geology

The area of Paphos is drained by three major rivers, the
Ezousa, Xeropotamos and Dhiarizos, which have their
sources in the Troodos Mountains (Fig. 2). The rocks of
the Paphos area are associated with three geological for-
mations. The Troodos Ophiolite complex consisting of ul-
tramafic rocks is exposed in the highlands, north and east
from Paphos. The Mamonia complex crops out in the vi-
cinity of the city and includes the oldest sedimentary and
volcanic rocks in this part of Cyprus, as well as ultramafic
and mafic plutonic rocks, and metamorphic rocks. The
Circum Troodos Sedimentary Succession is built with the
autochthonous sediments and is divided into several for-
mations. The oldest sediments in this zone are of
volcanoclastic origin, rich in Campanian bentonitic clays.
The rest of the Paphos region, including the city of Paphos,
lie directly on Quaternary sediments, overlying the Circum
Troodos Sedimentary Succession. They are composed of
biocalcarenites, sandstones, sandy marls, conglomerates,
silts, clays and gravels (Malpas and Xenophontos 1987;
GSD 1995; Silantyev et al. 2005a, b).

Results and discussion

As above-mentioned, the majority of the CCW vessels found
in the Late Hellenistic well deposit were classified into four
MGs (Fig. 3). These MGs seem to be similar to each other in
terms of vessel shape and style, but they were separated due to
fabric variation related to the size and frequency of inclusions,
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colour, hardness, and the feel of the surface. MG 9 is
characterised by a fine and hard fabric with a smooth feel of
the surface. In contrast, the soft fabric and the powdery feel of
the surface are two distinguishing features of MG 10. It seems
that vessels assigned to this MG are related to the so-called
Pink Powdery Ware known from the excavations on
Geronisos Island, which is located 18 km north of Paphos
(Mtynarczyk 2005, 2010). MG 11 has a hard, pink or brown
fabric with a smooth feel of the surface. The vessels are fine to
semi-coarse with frequent white inclusions and lime popping.
The fabric of vessels assigned to MG 12 is also hard with
frequent white inclusions and lime popping, but it is
characterised by a rough feel of the surface and lighter colours
of the fresh break. Table 3 provides the detailed characterisa-
tion of the MGs and presents their distinctive features.

The shape analysis indicates the presence of 23 forms
representing the discussed MGs in the macroscopically stud-
ied deposit. The entire assemblage is represented by the fol-
lowing functional categories: drinking cups, other vessels for
wine service, vessels for food service and vessels for other
purposes (Table 4). It is important to note that echinus bowls
(drinking cups) and plates with a rolled rim (vessels for food
service) are the most common in the deposit and appear in all
MGs. Among other vessels, various types of jugs are com-
mon, mainly in relation to MG 9. Other shapes that are not
very common and have not been included in the sample se-
lection are lids, rounded-mouth juglets, olpai, strainer-jugs,
kantharoid skyphoi and fusiform unguentaria.

All selected 53 samples were subjected to refiring tests.
After refiring, the colour of the fresh break and slip, within
each MG and the whole assemblage, became more homoge-
nous. However, differences were still visible. The refired chips
representing MG 9 and MG 11 show very similar range of
body colours in the fresh break: pink (7.5YR 7/4, 8/4), reddish
yellow (5YR 6/6) and yellowish red (SYR 5/6). MG 11 con-
tains a few samples with a very pale brown (10YR 7/4) colour
of body. This colour was also observed in the fresh breaks of
all samples classified to MG 12 and of a few samples of MG
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Mamonia complex
Troodos Ophiolites

\:l Circum Troodos Sedimentary Succession

Quaternary sediments

Fig. 2 The geological map of Paphos (based on GSD 1995). The loca-
tions of geological samples are indicated with red dots and numbers: 1
sediment from the Ezousa river, 2 bentonite clay from Armou, 3 sediment

10. The colour of the slips is homogenous across all MGs; it is
represented by various hues of red (2.5YR 4/6, 4/8, 5/6) or
reddish brown (2.5YR 4/4, 5/4; 5YR 5/3, 5/4), while the black
or very dark grey zones seen on the surface of some vessels in
most cases disappeared upon refiring.

Fig. 3 Photos of echinus bowls
representing the four main MGs
identified in the current
assemblage: a sample A.61 (MG
9), b sample A.43 (MG 10), ¢
sample M.60 (MG 11), and d
sample A.46 MG 12)

@ Springer
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2.5 0 25 5 75 10km

from Agriokalami stream, and 4 clay rich sediment from excavations at
the ancient Agora in Nea Paphos

The dataset with the elemental compositions of the assem-
blage consisting of 53 samples (Table 5) was analysed statisti-
cally. The compositional variation matrix for 26 elements was
calculated in order to assess the total variation and the variability
of each element (Buxeda i Garrigds 1999). The value of the total
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Table 4 The typological classification of the vessels representing the four MGs and the petrographic subgroups (PG 1A and PG 1B) discussed in this

study

Sample | Form | [llustration | MG | PG
Drinking cups
A.03 [ echinusbowl | 11 1A
A17 echinus bowl \- 10
A.43 | echinus bowl \ 10
A46 | echinus bowl \__' } 2 | 1B
A49 | echinus bowl \" } 10
A.50 | echinus bowl \ 9
A.51 echinus bowl \ 9
A.52 echinus bowl \_‘ T 12
A54 | echinus bowl \_ N 9
A.57 echinus bowl \1_ ) 11
A.59 | echinus bowl \___ B 11
A.60 echinus bowl \_': B 11
A61 | echinus bowl \___ B 9
A.68 | echinusbowl | N 11
A.69 echinus bowl \ 9 1A
A58 | hemispherical T 1
cup
Ot_ht:.r_Vessels for wine service
Al4d jug 9 1B
with
cylindrical
neck and
ovoid
body
A4l | jug — 10
with ®
cylindrical
neck and
ovoid body )
Adh | jug B 1 1B
with
cylindrical ®
neck and
ovoid body

@ Springer
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Table 4 (continued)

@ Springer

Sample | Form [llustration MG PG
A.40 jug 9
with funnel- P
shaped mouth
and globular
body
A.36 jug 9
with pear- -
shaped body
A39 | jug R 11
with trefoil- -
mouth
A37 lagynoids k 9
A.16 bi-conical jug t 10
T zfessels for food service
A.15 large 10
echinus bowl
A.42 large T 10 1B
echinus bowl
A66 | large SN— 11 1A
echinus bowl - -
A.65 large 9
echinus bowl
ATz intumedtim [\ - 0 [1A
bowl b=
A.08 | plate \ 11
with rolled rim L
A.13 plate \. 12
with rolled rim
A.18 plate 9 1B
with rolled rim \ e
A.19 plate \ 9
with rolled rim
A2l plate 10 1A
with rolled rim \ i
A22 plate \_ 11
with rolled rim
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Table 4 (continued)

Sample | Form Illustration MG PG
A23 plate \ 11
with rolled rim =
A.30 plate 9
with rolled rim N
A45 | plate \ 11
with rolled rim —_—
A.53 plate \ 9
with rolled rim =
A.56 plate \ 9
with rolled rim L
A.62 plate 11
with rolled rim \_ —
A.64 | plate \ 9 1B
with rolled rim >~
A.67 plate \ 12
with rolled rim ——
A.10 large plate 12
with rolled rim \._
A.09 large plate 12
with sloping
rim —
A.38 large plate 11 1A
with sloping
rim —
A.63 large plate 9 1A
with sloping
rim - ==
A48 | plate with ~N 10
overhanging -
rim
A.05 platter \_ 11
A29 | platter \ 12
A.24 | platter \ 11 1A
A.07 lekane \ 12 1A
Vessels for other purposes
A.47 jar 9
with two
handles

@ Springer
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£ g E § g § § § § § variation is comparably high (v¢=1.95) and reflects polygenic
A=A =3 population (Buxeda i Garrigds and Kilikoglou 2003). The even-
5 § g E é § =3 § § ness chemical variabi.lity gra.ph.s.howed thajc Pb introducc.as a
s I IR B RN S g major part of the chemical variability, due to high concentrations
E | o0 0 w000 oo measured in a few samples, which appears to be a result of
- contamination. For this reason, it was excluded from the dataset.
21 Q3o aLeYss Apart from Pb, the elements excluded from the dataset were Cu,
E’ cot-—gaces Na, P'allqd Ba, not least since. their mriabﬂity may bg related to
the original use or post-depositional conditions (e.g. Picon 1991;
S| IR RFARG Buxeda i Garrigos 1999; Schwedt et al. 2004). After removing
Sleggagnrrs these elements, the total variation is lower (v¢ = 0.84) and it may
represent monogenic population. Furthermore, the results of
3 E ﬁ § § oy E E § % testing of the similarity or dissimilarity of all samples towards
- ca o the groups’ average compositions allowed for establishing final
N REERI==RE= chemical cluster comprising 51 samples and two loners (A.52
| 8xragsgsess and A.53). It is important to note, however, that the samples
- gathered together do not form a very tight compositional group,
& g 3 % § § @ & E '[oE but rather constitute a loose cluster, which is characterised by a
O relatively high total variation: v¢ = 1.80 for all elements and v¢=
Rl oo an s 0.75 without Pb, Cu, P, Na and Ba, and fairly high relative
Slegsgy § = o § = standard deviations for the most elements (Table 6).
e NS oo — Fifteen samples, representative of the macroscopic and
S|lgzgz=zoacsax chemical variability of the assemblage, were selected for thin
=~ section petrography. All samples were classified to a single
Z|B8BRERBEE petrographic group because of overall similarity in mineralo-
g1 82380539 gy. However, two subgroups were defined on the basis of
S R grain size dlSt.l"lbutl.OH and frequency of inclusions. The thin
Lg RQuaa— a0 sections classified into subgroup PG 1A (A.03, A.07, A.12,
w o e o A21, A24, A.38, A.63, A.66 and A.69) are characterised by
S| '§ § § § = § ‘§ § semi-coarse fabric, while samples of subgroup PG 1B are finer
- o e (A.14, A.18, A42, A44, A.46 and A.64). It is important to
S| XI=EgEISa mention that dividing the samples into subgroups was diffi-
€ O 0 — F 00 I~ [~ cult, because of the continuum seen in the frequency of inclu-
>l E=E=nEEEs sions, sorting and grain size distribution.
Ol ETRLIAESRC The overall fabric group is characterised by a calcareous
Fleoeceecoce—oo clay matrix and inclusions of ophiolitic rocks, mudstone, car-
o 28{ERI=2EE bonates and low and high calcareous Tcfs (Fig. 4). Fragments
Gl P RAR R of serpentinite, various volcanic and plutonic rocks, as well as
ol TN ==x their constituent minerals, such as plagioclase feldspar, horn-
M| S e e e s ais = blende, pyroxenes, epidote group minerals, opaque minerals,
3 & g § © o E o chlorite and mica, form a suite of inclusions typical of
e e RN i ophiolitic rocks. Moreover, quartz, chert, limestone and calcite
S 208388 EH2 were identified. Carbonates include microfossils (foraminif-
5| FREALRELR era, ostracods and radiolarians) and micritic pellets. In most
S| 2857038383 cases, the colour of tbe matrix ?s associated with its optical
Z|lSo=Jdcadsd activity. When the micromass is yellow, orange or orange
ol de s oo brown in PPL and yellowish orange, yellowish brown or red
—g S|lonIrczee br.own in XP, it is optlcall}{ active to. moderate. When the
é o micromass is k?rown or grf.:enlsh b.rown in PPL a.nd dar.k brqwn
g é?' 222X or dark greenish brown in XP, it appears optically inactive.
e | o Slip layers have been identified in few samples (thickness 10—
_ié g ZQuTees2 16 pm). It seems that the slip was made of very fine, iron-rich
Eldld<<<<<<=<< clay.
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Fig. 4 Thin section photomicrographs, in crossed polarised light (XPL). a Sample A.69 (MG 9). b Sample A.12 (MG 10). ¢ Sample A.44 MG 11). d

Sample A.46 MG 12)

The presence of various Tefs types within the samples
may suggest natural or intentional (anthropogenic) clay
mixing (Fig. 4). The varied colours and optical activity
both observed across all samples, as well as within single
ones, indicate that the analysed vessels were fired under
variable conditions and in a range of temperatures from
low to high. Despite the differences within the group, the
overall similarity of the mineralogy of inclusions indicates
the use of raw materials associated with the same geolog-
ical environment. The mineralogy of this fabric group is
closely comparable to the geological sample collected
from the Ezousa river, which is characterised by the pres-
ence of ophiolite components, such as intermediate to ba-
sic igneous rocks and serpentinite, as well as carbonates,
microfossils, chert and mudstone. This similarity suggests
that locally occurring raw materials were used for
the production of the pottery assigned to this group.

In order to examine possible patterns within this group,
chemical data were correlated to MGs, typology and the
results of petrographic analysis (Fig. 5). Principal compo-
nent analysis (PCA) was performed on the logratio trans-
formed chemical data using Al,Oz as divisor since this
element introduces the lowest variability. The analyses

were carried out on the concentrations of the following
21 elements: Mg, Al, Si, K, Ca, Ti, V, Cr, Mn, Fe, Co,
Ni, Zn, Rb, Sr, Y, Zr, La, Ce, Nd and Th. The results
indicate that there is no correlation between the chemical
composition of the samples and MGs (Table 6; Fig. 5a)
nor typology (Fig. 5b). Instead, the origin of the variabil-
ity within the cluster can be explained by both technolog-
ical and taphonomic factors. The petrographic subgroups
seem to show a pattern (Fig. 5c). Most of the samples
classified to finer variant (PG 1B) tend to be distributed
on the right side of the plot, suggesting that the high
chemical variability may be related to the size and fre-
quency of inclusions.

The observed variability of Cu and Pb may be related
to the presence of metal objects in the deposit. It is worth
noting that around 350 iron, bronze and lead objects were
distributed from top to bottom of the well. Some samples
(A.12, A.16, A.17, A.43, A.48, A.49, A.56 and A.67)
show high Pb concentrations, reaching 424 ppm in sample
A.67, and this appears to be directly linked to their local
burial environment since all these vessels were found in
contact with lead objects. Other elements which led to the
high total variation of the 51 samples are Ca and Sr.
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Fig, 5 The principal component *MG9 “ MG 10 BMG 11* MG 12| @ drinking cups - other vessels for wine service
lot of th XRF data includ mvessels for food service » vessels for other puropses
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Variability in these may be related to post-depositional
processes (leaching or deposition in pores) or to techno-
logical parameters. For the latter, it is crucial to note that
potential evidence for clay mixing has been observed both
in thin sections and under the SEM (where Ca-rich nod-
ules were observed). The latter analysis also revealed the
presence of unevenly distributed baryte inclusions. These
are likely the origin of the relatively high variability in Ba
observed. The mixing of different materials would have
caused further perturbations in the samples’ elemental
compositions, in particular if recipes and or source mate-
rials themselves also show variation, likewise, if mixing
of the materials had not resulted in complete homogeni-
sation (Arnold et al. 1991), as is indicated by observations
on thin sections and under the SEM.

Overall, the chemical composition of this group is
comparable to Byzantine sugar moulds and molasses
jugs from Kouklia (Waksman 2014), which also present
high variability. This similarity suggests that this chem-
ically heterogeneous group of pottery could have been
produced in the region of Paphos. The chemical com-
position of one geological sample collected from an
exposure by the Ezousa river further supports the
assumption of local production (Table 6). Moreover,
on the basis of chemical and mineralogical analysis,
Roger H. King (1987: 207) already suggested that
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prehistoric and Iron Age pottery discovered in the area
of Palaipaphos is similar in composition to clay from
the upper Ezousa river.

Ten samples were examined under the SEM, revealing
a range of microstructures, with some samples not show-
ing any vitrification while others were extensively vitri-
fied (Fig. 6). The degree of vitrification combined with
the atmosphere of firing and high CaO content indicates
that these pots were fired in a wide range of temperatures.
Overall, the macroscopic grouping of the pottery into four
MGs appears to relate mainly to differences in firing rath-
er than to the composition of the clay paste (Table 7).

In all samples analysed, the slip layers appear to be very
thin and do not exceed 16 wm in thickness. The slip layers are
composed of a finer material than the ceramic bodies. No
significant chemical variations were observed between the
ceramic bodies and slip layers. The latter present a slight de-
pletion of CaO and MgO with an enrichment of K,O in the
surface layers.

The examination of the samples under the SEM led to the
identification of high calcareous clay pellets (up to 42% of
CaO) as well as a range of carbonate materials (e.g. secondary
calcite infilling in voids and microfossils), features which
were already seen in thin sections (Fig. 7). Their varied pres-
ence, as discussed above, may have contributed to the rela-
tively high variability of CaO and Sr within this group.



Archaeol Anthropol Sci (2019) 11:4103-4122 4119

018 HV mag WD HFW | tilt | ———— 50 ym
7 PM |25.00 kV|2 000 x/10.5 mm| 135 ym | 1

018 HV mag WD HFW | tilt | —————50 ym
PM |25.00 kV|2 000 x[10.4 mm| 135 pm | 1

WD HFW | tilt
000 x|11.2 mm| 135 um | 1

HV mag WD HFW | tilt

8:11 PM | 25.00 kV|2 000 x|10.6 mm| 135 ym | 1

C

Fig. 6 The SEM micrographs (in secondary electron mode) showing the vitrification to initial vitrification. ¢ Sample A.44 (MG 11) showing initial
range of the degree of vitrification of the ceramic body. a Sample A.18 vitrification to extensive vitrification. d Sample A.07 (MG 12) showing
(MG 9) showing initial vitrification. b Sample A.21 (MG 10) showing no extensive vitrification

Table 7  The results of SEM examination combined with the results of macroscopic, thin section and WD-XRF analyses

Sample MG Shape Slip colour Firing atmosphere Optical activity CaO (wt%) Vitrification of body
A.18 9  Late with rolled rim Red O- MD 12.91 v
A.63 9  Large plate with sloping rim Red O- AC 13.23 NV-1V
A.69 9 Echinus bowl Red (6] AC 11.76 NV-1V
A2l 10  Plate with rolled rim Brown M AC 12.90 NV-IV
A42 10  Large echinus bowl Brown M AC 14.07 NV-1V
A24 11 Lekane Black M MD 10.04 v-v
A38 11 Large plate with sloping rim Red o MD 15.01 IvV-v
A.44 11 Jug with cylindrical neck and ovoid body Red (0] MD 18.75 v-v
A.07 12 Lekane Black/dark brown M 1A 14.67 Vv

A.46 12 Echinus bowl Black/dark brown M 1A 13.56 \%

Firing atmosphere (based on macroscopic analysis): O = oxidised, O- = not fully oxidised, M = mixed; optical activity (based on thin section
petrography): AC = active, MD = moderate, IA = inactive. The CaO concentrations were assessed based on WD-XRF data. Vitrification: NV = no
vitrification, IV = initial vitrification, V = extensive vitrification
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Fig. 7 The SEM micrographs (in backscattering mode) showing a high calcareous clay pellets, sample A.18 and b secondary calcite infilling voids,

sample A.63

Summary and conclusions

The results of the integrated studies indicate that most of the
analysed CCW vessels (51 out of 53) from the Late
Hellenistic well deposit unearthed in the Paphos-Agora form
one, albeit somewhat variable, fabric group, which was made
from raw materials associated with the same geological
unit(s), potentially from the same broader area. This fabric
group includes samples, which at the outset of the research
had been classified into four major typologically and stylisti-
cally related MGs, separated due to variation related to the
inclusion frequency, colour, hardness, the feel of the surface
and the texture of the fresh break. However, the results of
chemical analysis indicated that they constitute a loose clus-
ter, which does not exhibit any meaningful internal patterns in
terms of either MGs or vessels types. This suggests that de-
spite the observed variability, the MGs appear to be related to
the similar provenance or raw material selection. This finding
is supported by the petrographic analysis, which shows that
all analysed samples are very similar and they belong to a
single petrographic group, showing internal (continuous) var-
iation of the frequency, sorting and grain size distribution of
inclusions. This fabric group is characterised by the presence
of ophiolite components and more specifically fragments of
intermediate to basic igneous rocks and serpentinite, mud-
stone, carbonates, as well as Tcfs. The mineralogical and
elemental composition of the vessels ascribed to this fabric
group is similar to the composition of at least one clay sample
that was collected from a section of the Ezousa river, which is
around 5 km distant from the ancient town. Despite this sim-
ilarity, it seems unlikely that this sample represents a source
consistently exploited for such a large scale pottery produc-
tion, but it suggests that the raw materials used for CCW are
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compatible with the geology of this area. Further indication
for the local origin of this pottery is provided by the obser-
vation that its chemical composition is similar to the compo-
sition of the Byzantine sugar moulds and molasses jugs con-
sidered to have been produced in the vicinity of Nea Paphos
(Waksman 2014). It seems that most of the analysed samples
represent locally produced pottery. This is in accordance with
the results of John Lund’s (2015: 158-160) work on the cir-
culation of pottery in Hellenistic and Roman Cyprus, which
indicated that the majority of pottery was manufactured
locally.

The macroscopic and compositional variability of this
group may be related to natural diversity of raw materials
and technological/anthropogenic factors, introduced by a
number of potters/workshops in the same area and by techno-
logical choices made by the potters. Finally, it seems to also be
partly related to post-depositional processes.

It is worth mentioning that Hellenistic pottery from Knidos
shows similar variability (Schneider 2000; Kdgler 2011).
Patricia Kogler (2011: 167; 2014: 168) argued that the pro-
duction of low-quality fine ware pottery in Knidos in the Late
Hellenistic period was linked to increasing demand, which she
identified through the manufacture of wider range of types and
an increase in quantity, as well as through a wider distribution
than in the Early Hellenistic period. She suggested that the
decrease in quality during the Late Hellenistic period was
because workshops manufactured more vessels in the same
amount of time than before and spent less time at each stage
of production. Changes of a similar nature were also observed
in other production centres in the Eastern Mediterranean.
Susan Rotroff (1997: 11-12), for example, noted a decline in
the potter’s art at Athens in the Late Hellenistic period (for
more examples Lund 2015: 219-220).
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Assuming that the group of pottery presented here was in-
deed locally produced, similar explanation can be proposed for
Nea Paphos. The importance of the city increased during the
Late Hellenistic period, when it became the capital of the island
at the end of the third or in the early second c¢. BCE (Lund 2015:
238). The development of Nea Paphos and its hinterland may
have created increased demand for goods, including table ware
pottery, which was easily broken and would have needed to be
replaced quite often. Higher demand would have likely led to
increased production, which one might speculate to have result-
ed in decreased quality and lower technological standardisation
of the local production. These could be related with high-speed
production (Hruby 2014) or increase in the numbers of work-
shops with less skilled potters (Albero Santacreu 2014: 257).
Both assumptions are supported by low fabric standardisation
and by signs of careless forming and surface treatment, often
resulting in the production of non-symmetrical vessels, with
some ‘defects’, such as deformed rim or base, and
vessels covered only partially with a thin slip. Moreover, the
relative lack of technological standardisation is also reflected in
the observed variability in firing conditions. Variability in col-
our and optical activity of the matrix observed in thin sections,
as well as the degree of vitrification, from no vitrification to
extensive, assessed through SEM analysis, indicate that these
pots were fired in a wide range of temperatures in not consis-
tently controlled atmosphere. As this pottery comes from the
same homogenous deposit at the Agora, its low quality and lack
of technological standardisation could have been related with a
specific context of pottery consumption, such as a feast, an
event or series of events that would have encouraged
production of such scale (Albero Santacreu 2014: 272).
However, one can see similar variability in CCW of the same
fabric group from other contexts in Paphos (Marzec 2017). A
‘marked decline in quality and finish’ in CCW of the first c.
BCE was also observed by John Hayes (1991: 27) within the
material from the House of Dionysos in Nea Paphos. Moreover,
the preliminary results of ongoing studies focused on cooking
pottery from this site show similar production pattern. It seems
that this is the phenomenon of mass produced pottery
characterised by low quality and low technological
standardisation, increasingly observed in the Eastern
Mediterranean during the Late Hellenistic period.
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