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Abstract 

The ancient city of Cales is considered one of the most important production 

and distribution centers of fine-grained pottery, among the most renowned there 

is the black glazed ware, a class of fine pottery widely distributed in the central 

and western Mediterranean (3rd century to the middle of the 1st century BCE). 

In fact, for centuries the black glazed pottery has been considered the hallmark 

of Calenian production, thanks to the availability of raw materials close to the 

city. In such an important manufacturing center of ceramics it is not surprising 

that the workshops also produced common ware.  

In this study, a total of 125 sherds belonging to different ceramic classes 

divided in two main groups, fine-grained pottery (black glazed pottery, Terra 

sigillata, fine common ware) and coarse-grained pottery (common cookware, 

thin-walled pottery, internal red slip ware, large container) recovered at the 

archaeological site of Cales were studied, along with production indicators.  

A multi-faceted analytical approach via minero-petrographic techniques 

(PLM, XRPD, TG-DSC, FESEM, FESEM-EDS, XRF) was performed in 

order to discriminate the different Calenian productions in a chronological 

span between the 3rd century BCE to the early imperial period, in terms of: 

firing dynamics; provenance of the ceramics and provenance of the raw 

materials. The collected data allowed us to shed new light on the production 

activities of the Calenian workshops and document their remarkable continuity 

over time. 

In-depth characterization with the routine analytical techniques used for 

archaeometric studies has provided the basis for implementing a new 

geochemical approach using TIMS and MC-ICP-MS, which includes for the 

first time three isotopic systematics: Sr, Nd and Pb. This method provided 

stronger feedback both in terms of provenance and clay-temper processing. 

This pioneering approach does not intend to replace the usual analytical 

routine that over the years has become a cornerstone for the ceramic 

characterization, but instead, aims to be a valid support to ceramic 

archaeometry. 
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1.1. Introduction and historical background   

The ancient city of Cales (modern Calvi Risorta) is located in the northern sector 

of the Campania region of Italy. The city was founded by the Ausoni, one of the 

oldest Italic people. Thanks to its geographical position Cales had an important 

strategic function for the Roman control of the Ager Falernus, the Campus 

Stellatis and the Ager Campanus (Fig. 1.1) (Pedroni, 1993; Ruffo, 2010), the 

so-called Capuan territory, also known as Campania Felix thanks to the fertile 

soil of the Volturnum river that runs through the plain.  

 

 

 

 

 

 

 

 

 

 

Cales became a Latin colony in 334 BCE. With the coming of the new colonist 

in 184 BCE, together with Teanum Sidicinum, Cales resumed its prosperity 

becoming one of the most important cities in the Inner Campania and finally 

after the Social War in 90 BCE it became a municipium (Ruffo, 2010). 

Fig. 1.1 Sketch map of Campania Region with older rivers and Roman roads adapted from Grifa et al., 2013.  
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The territory of Cales, also known as Ager Calenus, is considered one of the 

most important production centers of fine-grained pottery, oriented towards the 

export of tableware. In particular, Cales was renowned for the production and 

distribution of black glazed ware a class of fine pottery first produced in Greece 

from the 5th century BCE and later in the western Mediterranean from the end 

of the 4th century to the middle of the 1st century BCE (Pedroni & Soricelli, 

1996). In Cales the beginning of the production of black glazed pottery is 

probably connected, at least chronologically, with the arrival of the Latin 

colonists. The black glazed production was gradually replaced in specific areas 

of the Roman Empire by the so-called Terra sigillata, a class of fine red pottery 

with glossy slipped surfaces made (Soricelli, 2004).  

Following the foundation of the Roman colony in the port of Volturnum in 194 

BCE (Pedroni, 2001), it is presumed to be connected with the long-distance 

export of Calenian ceramics, directed mainly to North-Africa and the Iberian 

Peninsula, started already in the 3rd century BCE, while exchange with southern 

Gaul became more important in the 2nd and the 1st century BCE. The fine 

pottery from Cales was widely studied from an archaeological point of view (In 

particular Pedroni 1986; Pedroni 1990; Pedroni 2001) these studies highlighted 

the role of Cales in the production of fine-grained pottery and other types of 

pottery and ceramics in general.  

In this regard, the town preserves conspicuous evidence of intense 

manufacturing activity covering a wide chronological span from the late 4th 

century BCE to the middle 1st century BCE, with a vast exportation throughout 

the Romanized world.  

The city was also a benchmark for the manufacture of smooth black glazed 

pottery with several workshop structures identified both within the urban 

perimeter and in suburban areas.  

For centuries the black glazed pottery has been considered the hallmark of 

Calenian production, in particular thanks to the availability of raw materials 

close to the city (De Bonis et al., 2013).  
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Numerous ateliers were active in the town and, among the most well-known, 

there are those of the Atilii, Gabiniie, and Paconii, which produced typical black 

glazed forms (Passaro, Carcaiso, 2006), such as umbilicate paterae, medallion 

cups, and characteristic gutti with pouring spouts. 

The importance of the Calenian pottery production was further documented by 

the discovery, as a result of clandestine excavations in the 1980s, of a real craft 

district located outside the walls, a few hundred meters to the west, along the 

Via Latina. 

In the same years J. P. Morel carried out a short excavation activity in this area 

that led to the identification of kilns active over a long period for the production 

of different ceramic classes exported on a large scale and competing with those 

of the nearby production centers of Teanum Sidicinum and Capua. Among these 

Calenian productions, tiles, oil lamps, and Dressel 2-4e amphorae are also 

attested and represent forms that do not seem to find evidence in other 

production centers (Morel 1989, Olcese 2015). 

As a matter of fact, in such an important manufacturing center of ceramics, it is 

not surprising that the workshops also produced common ware, documented 

over a wide time span from the 3rd century BCE to the 2nd-3rd century CE. The 

collected data allow us to shed new light on the production activities of the 

Calenian workshops and document their remarkable continuity over time. The 

end of the production of black glazed pottery in the early imperial period does 

not determine the end of production activities, on the contrary there is an 

adjustment to new market demands with the manufacture of Sigillata pottery 

and a vast production of common ware. The continuity and liveliness of 

production testify to the role of an important craft center that Cales continued 

to play in the height of the imperial period, when the different senatorial 

families, linked to the imperial court, continued to boost the local economy, 

fitting into a market logic that managed to survive the strong economic changes 

that occurred during this period.  

The production of most of these important ceramic classes, fine-grained pottery 

in particular, took advantage of the presence of large outcrops of clay next to 
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the city of Cales (De Bonis et al., 2013), which represented important sources 

of raw materials. Thanks to Soprintendenza archeologica delle belle arti e 

paesaggio per le Province di Caserta e Benevento, the archaeological authority 

responsible for the site of Cales, it was possible to study ceramic finds from all 

relevant workshop areas and from recent excavations carried out on the so-

called arx of Cales, excavated by the Soprintendenza in 2007. 

  

1.2. The archaeological context 

The investigated pottery samples come from two of the four sondages located 

on the NE slope of the tuffaceous plateau, where the ancient city was located 

(Fig. 1.2). The investigations have provided a complex and articulated 

stratigraphy that attests to an early phase of life in the Republican period, with 

the presence of imposing structures ascribed to public buildings, artisanal 

facilities, and remains of infrastructure, particularly in the sondage number three 

on the SE slope of the plateau.  

The considerable presence of black glazed pottery, associated with kiln wastes, 

represented by deformed and misfired objects, cups and still stacked paterae, 

Fig. 1.2. Satellite image with location of sondages 1-2-3 and 4. 



Chapter I Introduction and aim 

 
  

7 

 

along with the presence of tuff blocks and bricks with evident traces of a strong 

exposure to heat sources and several production wastes, indicate the occurrence 

of a production facility in the investigated area. The presence of a varied range 

of craft activities in the area is further attested by the discovery of a considerable 

amount of cattle bones, with well-sawn and polished ends. 

Moreover, architectural elements, probably pertaining to a public building, 

along with evidence of craft activities with intense production rhythms, suggest 

the existence of a sacred building on the area with workshops annexed to it, 

according to a typology that would also seem to characterize the Calenian 

sanctuaries, in particular the Sanctuary of Ponte delle Monache. 

A few archaeometric data are available so far and provided a preliminary 

overview on the compositional features of fine-grained pottery from Cales. L. 

Pedroni (2001) in his last volume on the Calenian black glazed pottery, gave a 

general description of the fabrics and glazed surfaces. He noted that the black 

glazed pottery from Cales is characterized by a high uniformity throughout the 

range of Calenian production from the beginning in the 3rd to the 1st century 

BCE and thus presumed a consistent "Calenian fabric". The homogeneity of 

these ceramic pastes was already suggested from the chemical and petrographic 

analyses carried out on few samples of production indicators by Langella and 

Morra (2001). A step ahead in the archaeometric knowledge about the Calenian 

fine-grained pottery was made by Guarino et al. (2011), who studied a selection 

of Terra sigillata. The study attested the circulation of Terra sigillata coming 

from productive areas in Central and Northern Italy along with locally produced 

samples, which showed affinity with local raw materials. This ceramic class is 

of great interest as it indicates important technological and cultural changes and 

the traceability of commercial paths in a crucial period just before the maximum 

expansion of Roman Empire. The production of Terra sigillata in the Campania 

region was influenced by new trends and technologies that spread out from the 

production centers in central Italy (e.g., Arezzo, Scoppieto) that probably 

converted their production from black glazed to Terra sigillata (Gómez-Herrero 

et al., 2008), also thanks to the use of the innovative wood-firing in muffle kilns 
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(Cuomo di Caprio, 2007). As a matter of fact, Cales was most probably the first 

regional centre that re-adapted the former facilities for the black glazed 

production to Terra sigillata and that took advantage from the availability of raw 

materials (Guarino et al., 2011), even before the production expanded to other 

centers, such as those in the Bay of Naples and Puteoli in particular (Soricelli, 

2004; Grifa et al., 2019). 

In addition to the considerable amount of fine-grained pottery produced at 

Cales, is also noteworthy the consistency of the Calenian production of common 

ware documented by the considerable amount of materials found in the area of 

sondage 3 (Fig. 1.2), located in a peripheral area on the northern slope of the 

ancient city, near the walls and a stream, thus in an area that was well suited to 

the presence of craft workshops. Evidence of the extensive ceramic production 

in the area is the presence at the proximity of the tuffaceous plateau, regularized 

in Roman period for defense reasons, falling within the current municipal 

territory of Pignatato Maggiore (CE), of a large ceramic dump, which record a 

high percentage of cookwares. It can be hypothesized that the intense 

production activity of the imperial period gave rise to the need to clear the 

plateau area, which was designated for craft activities, by dumping all the waste 

material resulting from processing in the area below.    

The continuity that characterizes the intense production activity is also reflected 

in the use of raw materials and processing techniques.    

 

1.3. Aim 

The aim of the study is the definition of the local fine and coarse-grained pottery 

productions via in-depth minero-petrographic characterization of a large 

amount of samples from the 3rd century BCE to the 2nd century BCE, which 

include black glazed pottery, a minor selection of Terra sigillata and fine 

common ware, common cookware, internal red slip ware, thin walled pottery 

imitation and objects related to the production process. In fact, the focus of this 

work benefits from the finding and comparison with important production 

indicators represented by wastes of black glazed pottery and common cookware 
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along with spacers and supports used during the production process; these 

represent significant materials for defining with certainty the compositional 

features of local potteries. 

This study also aims to increase the previous information concerning these 

important ceramic classes, also via the comparison with other fine ceramics 

found in the same context. Indeed, for the first time, three isotopic systematics 

were used to perform provenance studies, Sr-Nd and Pb respectively. This 

pioneering approach allowed us to understand the existing relationships 

between raw material and finished products. In the light of this, some 

Campanian clay raw materials Ca-rich and Ca-poor, well known in the 

literature, were selected and compared to the ceramics under study. 

This approach highlights the importance of combining geochemical data to 

identify sources of raw materials and gave us back encouraging results that 

strengthening the previously experimental study, providing further confirmation 

of the validity of the method. 
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2.1. Geological and structural setting 

Campania is one of the most populated regions in Italy; it covers about 13.595 

km2 and according to ISTAT data (ISTAT, 2021) with almost 6 million 

inhabitants distributed in 5 provinces and 551 municipalities. The topography 

of the Campania landscape is very complex and depends on geological, morpho-

structural and morphogenetic processes that have involved this region.  

As mentioned above, the geological-structural setting of Campania region is 

very articulate due to the remarkable variety of geological processes that have 

affected the Apennine chain sector. The Apennine chain (Fig. 2.1) is a foreland 

fold-and-thrust belt which extends from the hinterland towards the Tyrrhenian 

coast and derive from the subduction of Neo-Tethys oceanic lithosphere under 

the Europa/AlKaPeCa plates (e.g. Carminati, Lustrino, & Doglioni, 2012; 

Cosentino, Cipollari, Marsili, & Scrocca, 2010; Vitale & Ciarcia, 2013 and 

references therein) with E ward migration of the thrust front as a consequence 

of downgoing slab-retreat (Malinverno & Ryan, 1986).  

The Apennine chain is defined by the tectonic superposition of numerous thrust 

sheets constituted by Meso-Cenozoic deep basin to shallow-water successions, 

dissected by several Quaternary structural depressions located mainly in the 

Tyrrhenian direction (Vitale & Ciarcia 2018). It can be structurally divided into 

the northern and south-central segments. The latter is connected to the southern 

part of the Italian peninsula by the Calabrian orocline (Arco Calabro-

Peloritano). 
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Intense magmatic activity, both intrusive and effusive, widespread in the peri-

Tyrrhenian zone from Tuscany to Campania, accompanied this new neotectonic 

regime. The distribution of magmatic provinces is illustrated in a structural 

model of the Apennines and back-arc regions as proposed by Peccerillo, 2020 

(Fig. 2.2). 

Fig. 2.1. Schematic geological map of the southern Apennines (Vitale et al., 2017). 
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Fig. 2.2. Structural framework of the Italian peninsula and position of magmatic provinces (Peccerillo, 2020). 

 

During the Quaternary post-orogenic extensional tectonic phases, the western 

side of the Apennines chain was faulted leading to the creation of semigraben 

structures and the beginning of a back-arc volcanic activity (Milia and Torrente, 

2014; Milia et al., 2017). The volcanism started 700 k-year ago with the 

Roccamonfina volcano, in the northern part of the region, followed by the Ischia 

Island (150 k-year), the Phlegrean Fields (60 k-year) and the Somma-Vesuvius 

volcano (25 k-year). In the Quaternary, these structurally lowered zones, as well 

as other intermontane depressions, were filled by alluvial and volcanic deposits 

forming the Campanian, the Sele River and the Tanagro River alluvial plains. 

The tectonic pile is unconformably covered by Mio-Pliocene wedge top basin 

deposits and Quaternary post-orogenic sediments and volcanics (Ascione et al., 
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2012; Vitale & Ciarcia, 2018). The geometrical relationships between the 

tectonic units present in the study region are schematized in fig. 2.3.  

 

Fig. 2.3. Schematic representation of the geometric relationships between the tectonic units of the Southern 

Apennines in correspondence to Molise-Sannio and Cilento-Basilicata regions (Patacca & Scandone, 2007). 

The lithologies mostly consist of sedimentary and volcanic rocks, spanning 

from the Triassic to recent times (Bonardi et al., 1998). The sedimentary rocks 

include: I) the stratigraphic Mesozoic Units, made up of limestones, dolostones, 

siliceous schists and terrigenous sediments (clays, siltstones, sandstones, 

conglomerates), which characterise mostly the external Apennine domains; II) 

the Neogene Units, mainly composed of siliciclastic, carbonate and evaporitic 

sediments along with Quaternary sediments represented by alluvial, lacustrine, 

coastal lake sediments and by pyroclastic fall and flow deposits (Buccianti et 

al., 2015). 

The orogenic structure, consisting of allochthonous units can be grouped into 

three main tectonic complexes: 

I. Ligurian Accretionary Complex (LAC); 

II. Apennine Platform (AP) units; 

III. Lagonegro-Molise Basin (LMB) units. 
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The LAC occupies the tectonically higher positions by covering the AP units, 

which in turn overthrusting the LMB units. The foreland is represented by the 

Apulian Platform, but no outcrops are present in Campania (Fig. 2.4) 

The volcanic rocks are characterized by potassic/ultrapotassic lavas and 

pyroclastics dated from about 600 ka to present, these rocks are produced by the 

four different volcanic centers (i.e., Roccamonfina, Mt. Somma–Vesuvius, 

Phlegrean Fields and Ischia Island) and by a fissure activity related to fractures 

activated in the Campanian plain from >315 to 18 ka that produced the 

Campanian ignimbrite (De Vivo et al., 2001; Rolandi et al., 2003). The latter 

covers the whole Campanian plain and also occurs on the Apennine Mountains 

(De Vivo et al., 2001).  

The volcanic activity of the Campanian volcanoes shows variable 

volcanological features with predominantly explosive and less effusive activity 

as shown by the presence of lavas at Somma-Vesuvius (Santacroce, 1987). The 

erupted mafic products of the Somma-Vesuvius are mostly characterized by the 

presence of leucite, and the rock compositions are mafic ultrapotassic 

(basanites, tephrites, leucite-bearing shoshonites), intermediate 

(phonotephrites, latites) and evolved (trachytes and phonolites) (Melluso et al., 

2022).  

In this geological context, characterized by the presence of an important 

volcanic contribution rises the ancient city of Cales (currently Calvi Risorta). 

Fig. 2.4. Southern Apennine stratigraphy (Casero, 1988). 
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The area is characterized by a carbonate platform succession that forms the 

Matese mountains and Monti Trebulani, also known as Matese-Mt. Maggiore-

Mt. Camposauro unit (Bonardi et al., 2009). Extensive clay deposits crop out on 

the slope of the Trebulani muntains, just north of the town of Calvi Risorta 

(ancient Cales) (Fig. 2.5). These deposits belong to the foredeep succession of 

the Pietraroja Formation (Middle-Upper Tortonian) and were exploited up to 

modern times for brick production (Guarino et al., 2011). In more detail, Cales 

is located between two major volcanic districts, represented by the Phlegrean 

fields to the south and the Roccamonfina volcano to the north. The latter is a 

stratovolcano characterized by sector collapses and an apical central caldera 

(Cole et al., 1992; De Rita & Giordano, 1996; Giannetti, 2001; Rouchon et al., 

2008) and is made up by lavas and pyroclastic rocks erupted in three main 

periods of activity (Ballini et al., 1989; De Rita and Giordano, 1996; Giannetti, 

2001; Rouchon et al., 2008). In particular, the ultrapotassic leucite-bearing 

rocks are confined to the pre-caldera stage and show geochemical features 

similar to those of other volcanoes in the Roman Province (Peccerillo, 2017). 

After the major sector collapse of the volcano, occurred at ca. 400 ka, 

shoshonitic rocks erupted from cinder cones and domes both within the caldera 

and on the external flanks of the pre-caldera Roccamonfina volcano (Conticelli 

et al., 2009).    

On the other hand, the volcanic history of Phlegrean fields has been 

characterized by several eruptions with the formation of mainly monogenic 

buildings, which erupted huge volumes of pyroclastic rocks and few lava flows. 

There were two high-magnitude eruptions, that of the Campanian Ignimbrite 

(39 ka; Fedele et al., 2008) and that of the Neapolitan Yellow Tuff (15.4 ka; 

Deino et al., 2004). Phlegraean products belong to the potassium series (KS) of 

shoshonitic affinity (Conticelli et al., 2004), among which trachytes are the most 

common lithotype. The archaeological area of Cales is located on pyroclastic 

flow deposits from Phlegraean Fields, represented by the Campanian Ignimbrite 

(39 ka, De Vivo et al., 2001; Fedele et al., 2008) and, subordinately, by the 

incoherent facies of the Neapolitan Yellow Tuff (15 ka, Deino et al., 2004). 
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 Fig. 2.5. Geological sketch map of northern Campania sector modified after Vitale & Ciarcia 2018. 
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MATERIALS AND ANALYTICAL METHODS 

SUMMARY: 3.1. Materials- 3.2. Optical microscopy - 3.3. Modal 

analyses - 3.4. X-Ray Powder Diffraction (XRPD) – 3.5. Thermal analyses 

(TG-DSC)– 3.6. X-Ray Fluorescence (XRF)- 3.7. Field Emission Scanning 

Electron Microscopy (FESEM) and Microanalyses (EDS) - 3.8. Isotopic 

Analyses - 3.8.1. Sr and Nd isotopes (TIMS)- 3.8.2. Pb Isotopes (MC-ICP-

MS)
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3.1. Materials  

The study has focused on 125 samples of different ceramic classes (Table 3.1; 

Fig. 3.1 and 3.2) discovered during the excavations carried out at the so-called 

Arx of Cales by the Soprintendenza with the participation in 2007 of A. Tomeo 

who is currently the archaeologist in charge of the Ministry for the area of Cales 

and has provided his support and resources for this work.  

The wide variety of selected material can be divided into two major groups 

based on inclusions grain size: fine and coarse-grained pottery. The designation 

of fine and coarse ware is generally used by archaeologist to mean certain 

ceramic assemblages on the basis of their macroscopic and textural features that 

are directly related to their intended use. At this purpose, fine ware refer to those 

materials for serving food and drink at table, as opposed for coarse wares to pots 

designed for cooking and food preparation, storage, transport and other common 

purposes. In this work this distinction is based on textural features (grain size), 

therefore the thin-walled pottery imitation that is a table ware, is included in the 

coarse-grained pottery. 

 

 

  Class Site Chronology  
n 

samples 

Fine-grained pottery 

black glazed pottery Cales 3rd-1st c. BCE 57 

Terra sigillata Cales end 1st c. BCE/begin 1st CE 3 

fine common ware Cales undated 9 

Fine-grained 

production indicator 

Spacers Cales undated 8 

black glazed pottery - waste Cales undated 2 

Coarse-grained 

pottery 

common cookware Cales 2nd c. BCE- 2nd c. CE 29 

internal red slip ware Cales 2nd c. BCE- 1st c. CE 6 

thin-walled pottery imitation Cales from 2nd c. CE 3 

dolium Cales undated 1 

Coarse-grained 

production indicator 

Support Cales undated 4 

common cookware - waste Cales 1st -2nd c. CE 3 

  total     125 

 

 

 Table 3.1. Samples selected for the PhD project. 
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The materials selected for this PhD project are characterized by 79 samples of 

fine-grained pottery belonging to different ceramics classes (Table 3.1). The 57 

samples are classified as black glazed pottery (Fig. 3.1a) that include paterae, 

pissidi, cups and bottle edge, characterized by a typical black surface coating. 

These samples are ascribed to a chronological span between the 2nd and 1st 

centuries BCE, just a few samples are characterized by forms attributable to the 

3rd century BCE (35.46, 133.49, 35.56). 

Interestingly, in the site of Cales the black glazed pottery in the late period (2nd 

and 1st centuries BCE) of production is characterized by the presence of several 

specimens that show a chromatic shading from black to red of the coating (Fig. 

3.1a). These samples might be the results of a mistakes during the firing process 

and may allegedly represent the first attempts for the development of a 

technological innovation in terms of firing atmosphere, namely a shift from 

black glazed pottery (black coating) to Terra sigillata (red coating). The latter 

ceramic class was produced in several centers in the Roman Empire and is of 

great interest for archaeologists as it indicates important technological and 

cultural changes occurred in Roman ceramic technology (Grifa et al., 2019). 

This change was characterized by the implementation of the muffle-like 

furnaces where the flames and smoke are never in contact with the pottery, thus 

improving the technological production of the red coated wares (Picon, 1973; 

Cuomo di Caprio, 2007). Several samples that show this chromatic transition 

were selected for the analyses along with three specimens of Terra sigillata (Fig. 

3.1b) that presented enough material for destructive analyses. 

A selection of nine fine common wares (Fig. 3.1c) was also studied to provide 

a considerable contribution to define the local productions, along with 10 

production indicators (Fig. 3.1d) represented by two kiln wastes and deformed 

pottery by the excessive firing and eight spacers that represent important 

materials to assess the compositional features of local potteries. 
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In addition to the important production of fine pottery, samples of coarse pottery 

were also collected in the same archaeological context. The discovery provides 

a knowledge improvement about the history of this production center in 

northern Campania, which was not only focused only on fine wares, but also on 

coarse-grained pottery that have not been studied so far. The wide repertory of 

coarse-grained pottery from the context of the site “arx”, included undecorated 

tableware and cooking wares that were selected for archaeometric analyses 

Fig. 3.1. Some representative ceramic samples of fine-grained pottery from the archaeological site of Cales. 

a) black glazed pottery; b) Terra sigillata; c) fine common cookware; d) production indicator. 
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based on the amounts of materials found for each class. This work included the 

archaeometric investigation of 46 ceramic samples from the 2nd BCE to the 2nd 

century CE belonging to different ceramic classes as described below: 

• 29 samples of common cookwares, represented by ollae, lids, pans and 

cups and consisting mainly of forms ascribable between the 2nd century BCE 

to the 2nd century CE, just few specimens show forms dated to the 4th-5th 

century CE (133.100 and 133.104, respectively) (Fig. 3.2a);  

• 6 samples of internal red slip wares represented by pans with forms 

ascribable from the 2nd century BCE to the 1st century CE (Fig. 3.2b); 

• 3 samples of thin-walled pottery imitation, which represents an extremely 

distinctive sample with forms dated from the 2nd century CE (Fig. 3.2c); 

• 1 sample of wall of dolium with an undatable form (Fig. 3.2d); 

• 7 production indicators represented by 3 samples of wasters of common 

cookware and 4 samples of supports, whose forms in many cases were not 

possible to date (Fig. 3.2e). These production indicators used during the 

production process represent significant materials to assess the compositional 

features of local potteries. 
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Local clays and tempers have been collected and analyzed to find parallels with 

the end-products and localize the ancient sources of supply of raw materials. 

Raw materials of the area of Calvi Risorta were explored in the context of a 

study of clays from Campania by A. De Bonis (2011, 2013), which can be used 

as starting point and as a reference for the planned raw material studies of the 

region. The clays collected on that occasion will serve as important comparison 

for the local products of Cales and allow for better insights on the differences 

between the different productions in Campania region. 

 Fig. 3.2. Some representative ceramic samples of coarse ware from the archaeological site of Cales. a) 

common cookware; b) internal red slip ware; c) thin-walled pottery; d) dolium; e) production indicator. 
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3.2. Optical microscopy (OM) 

The 125 ceramic samples were selected for a minero-petrographic 

characterization. The color of ceramic body of the specimens was evaluated via 

a visual comparison with the Munsell Soil Colour Chart, 2000. 

In order to shed light on the petrographic and textural features of the ceramic 

paste, the samples were investigated by means of polarized light microscopy 

(PLM) in thin section, very small slices of the material with thickness fixed at 

0.03 mm (30 µm), using an OPTIKA V-600 POL microscope connected to 

ZEISS Axiocam 105 colour camera (ZEN 2.3 Lite software). The abundance, 

size range and roundness of the inclusions were estimated by reference to 

comparator charts (Terry & Chilingar, 1955; Quinn S.P., 2013). Sample 

preparation procedures was conducted at the Dipartimento di Scienze della 

Terra, dell’Ambiente e delle Risorse (DiSTAR) of the University of Naples 

Federico II. The preparing processes starts with sample cutting (previously 

incorporated in epoxy resin if consisting of unconsolidated material) with a 

diamond-blade circular saw, to create a block of approximately 2x3 cm and with 

a thickness of about 0.5-1 cm. The block is sanded with carborundum abrasive 

discs to eliminate the irregularities caused by the cutting operations and to 

obtain a uniform and shiny surface. The surface of the block is then glued to a 

support glass slide using an epoxy resin as adhesive and then sanded again to 

remove excess resin and to reduce thickness up to 30 µm. 

3.3. Modal analysis 

In order to evaluate the percentage of inclusions, matrix and pores, a modal 

analysis was carried out on some representative samples of coarse-grained 

pottery selected on the basis of their minero-petrographic features, belonging to 

common cookware, internal red-slip ware, thin-walled pottery, dolium, and 

production indicators represented by support and wastes of common cookware. 

The analysis was carried out with the PC version 3.2.1 of the software "Leica Q 

Win", using a 15x15 mesh per field, for a total of about 1500 points per section 

and a magnification of 4.0X. 
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The choice to perform modal analysis on a few representative samples of coarse 

pottery was implemented in order to verify the correlation between the isotopic 

curve of binary mixing between raw material and temper as proposed in the 

experimental study on ceramic replicas by De Bonis et al. (2018). 

 

3.4. X-Ray Powder Diffraction (XRPD)  

X-ray Powder Diffraction (XRPD) was used to determine the bulk 

mineralogical composition using a Bruker D2 Phaser 2nd gen diffractometer 

(CuKα radiation, 30 kV, 10 mA, scanning interval 4-50°2θ, equivalent step size 

0.020°2θ, equivalent counting time 66 s per step, Lynxeye 1D model detector), 

equipped with Diffract V6 5.0 data collector software (Bruker) for the first batch 

of 48 samples. The PANalytical X’Pert PRO 3040/60 PW diffractometer was 

used with analogous measurement conditions (CuKα radiation, operating at 40 

kV, 40 mA, scanning interval 4-50°2θ, using a step interval of 0.017°2θ, with a 

step counting time of 66 seconds) for the second batch of 77 samples (Fig. 3.3). 

X-Ray Powder Diffraction (XRPD) is a technique primarily used for the 

qualitative and quantitative identification of the mineralogical phases and to 

provide information on unit cell dimension of crystals to investigate their 

structure and atomic spacing. In this work it has been particularly useful to 

investigate the fine-grained minerals that could not be recognized by optical 

 Fig. 3.3. The two instruments used for mineralogical analysis are shown in the figure. On the left is the 

Panalytical X'Pert PRO 3040/60 PW diffractometer and on the right is the Bruker D2 Phaser 2nd gen 

diffractometer. 
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microscopy, but also to obtain useful information about the production 

technology applied by the ancient craftsmen.  

The X-Ray Diffraction is based on constructive interference of monochromatic 

X-Rays (emitted radiation) and a crystalline sample. Each electron of the atoms 

of a crystalline substance becomes a secondary source of X-rays with the same 

wavelength (λ) of the beam affecting the sample. This interference appears to 

be constructive only in those directions in which the waves diffused by all the 

atoms are “in phase”. The rays that are thus created are the diffracted rays and 

the atoms define the diffraction lattice (three-dimensional, in the case of 

crystals). A crystal lattice has a large number of planes and the distance between 

these planes is called interplanar distance: it is unique for each mineral and can 

be determined by X-ray diffraction investigation, therefore the identification of 

this parameter allows for the recognition of the mineral species. The physical 

phenomenon of X-ray diffraction is described by Bragg's law:  

2d sinθ = nλ 

where d is the interplanar distance, θ is the incident X-ray angle and n is an 

integer number. According to this law, radiation is interpreted as a reflection 

from the atoms of a crystalline system and undergoes constructive interference.  

The samples preparation for XRPD analysis must allow the X-rays to intercept 

the lattice planes of the crystalline phases satisfying the Bragg’s law. 

Approximately 0.5 g of sample, previously pulverized using an agate mortar 

was randomly placed in the center of the sample holder, in order to have a 

random distribution of lattice orientations (Cappelletti et al., 2019). The 

instrument used to perform measurements on powdered samples for the 

identification and quantitative study of crystalline substances is the 

diffractometer. It consists of: a source of X-rays (an X-ray tube), a sample 

holder, a detector and a “goniometer” (which provides precise mechanical 

motions of the tube, specimen, and detector). In addition, a “Soller” collimator 

eliminates all the X-rays diverging from the straight path, which is the most 

suitable for giving reflection under the conditions described by the Bragg’s law. 

Therefore, the X-ray beam striking the sample could be considered as parallel. 
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The sample is placed at the center of the goniometer circle to facilitate the 

irradiation of a greater number of families of lattice planes. Simultaneously with 

the rotation of the sample, source and receiver can rotate on the unit circle with 

a double angular velocity, so any reflection produced at θ is recorded at 2θ. This 

result in a pair of values angle - intensity of diffraction, called diffractogram. 

 

3.5. Thermal analysis (TG-DSC) 

The thermal behavior of ceramics and the loss on ignition (LOI) was performed 

on powdered bulk placed inside an alumina crucible by thermal analyses. The 

analyses were carried out by means of Netzsch STA 449 F3 Jupiter (Department 

of Science and Technology – University of Sannio; Fig. 3.4) thermal analyzer 

coupled with a FTIR BRUKER Tensor 27 for the Evolved Gas Analysis (EGA) 

by a transfer line heated at 200 °C.  

The samples were heated from 40 to 1050 °C, with a heating rate of 10 °C/min 

in nitrogen atmosphere (flow rate 60mL/min). TG and DSC curves were 

acquired and processed with the NETZSCH Proteus 6.1 Software (Izzo et al., 

2018; Germinario et al., 2019). 

In order to evaluate the chemical and physical properties of the samples, 

Thermogravimetric Analysis (TGA) was performed. This measures the weight 

changes of a sample introduced into a specific atmosphere and subjected to 

 Fig. 3.4 The Netzsch STA 449 F3 Jupiter instrument used for the thermal analysis. 
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temperature changes, generally progressive and linear increases as a function of 

time with its derivative declination (Derivative Thermogravimetry - DTG), 

which associates that particular reaction with a very precise temperature, and 

the analysis of gas species released (DSC) and Evolved Gas Analysis (EGA) 

during temperature changes. These instrumental methods represent, with 

probability, the oldest instrumental techniques for the analysis of minerals, in 

general, but in particular for those thermally reactive (for example: clay 

minerals as described by Bish & Duffy, 1990). 

 

 

3.6. X-Ray Fluorescence (XRF)  

Bulk chemical composition of the samples was performed via X-ray 

fluorescence spectrometry (XRF; AXIOS PANalytical Instrument) for 

measuring the concentration of 10 major oxides (wt% of SiO2, TiO2, Al2O3, 

Fe2O3, MnO, MgO, CaO, Na2O, K2O and P2O5) and 10 trace elements (Rb, Sr, 

Y, Zr, Nb, Ba, Cr, Ni, Sc, V, in parts per million [ppm]). Analytical uncertainties 

were in the order of 1-2% for the major elements and 5-10% for trace elements 

(Cucciniello et al., 2011). The method was applied on pressed pellets through 

the study of a fluorescent (or secondary) X-ray radiation. The standards 

employed are reported in Guarino et al., 2021. 

The preparation of the pellets starts from a few grams of sample (usually 3-4 

gr), previously powdered using a rotary mill equipped with agate spheres. 

Subsequently, the powders obtained are glued using MOWIOL polyvinyl 

alcohol prepared at DiSTAR's laboratories, which confers strength to the pellets, 

then the mixture is placed in an oven at a temperature of 90 °C to dryness for 

about 2 hours. The dry mixture is then poured into special aluminum containers 

of about 3 cm in diameter, above a layer of H3BO3 grains with a filler function 

(Fig. 3.5). Finally, a pressure of about 20 ton/cm2 is applied for 20 seconds using 

a hydraulic press producing the pressed powder pellet for XRF analyses 

(Acquafredda & Laviano, 2019). 
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When the sample is irradiated with high-energy X-rays, an atom in the sample 

is struck with an X-ray and an electron from one of the atom’s inner orbital 

shells (K shell) is dislodged. The atom regains stability, filling the vacancy left 

in the inner orbital shell with an electron from one of the atom’s higher energy 

orbital shells (L or M shells). The electron drops to the lower energy state by 

releasing a fluorescent (or secondary) X-ray. Each of the elements present in a 

sample produces a set of characteristic fluorescent X-rays, whose wavelength 

(λ) is unique, like a “fingerprint” for that specific element, according to the 

Moseley’s law:  

1/λ = k (Z-σ)2 

where Z is the atomic number and k and σ are constant characteristic of the 

specific spectral series. The instrument for XRF analysis is composed by: a 

generator; a tube emitting polychromatic, high-energy primary X-rays; a sample 

holder; one or more analyzer crystals of known d-spacing; detector transforming 

the X-rays reflected by the analyzer crystal into electrical impulses. Crystals of 

known d-spacings are used as analyzer crystals. Since the position of the sample 

Fig. 3.5. AXIOS PANalytical Instrument and containers for powdered sample. From left to right: 

empty container; container with the layer of H3BO3; container with the powdered sample above 

the layer of H3BO3 (Acquafredda & Laviano, 2019). 
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and the detector is fixed, the angular position of the reflecting crystal is changed 

in accordance with Bragg’s Law so that a particular wavelength of interest can 

be directed to a detector for quantitative analysis. Every element has a discrete 

energy difference between orbital shells, such that every element will produce 

X-rays of a fixed wavelength. Therefore, by using analyzer crystals and 

positioning the crystals at a unique and fixed angle, it is possible to detect and 

quantify elements of interest based on the characteristic Xray wavelengths 

produced by each element. It is possible to determine the concentration of major 

elements and of some trace elements through this technique.  

Multivariate statistical analyses were carried out using R (R Development core 

Team, 2014) software on chemical data standardized via log10 transformation. 

Hierarchical clustering analysis (HCA) was applied on the data set reduced by 

PCA (Principal Component Analysis) in order to cluster samples in a 

dendrogram using an agglomerative clustering algorithm (Euclidean distance 

and average linkage method). 

 

3.7. Field Emission Scanning Electron Microscopy (FESEM) and 

Microanalysis (FESEM-EDS) 

In order to define the degree of sintering and the microstructural features of the 

ceramic bodies according to different firing temperatures (Maniatis & Tite, 

1981), observations of the fragments in fresh fracture via Field Emission 

Scanning Electron Microscope (FESEM; Zeiss Merlin VP Compact; Fig. 3.6) 

were performed. This analysis was carried out on 21 representative samples, 

chosen according to their mineralogical and petrographic features.  

This technique is used for inspecting topographies, surface morphology of solid 

fragments through extremely detailed observations (high-resolved and high-

zoomed, up to enlargements of 1-10 μm). 
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The method is based on the interaction between an incident primary electron 

beam and the sample surface. The electron beam, produced by an electron gun, 

is accelerated and focused on the sample through magnetic lenses, and a system 

of coils allows the sample scanning. The interaction between the primary 

electron beam and sample surface generates several electromagnetic radiations, 

such as backscattered electrons, secondary electrons, Auger electrons, and 

characteristic X-ray. High-resolution imaging of surface morphology is 

generated by secondary electrons: since their energy is small, those generated 

at a deep region are quickly absorbed by the specimen, so secondary electrons 

are very sensitive to the surface and for this reason they are used to observe the 

topography. Backscattered electrons are those emitted when the incident 

electrons are scattered by the specimen. Since they have higher energy with 

respect to secondary electrons, they provide information about deeper regions. 

They are sensitive to the composition of the specimen and the efficiency of their 

production is strongly related to the atomic number: the higher the atomic 

number the brighter the material image. The samples investigated with the 

FESEM were covered with a conductive layer of gold, which facilitates the 

removal of electrical charges from the sample, avoiding their interference with 

the formation of the image.  

 Fig. 3.6 Field Emission Scanning Electorn Microscopy (FESEM) 

instrument in use at DiSTAR department. 
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Quantitative microanalyses of mineral grains and neoformed phases in the 

ceramic body were determined on polished thin sections by using the same 

instrument fitted with an energy dispersive X-ray spectrometer (EDS) and 

Oxford Instruments Microanalysis Unit (X Max 50 EDS detector operating at 

15 kV primary beam voltage, 115–125 μA filament current, and 60 μm spot 

size, acquisition time 10s). The data was processed with an INCA Xstream pulse 

processor.  

The following standards, from Smithsonian Institute, were used for calibration: 

diopside (Ca Kα), San Carlos olivine (Mg Kα), anorthoclase (Al Kα, Si Kα), 

albite (Na Kα), rutile (Ti Kα), fayalite (Fe Kα), Cr2O3 (Cr Kα, chromite), 

rhodonite (Mn Kα), orthoclase (K Kα), apatite (P Kα), celestine (Sr Lα), barite 

(Ba Lα), fluorite (F Kα), sodium chloride (Cl Kα), zircon (Zr Lα, Hf Lα), and 

pure vanadium (V Lα). The utilized mineral standards are reported in Guarino 

et al. (2019) and Franciosi et al. (2019). Precision and accuracy of EDS analyses 

are reported in Rispoli et al. (2019). 

The EDS instrument is used to analyze characteristic X-ray spectra by 

measuring the energy of the X-ray emitted from the sample via an energy-

dispersive detector, a solid-state device that discriminates among X-rays 

energies, that is a Si (Li) crystal (Petrosino et al., 2019). This technique allows 

us to identify all the elements with atomic number between 4-Be and 92-U 

(Petrosino et al., 2019). 

The energy released during the interaction between X-rays and detector depends 

on the number of shells the replacement electron has displaced from its original 

position, and to what shell the electron moves. This energy is emitted as X-rays 

and absorbed by the detector by ionization, yielding free electrons in the crystal 

that become conductive and produce an electrical charge bias. The energy of 

individual X-rays is converted into electrical voltage and the electrical pulses 

correspond to the characteristic X-rays of the element.  

 

3.8. Isotopic Analyses 

3.8.1. Sr and Nd isotopes (TIMS) 
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The Sr–Nd isotopic composition of representative ceramic and clay samples 

was determined via Thermal Ionization Mass Spectrometry (TIMS). 

Isotopic analysis was performed on 40 representative samples divided 

according to the table 3.2. The choice of materials for this analysis was based 

on their petrographic characteristics, mineralogical assemblage, and chemical 

behavior.  The raw materials were selected from the clay deposits investigated 

in De Bonis et al. (2013) from the most logistically advantageous deposits for 

large-scale production. 

 

Table 3.2 Selected materials for isotopic analyses. Abbreviations: HC = high calcium oxide; LC = low calcium oxide. 
The table continues on the next page 

Sample ID Class Site Chronology  

133.3 black glazed pottery Cales undated 

133.6 black glazed pottery Cales undated 

133.14 black glazed pottery Cales undated 

133.16 black glazed pottery Cales 2nd-1st c. BCE 

133.19 black glazed pottery Cales undated 

133.27 black glazed pottery Cales second half 2nd- 1st c. BCE 

133.37 black glazed pottery Cales end 2nd-begin 1st c. BCE 

133.44 black glazed pottery Cales 2nd-1st c. BCE 

133.48 black glazed pottery Cales 2nd c. BCE 

133.57 black glazed pottery Cales 2nd-1st c. BCE 

35.75 Terra sigillata Cales end 1st c. BCE/begin 1st c. CE 

35.76 Terra sigillata Cales end 1st c. BCE/begin 1st c. CE 

133.114 fine common ware Cales undated 

133.119 fine common ware Cales undated 

16.36 black glazed pottery waste Cales undated 

133.60 Spacers Cales undated 

133.61 Spacers Cales undated 

76.78 common cookware Cales 2nd c. BCE- 2nd c. CE 

76.79 common cookware Cales undatable 

133.109 common cookware Cales 2nd c. BCE- 2nd c. CE 

133.112 common cookware Cales undatable 

35.54 internal red slip ware Cales 2nd c. BCE- 1st c. CE 

145.59 internal red slip ware Cales 2nd c. BCE- 1st c. CE 

32.2801.72 internal red slip ware Cales 2nd c. BCE- 1st c. CE 

133.83 thin-walled pottery imitation Cales from 2nd c. CE 

133.105 thin-walled pottery imitation Cales from 2nd c. CE 
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Sample ID Class Site Chronology 

133.125 dolium Cales undatable 

133106 common cookware waste Cales 1st -2nd c. CE 

133.70 Support Cales undatable 

133.71 Support Cales undatable 

CVR1 clay HC Calvi Risorta (CE) - 

CVR2 clay HC Calvi Risorta (CE) - 

PMV1 clay HC Piana di Monte Verna (CE) - 

PMV2 clay HC Piana di Monte Verna (CE) - 

ALV1 clay HC Alvignano (CE) - 

ALV2 clay HC Alvignano (CE) - 

CSC1 clay HC Cascano (CE) - 

PLT2 clay HC Pontelatone (CE) - 

AQM2 temper LC Monte di Procida (NA) - 

DUG1 temper LC Dugenta (BN) - 

 

Sample dissolution and Sr-Nd separation from the matrix, were carried out 

within a Plexiglas laminar flow hood equipped with two HEPA filters located 

in an ISO 6 class clean room at Dipartimento di Scienze della Terra, 

dell’Ambiente e delle Risorse (DiSTAR, Naples, Italy). Approximately 100 mg 

of powder was dissolved with Suprapur® grade HF-HNO3-HCl acid mixtures 

(Fig. 3.7), the whole procedure lasting four days overall. Sr and Nd were 

separated from the matrix through conventional cation-exchange 

chromatographic techniques on quartz columns filled with either AG® 50W-X8 

(for Sr and Rare Earth Elements) or Ln Spec® (for Nd) resins and using diluted 

Suprapur® grade HCl as eluant. Subsequently the obtained Sr and Nd fraction 

was loaded on a rhenium filament (single for Sr and double for Nd) and then 

inserted inside magazine equipped with 21 positions which is mounted inside 

the spectrometer. 
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87Sr/86Sr and 143Nd/144Nd isotope ratios of CVR2, PMV2, CSC1 clays and 

AQM2 temper were determined at the Radiogenic Isotope Laboratory of the 

INGV–OV (Naples, Italy) with a ThermoFinnigan Triton TI multicollector 

mass spectrometer running in static mode to explore the potential that this 

method has for determining pottery provenance. The procedure involved the 

chemical dissolution of the samples, using suprapur grade HF-HNO3-HCl 

mixtures described above, and Sr-Nd extraction by conventional ion-exchange 

chromatographic techniques. Average 2σmean, i.e., the standard error with N = 

180, was ± 0.000009 for Sr, and ± 0.000007 for the Nd measurements. The mean 

measured values of 87Sr/86Sr for the NIST SRM 987 standard and 143Nd/144Nd 

for the La Jolla standard were 0.710231 ± 0.000019 (2σ, N = 169) and 0.511845 

± 0.000010 (2σ, N = 55), respectively; external reproducibility (2σ) during the 

period of measurements was calculated according to Goldstein et al. (2003). 

Measured 87Sr/86Sr and 143Nd/144Nd ratios were normalized for within run 

isotopic fractionation to 86Sr/88Sr = 0.1194 and 146Nd/144Nd = 0.7219. The final 

isotope ratio measured values were normalized to the recommended values of 

the NIST SRM 987 (87Sr/86Sr = 0.71025) and La Jolla (143Nd/144Nd = 0.51185) 

international standards, respectively De Bonis et al. (2018).  

However, for the other 37 samples, the Sr–Nd isotopic composition of ceramics 

samples, clays and temper was determined at DiSTAR (Naples, Italy) through 

thermal ionization mass spectrometry (TIMS) techniques using a Thermo 

Scientific Triton Plus® mass spectrometer (Fig. 3.8).  

Fig. 3.7 Suprapur acid used for the samples digestion, respectively HF, HNO3, 

HCl. 
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The instrument is equipped with one fixed and eight adjustable Faraday cups 

for simultaneous acquisition of several ion beams in static mode. 2σmean, i.e., the 

standard error with N = 150, was lower than ±0.000008 for Sr and ±0.000006 

for Nd. In-run isotopic fractionation was corrected through normalization of 

measured 87Sr/86Sr and 143Nd/144Nd ratios to 88Sr/86Sr = 8.37521 and 146Nd/144Nd 

= 0.7219, respectively.  

During the period of analysis, replicate measurements of NIST–SRM 987 

(SrCO3) and JNdi–1 international reference standard were carried out to check 

for external reproducibility, 2σ (σ is the standard deviation of the standard 

results; Goldstein et al., 2003), obtaining the following mean values: 87Sr/86Sr = 

0.710234± 0.00013 for NIST–SRM 987; 143Nd/144Nd = 0.512096± 0.000006 for 

JNdi–1. The measured Sr and Nd isotope ratios were normalized to the 

recommended values of NIST–SRM 987 (87Sr/86Sr = 0.710248 ± 0.000012 (σ); 

Zhang and Hu, 2020) and JNdi–1 (143Nd/144Nd = 0.512107 ± 0.000012 (σ); 

Zhang and Hu, 2020) standards, respectively. 

In order to shed light on the isotopic features of raw materials (clays and temper) 

frequently mixed for ceramic productions the theory of binary mixing was 

adopted (De Bonis et al., 2018). The chemical and isotopic compositions of the 

resulting mixtures can be calculated by means of simple mixing models 

(Langmuir et al., 1978).  

Fig. 3.8 Thermo Scientific Triton Plus® mass spectrometer used to define Sr and 

Nd isotope ratios of the samples. 
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Considering a mixture of two components A and B having different 

concentration of the element X, and different isotopic composition Rx it is 

possible to construct the equation of an hyperbola:  
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Where Rx the isotope ratio of the element X in a mixture of components A and 

B and f is a mixing parameter. 

 

3.8.2. Pb Isotopes (MC-ICP-MS) 

Lead isotope analyses was applied on some representative ceramic samples and 

raw materials (both clays and temper from De Bonis et al., 2013). The analyses 

were conducted on a Nu Plasma II (Nu Instruments) Multi Collector - 

Inductively Coupled Plasma - Mass Spectrometer (MC-ICP-MS; Fig 3.9) in 

operation at the University of Missouri Research Reactor (MURR). 

 

 

Fig. 3.9 Nu Plasma II (Nu Instruments) Multi Collector - Inductively Coupled Plasma - Mass 

Spectrometer (MC-ICP-MS) in use at the University of Missouri Research Reactor (MURR) to 

define Pb isotope ratios. 
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In order to make the samples viable for this analysis, ceramics and raw materials 

were powdered in an agate mortar and subsequently the clays were also 

calcinated at 550 °C for 4 hours. The surface of the ceramics was mechanically 

cleaned with a microdrill equipped with silicon carbide bits, rinsed with DI 

water and dried under heating lamps. Approximately 100 mg of powder were 

digested in closed Savillex® beakers (125 °C, 48 h) in 2.5 ml of 24 N Trace 

Metal Grade HF and 0.5 ml of Optima Grade 14 N HNO3 and then evaporated 

at 90 °C overnight. The dry residues were digested in 1.5 ml of Optima Grade 

14N HNO3, vials were closed and heated at 125 °C for 48 h and then evaporated 

at 90 °C overnight. Lastly, the dry residues obtained were re-digested in 4 ml of 

6N HCl at 125 °C for 48 h and subsequently evaporated at 90 °C overnight (Fig. 

3.10).  

 

The dry residues were finally dissolved in 2 ml 0.5M HBr (Renson et al., 2011). 

Lead extraction was realized via ion-exchange chromatography (IEC with 

Dowex AG1–X8 anion exchange resin) and was achieved by successive HBr 

and HCl additions following the protocol described in Weis et al. (2006). The 

eluted pure Pb solution was evaporated and stored. Prior to isotopic analysis, 

this purified Pb fraction was re-dissolved in 14N HNO3 Optima, evaporated and 

finally dissolved in 0.05M HNO3.  

Fig. 3.10 Digestion process of the samples before evaporation at 90 °C overnight. 
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The instrument was optimized for 208Pb maximum intensity (minimum signal 

of 150 mV at mass 204). The samples and standard were spiked using a Tl 

solution to monitor and correct for mass fractionation. Sample solutions were 

prepared to measure Pb and Tl concentrations similar to those of the SRM 981 

solution (approximately 200 ng g−1 in Pb and 50 ng g−1 in Tl). The SRM981 

standard was measured several times at the beginning of each analytical session 

and after every two samples. Values were corrected for mass fractionation using 

the NIST value of 2.38714 for 205Tl/203Tl natural ratio. 

A correction for mercury isobaric interference at mass 204 was also applied 

using a 0.229883 value for 204Hg/202Hg natural ratio. The mean values obtained 

for the SRM981 were 36.685 ± 0.012 (2SD), 15.488 ± 0.002 (2SD) and 16.936 

± 0.003 (2SD), for 208Pb/204Pb, 207Pb/204Pb and 206Pb/204Pb ratios, respectively.  

The results were corrected by standard-bracketing (White et al., 2000; Weis et 

al., 2006) using recommended values from Galer & Abouchami (1998). Two 

duplicates (i.e. entire procedure applied twice to the same sample) and two 

replicates (second analysis of the same solution) were measured to evaluate the 

reproducibility of measurements. 
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been omitted from the text as they are in submission phase 
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   4.1. Macroscopic and petrographic features  

 

To define the macroscopic and textural features (color, chromatic shades, 

hardness), the samples were subjected to a preliminary macroscopic 

examination via visual evaluation (Table 4.1 and Table 4.2) and then to optical 

microscope analysis in thin section with the purpose to define the petrographic 

characteristics (optical activity of the ceramic matrix, packing, grain size 

distribution, mineralogical assemblage, etc.). 

From the last considerations, the 125 samples were divided into two main 

groups with similar features based on the size of inclusions, fine and coarse. In 

more detail, the first group is represented by 79 samples of fine-grained pottery 

(Table 4.1) made of fifty-seven samples of black glazed pottery; three samples 

of Terra sigillata; nine samples of fine common ware and ten sample of 

production indicators represented by eight samples of spacers and two welded 

plates of black glazed pottery.  

 

Table 4.1. Macroscopic features of 79 ceramic samples of fine-grained pottery object of the study. Abbreviations: 

BG = black glazed pottery; TS = Terra sigillata; FCW = fine common ware; BG-W = black glazed pottery-waste. 

The table continues on pages 42 and 43. 

Sample ID Class Chronology Form Wt. (g) Inner Colour Outer Colour Hardness 

 133.1 BG undated patera  11.5 2.5YR 6/3 2.5YR 6/3 hard 

 133.2 BG undated patera  9.75 10YR 6/4 10YR 6/4 very hard 

 133.3 BG undated patera 12.2 7.5YR 6/4 7.5YR 6/4 very hard 

 133.4 BG 2nd c. BCE pyxis base 10.6 7.5YR 6/4 7.5YR 6/4 very hard 

 133.5 BG undated patera  9.72 2.5Y 5/2 2.5Y 5/2 very hard 

 133.6 BG undated patera 9.75 10YR 6/4 10YR 6/4 very hard 

 133.7 BG undated patera 8.61 7.5YR 6/4 7.5YR 6/4 hard 

 133.8 BG undated patera 7.92 7.5YR 6/4 7.5YR 6/4 hard 

 133.9 BG undated patera  9.69 5YR 6/6 5YR 6/6 hard 

 133.10 BG undated cup 8.66 10YR 6/4 10YR 6/4 hard 

 133.11 BG undated patera 5.08 7.5YR 6/4 7.5YR 6/4 hard 

 133.12 BG undated patera 7.13 5YR 6/6 5YR 6/6 hard 

 133.13 BG undated patera 8.10 2.5YR 6/3 2.5YR 6/3 very hard 

 133.14 BG undated patera 7.84 5YR 6/6 5YR 6/6 very hard 

 133.15 BG undated patera 9.27 7.5YR 6/4 7.5YR 6/4 very hard 

 133.16 BG 2nd-1st c. BCE cup base 9.26 7.5YR 6/4 7.5YR 6/4 very hard 

 133.17 BG undated patera 8.13 7.5YR 6/6 7.5YR 6/6 hard 

 133.18 BG undated patera 9.09 7.5YR 6/6 7.5YR 6/6 very hard 
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Sample ID Class Chronology Form Wt. (g) Inner Colour Outer Colour Hardness 

 133.19 BG undated patera 6.79 7.5YR 6/6 7.5YR 6/6 very hard 

 133.20 BG 2nd-1st c. BCE patera 8.14 7.5YR 6/4 7.5YR 6/4 very hard 

 133.21 BG half 1st c. BCE patera 6.83 7.5YR 6/4 7.5YR 6/4 very hard 

 133.22 BG 2nd c. BCE patera 6.46 5YR 6/6 5YR 6/6 hard 

 133.23 BG half 1st c. BCE patera 9.32 5YR 6/6 5YR 6/6 hard 

 133.24 BG 2nd c. BCE patera 7.47 7.5YR 6/4 7.5YR 6/4 very hard 

 133.25 BG 2nd c. BCE patera 8.84 7.5YR 6/6 7.5YR 6/6 hard 

 133.26 BG 2nd c. BCE patera 5.52 7.5YR 6/4 7.5YR 6/4 hard 

 133.27 BG second half 2nd-1st c. BCE pyxis 4.18 7.5YR 7/4 7.5YR 7/4 hard 

 133.28 BG second half 2nd-1st c. BCE pyxis 5.65 7.5YR 7/4 7.5YR 7/4 hard 

 133.29 BG second half 2nd-1st c. BCE pyxis 5.79 7.5YR 7/4 7.5YR 7/4 hard 

 133.30 BG second half 2nd-1st c. BCE pyxis 3.33 7.5YR 7/4 7.5YR 7/4 very hard 

 133.31 BG second half 2nd-1st c. BCE pyxis 7.48 7.5YR 6/4 7.5YR 6/4 very hard 

 133.32 BG second half 2nd c. BCE pyxis 9.81 7.5YR 6/4 7.5YR 6/4 very hard 

 133.33 BG 2nd-1st c. BCE pyxis 8.51 10YR 6/4 10YR 6/4 very hard 

 133.34 BG 2nd-1st c. BCE pyxis 7.29 7.5YR 6/6 7.5YR 6/6 hard 

 133.35 BG second half 2nd c. BCE pyxis 5.50 7.5YR 7/4 7.5YR 7/4 very hard 

35.37 BG  end 2nd c.-begin 1st c. BCE cup 7.87 7.5YR 6/4 7.5YR 6/4 hard 

 35.38 BG  end 2nd c.-begin 1st c. BCE cup 5.46 7.5YR 6/4 7.5YR 6/4 hard 

 35.39 BG  undated cup 4.93 2.5Y 7/3 2.5Y 7/3 hard 

 35.40 BG 2nd c. BCE patera 7.35 7.5YR 6/4 7.5YR 6/4 hard 

 35.41 BG half 2nd c. BCE patera 6.35 7.5YR 7/4 7.5YR 7/4 very hard 

 35.42 BG 2nd-1st c. BCE patera 6.34 7.5YR 7/4 7.5YR 7/4 very hard 

 35.43 BG 2nd-1st c. BCE patera 7.39 7.5YR 7/4 7.5YR 7/4 hard 

 35.44 BG 2nd-1st c. BCE patera/ cup 5.31 7.5YR 7/4 7.5YR 7/4 hard 

 35.45 BG 2nd c.  BCE patera 6.66 7.5YR 6/4 7.5YR 6/4 very hard 

 35.46 BG 3rd-2nd c.  BCE cup 7.98 7.5YR 7/4 7.5YR 7/4 very hard 

 35.47 BG 1st c. BCE patera 6.60 10YR 6/4 10YR 6/4 very hard 

 35.48 BG 2nd c.  BCE cup 4.74 10YR 7/4 10YR 7/4 hard 

133.49 BG 3rd-2nd c.  BCE? cup 8.42 10YR 6/4 10 YR 6/4 very hard 

35.50 BG 2nd-1st c. BCE cup 10.5 7.5YR 6/4 7.5YR 6/4 hard 

133.51 BG undated bottle edge 24.4 5YR 6/6 5YR 6/6 hard 

133.52 BG undated parete 7.77 7.5YR 6/4 7.5YR 6/4 hard 

133.53 BG 2nd-1st c. BCE small patera 9.67 7.5YR 6/6 7.5YR 6/6 hard 

35.56 BG 3rd-2nd c.  BCE cup 5.68 7.5YR 6/6 7.5YR 6/6 hard 

35.57 BG 2nd-1st c. BCE cup 17.8 7.5YR 7/6 7.5YR 7/6 hard 

35.58 BG 2nd-1st c. BCE cup 12.4 7.5YR 7/6 7.5YR 7/6 hard 

76.74 BG 2nd-1st c. BCE cup 7.78 10YR 6/4 10YR 6/4 very hard 

133.87 BG 2nd-1st c. BCE cup 9.38 7.5 YR 6/6 7.5YR 6/6 hard 

35.75 TS end 1st c. BCE/begin 1st c.  CE cup 5.6 7.5YR 6/6 7.5YR 6/6 hard 

37.76 TS end 1st c. BCE/begin 1st c.  CE cup 6.35 7.5YR 6/6 7.5YR 6/6 hard 

27.77 TS undated base open form 5.79 5YR 6/6 5YR 6/6 hard 

133.113 FCW undated ansa 6.88 5Y 5/1 5Y 6/4 very hard 

133.114 FCW undated base closed form 8.85 7.5YR 6/6 7.5 YR 6/6 hard 
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Sample ID Class Chronology Form Wt. (g) Inner Colour Outer Colour Hardness 

133.115 FCW undated base closed form 6.75 7.5YR 6/6 7.5YR 6/6 hard 

133.116 FCW undated base closed form 6.28 r 2.5YR 6/6 hard 

133.117 FCW undated base closed form 7.79 5YR 5/8 5YR 5/8 hard 

133.118 FCW undated base closed form 6.14 5Y 5/3 5Y 5/3 very hard 

133.119 FCW undated base closed form 8.44 2.5Y 5/2 2.5Y 5/2 very hard 

133.120 FCW undated base closed form 5.03 10YR 6/4 10YR 6/4 hard 

133.121 FCW undated base closed form 6.91 10YR 6/4 10 YR 6/4 hard 

 16.36  BG-W undated cup basis 18.5 5Y 5/3 5Y 4/1 very hard 

133.60 spacer undated ring spacer 9.40 10YR 6/3 10 YR 6/3 very hard 

133.61 spacer undated ring spacer 8.22 10YR 6/3 10 YR 6/3 very hard 

133.62 spacer undated ring spacer 8.75 2.5YR 6/3 2.5YR 6/3 very hard 

133.63 spacer undated ring spacer 10.6 7.5YR 7/4 7.5YR 7/4 very hard 

133.64 spacer undated cup spacer 8.68 7.5YR 7/4 7.5YR 7/4 hard 

133.65 spacer undated cup spacer 7.12 2.5YR 6/4 2.5YR 6/4 very hard 

133.66 spacer undated cup spacer 6.33 2.5YR 6/4 2.5YR 6/4 very hard 

133.67 spacer undated cup spacer 8.35 5Y 6/3 5Y 6/3 very hard  

76.73 BG-W undated cup basis 9.89 2.5Y 5/3 2.5Y 5/3 very hard 

 

The second group is represented by 46 samples of coarse-grained pottery (Table 

4.2) made of twenty-nine samples of common cookware; six samples of internal 

red slip ware; three samples of thin-walled pottery imitation; one sample of 

dolium and seven production indicators composed by four supports and three 

wastes of common cookware. 

Table 4.2. Macroscopic features of 46 ceramic samples of fine-grained pottery object of the study. Abbreviations: 

CW = common cookware; PRW = internal red slip ware; TW = thin-walled pottery; CW-W = common cookware-

waste; LC = dolium. The table continues on the next page. 

Sample ID Class Chronology Form Wt. (g) Inner Colour Outer Colour Hardness 

76.78 CW 2nd c. BCE- 2nd c. CE olla 9.19 5YR 5/6 7.5YR 4/1 hard 

76.79 CW undatable olla base 10.6 7.5YR 4/1 5YR 5/6 hard 

76.80 CW 2nd c. BCE-1st c. CE olla 11.4 7.5YR 5/1 5YR 6/6 hard 

133.84 CW undatable olla base 8.81 2.5YR 6/2 5YR 5/6 hard 

133.85 CW 2nd c. BCE-1st c. CE olla 13.0 5YR 3/1 5YR 5/4 hard 

133.86 CW 2nd c. BCE- 2nd c. CE lid 7.67 7.5 YR 3/1 7.5 YR 6/6 hard 

133.88 CW from II cent. CE small olla 10.2 5 YR 5/6 5YR 5/6 hard 

133.89 CW 2nd c. BCE- 2nd c. CE lid 9.43 2.5 YR 5/8 2.5 YR 5/8 hard 

133.92 CW 2nd c. BCE- 2nd c. CE lid 9.68 10YR 6/3 7.5YR 5/6 hard 

133.93 CW 2nd c. BCE- 2nd c. CE lid 10.9 2.5YR 5/6 7.5YR 6/6 hard 

133.94 CW 2nd c. BCE- 2nd c. CE lid 8.42 7.5YR 5/4 5YR 5/8 hard 

133.95 CW undatable lid 8.71 10YR 6/3 5YR 5/6 hard 

133.96 CW undatable lid 12.8 2.5Y 4/1 2.5Y 5/2 hard 
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Sample ID Class Chronology Form Wt. (g) Inner Colour Outer Colour Hardness 

133.97 CW 2nd c. BCE- 2nd c. CE lid 9.98 5YR 5/6 5YR 5/6 hard 

133.98 CW 2nd c. BCE- 2nd c. CE lid 9.26 10YR 5/1 7.5YR 6/6 hard 

133.99 CW 2nd c. BCE- 2nd c. CE lid 9.80 10YR 6/6 7.5YR 6/6 hard 

133.100 CW (coated) 4th -first half 5th c. CE lath cup 9.62 10YR 5/1 7.5YR 6/6 hard 

133.101 CW undatable base 9.22 5YR 5/8 5YR 5/8 hard 

133.102 CW 1st -2nd c. CE olla 6.87 5YR 5/6 5YR 5/6 hard 

133.104 CW (African) 2nd-4th c. CE pan 6.50 2.5YR 5/8 2.5YR 5/8 hard 

133.107 CW 2nd c. BCE- 2nd c. CE olla 9.62 2.5YR 5/8 2.5YR 5/8 hard 

133.108 CW 2nd c. BCE-1st c. CE olla 7.04 2.5YR 3/1 2.5YR 4/8 hard 

133.109 CW 2nd c. BCE- 2nd c. CE olla 10.8 2.5YR 5/1 2.5YR 5/8 hard 

133.110 CW 2nd c. BCE- 2nd c. CE olla 9.40 2.5YR 2.5/1 2.5 YR 5/3 hard 

133.111 CW 2nd c. BCE- 2nd c. CE lid 8.83 2.5YR 5/1 2.5YR 5/8 hard 

133.112 CW undatable lid 11.8 7.5YR 4/3 7.5YR 2.5/1 hard 

76.122 CW 1st -2nd c. CE olla 8.37 5YR 5/1 5YR 5/6 hard 

76.123 CW 2nd c. BCE-1st c. CE olla 10.1 5YR 5/1 5YR 5/6 hard 

76.124 CW 2nd c. BCE-1st c. CE olla 9.06 5YR 5/4 5YR 5/1 hard 

35.54 PRW 2nd c. BCE-1st c. CE pan 11.1 5YR 5/6 5YR 5/6 hard 

35.55 PRW 2nd c. BCE-1st c. CE pan 15.7 5YR 5/6 10YR 4/1 hard 

145.59 PRW 2nd c. BCE-1st c. CE pan 8.60 5YR 5/6 5YR 5/6 hard 

32.2801.72 PRW 2nd c. BCE-1st c. CE pan 10.4 5YR 5/6 5YR 5/6 hard 

133.90 PRW 2nd c. BCE-1st c. CE pan 10.2 5YR 5/8 5YR 5/8 hard 

133.91 PRW 2nd c. BCE-1st c. CE pan 10.1 10YR 5/3 7.5YR 5/6 hard 

133.82 TW imitation from 2nd c. CE small olla 6.25 2.5Y 5/2 7.5 YR 6/4 hard 

133.83 TW imitation from 2nd c. CE small olla 6.26 5YR 6/8 5YR 6/8 hard 

133.105 TW imitation from 2nd c. CE small olla 6.89 5YR 5/6 5YR 5/6 hard 

133.125 LC undatable dolium wall 32.7 5YR 6/4 5YR 6/1 hard 

133.68 support undatable spacer 15.0 10YR 6/3 10YR 6/3 hard 

133.69 support undatable spacer 8.50 10YR 5/3 10YR 5/3 hard 

133.70 support undatable spacer 9.25 2.5YR 6/2 2.5YR 6/2 hard 

133.71 support undatable spacer 12.8 5YR 5/6 5YR 5/6 hard 

133.81 CW-W from 2nd c. small olla 12.9 Gley 2 4/10B Gley 2 4/10B hard 

133.103 CW-W undatable ansa 12.1 2.5YR 3/1 2.5YR 3/4 hard 

133.106 CW-W 1st -2nd c. CE olla 12.6 2.5YR 3/2  2.5YR 3/2 hard 
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4.1.2. Coarse-grained pottery 

Common cookware 

Twenty-nine samples of common cookwares (Table 4.2; Fig. 4.5a-i) are 

characterized by a very variable color of ceramic body, varying from reddish 

(5 YR 5/6, 5YR 5/4, 2.5YR 5/1, 5YR 5/4, 2.5YR 2.5/1, 2.5YR 5/8, 2.5YR 6/2; 

Table 4.2), brownish (10YR 6/3, 7.5YR 5/4, 7.5YR 4/3, 10YR 6/6; Table 4.2) 

to grayish (7.5YR 4/1, 2.5Y 4/1, 5YR 3/1, 7.5 YR 3/1; Table 4.2). Almost all 

the samples show a heterogeneous color of the clay paste with evident shades 

from the core toward the rim, except for the samples 133.85, 133.86, 133.88, 

133.89, 133.97, 133.101, 133.102, 133.104, 133.107, 133.109, 133.110, 

133.111, 76.124, that on the contrary show a homogeneous color of the clay 

paste. The optical activity of ceramic matrix is generally active, but with some 

exception recognized in the samples 133.85, 133.94, 133.100, 133.101, 

133.109 and 76.123 which show an optically inactivity of ceramic matrix. The 

amount of inclusions ranges from 30 to 35 % with a bimodal distribution of 

grains. The inclusions are characterized by tiny quartz crystals, feldspar (Fig. 

4.5a-i), clinopyroxene (Fig. 4.5b, c, e, f, g, h), evident lithics fragments of 
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trachyte (see Fig. 4.5a, h) and juvenile volcanic fragments represented by 

pumices and shards. 

 

Fig. 4.5. Thin section images of common cookware samples. NX = crossed polars; NII = parallel polars. 

 

Internal red-slip ware 

Six samples of internal red slip ware (Table 4.2; Fig. 4.6a-f) are characterized 

by a yellowish red color (5YR 5/6; Table 4.2) of ceramic body, just one sample 

is characterized by a brownish color of ceramic body (133.91; 10YR 5/3; Table 

4.2). Generally, the color is homogeneous, except for samples 35.55 and 133.91, 

which show a slight chromatic shading that varies from yellowish red (5YR 5/6; 

Table 4.2) to dark gray toward the rim (10YR 4/1; Table 4.2) in 35. 55 and from 

brown (10YR 5/3; Table 4.2) to strong brown (7.5YR 5/6; Table 4.2) in 133.91. 

The optical activity of the ceramic matrix is usually active, from weak to strong, 

with an amount of inclusions ranging from 30 to 35 % and a bimodal 

distribution on grains. The composition of the inclusions is consistent in all the 

samples analyzed, the presence of quartz, feldspar (Fig. 4.6c), clinopyroxene 

(Fig. 4.6d), juvenile fragments represented by evident pumices (occasionally > 



Chapter IV Results 

51 

 

400 µm; Fig. 4.6a) and shards along with lithics fragments of volcanic origin 

consisting in trachyte fragments (Fig.4.6b, e). The samples are also 

characterized by the presence of a distinct red coating on the inner surface. 

 

 

Fig. 4.6. Thin section images of internal red slip ware samples. NX = crossed polars; NII = parallel polars. 

 

Thin-walled pottery imitation  

Three samples of thin-walled pottery imitation (Table 4.2; Fig. 4.7a, b) are 

characterized by a reddish color (5YR 6/8, 5YR 5/6; Table 4.2) of the ceramic 

body for the 133.83, 133.105 samples and brownish for the 133.82 sample that 

also show an evident chromatic shade of the clay paste from the core (2.5Y 

5/2; Table 4.2) toward the rim (7.5 YR 6/4; Table 4.2). 

The optical activity of ceramic matrix varies from inactive as shown in the 

sample 133.82 to active in 133.105, with an amount of inclusions ranging from 

20 to 25 % with a bimodal distribution of grains.  

The grains are mostly characterized by tiny quartz crystals, plagioclase, alkali 

feldspar (Fig. 4.7a), clinopyroxene along with sporadic mica fragments (Fig. 

4.7b). 
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Dolium 

The only Dolium sample recognized in the archaeological site of Cales is 

characterized by a light reddish-brown color (5YR 6/4; Table 4.2) of ceramic 

body with an evident shade of ceramic paste from the core toward the rim, in 

which the color takes on a darker hue (5YR 6/1; Table 4.2). The optical activity 

of ceramic matrix is weakly active with an amount of the inclusions that varies 

from 30 to 35 % and a bimodal distribution of grains. The inclusions made of 

tiny quartz crystals, plagioclase, alkali feldspar, lithics fragments represented 

by evident trachytes and juvenile fragments represented by pumices (Fig. 

4.7c), along with sporadic mica.  

 

Fig. 4.7. Thin section images of thin-walled pottery (a, b) and Dolium (c). 

NX = crossed polars; NII = parallel polars. 

 

Coarse-grained production indicators 

Seven samples of coarse-grained production indicators are represented by four 

fragments of supports (Table 4.2; Fig. 4.8a, b, c) and three samples of wastes 

of common cookware (Table 4.2; Fig. 4.8d, e, f). They are characterized by a 

variable color of ceramic body that varies from reddish (5YR 5/6, 2.5YR 3/2), 

to brownish (10YR 5/3), to greyish (2.5YR 6/2, Gley 2 4/10B, 2.5YR 3/1). 

The optical activity of ceramic matrix referred to the supports is generally 

inactive (Fig. 4.8 a, b, c). The amount of inclusions are ~40 % with a bimodal 

distribution of grains. The coarse fraction (generally >200 μm) is made of 

volcanic lithics and pumices, feldspar and clinopyroxene; on the other hand, 

the fine fraction (generally < 50 μm) mainly consists by tiny quartz crystal and 

sporadic mica. 
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Fig. 4.8. Thin section images of production indicators represented by supports (a, b, c) and waste of common 

cookware (d, e, f). NX = crossed polars. 

 

The optical activity of ceramic body of the wastes of common cookware is 

generally inactive (Fig. 4.8d, e, f) with an amount of inclusions ~35 % 

characterized by a bimodal distribution of grains. The coarse fraction (>200 

μm) is made of volcanic lithics, pumices, feldspar and clinopyroxene; on the 

other hand, The fine fraction (< 50 μm) mainly consists of tiny quartz crystal 

and sporadic mica. 
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4.3. X-Ray Powder Diffraction (XRPD) 

4.3.2. Coarse-grained pottery 

The mineralogical observation on twenty-nine samples of common cookware 

via X-Ray Powder Diffraction (XRPD) showed that quartz is the most 

abundant phase in all the samples analyzed, followed by feldspar, pyroxene 

from scares to abundant. Neoformed iron oxides are represented by Fe3+ oxide 

(hematite) was identified in a good percentage of the common cookware 

analyzed except for 76.78, 133.84, 133.88, 133.92, 133.93, 133.95, 133.96, 

133.97, 133.98, 133.99, 133.100, 133.102, 133.108, 133.110, 133.112, 

133.122, 76.124 (Table 4.5; Fig. 4.16). In addition, the presence of 

phyllosilicates represented by illite/mica, from sporadic to abundant, was 

identified in all samples analyzed except for 133.85 and 133.109. 

 

 

XRPD pattern of 6 samples of internal red slip ware indicate a very 

homogeneous mineralogy, in which the quartz is the most abundant phase 

recognized in all the samples analyzed, followed by feldspar, phyllosilicates 

represented by illite/mica, traces of pyroxene and iron oxides represented by 

Fe3+ oxide (hematite) in the samples 35.54, 35.55, 145.59, 32.2801.72, 133.90, 

133.91 (Table 4.5; Fig. 4.17.). 

Figure 4.16. XRPD representative spectra of common cookware samples. Abbreviations according to Whitney 

& Evans, 2010. Qz = quartz; Fsp = feldspar; Px = pyroxene; Cc = calcite; Hem = hematite; Mll = melilite; Mca 

= mica; Ilt = illite. Symbols as in Fig 4.9. 
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The mineralogical observation made on three samples of thin-walled pottery  

confirmed the observations previously described in the optical microscopy 

section. Quartz appears to be the most abundant phase in all the samples, 

abundant feldspar, mica/illite, followed by pyroxene except in the 133.105 

sample. Moreover, traces of hematite in the sample 133.83 were recognized 

Table 4.5; Fig. 4.18.). 

 

 

XRPD results obtained on the one dolium sample also showed in this case a 

mineralogy characterized by a predominant presence of quartz, feldspar, 

frequent pyroxene and calcite and mica. In addition, the presence of gehlenite 

was recognized along with hematite Table 4.5; Fig. 4.19.). 

Figure 4.17. XRPD spectra of internal red slip ware samples. Abbreviations according to Whitney & Evans, 

2010. Qz = quartz; Fsp = feldspar; Px = pyroxene; Cc = calcite; Hem = hematite; Mll = melilite; Mca = mica; 

Ilt = illite. Symbols as in Fig 4.9. 

Fig. 4.18. XRPD spectra of thin-walled pottery samples. Abbreviations according to Whitney & Evans, 2010. 

Qz = quartz; Fsp = feldspar; Px = pyroxene; Cc = calcite; Hem = hematite; Mll = melilite; Mca = mica; Ilt = 

illite; Chl = chlorite. Symbols as in Fig 4.9. 
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Lastly, the XRPD pattern of seven production indicators represented by four 

supports used inside the kiln and three samples of wasters of common 

cookware, once again, showed that quartz is the most abundant phase in all the 

samples analyzed, followed by feldspar, mica/illite in 133.69, 133.71 and 

133.103 samples. The presence of bivalent iron oxide represented by hematite 

was identified in most of the samples analyzed except for 133.70 and 133.81. 

In addition, traces of gehlenite were recognized in 133.70 and 133.71 samples 

Table 4.5; Fig. 4.20.).  

 

Fig. 4.20. XRPD spectra of production indicators represented by a) supports b) common cookware waste. 

Abbreviations according to Whitney & Evans, 2010. Qz = quartz; Fsp = feldspar; Px = pyroxene; Cc = calcite; 

Hem = hematite; Mll = melilite; Mca = mica; Ilt = illite. Symbols as in Fig 4.9. 

 

Table 4.5. Semi-quantitative XRPD analysis on 46 sample of coarse-grained pottery represented by: CW = common 

cookware; PRW = internal red slip ware; TW = thin-walled pottery; CW-W = common cookware waste; LC = 

dolium. Abbreviations according to Whitney & Evans, 2010. Qz = quartz; Fsp = feldspar; Px = pyroxene; Ca l= 

Fig. 4.19. XRPD spectra of Dolio sample. Abbreviations according to Whitney & Evans, 2010. Qz = quartz; Fsp 

= feldspar; Px = pyroxene; Cc = calcite; Hem = hematite; Mll = melilite; Mca = mica; Ilt = illite. Symbols as in 

Fig 4.9. 
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calcite; Hem = hematite; Mll = melilite; Mca = mica; Ilt = illite; Chl = chlorite. The table continues on the next 

page. 

Sample Class 
Mineralogical assemblage 

Qz Fsp Px Cal Hem Mll Mca/Ilt Others 

76.78 CW xxxx xx tr. - - - xx - 

76.79 CW xxxx xx tr. - x - x - 

76.80 CW xxxx xx tr. - tr. - x - 

133.84 CW xxxx xx tr. - - - xx - 

133.85 CW xxxx xxx xx - xx - - - 

133.86 CW xxxx xx tr. - tr. - x - 

133.88 CW xxxx xx tr. - - - xx - 

133.89 CW xxxx xx x - x - xx - 

133.92 CW xxxx xx tr. - - - xx - 

133.93 CW xxxx xx tr. - - - xx - 

133.94 CW xxxx xx x - x - x - 

133.95 CW xxxx xx tr. - - - x - 

133.96 CW xxxx xxx x - - - xx - 

133.97 CW xxxx xx tr. - - - xx - 

133.98 CW xxxx x tr. - - - x - 

133.99 CW xxxx x tr. x - - xx - 

133.100 CW (coated) xxxx x tr. - - - x - 

133.101 CW xxxx xx tr. - x - x - 

133.102 CW xxxx xx tr. - - - xx - 

133.104 CW (African) xxxx xx - - x - x - 

133.107 CW xxxx xxx x - x - x - 

133.108 CW xxxx x - - - - xx - 

133.109 CW xxxx x - - x - - - 

133.110 CW xxxx xx - - - - xx - 

133.111 CW xxxx xxx - - tr. - x - 

133.112 CW xxxx xx - - - - xx - 

133.122 CW xxxx xx  xx  x x - 

76.123 CW xxxx xx xx - x - x - 

76.124 CW xxxx xx tr. - - - x - 

35.54 PRW xxxx xx tr. - tr. - xx - 

35.55 PRW xxxx xx tr. - - - xx - 

145.59 PRW xxxx xx tr. - tr. - xx - 

32.2801.72 PRW xxxx xx x - - - xx - 

133.90 PRW xxxx xx x - tr. - xx - 

133.91 PRW xxxx xx x - tr. - xx - 

133.82 TW imitation xxxx xx x - . - - - 

133.83 TW imitation xxxx xx x - x - x - 

133.105 TW imitation xxxx x - - - - xx Chl 

133.125 LC xxxx xxx xx xx x x x - 

133.68 support xxxx xxx xx - x - - - 
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Sample ID Class Qz Fsp Px Cal Hem Mll Mca/Ilt Others 

133.69 support xxxx xx xx - x - x - 

133.70 support xxxx xxx xx x - tr. - - 

133.71 support xxxx xxx x x x x x - 

133.81 CW-W xxxx xx x - - - - - 

133.103 CW-W xxxx xx xx - x - xx - 

133.106 CW-W xxxx xxx x - x - x - 
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4.4 Thermal analyses (TG-DSC) 

4.4.2. Coarse-grained pottery 

The simultaneous thermal analyses carried out on common cookware sample 

showed a weight loss due to an endothermic reaction between 40 and 300 °C 

(Table 4.7) thermal range, while between the 300 and 500 °C thermal range is 

evidenced by only a weight loss. Loss on ignition (LOI) was lower than 

approximately 3 wt.%. 

The internal red slip ware shows a weight loss due to an endothermic reaction 

between 40 and 300 °C (Table 4.7) thermal range, while between the 300 and 

500 °C only a weight loss was detected as already evidenced for common 

cookware described above. LOI was between 4 and 6 wt.%.  

As far as the coarse-grained production indicators are concerned, the 

simultaneous thermal analyses detected, in all samples, a weight loss due to an 

endothermic reaction between 500 and 800 °C (Table 4.7), thermal range in 

which carbonates decompose. LOI was lower than approximately 3 wt. %. 

Table 4.7 Results of simultaneous thermal analyses, showing weight‐loss and enthalpy changes observed in the 

analyzed pottery. Legend: a – endothermic; b – exothermic; Δw – mass loss; DSC: differential scanning 

calorimetry; DTG: derivative thermogravimetric curve; LOI: loss on ignition. Abbreviations: CW = common 

cookware; PRW = internal red slip ware. 

Sample Class 

40-300 °C 300-500 °C 500-800 °C 800-1050 °C LOI 

Δw (%) DTG DSCa Δw (%) DTG DSCa Δw (%) DTG DSCa Δw (%) DTG DSCa,b Δw (%) 

76.78 CW 1.78 109.5 99.5 0.95 433 - 0.38 - - 0.11 - - 3.22 

76.79 CW 1.03 110.4 89.7 0.73 411.7 - 0.21 - - 0.12 - - 2.09 

76.80 CW 0.47 242.7 80.4 0.35 - - 0.00 - - 0.04 - - 0.86 

35.54 PRW 3.41 102.2 101 1.07 421.5 - 0.3 - - 0.03 - - 4.81 

35.55 PRW 2.65 112.9 94.4 1.06 432.2 - 0.48 - - 0.08 - - 4.27 

145.59 PRW 2.69 112.3 97.4 0.96 414.1 - 0.32 - - 0.11 - 1012b 4.08 

32.2802.72 PRW 4.01 113 112.1 1.2 410.9 - 0.43 - - 0.13 - - 5.77 

133.68 support 0.38 116.2 86 0.24 - - 0.94 694.3 698 0.01 - - 1.57 

133.69 support 0.38 119.7 76.2 0.18 - - 0.19 627.9 - 0.01 - - 0.76 

133.70 support 0.56 114.5 86.5 0.35 - - 0.81 679.1 685 0.00 - - 1.72 

133.71 support 0.75 116.6 91.6 0.39 - - 2.13 702.6 706 0.1 - - 3.37 
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4.5. X-Ray Fluorescence (XRF) 

4.5.2. Coarse-grained pottery 

Most of the samples belonging to the group of coarse-grained pottery show a 

low-CaO composition of the ceramic body as evidenced in the Fig. 4.22a (CaO 

1.23-2.77wt. %; Table 4.9a) except the support samples, which, on the contrary 

show a high-CaO composition of the ceramic matrix along with the dolium 

sample (CaO 8.30-9.60; Fig. 4.22a, Table 4.9a). 

The analysis of major oxides (SiO2, TiO2, Al2O3, Fe2O3, MnO, MgO, CaO, 

Na2O, K2O, P2O5 in wt.%, Table 4.9a)  and trace elements (Rb, Sr, Y, Zr, Nb, 

Ba, Cr, Ni, Sc, V in parts per million [ppm]; Table 4.9b) shows that the forty-

one samples of common cookware, internal red slip ware, thin-walled pottery 

imitation and wastes of common cookware are characterized by a very 

homogeneous chemical composition (Fig. 4.22), with limited compositional 

variability in terms of both major oxides (SiO2 60.2-65.6 wt.%; TiO2 0.73-0.93 

wt.%; Al2O3 18.6-22.1 wt.%; Fe2O3 6.06-7.44 wt.%; MnO 0.11-0.47 wt.%; 

MgO 1.53-2.08 wt. %; Na2O 0.94-1.77 wt. %; K2O 3.25-4.53 wt. %, P2O5 0.07-

1.42 wt. %) as shown in Fig. 4.22a, b, c and d (CaO vs. SiO2; Al2O3 vs. Fe2O3; 

MgO vs. CaO; MgO vs. Zr, respectively) and trace elements (Rb 194-323 ppm, 

Sr 188-390 ppm, Y 27-46 ppm, Zr 252-417 ppm, Nb 25-51 ppm, Ba 603-1397 

ppm, Cr 70-120 ppm, Ni 36-56 ppm, Sc 9-18, V 97-157 ppm) as shown in the 

chemical binary diagrams reported in Fig. 4.22d, e and f (MgO vs. Zr; Cr vs. 

Ni; Nb vs. Zr, respectively).  

On the other hand, the production indicators represented by supports (133.68, 

133.69, 133.70, 133.71) and the sample of dolium (133.125) shows different 

geochemical behavior than the previously described group, characterized by 

lower Al2O3 (15.2 to 17.4 wt.%) content and higher MgO (2.50 to 3.60 wt.%) 

values as shown in Fig. 4.22.  
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Table 4.9a. Major (wt. %) oxides for common cookware (CW), Internal red slip ware (PRW), thin-walled pottery 

(TW), dolium (LC); common cookware waste (CW-W). The major oxide analyses are recalculated to 100 wt.%. 

The Table continued. 

 

Sample ID Class SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 TOT 

76.78 CW 65.5 0.74 18.6 6.29 0.15 1.85 1.71 1.34 3.66 0.22 100 

76.79 CW 62.5 0.77 20.5 6.54 0.15 1.91 1.79 1.42 4.25 0.21 100 

Fig. 4.22. X-Ray Fluorescence binary diagrams of coarse ware.  
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Sample ID Class SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 TOT 

76.80 CW 63.5 0.79 19.8 6.71 0.15 1.97 1.71 1.42 3.87 0.16 100 

133.84 CW 63.6 0.82 20.2 6.65 0.15 1.65 1.91 0.96 3.64 0.34 100 

133.85 CW 60.9 0.91 22.0 7.36 0.16 1.61 1.60 1.35 3.95 0.12 100 

133.86 CW 64.5 0.82 19.8 6.60 0.16 1.77 1.32 1.25 3.56 0.13 100 

133.88 CW 64.2 0.78 20.2 6.44 0.16 1.69 1.95 1.10 3.33 0.16 100 

133.89 CW 61.1 0.82 21.9 7.11 0.17 1.62 2.04 1.09 3.86 0.23 100 

133.92 CW 62.1 0.84 21.3 7.07 0.16 1.66 1.73 1.16 3.64 0.39 100 

133.93 CW 64.0 0.78 19.5 6.16 0.22 1.73 1.93 1.38 4.03 0.18 100 

133.94 CW 63.0 0.85 21.0 7.11 0.17 1.76 1.23 1.21 3.51 0.11 100 

133.95 CW 64.2 0.78 20.2 6.44 0.17 1.59 1.89 1.04 3.47 0.25 100 

133.96 CW 60.2 0.82 20.8 7.04 0.15 1.94 2.77 1.12 4.28 0.82 100 

133.97 CW 61.7 0.82 21.4 7.00 0.15 1.61 2.16 1.08 3.89 0.18 100 

133.98 CW 62.4 0.85 21.4 7.04 0.19 1.69 1.59 1.23 3.50 0.17 100 

133.99 CW 63.9 0.79 19.7 6.25 0.19 1.74 1.82 1.27 3.99 0.36 100 

133.100 CW (coated) 64.2 0.79 19.1 6.51 0.17 2.08 2.07 1.26 3.69 0.20 100 

133.101 CW 63.6 0.82 20.0 6.87 0.19 1.85 1.90 1.32 3.27 0.12 100 

133.102 CW 61.5 0.85 21.7 7.10 0.26 1.60 2.22 0.94 3.59 0.26 100 

133.104 CW (African) 63.9 0.82 20.0 6.96 0.26 1.76 1.61 1.28 3.25 0.13 100 

133.107 CW 62.6 0.81 21.6 6.68 0.11 1.53 1.52 1.23 3.85 0.10 100 

133.108 CW 63.5 0.84 20.6 6.91 0.14 1.75 1.45 1.09 3.56 0.16 100 

133.109 CW 64.4 0.81 19.7 6.67 0.19 1.75 1.42 1.25 3.65 0.12 100 

133.110 CW 62.6 0.84 20.7 6.69 0.17 1.75 2.12 1.04 3.70 0.34 100 

133.111 CW 64.0 0.76 19.1 6.79 0.19 1.86 1.66 1.57 3.87 0.13 100 

133.112 CW 65.6 0.74 18.6 6.27 0.13 1.89 1.90 1.32 3.41 0.18 100 

76.122 CW 64.0 0.73 19.0 6.29 0.14 1.82 2.40 1.37 3.71 0.51 100 

76.123 CW 61.6 0.86 21.4 7.23 0.16 2.05 1.64 1.27 3.62 0.17 100 

76.124 CW 65.0 0.74 19.0 6.45 0.13 1.79 1.66 1.41 3.66 0.17 100 

average  63.2 0.81 20.3 6.73 0.17 1.76 1.82 1.24 3.70 0.23 100 

std.dev  1.38 0.04 1.01 0.33 0.03 0.14 0.33 0.15 0.26 0.15 0.00 

35.54 PRW 63.6 0.76 19.9 6.36 0.15 1.72 2.19 1.16 3.91 0.26 100 

35.55 PRW 62.3 0.79 20.7 6.75 0.16 1.66 2.19 1.11 4.01 0.30 100 

145.59 PRW 62.8 0.79 20.9 6.71 0.18 1.60 1.82 1.17 3.74 0.31 100 

32.2801.72 PRW 61.5 0.78 20.7 6.70 0.14 1.56 2.51 1.04 3.63 1.42 100 

133.90 PRW 62.3 0.81 21.1 6.75 0.14 1.59 2.11 1.02 3.82 0.29 100 

133.91 PRW 64.1 0.82 19.8 6.47 0.15 1.61 1.91 1.07 3.72 0.37 100 

average  62.77 0.79 20.52 6.62 0.15 1.62 2.12 1.10 3.81 0.49 100 

std.dev  0.94 0.02 0.56 0.16 0.02 0.06 0.25 0.06 0.14 0.45 0.00 

133.82 Imitation TW 62.1 0.86 21.2 7.03 0.15 1.64 1.76 1.37 3.78 0.10 100 

133.83 Imitation TW 64.6 0.81 19.5 6.52 0.20 1.69 1.52 1.38 3.65 0.14 100 

133.105 Imitation TW 65.3 0.78 18.6 6.06 0.47 1.84 2.21 0.95 3.29 0.44 100 

average  64.0 0.82 19.8 6.54 0.27 1.72 1.83 1.24 3.58 0.23 100 

std.dev  1.71 0.04 1.34 0.49 0.17 0.11 0.35 0.25 0.25 0.19 0.00 

133.125 LC 57.5 0.74 17.4 6.19 0.20 2.95 8.72 1.72 4.28 0.32 100 

133.68 support 58.5 0.66 16.8 5.48 0.18 2.59 8.66 2.39 4.46 0.19 100 

133.69 support 58.8 0.73 16.7 6.15 0.12 3.60 8.34 1.47 3.99 0.18 100 

133.70 support 58.5 0.64 16.2 5.51 0.17 2.66 9.60 2.13 4.38 0.26 100 

133.71 support 58.6 0.65 17.3 5.39 0.17 2.50 8.30 2.26 4.61 0.29 100 

133.81 CW-W 61.3 0.93 21.7 7.44 0.19 1.53 1.47 1.44 3.90 0.07 100 
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Sample ID Class SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 TOT 

133.103 CW-W 62.2 0.78 19.9 6.81 0.19 1.66 2.24 1.73 4.36 0.13 100 

133.106 CW-W 61.8 0.82 19.8 7.04 0.18 1.61 2.30 1.77 4.53 0.14 100 

average  59.9 0.75 18.3 6.26 0.17 2.31 5.84 1.88 4.32 0.18 100 

std.dev  1.72 0.11 2.12 0.84 0.02 0.75 3.63 0.38 0.27 0.08 0.00 

 

 

Table 4.9b. Traces (ppm) elements for common cookware (CW), Internal red slip ware (PRW), thin-walled 

pottery (TW), dolium (LC); common cookware waste (CW-W). The table continued. 

Sample ID Class Rb Sr Y Zr Nb Ba Cr Ni Sc V 

76.78 CW 208 271 34 267 28 697 107 50 17 123 

76.79 CW 237 309 36 288 33 766 109 53 10 125 

76.80 CW 213 267 36 281 30 707 97 49 17 134 

133.84 CW 277 230 35 325 35 810 90 43 14 123 

133.85 CW 295 279 46 408 49 826 79 38 13 145 

133.86 CW 244 193 34 315 33 641 93 44 12 122 

133.88 CW 278 223 34 321 33 758 87 44 15 109 

133.89 CW 286 341 39 354 38 990 70 39 14 123 

133.92 CW 265 236 42 360 39 804 89 42 14 132 

133.93 CW 273 293 35 326 35 788 85 40 10 101 

133.94 CW 264 228 39 345 37 718 92 47 11 129 

133.95 CW 268 244 37 327 34 791 86 42 10 109 

133.96 CW 308 337 35 306 35 1181 91 45 13 145 

133.97 CW 297 303 33 342 38 802 87 43 12 113 

133.98 CW 245 229 41 364 41 809 86 44 14 134 

133.99 CW 256 216 37 314 34 698 95 46 10 119 

133.100 CW (coated) 221 290 38 292 29 703 120 56 14 131 

133.101 CW 231 214 39 330 35 659 102 50 11 132 

133.102 CW 323 318 38 360 41 953 76 42 12 105 

133.104 CW (African) 230 205 37 323 33 669 103 53 9 122 

133.107 CW 252 390 39 339 32 820 74 36 14 125 

133.108 CW 258 206 34 310 33 683 94 50 16 135 

133.109 CW 232 261 40 323 35 760 96 48 12 130 

133.110 CW 280 247 37 319 34 861 85 44 12 130 

133.111 CW 208 259 33 273 28 665 119 56 16 139 

133.112 CW 194 274 30 252 25 729 103 47 15 120 

76.122 CW 209 390 31 256 28 738 83 40 13 117 

76.123 CW 255 245 39 314 37 678 90 49 16 139 

76.124 CW 212 218 27 269 28 603 99 48 16 117 

average  252 266 36 317 34 769 93 46 13 125 

std.dev  33.4 52.4 3.82 35.7 4.92 118 12.0 5.14 2.21 11.2 

35.54 PRW 308 276 33 307 32 785 84 43 13 105 

35.55 PRW 300 313 37 334 38 827 75 39 16 116 

145.59 PRW 240 232 41 343 36 748 80 42 13 97 

32.2801.72 PRW 281 344 40 335 37 1397 79 43 18 116 

133.90 PRW 302 281 36 341 38 865 81 42 14 111 

133.91 PRW 291 233 31 321 33 765 86 40 15 109 
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Sample ID Class Rb Sr Y Zr Nb Ba Cr Ni Sc V 

average  287 280 36 330 36 898 81 41 15 109 

std.dev  25.0 44.3 3.67 13.5 2.37 248 4.02 1.65 1.81 7.13 

133.82 Imitation TW 266 259 44 384 45 782 73 40 10 138 

133.83 Imitation TW 242 277 39 338 35 789 84 46 12 127 

133.105 Imitation TW 258 188 32 282 28 621 100 51 13 134 

average  255 241 38 335 36 731 86 46 12 133 

std.dev  12.5 47.3 6.09 50.9 8.58 94.7 13.3 5.52 1.45 5.69 

133.125 LC 230 350 33 244 31 601 97 46 17 118 

133.68 support 236 291 35 314 40 462 98 52 13 89 

133.69 support 222 335 29 214 24 448 115 56 13 121 

133.70 support 239 307 34 299 36 487 82 45 17 91 

133.71 support 244 307 37 329 43 459 65 37 16 78 

133.81 CW-W 296 274 45 417 51 823 73 37 14 156 

133.103 CW-W 255 310 40 339 40 783 83 39 13 133 

133.106 CW-W 261 318 43 352 40 780 82 40 12 136 

average  250 306 38 323 39 606 86 44 14 115 

std.dev  24.0 19.3 5.37 61.1 8.34 178.1 16.2 7.85 1.70 29.0 
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4.6. Field Emission Scanning Electron Microscopy (FESEM) 

In order to define the degree of sintering, the microtextural features of the ceramic 

body and, subsequently, define the different EFTs (Equivalent Firing 

Temperatures) of the ceramic bodies, the microstructural observations of the 

fragments in fresh fracture were performed on 21 ceramics fragments, divided in: 

12 fine-grained pottery and 9 coarse-grained pottery. 

4.6.2. Coarse-grained pottery 

The common cookwares show at the FESEM a microstructure represented by 

an extensive vitrification as in 76.79, 133.85, and 133.101 (Fig. 4.24a, b, c).  

As far as the internal red slip ware is concerned, show a microporous structure 

characterized at the FESEM by initial vitrification (IV) as evidenced in 133.90 

sample (Fig. 4.24d).  

The thin-walled pottery shows a degree of sintering represented by a continuous 

vitrification with fine bloating pores (CV(FB)) in 133.82 (0.2-4 µm; Fig. 4.14e). 

On the other hand, the sample of Dolium (133.125) shows a microstructure 

represented by an extensive vitrification (V) as reported in Fig. 4.24f. 

The production indicators represented by the support show a microporous 

structure characterized at the FESEM by an extensive vitrification (V) in 133.68 

and 133.69 (Fig. 4.24g). The waste of common cookware is characterized by a 

microporous structure at the FESEM by a continuous vitrification with fine 

bloating pores in 133.103 sample (0.2-4 µm; Fig. 4.24h).  
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Fig. 4.24. FESEM images of freshly fractured samples: (a) 76.78. Extensive vitrification (V). (b) 133.85. 

Extensive vitrification (V).  (c) 133.101. Extensive vitrification (V). (d) 133.90. Initial vitrification (IV). (e) 

133.82. continuous vitrification with fine bloating pores (0.4-2 µm; CV(FB)). (f) 133.125. Extensive vitrification 

(V). (g) 133.69. Extensive vitrification (V). (h) 133.103. Continuous vitrification with fine bloating pores (0.4-2 

µm; CV(FB)).
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4.7. Microanalyses (FESEM-EDS) 

Quantitative FESEM-EDS microanalyses were performed on 21 ceramic 

fragments divided in: 12 fine-grained pottery (133.3; 133.6; 133.8; 133.15; 

133.16; 133.20; 35.75; 35.76; 27.77; 133.119; 16.36; 133.60) and 9 coarse-

grained pottery (76.78; 79.79; 35.54; 32.2801.72; 133.105; 133.125; 133.70; 

133.71; 133.106) in order to identify the chemical composition of mineral grains, 

the neoformed phases in the ceramic bodies and, in some cases, the chemical 

composition of the slips. 

 

4.7.2. Coarse-grained pottery 

The microanalyses performed on coarse-grained pottery samples showed that 

they are characterized by feldspars, clinopyroxenes, and juvenile volcanic 

fragments represented by pumices and glass shards. In more detail, the volcanic 

glass analyzed in the samples of common cookware (76.78 and 76.79) show a 

chemical behaviour that varies from trachy-andesitic to trachytic composition 

(Fig. 4.27a; Appendix C), the feldspars are represented by sanidine (Ab13-31An2-

9Or60-85; Appendix D) and bytownite (Ab13An86Or1; Appendix D), whereas the 

clinopyroxenes analyzed are classified as diopside (Wo48-53En23-43Fs8-25; Fig. 4.27c; 

Appendix E). 

As far as the Internal red slip ware is concerned (35.54 and 32.2801.72), the 

chemical composition of the mineral phases is represented by pumices 

characterized by a trachytic composition (Fig. 4.27a; Appendix C), feldspar 

represented by sanidine (Ab1-44An2-8Or52-96; Fig. 4.27b; Appendix D) along with 

clinopyroxene classified as diopside (Wo47-53En25-43Fs9-22; Fig. 4.27c; Appendix E). 

The thin-walled pottery imitation is characterized by feldspar classified as 

sanidine (Ab8-52An0-5Or43-92; Fig. 4.27b; Appendix D), the clinopyroxene 

composition is represented by diopside (Wo46-47En36-49Fs5-17; Fig. 4.27c; 

Appendix E). The Dolium shows a trachy-andesitic to trachytic composition (Fig. 

4.27a; Appendix A) of the volcanic glass along with a clinopyroxene classified 

as diopside (Wo48-51En32-39Fs13-17; Fig. 4.27c; Appendix E).  
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The coarse-grained production indicator represented by the waste of common 

cookware show a volcanic glass with a trachytic composition, the feldspar is 

represented by sanidine (Ab31-42An3Or54-66; Fig. 4.27b; Appendix D), while the 

clinopyroxene is diopside (Wo47-52En30-42Fs11-18; Fig. 4.27c; Appendix E). Lastly, 

the supports, show volcanic glass from trachy-andesitic to trachytic composition 

(Fig. 4.27a; Appendix C), the feldspars are represented by sanidine (Ab33An6Or61; 

Fig. 4.27b; Appendix D) and bytownite (Ab14An84Or1; Fig. 4.27b; Appendix D), 

while the clinopyroxenes are classified as diopside (Wo41-46En33-39Fs14-19; Fig. 

4.27c; Appendix E) and hedembergite (Wo48-53En16-22Fs37-38; Fig. 4.27c; Appendix 

E). 

 

 

 

Fig. 4.27. a) total alkali vs. silica; b) classified diagram of feldspar; c) classified diagram of clinopyroxene. 
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Noteworthy, FESEM-EDS analyses showed the presence of neoformed Ca-

silicates represented by melilites (Fig. 4.28; Appendix F) observed in 133.125 

(dolium) and 133.70 (support), that melilites have an intermediate composition 

between gehlenite and åkermanite (Gh. % 52.6-57.0, Na-mel. % 2.31-2.88, Ak. 

% 40.1-45.1) and are included in the compositional field of “ceramic” melilites 

as already evidenced for the melilites recognized in the fine-grained pottery. 

 

 

 

 

 

 

 

 

Fig. 4.28. Composition of the neoformed phases analysed via FESEM-EDS. Ternary 

diagram of melilites. 
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6.1. Fine-grained pottery 

 

The proposed multi-analytical approach allowed us to confirm the local 

production of fine pottery at Cales and expand the previous knowledge about 

the black glazed pottery, a class of fine pottery widely distributed in central and 

western Mediterranean. In fact, for centuries the black glazed pottery has been 

considered the hallmark of Calenian production, in particular thanks to the 

availability of raw materials close to the city. Cales preserves conspicuous 

evidence of intense manufacturing activity covering a wide chronological span 

from the late 4th century BCE to the middle 1st century BCE, with a vast 

exportation throughout the Romanized world. 

Despite several works were carried out on black glazed pottery, for the first time 

an accurate characterization of these artifacts was performed, including other 

fine-grained pottery and important production indicators from the same 

archaeological context with fine fabrics comparable to those of the investigated 

fine pottery. 

 

➢ The set of techniques used for the archaeometric characterization showed 

the extreme homogeneity of these ceramic classes, including black 

glazed pottery, Terra sigillata, fine common wares and production 

indicators. The latter are represented by spacers and welded pieces of 

black glazed pottery, and, thanks to their historical importance linked to 

production, provided a great contribution in the definition of a local 

production of fine ceramics.  

 

➢ The petrographic analysis showed an extreme compositional 

homogeneity of all the finds belonging to the different ceramic classes 

along with same mineralogical assemblage. The only difference was 

highlighted in the fine common ceramics and Terra sigillata samples, 

where the presence of trachyte was not recognized. The use of sporadic 

volcanic fragments in spacers and black glazed pottery may have been 
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used with the aim of imparting a technological correction (i.e., plasticity 

of the clay mixture) to the artifacts. 

 

➢ The chemical analysis indicates that all samples are characterized by 

high concentrations of CaO which is compatible with the use of a local 

clay raw material from the Apennine chain sector. This is also confirmed 

by geochemical analysis thought the use of three different isotopic 

systematics, Sr, Nd and Pb isotopes, respectively. 

 

➢ The application of Sr-Nd and Pb isotopic systematics to the fine-grained 

pottery from the archaeological site of Cales, for which a depth minero-

petrographic characterization is available, suggests that the method 

enable discrimination between different ceramic productions and 

identify their respective sources of raw materials and it represents a 

valuable tool for investigating the provenance of ceramics. In detail, for 

fine-grained pottery, it was observed that their isotopic fingerprint is 

quite in line with the clay raw material used given the negligible 

manipulation of the starting clay. 

 

➢ From a technological point of view, the samples of black glazed pottery 

exhibit an extreme variability of the EFTs. Three groups were identified 

based on their mineralogical assemblage, the qualitative abundances and 

degree of sintering. The two main groups (consisting of 21 and 32 

samples, respectively) show an EFT from 850 to 1050 °C, just a few 

samples (133.22, 133.34, 35.44, 35.50) are characterized by an EFT 

lower than 850 °C. The three samples of Terra sigillata show an EFT 

from 750 to 900 °C along with a not well sintered slip, this contrasts with 

the technological features of Terra sigillata produced with the renowned 

Arretino modo that made use of muffle kilns (Cuomo di Caprio, 2007), 

for which the samples exhibit a well sintered slip and an EFTs above 900 

°C (Mirti, Appolonia & Casoli, 1999). The fine common ware shows an 

EFT from 800 to 1000 °C except for the 133.119 samples where presence 
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of a continuous vitrification with fine bloating pores (0.2-4 µm) suggests 

a slightly higher firing temperature. As far as the production indicators 

are concerned, the EFT ranges from 950 to 1050°C for spacers samples, 

whereas it turns out to be above 1050 °C for the waste of black glazed 

pottery, compatible with the fact that they are welded. For all the samples 

the presence of hematite suggests a prevailing oxidizing atmosphere. A 

short reducing phase may have been performed in the late stage of firing 

of black glazed pottery for blackening the coating. This important aspect 

will be further investigated in order to be able to discriminate the 

atmosphere condition inside the kiln and the Fe oxidation state through 

an accurate study of the coatings via specific state-of-the-art instrument, 

such as synchrotron beamlines as X-ray Absorption Near Edge 

Spectroscopy (XANES) that are successfully used in glazed and slip 

ceramic studies for tracing technological developments of specific 

workshops through the correlation of surface appearance and 

manufacture technology. 
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6.2. Coarse-grained pottery 

 

The multi-analytical method used for the characterization of coarse-grained 

pottery from the archaeological site of Cales, allowed us to attest the local 

provenance of the coarse-grained pottery and assess the compositional features 

of the production, which can be now defined as a reference group (i.e., Maggetti, 

2001) for this site. In addition to representing unpublished material from the 

archaeological site of Cales, this context allowed archaeologists to document 

the articulation of production over a wide time span. In this regard, the end of 

the black glazed pottery production did not determine the end of craft activities, 

which then oriented their manufacture to new market demands with Sigillata 

pottery and common ware. The production continued to highlight the role of 

Cales as an important craft center during the imperial period, when the most 

powerful families continued to enhance local economy, fitting into a market 

logic that managed to survive the strong economic changes that occurred during 

this period. 

 

➢ The set of techniques used for the archaeometric characterization showed 

the compositional homogeneity between the common cookware, internal 

red slip ware, thin-walled pottery imitation, including the production 

indicators. The latter are represented by wastes of common cookware 

that provided a great contribution to the definition of a local production 

of coarse pottery.  

 

➢ The chemical analysis highlights that common cookwares, internal red 

slip ware, thin-walled pottery imitation and wastes of common cookware 

are characterized by Ca-poor character, compatible with the use of an 

Alluvial clay raw material from the Volturnum river plain with similar 

features with the alluvial clay of Piana di Monte Verna (PMV2). On the 

other hand, the supports and the dolium are characterized by Ca-rich 

character, compatible with the use of an Alluvial clay raw material from 

the Volturnum river plain with similar features with the alluvial clay of 
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Piana di Monte Verna but collected in a level with higher CaO values 

(PMV1) and Pontelatone (PLT2). These affinities were closely 

confirmed by isotopic analysis of Sr, Nd and Pb isotopes. 

 

➢ As observed for fine-grained pottery, the use of three different isotope 

systems is a valuable tool for investigating the provenance of ceramics, 

even when considering and expecting the addition of temper to reduce 

plasticity, in particular for the coarse-grained pottery production. In this 

regard, the method allowed us not only to discriminate the origin of the 

raw material, but also to be able to define its mix design (temper-clay 

ratio). 

 

➢ This pioneering approach is not proposed to replace traditional methods 

for characterizing archaeological ceramics, but rather to provide more 

support to the normal analytical routine used for provenance studies. 

 

➢ From a technological point of view, the samples of common cookware 

were fired at temperatures varying from 750 to 900 °C in a prevailing 

oxidizing atmosphere. Only three specimens were fired at slightly higher 

temperatures (850-950 °C). As far as the internal red slip wares are 

concerned, they are characterized by a narrow variability of firing 

temperatures (750-850 °C) and oxidizing atmosphere. These features 

highlight a great attention paid by potters during the production process, 

just as was the case of the internal red slip ware manufactured in Cuma 

(Morra et al., 2013; Izzo et al., 2021; Verde et al., 2022). On the contrary, 

samples of thin-walled pottery imitation exhibit a greater variability in 

terms of firing temperatures (from <750 °C to 950 °C). Production 

indicators clearly show higher temperatures than those of other 

investigated ceramic classes, occasionally exceeding 1000 °C.
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