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Περίληψη 

 Η Διδακτορική Διατριβή αναφέρεται στο αρχαιολογικό ερώτηµα σχετικά µε τον 

εντοπισµό των αργιλικών πηγών, που χρησιµοποιήθηκαν για την παραγωγή της Αττικής 

Κεραµικής και συνάγει συµπεράσµατα για την οργάνωση των εργαστηρίων 

αγγειοπλαστικής (6ος-4ος αιώνα π.Χ.) σε σχέση µε τις πρώτες ύλες. Μέσα από µια 

διεπιστηµονική προσέγγιση, η έρευνα επικεντρώθηκε στην εξέταση σιδηρούχων αργίλων 

σε περιοχές της Αττικής, κατάλληλων για την παραγωγή της αργιλικής-βαφής, η οποία 

κατά την όπτηση τριών σταδίων µετασχηµατίζεται στο µελανό υάλωµα (ΜΥ) που 

διακοσµεί την επιφάνεια των αγγείων. Μελετήθηκαν οι πρώτες ύλες και οι ιδιότητές τους 

κατά τη διαδικασία της παρασκευής του κολλοειδούς αργιλικού-αιωρήµατος, από το οποίο 

παράγεται η αργιλική-βαφή, και καταγράφηκαν τα αποτελέσµατα µετά την όπτησή τους, 

τα οποία και συγκρίνονται µε αντίστοιχα αρχαιολογικά θραύσµατα που φέρουν ΜΥ. 

 Το πρώτο στάδιο της εργασίας αφορά στην άµεση σύγκριση αρχαιολογικών 

κεραµικών δειγµάτων που φέρουν ΜΥ σε επίπεδο ιχνοστοιχείων,  µέσω µιας καινοτόµας 

αναλυτικής µεθοδολογίας (mXRF, µΧRF, µPIXE, XRD και SEM/EDX), µε σύγχρονα 

µελαµβαφή εργαστηριακά δείγµατα, τα οποία παράχθηκαν στο εργαστήριο µε την 

διαδικασία της «αναγωγής του σιδήρου». Τα εργαστηριακά δοκίµια διακοσµήθηκαν µε 

αργιλικές-βαφές που παράχθηκαν από την δειγµατοληψία 37 αργιλικών εδαφών της 

Αττικής. Τα αποτελέσµατα κατέδειξαν 5 αργιλικές αποθέσεις συµβατές µε τα 

αρχαιολογικά δείγµατα, οι οποίες εντοπίζονται στις περιοχές Πάνακτο-Σκούρτα, Πάρνηθα, 

Υµηττός, Μεσογαία, Λαύριο. Επιπλέον, η συνδυαστική µελέτη των αργιλικών εδαφών, 

της αργιλικής-βαφής και του ΜΥ έφερε στο φως σηµαντικά αποτελέσµατα όσον αφορά τα 

ιχνοστοιχεία και την ορυκτολογική σύσταση της βαφής.  

 Ορισµένα µακροσκοπικά χαρακτηριστικά των αρχαιολογικών δειγµάτων, όπως οι 

χαρακτηριστικές αστεροειδείς µικρο-ρωγµές και οι διαφορετικές αποχρώσεις του ΜΥ, 

στοιχεία τα οποία διακρίνονται και σε σηµαντικά αρχαιολογικά µουσειακά εκθέµατα, 

φαίνεται να συσχετίζονται µε συγκεκριµένες αργιλικές αποθέσεις. Επιπλέον, 

παρατηρήθηκε συµβατότητα ως προς τη σύγκριση των ιχνοστοιχείων µεταξύ σύγχρονων 

και αρχαίων δειγµάτων όσον αφορά τον ψευδάργυρο-Zn, ιχνοστοιχείο το οποίο 

συσχετίζεται µε την περιοχή του Λαυρίου.  

 Προκειµένου να ελεγχθούν περαιτέρω αυτά τα διαφοροποιητικά χαρακτηριστικά, 

ένα σύνολο από ~ 100 γεωµετρικά, αρχαϊκά και κλασικά διακοσµηµένα όστρακα από τις 

ανασκαφές στην Ακρόπολη τον 19ο αιώνα (Graef και Langlotz, 1909-1933), εξετάστηκαν 
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επί τόπου µε τη χρήση ενός Bruker\hh-PXRF φορητού συστήµατος που προσφέρει τη 

δυνατότητα µη καταστρεπτικής στοιχειακής ανάλυσης. Επιπλέον, αναλύθηκε συγκριτικό 

υλικό από τη Βοιωτία, όστρακα από µια απόθεση στο λόφο της Ακρόπολης, καθώς και 

κεραµικά θραύσµατα που φέρουν πινελιές δοκιµών ΜΥ από την περιοχή των κεραµέων 

της αρχαίας Κορίνθου. 

 Τα αποτελέσµατα αυτής της µελέτης οδηγούν στο συµπέρασµα ότι η επιλογή, 

συλλογή και επεξεργασία της κατάλληλης αργίλου για την παραγωγή ενός επιτυχηµένου 

ΜΥ, απαιτεί εξειδικευµένο προσωπικό. Παράλληλα, α) η έλλειψη αρχαιολογικών 

δεδοµένων σχετικά µε την παραγωγή της αργιλικής-βαφής, β) η µεγάλη ποσότητα πρώτης 

ύλης που απαιτήθηκε για την παραγωγή της Αττικής κεραµικής,  

γ) η ύπαρξη άφθονων αργιλικών κοιτασµάτων στην Αττική που θα µπορούσαν να 

αξιοποιηθούν για αυτό το σκοπό, και δ) η δυνατότητα συλλογής του αργιλικού-

αιωρήµατος απευθείας από τη φύση, υποστηρίζουν ισχυρά την υπόθεση ενός προϊόντος 

αργιλικής-βαφής µε προσιτή νοµισµατική αξία στην Αρχαϊκή και Κλασική εποχή, ενώ 

ενισχύουν τη πρόταση για την ύπαρξη ενός ξεχωριστού επαγγέλµατος και ενός εµπορικού 

δικτύου, σχετικού µε την παραγωγή και την διανοµή της αργιλικής-βαφής στα εργαστήρια 

της Αθήνας του 6ου-4ου αιώνα π.Χ.. 
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Abstract 

 This multidisciplinary doctoral thesis addresses a longstanding archaeological 

question on the clay-sources used for the Attic pottery production in Attica and draw 

conclusions on the organisation of pottery workshops from sixth to fourth century BCE. 

Emphasis was given on the red ferruginous-clays used for the clay paint (CP) decoration of 

the black-glazed (BG) ceramic production. The aim is to study the raw materials, record 

the chemical and mineralogical changes that take place during the refinement and 

preparation process of the colloidal suspension, from which the CP is produced, as well as 

to document the after-firing results and compare them with the BG of the archaeological 

fragments. 

 The first stage of the project focused on the direct analytical innovative comparison 

(mXRF,µXRF, µPIXE, XRD, SEM/EDX) of archaeological BG ceramic sherds from 

excavations at the Acropolis and at Kerameikos, with modern BG specimens, produced in 

the laboratory following the original process of the “iron-reduction technique”, within 

modern facilities. 37 laboratory BG specimens were produced from various clay-soils in 

Attica. The results revealed 5 clay deposits that are compatible with the ancient BG 

samples in terms of macroscopic appearance micromorphology and chemical composition 

of the BG layer, located in the areas of Panakton-Skourta plain, Mt.Parnis, Mt.Hymettus, 

Mesogaia basin and Laurium. Moreover, the comparative study of clay-soils/CP/BG 

brought to light significant results with respect to trace elements composition and the 

mineralogical analysis of the CP. 

 A set of phenomenological features of the ancient BG samples, such as 

characteristic star-like micro-cracks and colour shades present also in prominent museum 

exhibits, appear to correlate with specific clay deposits. In addition, modern and ancient 

BG samples compare well in terms of trace element composition and an increased Zn 

content in the BG is compatible with an origin from Laurium.  

 In order to study further these differentiating features a group of ~100 Geometric, 

Archaic and Classical decorated sherds from the 19th cent. Acropolis excavations by Graef 

and Langlotz (1933) were analysed non-destructively and in-situ with the use of a 

Bruker/hh-PXRF system. Comparable material from Boeotia was also included in the 

analytical part, as well as sherds from a special deposit at the Acropolis hill and test-pieces 

bearing brush-strokes from the potter’s district in ancient Corinth. 
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 The analytical and technical data of this research, allow the conclusion that the 

procurement of the adequate red clay-soil for producing a successful BG, requires 

specialised personnel. In addition, the absence of archaeological data related to the 

production of the CP along with the large quantities of CP needed for the production of the 

BG Attic pottery, plus the existence of abundant clay deposits in Attica that could have 

been exploited for this purpose and the possibility of collecting the clay suspension directly 

from natural clay-pools, are strongly support the case of an accessible CP product in terms 

of monetary value in the Archaic and Classical era, and reinforce the proposal for the 

existence of a separate profession and commercial network related to the production and 

distribution of CP in the workshops in Attica. 
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CHAPTER 1 

 

1. Introduction 

“…. In 1769, Josiah Wedgwood (1730–1795) opened a second factory in Staffordshire that 

he named Etruria, after the region in Italy where the pre-Roman Etruscan culture 

flourished and where Greek vases, mistakenly believed to be Etruscan, were unearthed. At 

the Etruria works, the Portland Vase was famously copied, replacing the original nearly 

black glass with "black basalt," a new expensive fine-grained black stoneware. Basalt was 

used alone to suggest ancient bronzes or to make vases painted in encaustic red and white, 

thereby replicating the colour scheme of Greek black-ground pottery….” (Figure 1-1a). 

 This commentary in the Metropolitan Museum online catalogue (Met, 2000) fails 

to mention that Josiah Wedgwood’s intention in setting up his “Etruria” factory was to 

replicate the techniques that allowed the production of the “original nearly black glass” of 

Sir William Hamilton’s prized possession (Figure 1-1b). This intention initiated a series of 

scientific and empirical investigations aimed at understanding the nature of the black gloss 

that was very soon recognized as characteristic of Greek-vase technology and the Etruscan 

finds as exports from a flourishing pottery industry based in Attica. 

 

 

Figure 1-1: WEDGWOOD / 5, 1780. Black basalt, made by Wedgwood and Co., in 
Etruria/Staffordshire, UK, the blue area on the map. The Charles E. Sampson Memorial Fund, 1966 
(66.17). Metropolitan Museum of Art (Adapted from Met. 2000), b) Red-figure hydria produced in 
Athens and attributed to the potter Meidias (E 224), 420-400 BCE, The British Museum.1 
 
                                                
1 J. Wedgwood copied groups of figures from this hydria on his “First Day's Vases”, the name 

 given to the first six vases produced at the opening of the new Etruria factory, on 13 June 1769. 

The hydria on the left (a) was one of the “First Day's Vases”, (©The British Museum, 2015) 
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 However, for most of the nineteenth and twentieth centuries these scientific 

investigations were overshadowed by art-historical considerations, given that ancient 

Greek vases were considered as works of art rather than as craft products, since Greek 

antiquities had become particularly desirable in the art markets of Europe and the USA. 

Research focused principally on vase painting, its style, shape and iconography (Caskey, 

1922; Richter & Milne, 1935; Trendall & Webster, 1971; Carter, 1972; Amyx, 1958; 

Moon, 1983; Carpenter, 1986; Bérard et. al., 1989; Lissarrague, 1990; Carpenter, 1991), 

the issue of attribution of important vases to specific painters and workshops (Beazley, 

1944; 1956; 1963; Webster, 1972)  

 The technique of producing black decoration on pottery, referred to today as the 

“iron-reduction technique” (Noll et.al, 1975), dominated in the Mediterranean for 2,500 

years, from the Bronze Age until the first century AD, when it was gradually abandoned. 

However, the highest quality vases in this technique were produced during the Archaic and 

Classical periods, and are characterized by the deep “black” colour of the glaze on the best-

quality Attic black-figure and red-figure pottery of the sixth and fifth centuries BCE. No 

single material of archaeological interest has been studied as thoroughly by many different 

disciplines as the black glaze (BG) that decorates the surface of these famed Athenian 

vases. Although the essentials of the manufacturing process are now well understood with 

regard to the nature of the materials and the firing process, the provenance of the raw 

materials used for the decoration is still an open issue.   

 

 1.1. Archaeological issue  

 Ceramic, the first synthetic, durable material created by man, combines in its 

production the Four Elements: earth, water, fire, and air. A number of archaeological 

investigations of pottery production focus on the raw materials, thus providing the 

rationale of the present dissertation. According to Rice (1987), ceramic technology is of 

significance for archaeological research, because the production chain of pottery 

manufacture is a multi-phase process in which, the different successive stages are related 

totally to each other and are combined to give to the final product its aesthetic and 

functional value. As a unity, the composition of the raw materials, the methods of 

manufacture and the decoration enlighten our understanding of behaviour and supply 

information about the potter and the other craftspeople involved as active members of a 

society. Furthermore, pots are also tools, which can provide information about their usage 

ARTEMI C
HAVIARA



 

 3 

through the manufacturing characteristics, the mineral composition of the clay and the 

morphology of the object. Pottery production has been an empirical art since man realized 

the properties of clay. It is also understandable that the discontinuities in pottery 

production over time, the lack of ancient records on issues relating to ceramic technology 

and the lack of a scientific framework concerning ancient pottery-making, could easily 

result in the omission of a phase or phases, or the possible use of an erroneous process in 

the case of its attempted reproduction (Rapp, 2009). 

 The selection and the preparation of the raw materials are significant parameters 

that have a fundamental impact on the quality of the final product. In the case of Attic 

pottery, the colour of the surface decoration and the appearance of the BG on a fine-

grained ceramic body are important factors for the product’s aesthetic appeal. Stissi, in his 

doctoral thesis (2002), points out the lack of detailed studies on the sources of the raw 

materials and on the influence that the availability of such sources may have had on the 

location of the workshops. This shortcoming constitutes a drawback with regard to 

arguments concerning local production, as, according to the same scholar, the abundance 

and availability of the natural resources has a determining role in the choice of the 

workshop location (Stissi, 2002). So, although the manufacturing process is well studied 

and reproduced (Aloupi-Siotis, 2008), the provenance of the raw materials and the 

distribution network and practices among potters remain unknown. This could be seen as 

the “weak” or the “missing” link in the archaeological theories on the location, 

organisation and function of pottery workshops in Classical Antiquity.  

 It was thus reasonable to embark on a search for clay sources in Attica, suitable for 

the production of BG pottery. The aim of this research is to achieve a direct analytical 

comparison of archaeological BG sherds with modern BG specimens, produced in the 

laboratory from clays recently collected and following the original process of the iron-

reduction technique. The analytical methodology comprises mainly non-destructive 

techniques, such as optical microscopy (OM), proton-induced X–ray emission technique 

combined with a scanning ion microprobe (µ-PIXE) and X-ray fluorescence spectroscopy 

(XRF), used on the archaeological samples, as well as minutely destructive techniques, 

such as the analytical Scanning Electron microscopy / Energy Dispersive X-ray 

(SEM/EDX), used on selected laboratory specimens in order to characterise the 

microstructure of the glaze in relation to the particle size and the detailed firing process. 

Furthermore, X-ray diffraction (XRD) analysis is used for the mineral characterisation of 

the geological samples and the characterisation of their different clay fractions during the 
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refinement process. The analytical methodology adopted makes extensive use of non 

destructive techniques in order to respect the cultural value of the archaeological material 

under study. In many cases the non-destructive analysis was performed in-situ in order to 

avoid complications due to the transferring of the archaeological artefacts. More 

information about the advantages and disadvantages of each analytical technique is 

provided in the paragraph 4.5.  

 This is the first time that ancient and modern BG wares produced by the same 

process are compared in terms of their chemical composition to a trace element level, as 

well as macroscopically, thus addressing the long-standing archaeological question on 

sourcing of the raw materials (i.e. clays) used for the BG decoration of Attic pottery. 

 The archaeological samples used in this study are documented black-glaze (BG), 

black-figure (BF) and red-figure (RF) sherds, dating from the sixth to the fourth century 

BCE; for comparison purposes this timeframe was extended by analysing additional 

material from the seventh century BCE and the third century BCE. The samples come 

either from recognized museum collections – the National Archaeological Museum of 

Athens and the Archaeological Museum of Ancient Corinth – or from recent excavations 

conducted in the area of the Acropolis and the Kerameikos, during the construction of the 

Athens Metro (Parlama  & Stabolidis, 2000) and of the Attica Highway (Steinhauer 2005), 

and at several construction sites associated with the 2004 Olympics in Athens (Stefanis, 

2008), The laboratory BG specimens are produced from clay samples collected from Attica 

and its borders with Boeotia, in the course of several spring/summer geological surveys. 

The essential geological and topographical information for those landscape investigations, 

are based on a mix-mapping process combining historical, modern and digital maps, as 

well as readily available new technologies, such as the Google Earth application and 

image-processing software.  
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 1.2. Structure of the thesis  

This multidisciplinary thesis that has its main base in archaeological science2, is 

structured in seven chapters including the present introductory chapter. The second chapter 

(2) gives a review of the history of previous research conducted on the BG of Attic pottery 

in the Archaic and Classical periods, followed by a discussion of the production of the 

Attic BG by the iron-reduction technique, as well as the nature and the characterisation of 

the Attic BG, which trigger a debate on which of the terms “Glaze” and “Gloss” is the 

more appropriate. Additionally, pottery workshops in Attica of the sixth to the fourth 

century BCE and the BG production stages and personnel involved are presented on the 

basis of the archaeological data. 

 Chapter 3 deals with the geology of Attica, focusing on the red clays of this region 

and their geological characteristics. The nature of clay colloids is explained, while the 

phenomena of clay dispersion and the spontaneous dispersion of clay in water are 

described in detail. Limitations and constraints on the suitability of the clays for the 

production of clay-paint (CP) are also discussed in this chapter, while the refinement 

process is presented in detail.  

 Chapter 4, entitled “Materials and methods”, gives information on the clay-soil 

sampling strategies, as well as all the archaeological and laboratory samples utilized. All 

the sampling areas are documented thoroughly and are also discussed in relation to the 

main road network of the Archaic and Classical periods. Clay refinement and dispersion 

processes used in this research are described in details, in the second part of this chapter, 

along with the BG laboratory specimens. Additional microscopic and analytical methods 

are also discussed with information about the advantages and disadvantages of each 

analytical technique. 

 Chapter 5 presents the results of the analyses conducted and it is divided in four 

parts. Part 1 presents the macroscopic and microscopic characterisation of the BG on 

archaeological samples and laboratory specimens through macroscopic examination, 

optical microscopy and scanning electron microscope. Part 2 presents the mineralogical 

and chemical characterisation results from the geological samples in relation to the 

suitability of the clays for the production of the black glaze; as well as the reproducibility 

                                                
2 Archaeological science or archaeometry (= αρχαιοµετρία) 
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of the BG production methodology used in the laboratory, alongside the results of analysis 

of different clay fractions during the refinement process in relation to the spatial variability 

of the clays in Attica. Part 3 gives the results of the non-destructive analysis of the BG on   

laboratory specimens and archaeological samples at the NAM and the AMAC. Part 4 gives 

the µ-PIXE results along with the PCA results.  

Chapter 6 is devoted to comments and observations arising from the synthesis of all 

analytical results related to suitability of clays for the production of the BG. From the 

chemical and microscopic fingerprints, the prevailing candidates are presented alongside 

the archaeological data, generating a discussion on the possibility of clay-paint production 

and trade in antiquity. The chapter gives a detailed account of all the conclusions of this 

research, elicited from the discussion, and possible or definitive answers to the main 

questions raised in this work. 

Chapter 7 summarises the conclusions and presents topics for future research work. 

It also describes possible future archaeological findings likely to provide evidence related 

to the production of the clay paint material used in Attic pottery production. 

 The entire archaeological assemblage and the laboratory specimens accompanied 

by references3 and photographs are presented in Appendices I and II. The geological maps 

of Attica used in this study give further information about the geology of Attica in 

Appendix III, while all the tables with the quantitative analytical results from laboratory 

and archaeological samples are given in Appendix IV.  

                                                
3 In the table I of Appendix I, each sample has references either by the author or by to the reference 

number of the Beazley archive pottery database –BAPD (Beazley.ox.ac.uk, 2018) 
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CHAPTER 2 

 

2. The Black Glaze of Attic Pottery 

 Attic pottery holds a prominent place in the archaeology of Ancient Greece and has 

contributed considerably to the understanding of ancient Greek society. Its main technical 

characteristic is the fine quality of its “black glossy” glaze. The enormous amount of 

pottery made in Attica and exported throughout Greece and abroad, principally to the 

markets of the Mediterranean, attests the high demand for this product. Apart from the 

aesthetic appeal or the artistic interest of Attic pottery, the durability of its materials made 

it extremely popular from the sixth century BCE until it was gradually abandoned in the 

first century AD. Essentially it disappeared, until its revival in the years of the Neoclassical 

movement and the Enlightenment in Europe, stimulating interest in the production 

techniques and the nature of the raw materials used in antiquity. 

 

2.1. History of the black glaze (BG)  

 The nature of the BG, as a material, first attracted the interest of the French scholar 

Comte de Caylus, and of the potter and entrepreneur Josiah Wedgwood, in the mid-

eighteenth century, followed by John Davy and E. Durand-Greville, in the second half of 

the nineteenth century (cf. Binns and Fraser, 1929). The historical survey by Binns and 

Fraser (1929) summarizes the research conducted until their day, while a less-known 

article by the chemist C.P.T. Naudé (1959) offers new insights into the storyline of the 

Attic BG. Worth mentioning too are the works by Tonks (1908, 1910) and Foster (1910), 

which were decisive for understanding the nature of the material, and the dissertation by L. 

Hussong (1928), which provided the basis for the replication experiments of Th. 

Schumann (1942). The parallel investigations by the Dutch chemists Rijken and Favejee in 

1941, and Prins de Jong in 1944 (cf. Naudé, 1959), also merit consideration. The “rich 

black with satiny surface, and of astonishing durability”, as described by G. Richter 

(1923), had already reached a wider audience during the 1950s, as borne out by an article 

of general interest by L.J. Murray (1954) on “Industrial Ceramics” (cf. Naudé, 1959). 

 A careful consideration of this bibliography shows that by the late 1950s the 

“established” knowledge on the Attic BG accessible to scholars, chemists and artisans 

described it very accurately as a partially vitrified material, a sinter, coloured by ferrous 
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oxides, most probably magnetite, formed during a three-stage firing process involving 

Oxidation, Reduction and Oxidation stages (ORO). The paint used for the decoration was 

described as based on clay-colloids, the fine particle size of the CP being responsible for 

the surface sheen already apparent before firing. In the following decades, the advent of 

electron microscopy and electron-probe microanalysis (EPMA, SEM-EDX), combined 

with petrographic and magnetic studies (XRD, Mossbauer), allowed the material 

characterization of the BG and the ceramic body (Pavicevic 1974; Longworth and Warren 

1975; Tite et al. 1982). R.E. Jones (1986) gives a detailed account of the Attic BG and the 

physicochemical description of the ancient decoration technique, by what was then called 

“iron-reduction technique”. Maniatis et al. (1993) and Aloupi (1993), through the “in-situ” 

TEM examination of a BG specimen prepared by ion-beam thinning, provided a new 

characterization of the BG in terms of its coloration by polycrystalline magnetite 

nanoparticles (<200 nm), while the identification of a 1-2µm thick glassy layer on the 

surface of the BG accounted for the surface sheen. This work has led to a faithful 

reproduction of the Attic BG, based on the use of illitic clay-colloids in water, different 

from the clay used for the body, without any addition of dispersing or deflocculating 

agents. A successful application of the technique involves firing under ORO conditions to 

maximum temperatures in the range of 900-950oC (900°C<Tmax<950°C), followed by 

reduction with simultaneous decrease of temperature (Aloupi, 1993). The results of this 

research formed the basis of an Attic BG production unit, operating in Athens since 1999. 

Aloupi-Siotis (2008) has reported on the technical issues and understanding that become 

apparent through the routine full-scale reproduction, and the ensuing contributions to 

archaeological research. Luhl et al. (2014) validated the optimal firing process, which now 

narrows to top temperatures in the range 890-910oC, and verified the similarity of the 

modern BG relative to the ancient one. An important result obtained by confocal XANES4 

was that the best quality black glaze of Classical BG pottery is characterized by the lower 

Fe(III)/Fe(tot) value (~20%), obtained by the finest clay fraction and in intense reducing 

conditions. In modern terminology the Attic BG is a potassium-alumino-silicate glass 

coloured by magnetite nanocrystals, a ceramic glaze with a high alumina content of order 

30% wt, which is responsible for its “astonishing durability”. It is thus not surprising that 

Attic BG properties have attracted the interest of the space industry (NSF, 2010).  

 

                                                
4 X-ray absorption near edge spectroscopy 
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 Archaeological perspective of the nature of BG 

 Inspite of this impressive body of research on the physicochemical characterization 

of the Attic BG, little attention has been paid to the raw materials, i.e. the ferruginous illitic 

clays that might have been used in antiquity to produce the clay-paint that results in the 

black glaze. This is partly due to the fact that the archaeological literature (Oakley 2009; 

Sparkes, 1991; Scheibler, 1984) is still constrained by the publication of J.V. Noble (1965) 

and his replication experiments based on the use of calgon, a sodium hexametaphosphate 

(SHMP/ Na6P6O18) water-softener developed in 1933, which acts as a deflocculant and 

thus facilitates the preparation of the clay-colloid used for the BG. The relatively 

successful well-publicized and well-illustrated macroscopic results obtained by Noble, 

with the use of phosphate additives, led him to the erroneous conclusion that the clay used 

for the black glaze was the same as that of the clay body and hence not worthy of special 

attention. However, it has been demonstrated (Aloupi, 1993; Aloupi-Siotis, 2008) that the 

absence of Ca-phosphate phases in the ancient BG combined with the low CaO content in 

the BG, as compared to the body, leads to the conclusion that the clays used for body and 

for the surface decoration differ. Additionally, the use of calgon as a deflocculant leads to 

the formation of a calcium metaphosphate glass.  

 

2.2. The nature of the Attic BG  

 The Attic BG is a potash-alumino-silicate glass, which is produced from a fired 

clay-colloid material, i.e. CP prepared from a special clay-soil (Figure 2–1). To clarify the 

nature of the Attic black glaze, it is fundamental to explain firstly the “iron-reduction 

technique” (IRT), which is synonymous with Attic ware and involves a 3-stage firing 

process under oxidising, reducing, and oxidising (ORO) kiln atmosphere conditions.  

 

Figure 2-1:Schematic description of the Attic BG production. 
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2.2.1. Production of the Attic black glaze and the iron-reduction technique 

 The ORO firing cycle (Fig. 2-3; 2-4) starts with an oxidising stage up to ~920°C 

(900°C>Tmax< 950°C), during which the body and the CP layer becomes red, due to the 

formation of haematite (Fe2O3), and vitrification of the CP is initiated. In the following 

reducing stage, the temperature decreases, due to oxygen absorption and incomplete 

combustion of the reduction agent. At this stage the CP layer behaves as a non-calcareous 

clay and vitrifies rapidly (due to low CaO and the fine clay particles); the haematite 

transforms to magnetite (Fe2O3àFe3O4) at Tmax and the paint layer is vitrified turning to 

a potassium-alumino-silicate glass, which is coloured by magnetite (Fe3O4) nanocrystals 

and the chemical composition of which is dominated by Si, Al, Fe, K (Table 2-1). Since 

the glassy surface is not permeable to oxygen, it traps iron in its reduced form. In the third, 

oxidizing, stage, the well-vitrified glaze remains black, while the porous body re-oxidises 

to brick red (Figure 2-2). The vitrification of the paint-layer is essential at the second stage, 

to prevent re-oxidation during the final stage (Aloupi-Siotis, 2008). 
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Figure 2-2: The 3-stage (a,b,c) firing process under ORO firing cycle illustrated on a reproduction 
of a Pinax from Penteskouphia (“Clay pit quarry”, 630-610 BCE. Penteskouphia, Corinth. 
Pergamon Museum, Berlin), produced by the ©THETIS workshop for the Educational Collection 
of Massey University, New Zealand in 2011. 
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Figure 2-3: Temperatures diagram of the 3-stage firing process under oxidising, reducing, and 
oxidising ORO firing cycle, involving decrease of temperature in reduction firing, as described by 
Aloupi (1993). The upper image presents the ORO firing cycle for the BG, while the image below 
presents the ORO firing cycle for the clay body (Adapted from Aloupi, 1993). 
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Figure 2-4: SEM micrograph of the BG fresh fracture: During the 3rd stage of the firing the glaze 
layer A remains black while the porous ceramic body B re-oxidizes and becomes red (Aloupi, 
1993). 
 
 

 2.2.2. Characterization of the Attic BG 

 As detailed by Aloupi (1993; Maniatis et al, 1993), the bulk of the Attic BG layer 

has an average thickness in the range of 10µm to 40µm and consists of an amorphous 

(vitreous) matrix (Fig. 2-5). In this layer polycrystalline magnetite particles, less than 

0.2µm (i.e. 200 nm) are dispersed homogeneously (Fig. 2-6). However, the “glossy” 

appearance of the Attic black “glaze” is due to a fine glassy film, less than <200nm thick, 

which lies on the outer surface of the glaze (Fig. 2-7 a & b). This very thin layer is free of 

any magnetite particles and is formed after the complete vitrification of the ultra-fine 

particle top layer (Fig. 2-8), which is composed of Al, Fe and Si (Table 2-1). The specular 

reflection of the light, when it hits the glassy layer, imparts the glossy appearance to the 

glaze (Aloupi, 1993; Maniatis et al, 1993).  
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Figure 2-5: SEM micrograph of the BG fresh fracture: The vitrified glaze layer on the porous 
calcareous ceramic body (Aloupi, 1993). 

 

  

Figure 2-6: In the TEM micrograph of the black glaze, magnetite nanocrystals (the black dots) are 
observed (Aloupi, 1993; Maniatis et al, 1993). 
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Figure 2-7: SEM micrographs of E. Aloupi (1993; Maniatis et al, 1993) a) a freshly fractured 
cross-section of Attic black showing body, black glaze and outer surface C indicates the outer 
glassy film). b) The C outer glassy film in a larger magnification 

 

 

Figure 2-8: TEM micrograph of the thin glassy film on the out surface of the black glaze (Aloupi, 
1993; Maniatis et al, 1993). 
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Table 2- 2: Chemical analysis of the BG from 26 samples adapted by Aloupi (1993) 
 

Black Gaze SEM/EDX oxide concentrations (26 samples) – data from Aloupi, 1993 

 Na2O MgO Al2O3 SiO2 K2O CaO TiO2 FeO 

%wt 0,7 1,9 30,0 46,2 5,4 0,8 0,6 14,5 

sd 0,2 0,3 1,1 1,3 1,1 0,3 0,3 1,6 

Normalised 

 %mole 

0,8 3,3 21,1 54,1 4,1 1,0 0,5 15,0 

 

 

2.2.3. Glaze or Gloss 

 Some archaeologists and scientists refer to the black decoration layer of Attic 

pottery as “black gloss” and others as “black glaze”. At this point it is important to discuss 

the difference between the words “gloss” and “glaze”, and to determine which term is the 

correct one for this material. The word “gloss” is used to describe the visual appearance of 

a surface. It is an optical property of a surface and describes its ability to reflect light in a 

specular direction (Hunter, 1937). However the word “glaze” is used to refer to vitreous 

coatings consisting of a glass former, for example silica, while its coloration is achieved by 

the addition of metal oxides, such as of iron (Gibson & Woods, 1997). In modern 

terminology the Attic BG is a potassium-alumino-silicate glass coloured by magnetite 

nanocrystals, a ceramic glaze or glass-ceramic5 (McMillan 1964; 1974) with a high 

alumina content of order 30% wt, which is responsible for its resistance to mechanical and 

thermal shocks and its durability to chemical and abrasive compounds. In the light of the 

above scientific results, the word “glaze” is the most appropriate to describe the nature of 

this material, after characterising its properties. Due to that, the term “glaze” is used in this 

research, which replaces the term “gloss” that refers only to the external appearance. 

 

                                                
5For example see McMillan (1964; 1974). Glass ceramics have many notable advantages, such as 

thermal shock resistance, heat insulation, high strength, toughness, high temperature stability and 

isolation capabilities, to name a few.  
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2.3. BG production in pottery workshops of the 6th to the 4th century BCE 

 The procedures of cleaning and preparing the clay, of forming the pot, on the wheel 

or by hand, and of firing it are well represented in the literature. Passages referred to the 

potters’ status are found in the works of Pindar, Simonides, Aristophanes, Isocrates, Plato, 

Aristotle, Athenaeus, Pliny the Elder, Plutarch, Juvenal, Martial and Quintilian, among 

others (cf. Papadopoulos, 2003). Iconographic and technical studies of Greek pottery 

production focus on the pictorial subjects of Athenian and Corinthian BF and RF vases 

(Papadopoulos, 2003). The first pictorial representations of basic actions in the pottery 

production chain-collecting clay, gathering fuel, firing-are on the so-called “Penteskouphia 

pinakes”, from the area of Corinth, dated to the late seventh century BCE. Most of the 

representations from the mid-sixth to the late fifth century BCE are of clay forming and 

vase painting (Chatzidimitriou, 2005; Scheibler, 1983). The small but valuable 

iconographic corpus of pottery craft includes roughly 138 representations, a body of 

evidence that yields basic statistics, contributing to the overall discussion on organization 

and scale of production (Stissi, 2002; Chatzidimitriou, 2005). However, there are no 

literary references or pictorial representations or inscriptions relating to the provenance and 

the preparation of the “clay-paint” used for the decoration of BF and RF pottery.       

 

 Natural resources 

 As for how the availability of natural resources impacted on the location of potters’ 

workshops, Stissi states that: “Little study has been done on the availability and use of 

potters' clays… so it is difficult to assess the role of even this most elementary raw 

material in regard to the choice of locations” (Stissi, 2002: 151). Unfortunately, the high-

density of construction in modern Athens obstructs the acquisition of data on ancient clay 

pits in that area. The fact that Attica is a region rich in clays and water suggests that the 

source of raw materials could be sought there; however, long-distance transport and 

trading of raw materials has also been hypothesized (Scheibler 1983; Stissi 2002).  

 

2.3.1. Pottery workshops in Attica from the 6th to the 4th century BCE 

 Social, practical and economic parameters primarily determined the location of 

pottery workshops. Costs and risks of transport, in combination with the availability of 

labour and of consumers, as well as the insecurity of the countryside, are related to the 
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establishment of pottery workshops in urban centres. Nonetheless, in rare cases specialized 

workshops, mainly associated with amphora production, are identified in rural locations 

(Stissi, 2002). Pottery production in Attica in the sixth and fifth centuries BCE was of 

equal economic importance to agriculture and the silver mines of the Laurium (Stissi, 

2002). The scale of Attic pottery production is a subject of discussion amongst scholars 

specialising in archaic and classical pottery studies. Cook (1959) was one of the first who 

tried to estimate the scale of production, in an article written in German, based on the total 

number of vases published at the time according to the Beazley Archive. According to 

Sapirstein (2013), Cook (cf Sapristein, 2013) began his estimation on the published 

number of vases at the time, which is “…equivalent to 260 vases per year over the 150-

year span of their production…” (Sapirstein, 2013: 494). In 2002 Stissi provided a new 

approach by estimating the number of vessels held in modest Athenian households of the 

late fifth or fourth century BCE. Taking into account research works by other scholars on 

the recorded vessels and the suggested ratio(s)6 of vases that survived until today over the 

actual products (varying from 0,1% to 10%, with prevalent value at 1%), he calculated that 

Athenian, not very wealthy, household held a minimum of 200 ceramic vessels, of which 

10 were decorated. Furthermore, he assumes 35,000-45,000 households, equivalent to the 

number of Athenian citizens and he proposes a total number of 7,000,000 - 9,000,000 

vases, with the 350,000-450,000 of them being decorated. The vessels belonging to the 

non-citizen households need to be added to these numbers. Stissi (2002) mentions that in 

the Archaic period the number of Athenian citizens was lower, but the quantity of 

decorated pottery in use may have been higher, due to their usage as offerings to 

sanctuaries and burials (Stissi, 2002). The internal demand for decorated vessels in Athens 

of fifth century BCE, reached 50,000 - 100,000 items per year, being less though in sixth 

century; the black glazed pottery and plain ware must have totalled 10 or 20 times as much 

(Stissi, 2002). Regarding the export of vases and according to Giudice (1989), only about a 

quarter of Attic figured pottery remained in Athens. The recent publication by Philip 

Sapirstein (2013), brings in new light on the scale of the Attic vase-painting industry. By 

combining ethnographic evidence with productivity analysis of individual painters, he 

makes an estimation of about 800 – 1.700 figure decorated vases per year during the 6th 

century, that reach a level of productivity of about 50,000 decorated vases per year during 

the Early Classical times (Sapirstein, 2013). 
                                                
6 Webster, (1972) 1%; Eisman (1974b) 1% to 10%; Boardman (1979), 1% ; Scheibier 1983, 1%-

3%; (1995) 3%); Hannestad (1988), 0.3%; Johnston (1991a), 0.25%-0.5%; Kracht (1991) 1%; 

Oakley (1992) 0.2%; Bentz (1998), 1% based on the Panathinaic amphora production. 
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 Despite the massive production of Attic-ware between the sixth and the fourth 

century BCE, only a few workshops have been excavated and these in a poor state of 

preservation. The remains of the clay-settling basins and kilns are the safest criteria for 

their identification (Hasaki, 2002). Pottery waster-dumps represent some 18 certain 

production sites in Athens, dating from the seventh to the fourth century BCE, most of 

them located in the wider area of the Kerameikos, which was the potters' quarter in the 

northwest part of the ancient city. Health and safety issues along with trading needs 

presumably determine the location of the potters' quarter in Kerameikos i.e. the high risk of 

fire, the clutter of working with clay and the need to be easily seen from the consumers 

who wandering around near the city centre. A good example is the workshop that was 

found near the intersection Lenormant and Konstantinoupoleos streets (Baziotopoulou-

Valavani, 1994) in Athens (Table 2-2; Fig. 2-9) in which the kilns and the buildings are 

near the ancient street and thus visible from people who had direct access to the shop and 

the work area (Baziotopoulou-Valavani, 1994; Williams, 2013). Even if most of the 

workshops are poorly preserved, in-situ remains of installations, test pieces and even 

unused clay, attest their existence. The known and published pottery workshops of the 

Archaic and Classical periods in Athens are presented in the table below, all the data are 

taken from Hasaki (2002). 

           The published Classical pottery workshops in the wider Attica area outside the city 

of Athens are few: one is located in the Voula area between Eleutherias and Drosini Sts. (; 

ADelt 42, 1987: 89-90; Monaco 2000: 239; Hasaki, 2002) dating from 4th cent. B.C.E. and 

a second one dating from the 4th - 2nd cent. B.C.E, located near Zagani Hill and now 

under the northeast part of the international airport “Eleftherios Venizelos” according to G. 

Steinhauer (2003) in the exhibition catalogue of the “Mesogaia Attica history and 

Civilisation museum” presently located at the airport. 

 The finds in the workshops are sometimes associated with specific vase-painters, 

for example the Brygos Painter (Late Archaic) (Boardman, 1994:149-151), the Dinos 

Painter (Late Classical) (Boardman. 1991: 67, 100.). 
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Table 2-2: The table presents the known pottery workshops in Athens dating to 6th -4th 

cent. BCE, according to Hasaki (2002) 

Workshop Date Publications 

Apellou St, between 

Eupolidosst. & Lykourgou 

St. 

Late Classical 

and Hellenistic 
ADelt 23 (1968): 39-42. 

KERAMEIKOS (under new 

museum of Kerameikos) 
5th-4th cent. 

B.C. 

Gebauer & Johannes, 1937:184-203; 

Monaco 1999; Monaco, 2000:206-7; 

Seifert 1993, no. 49; Cook 1961: 66. 

KERAMEIKOS 

Chabrias Area 

400-350 B.C. K. Gebauer, 1942: 204-6;Monaco 1999; 

Monaco 2000: 207-8; Seifert 1993, no. 

51; Cook 1961: 66 

KERAMEIKOS 

Northwest of the Round 

Bath 

4th cent. B.C. K. Gebauer, 1938: 608-612; 1940: 318-

34; Monaco1999; Monaco 2000: 209-

11;Cook 1961: 66. 

KERAMEIKOS 4th cent. B.C. Parlama and Stampolidis 2000: 273-4, 

264 

Lenormant Ave. 6th cent. B.C Baziotopoulou-Valavani, 1994;  

Zachariadou et al.1985;ADelt 40 (1985) 

:39-50 

Monasteriou and Nafpliou 

Sts. 

Matsouka Plot 

5th cent. B.C. ADelt 42 (1987): 19-20; Baziotopoulou-

Valavani 1994: 47; Monaco 2000: 234. 

Vouliagmenis Ave. (Ag. 

Ioannis Station) 
Second half of 

the 5th cent. 

B.C. 

Parlama and Stampolidis 2000: 129 

 

Monasteriou and Phaiakon 

Sts 
4th cent. B.C. ADelt 34 (1979): 20; 

Baziotopoulou-Valavani 1994: 45; 

Monaco, 2001: 234. 

21-23 Herakleidon St. Archaic ADelt 29 (1973-74) 86-7 
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Figure 2-9: Green flags denoting pottery workshops in Athens ca 5th-4th c. BCE (according to 
Hasaki, 2002), are plotted on the map of the city (©Google maps, 2018). The black dot-line shows 
the ancient borders of Athens (Adapted from Bernard, 1998) 
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 Spatial arrangement of a pottery workshop  

 Workshop size belongs within a wider system of supply and demand. Potters 

required transport to sell their wares, thus the availability and efficiency of means of 

transportation is a determinant of the level of productivity (Hasaki 2002). Scheibler (1983) 

notes that the number of potter’s wheels in a workshop is indicative of its size. Small-scale 

manufacture favours the presence of many workshops and kilns of various sizes, while 

large-scale industry relies heavily on the simultaneous use of several large kilns. Larger 

workshops with two or more kilns usually cover an area of 300-400 m2 such as the 

“Corinthia” pottery workshop in Ancient Corinth, 5th cent. BCE (Robinson, 1986: 41-56), 

while smaller workshops extend over 200 m2 (Hasaki 2002), such as the Kerameikos at 

Figaretto workshop in Corfu operating from Archaic to Hellenistic times (Kourkoumelis & 

Demesticha, 1997). There are also smaller workshops ranging between 30 and 100 m2, for 

example the 6th cent. BCE workshop in Lenormant Ave. (Baziotopoulou-Valavani, 1994) 

that extends to about 30 m2 but according to Hasaki (2002) only a part is excavated.  Stissi 

(2002) suggests that small workshops sometimes co-existed alongside larger ones; the 

former were apparently more frequent in Corinth, the latter in Athens. 

 Representations on the BF Attic hydria of ca 510 BCE, by the Leagros Group 

Painter (Beazley, 1956: 354-391) (Munich: Munich, Staatliche Antikensammlungen und 

Glyptothek, inv. no. 1717), and the BF Attic skyphos of 500 BC, attributed to the Theseus 

Painter (Borgers, 2003) in the Harvard University Art Museum (inv. no. 1960.321), depict 

the spatial arrangement of a pottery workshop, including the settling basin, a large pool of 

water mixed with clay (Scheibler, 1983). There are no references in the literature to 

preparing clay-paint for the glaze within the workshops. Firing was an outdoor activity, 

whereas forming and painting the vases took place indoors. Workspaces were protected 

from the sun and humidity, and had adequate ventilation. A separate dark space for “drying” 

the pots was located near the cool storage spaces for raw materials (Scheibler, 1983). 

Workshops were set up around one or more kilns (Hasaki, 2002) and workshops with 

continuous production preferred to use two smaller kilns rather than a single large one, so 

that they could stack one while the other was cooling down (Hasaki, 2002). Old kilns were 

either repaired or demolished and new ones constructed (Hasaki 2002). The vast majority 

of Greek kilns are of modest size, which, however, is not due to lack of technical 

knowledge as even in Geometric times potters had the ability to build large kilns. It is 

possible that an on-going preoccupation with fuel supply and efficiency played a role in 

kiln size. 
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 Workshop personnel and their classification 

 The potters’ quarters were often adjacent to ancient cemeteries or burial plots, on 

the outskirts of Greek cities, as is the case of the Athenian Kerameikos. This suggests that 

potters were of lower social status and of moderate means (Tiverios 1981; Scheibler 1993; 

Stissi 2002). The assumption that the potters were generally of low social status, even if 

they were highly skilled artisans, is also supported from the fact that only a few mentions 

about them exist in ancient literature and records (Scheibler 1983, 71–3; Arnold 1985; 

Noble, 1988; Arafat & Morgan 1989; Vickers & Gill 1994; Stissi 2002; Sapirstein, 2013). 

Narrative representations on pottery depict five to eight workers per workshop. Pottery 

making was also a domestic industry, in which case the potter with his extended family ran 

the workshop (Hasaki 2002; Sparkes, 2000). According to Scheibler (1984), this is evident 

from the scene on the BF Attic hydria (Munich, Staatliche Antikensammlungen und 

Glyptothek, inv. no. 1717) showing several generations working together. Women were 

also involved in the work, as witnessed by the Caputi hydria (Shoulder, Athenian Red-

Figured Hydria, attributed to the Leningrad Painter, Vicenza, Banca Intesa Coll. C: 278, 

ARV 376.61) and other representations, and were most probably family members 

(Papadopoulos 2003; Scheibler 1984). Stissi (2002) supposes that the smaller workshops 

were family enterprises, with the master-potter carrying out various tasks with the 

assistance of his family, in the Archaic period. The largest establishments employed four to 

six specialists and assistants, and were managed by a senior owner. Such enterprises would 

have employed, hired or slave labour, and were probably exceptional. The commoner form 

was the 'large' workshop, with a staff of three to four individuals with different roles, 

which drew on the extended family or slaves for help (Stissi, 2002).  

 According to Cook (1959, cf Sapirstein, 2013: 494) less than 100 painters must 

have been active in the fifth century BCE and by adding potters and assistant personnel, 

the resulting group numbers account 400–500 craftsmen working on the production of 

Attic pottery. However, this number is questioned by Stissi (2002), who argues that the 

number of workers in the pottery industry should be larger as it should include the people 

who were indirectly dependent on pottery production, such as the suppliers of the raw 

materials, who provided the potteries with fuel and possibly clay or the workers related to 

the transport and trade of Attic pottery. Stissi concludes that the number of people 

depending on and profiting from pottery production could have reached to 1,000 workers 

(Stissi, 2002). 

ARTEMI C
HAVIARA



 

 24 

 According to Tiverios, the key-posts were the potter, the vase-painter and the 

person responsible for firing in the kiln, while slaves or labourers were commonly utilized 

for heavy tasks, such as cleaning and processing the clay, collecting fuel and turning the 

wheel, as illustrated in a detail of an Athenian RF kalyx-krater (Caltagirone, Museo 

Regionale della Ceramica (inv. no. 67/90; Fig. 2-10). The almost caricaturist scene on the 

Boeotian skyphos of second half of 5th century BCE (National Archaeological museum of 

Athens inv. no. CC1114), in which two craftsmen are beaten and one is punished, 

suspended from the ceiling, gives a glimpse of the hard work under tough conditions 

(Stissi 2002). The forming, the painting and the firing of the vases were the tasks of 

specialist personnel. During the sixth century BC the practice of signing the vases began; 

the potter signed with the word “ΕΠΟΙΗΣΕΝ” and his name, and the vase-painter with the 

word “ΕΓΡΑΨΕΝ” and his name. Vases rarely carry the signature of both potter and 

painter. The potter could also be the vase-painter but not vice-versa (Scheibler, 1983). 

Painters would occasionally switch workshop or divide their time between several 

workshops (Seeberg, 1994; Stissi, 2002)7. Potters were obliged to remain at their workshop 

due to the demands of running a business.  The owner of the workshop was most likely 

also the master potter, who usually supervises production and firing, negotiates the 

purchase the raw materials and the sales (Arnold 1985; Beazley 1944; Scheibler 1983; 

Arafat & Morgan 1989; Sapirstein, 2013). The vase-painter would rely on his skills as an 

artisan and could offer his services to those potters who wanted to produce decorated 

pottery. The potter provided the workspace and the raw materials for the decoration (i.e. 

maybe clay paint, pigments etc.) (Noble 1988, Cohen 2006, Sapirstein, 2013).  It is 

mentioned in the literature that there were also slave painters8, who suffered restrictions of 

mobility but there are only few direct data for such a category (Robertson 1976; Scheibler 

1983; Arafat & Morgan 1989; Williams 1995; Stissi 2002; Pevnick, 2011, Sapirstein, 

2013). According to Scheibler (cf in Hasaki 2011), 20-40 vase painters were employed by 

the Nikosthenes workshop (Clark, 2001) and Valavanis  (1997) has argued that ten painters 

could be employed by some of the busiest Athenian workshops such as those responsible 

for Panathenaic amphoras. On the other hand, Hassaki (2011) comments that there are no 

evidence of workshop facilities employing such a large number of personnel even if some 
                                                
7 The assumption on the vase-painters mobility is accepted from several scholars (Beazley 1944; 

Cook   1971;  Robertson   1972;   Scheibler 1983, 1984; Williams 1995;  Stissi  2002, Sapirstein, 

2013) 
8The Atttic BG kyanthos «assembly of gods» is attribute by signature to the  «Lyndos the slave» 

Painter (BAPD  6247; Mayor et.al. 2014: 453) 
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of them worked part time. Some ethnographic parallels (Bell, 1918; Loviconi and Loviconi 

1994 cf. Sapirstein, 2013) from faience workshops of early 20th century in Fes, display 

similar characteristics concerning the distribution of work in a pottery workshop. The 

master potters contracted independent painters to decorate their wares. Due to the 

temporary nature of their job, vase-painter were employed and moved to different 

workshops (Sapirstein, 2013).  The same pattern is found in a modern workshop 

specializing in BG production at THETIS Authentics Ltd where the master vase-painter 

post is not permanent while the owner of the workshop supervises the production from 

forming of clay to the firing, negotiates the purchase of raw materials and the sales policy 

and prices (data given from © Thetis Authentis Ltd 2000-2018). 

 

 

Figure 2-10: Upper right image detail: Scene of a potter forming a vessel on the wheel, turned by 
his assistant, under the gaze of the patron goddess Athena. Attic RF krater 460/450 BCE, Museo 
Regionale della Ceramica 961, Caltagirone, Italy. Lower left: Image adopted from the drawing by 
D. Weiss of the vessel (cf. Hasaki, 2012: Figure 13.1) 
.  
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 Forming a vase  

 The potter’s wheel is the essential tool for forming the clay. It was widely used in 

the Aegean region by the beginning of the final phase of the Early Bronze Age, ca 2400 

BCE. The development of the slow or hand-turned wheel as an adjunct to pottery 

manufacture was replaced by the kick-wheel, rotated by foot. The potter's wheel was made 

of wood, stone or fired clay and was approximately 60 cm in diameter. It was balanced on 

top of a pivot and spun manually. Some wheels had notches on their sides, for easier speed 

regulation. Potters' wheels are well-illustrated on a number of Archaic and Classical vases. 

One appears very clearly on both sides of a lip cup now in Karlsruhe (Badisches 

Landesmuseum, inv. no. 67/90) (Figure 2-11) (Stissi, 2002). The potter’s toolkit included 

knives, scrapers, callipers of wood, bone or metal for measuring sections, sponges, metal 

wire, racks and trays, while water was essential for forming the vase (Sparkes, 1991). The 

process of throwing a pot on the wheel was exactly the same as today. It started with 

puddling and kneading the clay-mass to expel the air and rendering it more workable. If 

air-bubbles are trapped in the clay-mass, then the pot will possibly be destroyed during 

firing. The bigger pots were built in sections, starting from the base. Handles and any 

appliqué decoration were attached or luted to the pots in the “leather dry” state, using wet 

clay slip as an adhesive material. After the forming and drying of the pot, it was washed to 

make the surface smoother, while the burnishing of the surface before the decoration stage 

was performed with a smooth stone or a fine leather buffer. 

 

Figure 2-11: Above, representation of a potter forming a vessel on the wheel; below, the potter 
presenting the vessel. Attic BF Little Master lip cup, ca 550 BCE. Badisches Landesmuseum, inv. 
no. 67/90. Karlsruhe (Adapted from Manfrini (2008). 
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 Vase-painting  

 The vase-painter decorated clay vessels with the aid of scrapers, brushes, 

pulverized pigments, clay-slips and clay-paint, as well as metal or bone tools for incision. 

There are very few depictions of the vase-painter’s tools (Stissi 2002). Repeated motifs 

and patterns, such as parallel bands or lines, or the wide black-glaze covered areas, were 

executed by the painter’s assistant. Concentric patterns were drawn using a number of 

brushes tied together and sometimes with the help of a pair of compasses, to create an even 

set of circles or semicircles (Sparkes, 1991). The preliminary design was sketched by the 

vase-painter, with a stick of charcoal, and served as a guide for the application of the clay-

paint (Figs 2-12).  

 

 

Figure 2-12: Depiction of a vase-painter at work. Fragment of an Attic RF vase, attributed to the 
Antiphon Painter, 480 BCE. Museum of Fine Arts, Boston (inv. no. 01.8073) (the image on the 
right is adapted from Scheibler, 1983). 
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 Archaic Attic pottery is characterized by the deep “blue-black” (Gr µελανός) colour 

of the glaze used to decorate the vessels with simplified straightforward representations, in 

which the details of the figures were incised. The technique was developed further by 

eponymous vase-Painters such as Exekias (Boardman, 1978; Mommsen, 1997), Lydos 

(Tiverios, 1976), Nearchos (Beazley, 1956: 82-83), Amasis (Boardman, 1958), leading to 

the achievements of the Late Archaic period, among them the so-called “Bilingual” vases 

(Cohen, 1977), where vases are decorated both in the black figure and in the red-figure 

techniques, one on each side centered on the belly of the vessels. “Relief line” (Artal-

Isbrand & Klausmeyer , 2013) is another painting technique of the Late Archaic period, in 

which a thick line of clay-paint formed a relief line on the surface of the vessel after firing, 

usually outlining the figures or highlighting details of the decoration. A dilute clay-paint 

was used also in vase decoration, to give a transparent dark or golden-brown colour after 

firing, the so-called “dilute gloss” (Clark, 2002). The white-ground decoration technique 

(Kurtz, 1975) is famous due to several masterpieces, such as the black-figure on white-

ground lekythos attributed to the Sappho Painter, ca 500 BCE (Metropolitan Museum of 

Art, inv. no. 41.162.29) (Beazley, 1956: 507, 702,). The vase was coated with a fine white 

slip of kaolinite or highly calcareous clay, on which the figures were outlined with “dilute 

gloss”, which included iron oxides and minerals amenable to firing, or with “polychromy” 

(Clark, 2002), in the Classical period, in which colours-mineral pigments, such as blue, 

green, etc., were added after firing (Clark, 2002). A double-firing process produced the 

“coral red” (Aloupi-Siotis, 2008; Walton et al, 2009). The clay-paint was applied to the 

areas intended to be black after firing under reduction conditions, when the black glaze 

was produced, then the same clay-paint was applied on the reserved areas and fired again 

under oxidizing conditions (Aloupi-Siotis, 2008). “Six technique” (Six, 1910; Sabetai & 

Avronidaki, 2018) is a polychrome technique that appeared around 530 BCE. A design 

was painted with added colours – white, plus red – over the clay-paint, which became 

black after firing and covered the vase surface (Six, 1910; Sabetai & Avronidaki, 2018). 

 In the Classical period, advances in the iron-reduction technique resulted in black 

glaze of better quality and colour. After the Persian Wars, the larger, luxurious figures 

were placed on different levels, while an attempt was made to render perspective. Around 

450 BCE the white-ground technique became very popular, particularly for the decoration 

of kylikes, lekythoi and kraters. After 460 BCE and until the end of the century, the 

technique was limited to lekythoi used as funerary offerings or grave goods. Before the 

Peloponnesian War, around 431 BCE, many Athenian potters and vase-painters moved to 

South Italy and it was they who dominated the markets of the West after the war ended. 
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The decoration of RF pottery, occasionally in combination with “polychromy”, became 

less sophisticated. Some Attic pottery of the fourth century BCE was exported to Greek 

colonies on northern Black Sea coast, among them the city of Kerch (Pantikapaion) in the 

Crimea Peninsula. The RF pottery of the fourth century BCE found there has gilded details 

and added colours such as blue, green and white, and is so distinctive that it has been 

called “Kerch style” (Lebel, 1996). Gilding, which is rarely encountered on Attic pottery, 

is the adding of very fine gold leaf to a RF vessel, using an adhesive substance (egg-white 

or plant gum). It was used in some cases to accentuate details or more commonly was 

pressed over a relief ornament and then burnished.  

 A long period of gradual “fading”, of aesthetic and technological standards, begun 

after the Peloponnesian war. The war had a negative effect on the pottery industry, which 

lost three-quarters of its artisans due to deaths either in the battlefield or from the plague, 

while the pottery trade was interrupted due to the Spartan blockades (Sapirstein, 2013). 

During the second half of the fifth century, under wartime conditions, potters trained in 

Attic pottery, especially metics and slaves, immigrate to Thurii, Taras, Falerii, Syracuse, 

Lipari, Olympia, Corinth, Smyrna, and Olynthos and founded schools of pottery there 

(Macdonald, 1981). Both groups, metics and slaves, formed a significant body of skilled 

craftsmen in their new home cities and due to their relocation there was a reduction of 

personnel in the parent industry in Attica that resulted to cheaper mass production pottery 

(Macdonald, 1981). As the fourth century progressed the figurative Attic pottery was 

significantly waned (Boardman, 1979; Clark, 2002) and limited to the decorative and 

ornamental – Hellenistic style (Thompson, 1934) or replaced by a new craft involving the 

use moulds for the vase construction and stamps with ornamental patterns (Olmos et. al., 

1989). 

 Kilns  

 Diachronically, the kilns were located in the open area of the workshop. Kilns of 

both circular and elliptical plan have been found in Attica, along with a few rectangular 

ones, dating from the Orientalizing and the Archaic period. The circular kilns (Fig. 2-13) 

are small, while the elliptical and rectangular ones are large. Many sites have multiple 

kilns, indicating that workshops functioned full-time, rather than seasonally; in these 

workshops the kilns are of uniform shape. In the Classical period kilns are circular and 

elliptical, but rectangular kilns, appearing in sets of two or three, also have a strong 

presence (Hasaki 2002). The investment in building these kilns implies a long-term 

commitment and suggests a high volume of production.  
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Figure 2-13:Figure adapted from a modern reproduction by Sparkes (1991) 

 

2.3.2. Firing  

 The poem “Kaminos” (Κάµινος)9 was printed among the Fragmenta Hesiodea 

(Merkelbach & West, 1967: fr. 302) and is a 23-line hexameter poem referring to potters. 

The text and its translation from ancient Greek to English is after West (2003: 392-3):  

“Εἰ µὲν δώσετε µισθὸν ἀοιδῆς, ὦ κεραµῆες, δεῦρ' 

ἄγ' Ἀθηναίη, καὶ ὑπέρσχεθε χεῖρα καµίνου” 

The words invoke the goddess Athena to grant success to unnamed potters, if they pay for 

this poet's song; but if they are not willing to pay, then a series of curses follows, which 

describes the difficulties of the firing process.  

“εὖ δὲ µελανθεῖεν κότυλοι καὶ πάντα κάναστρα” 

In this line the poet wishes the pots to be nicely “µελανά” (=blue-black) after firing, 

signifying the difficulty in producing the uniform fine bluish-black colour characteristic of 

                                                
9 The poem “Keramos”, “Kaminos” or “Kiln” is in the passage of Pseudo-Herodotus’ “Life of 

Homer”.  

	  

ARTEMI C
HAVIARA



 

 31 

high-quality products that can be sold successfully in the market. The demons (δηλητῆρες = 

“poisoners”, Daemones Ceramici), on the other hand, refer to the real dangers, which are 

difficult to be control but with which the potter should be able to cope. However, they can 

lead to disastrous results. - “Syntribos” (Σύντριβος = shatterer) is the demon that could 

shatter the vessels in the kiln; this simile conveys the rapid increase of temperature in the 

first stage of firing, which might result in the shattering of the pots during the process. 

Similarly, “Asbetos” (Άσβετος = charrer) is the demon that does not let the fire die down, 

which refers to the over-firing of the vessels, resulting in the deformation of their shapes in 

the kiln. Omodamos (Ωµόδαµος = crude-baker) is the demon that leaves the pots unfired, 

however this curse was not a very bad one, since the vases can be subjected to a second 

firing (Aloupi-Siotis, 2008). Sabaktes (Σαβάκτης = destroyer) is the demon that shakes and 

jolts the pots in the kiln, while Smaragos (Σµάραγος = smasher)” smashes them noisily. 

Those last two demons allude to the hazards of the rapid decrease of the temperature 

during firing, especially when the kiln is at the highest temperature.   

 This poem attests the importance of the task of firing, which was a separate 

specialized skill that determined the quality of the final product. The man operating the 

kiln was responsible for stacking the pots carefully inside it and for stoking the fire as 

needed, so regulating the temperature during the process, creating a reduction atmosphere 

when the temperature reach a certain point and stopping the firing at the end, without 

damage to the pots. Due to the direct link between this task and the quality of the potter's 

product, the kiln operator was probably the person most closely associated with the potter 

or was the potter himself. The actual process is illustrated in a variety of ways on vases, 

but always one person performs the firing, as in the depiction on the Attic BF hydria 

attributed to the Leagros Group (510 BCE) in which one man attends to a kiln while the 

man behind helps, carrying a pot (Fig.2-14) (Stissi, 2002; Scheibler, 1984). 
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Figure 2-14: Attic BF hydria, ca 510 BCE. Attributed to the Leagros Group, Munich, Staatliche 
Antikensammlungen und Glyptothek, inv. no. 1717 (Adapted from AIC). 
 

 2.4. An on-going archaeological debate on the value of attic pottery 

 The archaeological community has been debating about the role of precious metals 

vessels in defining the characteristics of Attic decorated pottery. Dorothy Hill (1947) 

published an article arguing against the view that all attic pottery shapes are derived from 

metal prototypes as proposed by Richter (1946, cf Hill, 1947). She argues that some details 

of decorated pottery may have been taken from metal vessels, but the pottery shapes had 

been developed by potters specifically for pottery (Hill, 1947). In 1966 Strong supported 

Hill's arguments and provided details of the shape of kantharoi from Duvanli, which are 

not suited for metalwork (Strong, 1966).  

 The main debate on the subject was revived in 1985 by Michael Vickers (1985a) 

and David Gill (1985), who consider decorated Attic pottery to be a low value, low-cost 

imitation of metal vases, a result that derived through a study of shapes and decoration of 

Attic figured ware. They argue that precious metal vessels impressed people in antiquity 

and that pottery imitated metal vessel shapes in order to become more accessible.  They 

claim that black figure pottery is an imitation of tarnished silver inlaid on bronze and that 

red figure pottery imitates gold inlay on silver. Likewise, the purple fired colour on the 

decorated vases imitates the copper on silver vases and the white originates from ivory, 

even if is not part of the metal vases (Vickers 1985; Vickers 1985b; Vickers & Gill 1994). 
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Dyfri Williams later in 1985 studied a volute krater and neck amphora of seventh century 

B.C.E. and concluded that it probably imitated a metal equivalent (Williams, 1985). 

 This view of pottery production was not accepted by many scholars and lead to a 

major discussion in the academic world. In 1987 J. Boardman opposed Vickers and Gill 

arguments and claims that pottery shapes were derived from both metal and wooden 

archetypes but points out that wooden archetypes were used for a much longer period 

before the use of metal; he provides evidence using the shapes of pyxis and skyphoi which 

have nothing in common with metal forms (Boardman, 1987). He agrees, that silver, gold 

and bronze vases were more valuable than their ceramic equivalents and also more rare 

according to archaeological records and he mentions that vases made of precious metals 

were treated as luxury objects and meant to be re-used. However, he points out that the 

oxidation of silver (tarnishing), to which Vickers often appeals, is a form of corrosion 

caused by the presence of sulphur compounds that forms dark spots on the silver leading to 

a non-reflecting, corroded surface, which is incomparable to the black glaze reflecting 

surface of pottery items (Boardman, 1987). This evidence is used by Boardman to reject 

some of Vickers’ arguments and to support further the view that attic black glaze is not 

derived from silver and that attic decorated pottery objects were a valuable, luxurious, 

profitable item of a special craft. Robertson (1992) also contradicts Vickers and Gill theory 

by appealing to the fact that the frequent presence of preliminary sketches on the vases 

indicates that the painters frequently changed their minds and hence they were not 

imitating metal prototypes. Furthermore, he supports the integrity of a craft, which 

according to him has traditions and conventions since the Geometric period.  

 The doctoral thesis of Vladimir Stissi (2002) provides convincing arguments 

focused mainly of the value of Attic pottery. He rejects the previous arguments of Vickers, 

Gill and Boardman and presents some evidence relating to the debate on the value of attic 

figured and BG pottery. He claims that these authors made a wrong calculation of the 

value of decorated pottery because they compared modern values to graffiti prices found 

on certain ancient pots10. He claims that there are big differences in values, manners and 

traditions in modern times and their use in such arguments could be misleading (Stissi, 

2002).  He argues that decorated pottery was a fairly exclusive product and mentions that 

according to the archaeological data, the wealthy households that were financially able to 

leave their archaeological traces, had plain black glazed wares and decorated vessels in 
                                                
10 For example, the calculations by Vickers were based on the price of gold in 1989 (Stiss, 

2002:198). 
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Athens of the sixth and fifth centuries (Stissi, 2002). He supports the view that black 

glazed fine ware of attic pottery was available to most of the people but that the decorated 

pottery was presumably too expensive for the majority of the population for daily use. 

However, the average person could afford simple decorated vessels for dining, feasts and 

special activities and ritual traditions. According to Stissi (2002) the presence of Attic 

decorated pottery in graves and sanctuaries and the comparative absence of this ware in 

private houses, indicate the relative luxury character of this objects. On the other hand, the 

decorated items found in domestic houses are associated with drinking feasts and represent 

evidence of wealth and status. (Stissi, 2002). Concerning the value of Attic pottery, he 

claims that it should be considered as a semi-luxurious product, i.e. a simple item in a basic 

form but not extremely expensive. The possession of this kind of pottery is a necessity in 

antiquity, but mainly as a product with multiple uses (i.e. feast and display). The view put 

forward by Stissi (2002), reminds one of the good quality ware that almost every Greek 

household had in the past two centuries and can be witnessed even today, usually displayed 

somewhere in the house in special designed showcases. This “exhibited” ware is been used 

only in special occasions such as family diners, wedding etc. and gives an impression of 

the family status and wealth, a similar “social tradition” with the one in antiquity. Attic 

decorated and BG pottery was produced locally in Attica and often exported in significant 

quantities (Stissi, 2002). A more comprehensive description can be found in the work of 

Véronique Chankowski cited11 by Bresson & Callataÿ, (2013) who presents evidence for 

prices on vases based on financial standards to estimate the price of the vessels according 

to wages.  She concludes that an unskilled worker needed a full day's work to buy a 

common storage amphora but a simple mason could afford to buy several oinochoes or two 

Panathenaic amphoras. This study supports the statement by Sissi (2002) about the 

accessibility of sixth and fifth centuries BCE pottery as an item of semi-luxury value.  

                                                
11 No reference available for Véronique Chankowski work in the article Bresson & Callataÿ (2013) 
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CHAPTER 3 

 

3. Red-clays in Attica and the subject of research 

 Pottery production in Attica goes back to the Neolithic Age as evidenced, for 

example, by the pottery from Nea Makri, decorated with impressed motifs filled with white 

paste (Theocharis, 1981). The long tradition of pottery making in the region created 

masterpieces of art in the sixth and fifth centuries BCE, and continued with the production 

of decorated pottery until the mid-twentieth century, especially in the areas of Marousi 

outside Athens and Pikermi in the Mesogaia (Korre-Zografou, 1995). As can be easily 

observed in any image from Google Earth Application (Fig. 3-1), Attica is rich in red clay-

soils12 and water, that are, natural resources which are the raw materials of pottery 

production (Regueiro et.al., 2014; Higgins & Higgins, 1996). To understand the nature of 

these red soils and their use in Attic pottery production, it is essential a) to review the 

geographical and geological background of the region, b) to explain in detail what 

constitutes a “clay”, c) to define which clay-soil is adequate for producing the BG 

distinctive of Attic pottery and d) how it was used to achieve this. 

 

                                                
12 The clay-soils are soils consisting of fine particles, rich in clay-minerals 
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Figure 3–1: Map on the left: Map of Attica from Google maps (©Google maps, 2018); marked in 
red on the inset map is the geographical location of Attica in Greece (Adapted from HRI, 1995).  

 

3.1. Geography and geomorphology of Attica 

 Attica is a triangular peninsula about 3,808 square kilometres in area on the east 

edge of Central Greece, of which the urban sprawl of the Greek capital Athens today 

occupies 457 square kilometres. It is bounded to the north by the Alkionides Gulf and 

Boeotia, to the east by the southern Gulf of Euboea and the Gulf of Petalia, to the south by 

the Myrtoan Sea and the Saronic Gulf, and to west by the Isthmus of Corinth and the 

Corinthian Gulf. The borders of the region have changed little since antiquity (Nezis, 

2002). According to Plato, the Isthmus of Corinth marked the boundary of Attica, which 

extended inland up to Mount Kithairon and Mount Parnes, and included the demos of 

Oropos (Tsaktsiras & Tiverios, 1994). 

 Its mountains and plains characterize Attica. The mountains are Hymettos, the east 

part of the Geraneia range, Aigaleon, Penteli and Parnes, which is the highest massif in 

Attica, abutting the Skourta Plain and the Panakton Plateau. Mountains surround the 

Athens-Piraeus basin: to the north Parnes, to the northeast Penteli, to the southeast 

Hymettos and to the west Aigaleon. The plain of the Mesogaia lies to the east of Mount 

Hymettos and is delimited to the north by the foothills of Mount Penteli, to the east by the 
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Euboean Gulf and Mount Myrrhinous or Merenda, and to the southeast by the Laureotike 

peninsula. The smaller plain of Marathon lies in the northeast of the peninsula. Attica is 

crossed by few rivers, notably the Kephissos, the Ilissos and the recently covered Eridanos, 

which run through Athens; indeed the Eridanos passes through the central area of the 

Kerameikos (Fig. 3-2). Small streams flow from the mountains and hills, such as the 

Megalo Rema and the Erasinos in the Mesogaia, the Charadros that empties into the 

manmade Lake Marathon, and the Giannoulas stream on the west slope of Mount Parnes 

(Nezis, 2002; Goette, 2001). 

 

Figure 3–2: Map of the city of Athens in antiquity ca 430 BCE, based on the 1888 edition of 
Meyers Konversations lexikon (Adapted from Bernard, 1998). 

 

3.2. Geology of Attica 

 The Greek mountains belong to the Dinaric Alpine mountain system, which is 

divided into geotectonic zones, each consisting of a specific stratigraphical sequence of 

sediments with particular lithological characteristics and tectonic behaviour. The Attico-

Cycladic complex (AC) and the Sub-Pelagonian zone (Sp) form the geological substrate of 

Attica (Fig. 3-3) (Mountrakis et al., 1983). The Sub-Pelagonian zone is defined by Higgins 

and Higgins (1996) as a great belt of ophiolite13 and associated rocks such as limestone and 

                                                
13 Ophiolite (geol.): igneous rock associated with pelagic sediments (Lapidus, 1990) 
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chert. During the Tertiary period14, a landmass developed, which was flooded by up to 5 

km of continental and shallow-water sediments, the so-called molasses, which were deep-

water sedimentary deposits consisting of thin shale-beds or marl, alternating with coarser 

strata such as sandstone or conglomerate (Krásný & Sharp, 2007; Higgins & Higgins, 

1996; Mountrakis et al., 1983). Mount Parnes belongs to the Sub-Pelagonian zone, while 

Mounts Hymettos, Penteli and the Laureotike peninsula belong to the Attico–Cycladic 

complex, which comprises two main tectonic units, a) the lower unit, which is formed by a 

sequence of thrust 15  layers created in a pre-Alpidic basement, Mesozoic marbles, 

metavolcanites and metapelites, and b) the upper unit, which consists of various klippen16 

of ophiolitic material, sedimentary rocks, usually sandstone, siltstone and predominantly 

red shale, due to the presence of ferric oxides, and high-temperature metamorphic rocks 

(Baltatzis et al., 1992). After the end of the Alpine compression, erosion and faulting 

occurred, resulting in the creation of smaller Neogene17 basins, which were then flooded 

by the sea and filled with transgressive or coastal facies with rocks such as sandstone, 

shale, limestone and clay, still visible in the position where they were deposited. During 

the Quaternary18 period, many central and western parts of the basins were covered by an 

alluvium19 layer, as a result of infrequent floods (Regueiro et.al., 2014; Papanikolaou et al., 

2004).  

                                                
14 Tertiary (geol.): the geological period from 66 million to 2.58 million years BP and is part of the 

Cenozoic era (Lapidus, 1990) 
15 Thrust (geol.): a low-angle reverse fault (Lapidus, 1990). 
16 Klippen (geol.): isolated remnants of solid rock that has moved from its original location 

(Lapidus, 1990).  
17 The Neogene period (geol.) began about 24 million years BP and extends up to the present time; 

it follows the Paleogene Period. (Lapidus, 1990). 
18 The Quaternary (geol.) is the most recent geological period in the Earth’s history, spanning the 

last two million years and extending up to the present. The Quaternary period is divided into the 

Pleistocene and the Holocene. (Lapidus, 1990). 
19 Alluvium (geol.) refers to dendrital deposits originating from flood plains, rivers, streams, etc. It 

is unconsolidated soil or sediments i.e. fine particles of silt and clay, larger particles of sand and 

gravel, which has been eroded, reshaped by water and re-deposited in a non-marine setting. This 

alluvial material deposited or cemented is called an alluvial deposit. (Lapidus, 1990). 
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Figure 3–3: The 14 Greek tectonic zones from East to West as follows: (RH) Rhodopi Massif; 
(Sm) Serbo-Macedonian Massif; (CR) Circum-Rhodopi belt; Axios zone includes (Pe) Paeonia 
zone, (Pa) Paiko zone, and (Al) Almopia zone; (Pl) Pelagonian zone; (AC) Attico-Cyclades unit; 
(Sp) Sub-Pelagonian zone; (Pk) Parnassos zone; (P) Pindos zone, (G) Gavrovo-Tripoli zone; (Au) 
Adriatic-Ionian zone, (Px) Paxos zone (Adapted from Mountrakis et al. 1983; Krásný & Sharp 
2007). ARTEMI C
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Figure 3–4 : Geological deposits in Attica (Adapted from Higgins & Higgins, 1996) 
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3.3. Soils of Attica 

 In geology, soil is the unconsolidated material overlying rocks and is defined as a 

mixture of mineral rock-particles, organic matter, air and water, which dominates the upper 

few metres of the Earth’s crust. Soil is a result of weathering and biochemical processes 

which break down the parent rocks into individual particles of decreasing size (Fig.3-5), 

and includes decomposed vegetation and dead organisms. An average soil sample 

comprises 45% minerals, 25% water, 25% air, 4% organic matter and multi-sized mineral 

particles, such as sand, silt, and clay, which characterize the soil texture. In a vertical 

profile of the soil, the layer near the surface is called “topsoil” or “A horizon”. Below that 

layer, there are one or more “subsoil” layers or “B horizons”. They differ in colour because 

they contain less organic material and more metal oxides and clay minerals (ESBN, 2005). 

 

 

Figure  3–5: Soil profile (Adopted from http://borealgardening.com/terminology.php). 

 

 The soil-forming processes include the movement of clay particles between soil 

horizons. This so-called translocation involves the eluviation of clay particles from the A 

horizon, by percolating water, and the re-deposition of them below this horizon, through 

illuviation. Translocation takes place under certain physicochemical conditions, such as the 

ARTEMI C
HAVIARA



 

 42 

pH20 of the soil, which should be between 5 and 7 (ESBN, 2005). This system develops in 

cycles of dry and wet seasons. The accumulation of clay creates ped21 surfaces with clay 

layers called “cutans” (ESBN, 2005). According to Reuter et al. (2008) and their work on 

measuring the pH of European soils, the soils of Greece have high pH values (pH > 7), 

mainly present in the sedimentary areas, due to the calcareous nature of the parent material. 

The area of Attica has pH values of 7 to 7,5 and 7,5-8 in the basins of Mesogaia and 

Athens-Piraeus area and at the upper part of Mt. Parnes, as presented in the map of Fig. 3-6 

(ESBN, 2005). According to the authors of the “ Map of soil pH in Europe” the higher 

values of the pH are related to the presence of calcareous sediments and basic rock. This 

neutral or slightly alkaline soil of Attica, was pointed out in an earlier research on Attic 

soils, by Nevros and Zvorykin (1936). 

 

Figure 3–6: Part of the “Map of Soil pH in Europe” representing the pH of the soils in Attica 
(created by Marc Van Liedekerke for the publication by Reuter et al, 2008) – “Map Description: 
12,33 soil pH measurements from 11 different sources have been completed in order to create a 
quantitative map of estimated soil pH values across Europe using the geostatistical framework 
based on regression-kriging (RK). …the lowest values correspond to the soils developed on acid 
rock (granite, quartzite’s, sandstones, etc.) while the higher values are related to the presence of 
calcareous sediments and basic rocks” (LRMU, 2010) 
                                                
20 The pH (chem.) indicates the degree of acidity and is a number to measure the concentration of 

hydrogen ions in a solution. The scale is from 0 to 14. The alkaline soils range from pH8 to pH14, 

while the neutral soils have pH7 (ESBN, 2005).  
21 The term "Peds" (geol.) refers to the structural units that have distinct boundaries and defined 

weak areas between the aggregates. These structural units consist of particles cemented together 

with organic matter, clay, and hydrous oxides of iron and aluminium, and present several shapes. 

Peds form throughout wet-dry cycles (Broome, NCSU ). 
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 According to the world reference classification base (ESBN, 2005), the soil types 

identified in Attica are (Figure 3-7):  

a) Fluvisols: Soils present in alluvial or floodplain, lacustrine and marine deposits, 

and common in periodically flooded areas such as alluvial plains (ESBN, 2005; 

IGME, 1998).  

b) Leptosols: Soils over hard-rock or gravel material. The name derives from the 

Greek word “leptos”, which means thin. Leptosols comprise highly-calcareous 

material. They are called rendzinas when the parent rock is limestone, in which 

case they are highly calcareous in composition and have a greyish colour (ESBN, 

2005).  

c) Regosol: A weakly developed mineral soil consisting of unconsolidated materials. 

The factors of this soil development are low soil temperatures, prolonged dryness 

and characteristics of the parent material or erosion (ESBN, 2005). 

d) Luvisol: A soil with high accumulation of clay in the subsurface and a lower 

accumulation of clay in the surface horizon. An alternative name is pseudo-

podzolic soil (ESBN, 2005).  

 

 

Figure 3–7: Map of the soil types in Attica, is a detail from the “Soils of Mediterranean region 
map” in the “Atlas of soils” (Adapted from ESBN, 2005). 
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3.3.1. Red clay-soils of Attica 

 According to the publication by Nevros and Zvorykin (1936), which takes Attica as 

a typical province of “red soils” in a general study of Mediterranean red soils, “terra rossa” 

or “red soils” are normally formed on limestone and never on chalk-like rocks. To the 

contrary, they also note that under Greek weather conditions and at moderate altitudes, 

limestone usually develops soil of rendzina type and not red soils (ESBN, 2005). The red 

soils of Attica develop zonal characteristics, such as podzolic and degraded rendzina, 

under the local physico-geographical conditions. Furthermore, the composition of the red 

soils varies significantly according to the local physico-geographical conditions, apart from 

the underlying parent material of limestone (Nevros & Zvorykin, 1936).  

 Yassoglou et al. (1997) studied the origin of the red soils in Greece and state that 

red soils develop on hard limestone, on basic igneous rocks, on mica-schists and on 

gneisses22, in locations where these occur together with marble or calcareous mica schists. 

In their view, the factors required for the formation of red soils are: parent material 

containing iron-bearing minerals, slope and water permeability of the bedrock, secure 

drainage, and vegetation producing organic matter. Ferruginous red soils in Greece 

develop on mica schists and gneiss, neighbouring marble or calcareous mica schists, and 

occur in the thermo- and meso-Mediterranean bioclimatic zones. The soils developed on 

basic igneous rocks have distinctive purple-red colours, and become bright red in areas 

adjacent to calcareous rock formations. The argillic (or argillaceous) horizon of these soils 

has an irregular shape or a quickly oriented intrusion of displaced material and it is more 

resistant to erosion than soils developed on other parent materials. Finally, the same 

researchers strongly believe that the bright colour of the red soils is associated with hard 

limestone or marble and they group the soils into two categories (Yassoglou et al., 1997):  

a) “Autochthonous” soils or residual soils are developed in situ on a parent-rock and 

remain in their original location. They are found on hard limestone or marble in 

mountainous or hilly landscapes and on the red rock surface with the red-soil 

material still remaining in micro-depressions within the rock outcrops. The pH of 

residual red soils on limestone and basic rocks is near to 7. 

                                                
22 Gneisses (geol.) are metamorphic rocks with a banded or foliated structure, coarse-grained and 

consisting of feldspar, quartz, and mica (Lapidus, 1990). 
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b) “Allochthonous” soils develop on transported parent materials. They are present on 

late Tertiary and Pleistocene surfaces in the lowlands. These deposits have red 

strata ranging in thickness from a few centimetres to several metres, with red and 

fine-texture layers interbedded with light-coloured deposits of marl or 

conglomerates. The pH of allochthonous soils ranges between 5.0 and 6.5. 

 The colour of the red soils is due to the presence of haematite. Through weathering 

of the bedrock minerals there is a progressive increase in the clay and iron-oxides content, 

either due to residual accumulation or to in-situ transformation. Ferri-hydrites may 

transform into haematite. The formation and stability of haematite in the soil depends on 

the presence of iron in the parent materials and requires a relatively dry environment, in 

order to avoid leaching of iron oxides, a pH of between 7 and 8, and a low organic matter 

content (Yassoglou et al., 1997). Nevros and Zvorykin (1936), who took into account the 

environmental conditions in Attica, classified its climate as having a warm rainfall period 

with a dry summer; during the rainy period the soils become wet-saturated to a significant 

depth and remain wet from November until May, when the soil begins to dry. In addition, 

according to the EU official soil atlas map, the pH of Attica’s soils ranges between 7 to 8 

(ESBN, 2005). Yassoglou et al. (1997) note differences between the autochthonous soils 

formed on limestone and the allochthonous soils formed on Pleistocene terraces, which can 

be observed in their clay mineralogy. The clay formed from the first group of 

autochthonous soils is dominated by kaolinite and expanding minerals (i.e. smectites), and 

its texture varies from clay loam to clay. In contrast, the clay of allochthonous soils of the 

second group is mixed with aplastic inclusions (i.e. micas) and contains much more sand 

and rounded chert gravel.  

 It is important to note that the nature of the upper horizon differs, with the presence 

of soil-colloids and as reported by Nevros and Zvorykin (1936) the weather conditions of 

Attica favour the development of soil-colloids. During the wet season there is the process 

of eluviation23, in which the soil solution that includes colloidal material descends, and 

during the dry period the process of illuviation24, in which the soil solution ascends. Under 

such conditions, the differentiation of the profile into horizons, as well as the alteration of 

                                                
23 Eluviation is the process by which a colloidal material suspended in water is removed from one 

soil layer to another by the action of rainfall or chemical decomposition. 
24 Illuviation is the process by which colloids and mineral materials deposit from one soil layer to a 

lower soil horizon through the process of eluviation. 

ARTEMI C
HAVIARA



 

 46 

the structure, is significant, and there is quick decomposition of the colloidal part of the 

soil, especially in the upper horizon (Nevros & Zvorykin, 1936).  

 But, recent studies on the origin of red soils on carbonate parent rock (Muhs et al, 

2010) are published to change the old views on the subject, by considering three 

hypotheses: 

a) The non-carbonate residual accumulation theory. When the red soils result from the 

product of non-carbonate weathering of the mother carbonate rock. 

b) The ascending 'sesquioxide 25 ' theory. When the accumulation of iron and 

aluminium hydroxides on the surface of the sediment is a result of capillary ascent 

from the bedrock. 

a) Non-native soil accumulation theory. The soil is accumulated on the bedrock from 

airborne contributions. 

 In the study by Muhs et al, (2010), hypotheses a and b are rejected, on the basis of 

the geochemical composition of the red soils in terms of trace elements content and 

differences from the geochemical composition of the bedrock. The third hypothesis of non-

native contribution is considered the most likely, due to the geochemical similarities of the 

red soil to African dust carried by the wind. Airborne mineral dust from the Sahara and 

Sahel regions is spread throughout the Iberian Peninsula, the South of France, islands in 

the Mediterranean, Italy and the Adriatic Sea coasts, and Greece. The emissions of African 

dust to Europe are approximately 600 and 700 tonnes per year (Muhs et al, 2010). 

According to Remoundaki et al. (2011), aluminosilicates are predominant components of 

dust particles, which are also rich in calcium and are distributed between calcite, dolomite, 

gypsum and Ca–Si particles. The mineralogical analysis of dust from the Western Sahara, 

the Moroccan Atlas and Central Algeria identified illite, quartz, smectite, palygorskite, 

kaolinite, calcite, dolomite and feldspars, with quantitative differences between source 

regions in smectite, kaolinite, quartz, and dolomite (Avila et al, 1997). According to the 

analysis of the red soil, the African dust is the main contributor to its formation on 

carbonate bedrock, which probably contributes residual quartz (Muhs et al, 2010). 

 

                                                
25 Sesquioxide: an oxide containing three atoms of oxygen with two atoms of another element i.e . 

Al2O3 
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3.4. Clay mineralogy and clay dispersion in water 

 The word “clay” derives from the ancient Greek word γλία, γλοία, which means 

“glue” or γλοιός, meaning, “sticky” (Liddell & Scott, 2001). The term “clay” has no 

generic significance because it refers to weathered and hydrothermally altered products of 

sedimentary deposits. To put it simply, clay is a naturally occurring inorganic material 

composed of detrital mineral particles and “clay minerals”, with a particle size diameter 

less than <0.002 mm (Wentworth 1922; Grim, 1968) (Fig. 3-8).  

 

Figure 3–8:A- Relative sizes of the soil particles (SSSA, 2015), B- The “soil texture triangle” is 
used to determine classes for soils based on their physical texture, which is further clarified by 
separating the relative proportions of sand, silt and clay (Adapted from SSSA, 2015). 

 

 The term “clay minerals” refers to phyllosilicate minerals, in other words a number 

of aluminosilicate mineral groups of kaolinite, montmorillonite and illite, which form 

about 45% of all minerals in sedimentary materials. The clay minerals affect the physical 

properties of clay, i.e. the degree of plasticity when the appropriate amount of water is 
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added. This material hardens when dried. Clay transforms to “ceramic” when fired under 

conditions that cause sintering and vitrification. Clay-soils are fine-grained mixtures of 

clay minerals and inclusions of other minerals, such as quartz, carbonate and metal oxides, 

and are found on or near the surface of the Earth (Gomes, 1988, 2002). There are two 

classes of clays: a) Primary clays, which are found in the place of formation, and b) 

Sedimentary clays, which are transported from the place of origin by an agent of erosion. 

The primary clays are most commonly formed by the weathering of rocks, such as the clay 

formation of kaolinite/montmorillonite from the chemical decomposition of feldspars, or 

by the dissolution of rocks, and the disintegration and solution of shale. The structure sheet 

of the clay minerals consists of two different layer types, one composed of tetrahedral 

silicate units (Fig. 3-9) and the other of octahedral units (Fig. 3-10). The different 

arrangements of the two types of structure sheet form the different clay minerals. (Wilson, 

1999; Gomes, 1988). For example, the kaolinite clay mineral group has a 1:1 type structure, 

with an arrangement of a silica tetrahedral sheet and an alumina octahedral sheet (Fig. 3-

11), while illite structure is classified in the second type.  

 

Figure  3–9: Diagrammatic sketch of a) a silica tetrahedron and b) a silica tetrahedral sheet 
(Adapted from Grim, 1968) 

 

 

Figure  3–10: Diagrammatic sketch of a) an alumina octahedron and b) an octahedral sheet 
(Adapted from Grim, 1968). ARTEMI C
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Figure  3–11: Diagrammatic sketch of kaolinite clay mineral of 1:1 type structure (Adapted from 
Grim, 1968). 
 

3.4.1. Illite 

 Illite (hydromica, hydromuscovite) (Wilson, 2013), a general term proposed by 

Grim, Bray, and Bradley in 1937, refers to a non-specific clay mineral but also to the mica-

group as a whole. It occurs near or on the surface of the Earth and is formed by 

sedimentation and diagenesis (Meunier & Velde, 2004). It is the weathering product of 

feldspars and other felsic silicates. The illite structure is similar to that of montmorillonite 

(type 2:1). However, it occurs in thin particles of nanometric size (~5nm), it is less highly 

charged and it differs from its course-grained micaceous counterparts in having higher 

water content (Wilson, 2013). In this structure a net of negative charge is formed and 

potassium (K+) ions are attached to the clay surface in the so-called interlayer. The size 

and charge of K+ fit into the hexagonal ring of oxygen of the adjacent silica tetrahedral 

sheets (Fig. 3-12). Due to this ionic bond structure, the different layers are strongly bonded 

together, and this prevents the water molecules from capturing the interlayer positions; that 

is why illite is classified as a non-easily expandable clay material when water is added 

(Wilson, 2013). Although the dispersion properties of illite are relevant to its swelling 

behaviour, they are also affected by several factors, such as the pH of the external solution, 

the nature of the exchangeable cation and the layer charge density. These parameters also 

affect its flocculation and aggregation properties in a solution (Wilson, 2013).  
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Figure 3–12: Diagrammatic sketch of illite. (Adapted from Murray 2006). 

 

3.4.2. Clay colloids and clay dispersion in water 

 A “colloid” or a “colloidal system” is one of the primary types of mixtures of a 

disperse phase with a dispersion medium. It is a suspension in which insoluble 

nanoparticles in the range of 1 to 1000 nm are distributed throughout another substance, 

the so-called “colloidal dispersions”. In general, both the disperse phase and the dispersion 

medium can be solids, liquids or gases, in which the particles of the dispersed phase are 

much larger than the molecules of the suspension medium. The mixture becomes 

homogenous when there is no difference in the concentration of the dispersed phase 

throughout. These mixtures may be called colloidal aerosols, colloidal emulsions, colloidal 

foams, colloidal dispersions, or hydrosols (Van Olphen, 1977). For example “colloidal clay 

dispersion” is a mixture of clay nanoparticles suspended in another substance such as water 

(dispersion medium). The resulting mixture may be either an unstable colloid, when 

aggregation and sedimentation of the particles takes place in the system, or a stable 

colloidal mixture, when the very fine clay particles are well dispersed in a stable 

suspension (Fig. 3-13). The dispersion of the fine particles in the colloidal system occurs 

when the suspended particles in the liquid follow a random motion, as a result of their 

collision. This is called “Brownian motion” and the random movements are described by a 

particular mathematical model (Fig. 3-14) (UGent, 2015).  
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Figure 3–13: A clay-colloid mixture: a) water is the dispersion medium, b) clay-soil is the 
dispersed substance; the result could be c) an unstable colloid or d) a stable colloid system. 

 

 

Figure 3–14: a) In a colloid liquid mixture, the random fluctuating forces due to the liquid 
molecules are responsible for the Brownian motion (b) the movement path of a particle in the 
colloidal solution (Adapted from UGent, 2015). 

 

 Clay particles differ from ideal colloidal materials due to: a) their irregular shape, 

as opposed to ideal spheres, b) the wide range of their size distribution, c) the different 

types of charges, such as the permanent charges on the surfaces and the pH-dependent 

charges at the edges, as well as the heterogeneity of the layer charges, the pronounced 

cation exchange capacity, the flexibility of the layers, the different modes of aggregation 

and the electro-kinetic mobility of the colloidal particles, which is related to their 

movement in an electrical field; this potential at the shearing plane is the so-called “zeta 

potential” and is measurable with special equipment (Lagaly, 2006). Thus, in a colloidal 

clay-water system, the dispersed particles are affected by several physicochemical 

parameters, the combination of which further complicates its production and stabilization. 

The production of a homogenous clay suspension can be facilitated by using dispersing or 

deflocculating agents (i.e. sodium compounds, organic polyelectrolytes, calcium 

hexametaphosphate, etc.). In choosing the additive, the ion-exchange capacity of the 
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particular clay mineralogy and the consequent creation of a surface charge must be taken 

into account. An example of a clay colloid system is the illitic clay suspension in water, the 

finest part of which constitutes the clay-paint that was used for the decoration of Attic 

pottery and the production of the black glaze.  

 

3.4.3. Spontaneous dispersion of clay in water 

 The clay particles disperse in an aqueous medium, remaining separate in 

suspension and repelling each other due to their electrical charge. In nature, when the rain 

falls the clay particles disperse spontaneously in rainwater, which is basically pure of 

electrical charge, most probably due to prolonged wetting and separation of the clay flakes. 

As the water transports clay on the earth surface or in the soil profile, it accumulates salts 

that dissolve in the water, thus increasing the electrolyte concentration in the clay-water 

system. This rise of the electrical charge may cause flocculation.  

 In the previous paragraph (see 3.4.2.), the pH as well as the chemical and 

mineralogical composition of the clay, were referred as important factors affecting its 

dispersion in water. Illite is the only clay mineral whose dispersion in water is less or not 

affected by pH (Goldberg et al., 1991) and thus presents spontaneous suspension in water, 

without the need of deflocculants or dispersing agents. Wilson (2013), in his review on the 

experimental results by Oster et al. in 1980 (cf. Wilson 2013), refers to the inherent 

dispersion of illites in rainwater. It is thus understandable why the clays of the illite 

mineral group are adequate mostly for the production of clay-slips and clay-paints used for 

the decoration of pottery, rather than for forming pots (Murray, 2006; Aloupi, 1993).  

 

3.5 Clay adequate for the production of clay-paint and the refinement process  

 Adequate clay  

 Aloupi (1993; Aloupi-Siotis 2008) suggested that the clay adequate for the 

production of BG decoration has to satisfy some rather strict criteria: 

a) it must be iron-rich, since the iron oxides are responsible for the black colour; 

b) it should be illitic, since the potassium presence in illitic clays facilitates 

vitrification by accelerating the process at firing temperatures of 800oC-900oC. 

Furthermore, as motioned previously (see 3.4.3.) illite dispersion in water is less 
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affected by pH and thus facilitates spontaneous suspension of clay in water, without 

the need of deflocculants or dispersing agents;  

c) it is essential to have consistently low CaO content, since the presence of calcium, 

especially in the form of calcium-carbonate (CaCO3), produces calcium oxide 

(CaO) and carbon dioxide (CO2) when sintering/vitrification take place; the release 

of carbon dioxide creates voids within the paint layer, which impair the colour and 

affect the microstructure of the glaze (Figure 3-15). 

 

 

Figure  3–15: SEM micrograph of the paint layer produced from a clay with moderate CaO content 
(i.e.7%). The voids are created by the CO2 released from the CaCO3 decomposition, during the 
vitrification process (Aloupi, 1993). 
 

d) it should not contain mica, since the use of mica-rich clays leads to a ‘broken’ 

micromorphology below <900oC, while at higher temperatures it produces paint 

layers that resemble the dark decoration of Neolithic and Bronze Age wares26 

(Aloupi-Siotis 2008);  

e) Several organic substances in the raw material inhibit the suspension of clay 

particles in water. They may also lead to unwanted fungi growth in the clay-water 

mixture. The presence of fungi in the clay-colloidal system may decrease the pH of 

the mixture and thus impede the dispersion of the clay particles in water. 
                                                
26 Aloupi, 1993. figs 4.12-lt-b, 4.131rc 
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 Refinement process 

 As stated in paragraph 3.4.2., the dispersed clay particles in a colloidal clay-water 

system are affected by several physicochemical parameters that complicate the production 

process of clay-paint. For Aloupi-Siotis (2008) a critical issue in the production of the 

clay-paint, is to achieve a clay suspension in water without the use of deflocculants, while 

the clay particle suspension depends highly on both the pH and the ambient temperature 

(T). For freshly-collected dry illitic clays with low CaO content, a satisfactory amount of 

good-quality clay-paint can be achieved at pH >8. 7 and T > l5°C. If the same clay is 

soaked in water for about six months, the same result can be achieved at pH ~7 and, T > 

l5°C. Due to the temperature constraint, Aloupi-Siotis suggested that the production of the 

clay-paint was probably a seasonal activity, i.e. from spring to autumn.  

 The refinement process described by Aloupi (1993) for the production of the clay-

paint and the reproduction of the black glaze is used in this dissertation. This process 

simulates the natural colloidal clay suspension in water by accelerating the wetting stage: 

soaking of the clay-soil in distilled water for a long time; cleaning and sieving the mixture 

to remove coarse aplastic and carbonaceous matter; treating the mixture in an ultra-sound 

bath in order to reduce particle size; decanting the clay-water system and separating the 

finest fraction with Equivalent Spherical Diameter27 (ESD) <0.3 µm; concentrating the fine 

clay-suspension by evaporation, in order to produce the clay-paint which has a liquid 

texture.  

 Clay-paint vs clay-slip 

 At this point it is important to clarify the use of the term “clay-paint” to describe 

the material used for the decoration of Attic pottery, as opposed to the commonly used 

term “clay-slip”. “Clay-slip” is the term used by archaeologists and ceramicists to describe 

a liquid form of clay in water28, which is applied all over the surface of the vessel in order 

to improve and prepare it for the application of the painted decoration (Aloupi & Kourou, 

2007). The clay-slip can be produced from the same clay as that used for the clay-body or 

                                                
27Equivalent spherical diameter, of a particle is the diameter of a sphere having same volume as 

that of the particle (Jennings & Parslow, 1988) according to the Stokes’ low. The mathematical 

equation that expresses the settling velocities of small spherical particles in a fluid medium known 

as the Stokes’ law was used for the estimation of ESD. 
28 Sometimes, referred to as “diluted clay in water”, which is not correct, as the clay does not 

dissolve in water. 
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from a mixture of clays and sometimes with additional inorganic materials, such as iron 

oxides, ochre, chalk, etc. (Sinopoli, 1991; Gibson &Woods, 1997). The term “clay-paint” 

is used in this work to describe specifically the material in the form of a thick liquid, which 

is used to decorate black- and red-figure pottery. It is a material with specific-clay 

properties, processed and refined through a standardized procedure to give the final result.  

 

3.6. The subject of research 

 The abundant clays suitable for pottery production in the Attica region, as a result 

of geological changes, were an ideal source of raw materials, to which the Athenian potters 

had access (Regueiro et.al., 2014; Higgins & Higgins, 1996). Worked clay from Cape 

Kolias, 15 km south of Athens, was excavated near the Athenian Agora (Sparkes, 1991; 

Higgins & Higgins, 1996) and clay deposits at Marousi (Amarousion) are reported to have 

been used for the production of pottery in antiquity, mostly for the clay-body, as well as 

for slips (Acton 2014; Higgins & Higgins 1996). Aloupi-Siotis (2008:120) has suggested 

the use of at least one clay deposit located on the plateau straddling the borders of Attica 

and Boeotia - Panakton plateau - for the production of the clay-paint used to decorate Attic 

pottery, whereas clay samples from Kalogreza and Pikermi, which the same scholar had 

tested in the past, gave very poor results (Aloupi, 1993). 

 Considering the constraints and the factors to be taken into account for the 

successful production of natural clay-colloids in water, leading to a high-quality BG, the 

identification and collection of the suitable clay-soils by the ancient potters becomes an 

intriguing archaeological issue, for which ancient references providing concrete evidence 

are lacking.  

 The sourcing of the clay-soil and its transformation into a CP constitute a research 

subject requiring a multi-disciplinary approach that draws from material science, chemistry 

as well as soil-, clay- and clay-colloid science. Furthermore, apart from the theoretical 

component, the research on this subject requires hands-on experience and know-how on 

pottery craft, with emphasis on BG ware, and involves experimentation with clay materials 

and decoration practices. And this is probably the reason why, in spite of the impressive 

body of archaeological research dealing with connoisseurship on the techniques of Attic 

BG ware, very little attention has been paid so far to identifying the sources of the clay 

materials used and the preparation process of the CP from clay-colloids, whether natural 

(spontaneous dispersion) or manmade (through dispersing additives).  
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 The present research addresses the longstanding archaeological question on the 

source of the clay-beds or clay-deposits in Attica, focusing on the ferruginous clays used 

for the decoration of the BG pottery. This question becomes particularly relevant in view 

of the fact that, contrary to the widely held belief, especially amongst archaeologists, based 

on the work by Noble (1965), the detailed scientific investigation of ancient specimens 

shows that the clay-suspension used for the CP which eventually leads to the BG, is not a 

result of clay-mixing, is not prepared from the same clay as used for forming the pots and 

does not contain any additives, such as ash, urea, etc. (Aloupi-Siotis, 2008). This implies 

that the clay source itself must have the desired physicochemical composition. As yet, the 

Attic clay sources adequate for BG production have not been thoroughly examined. 

 Moreover, the restrictions and requirements needed to produce a colloid clay-

suspension in water without additives raise questions such as:  

a) Where in Attica are the sources of clay adequate for the production of the colloidal 

suspension used for the decoration of Attic pottery located?  

b) Were the procuring and the processing of the clay material and the preparation of 

the clay colloids used for the BG separate trades? 

 

Apart from the questions of archaeological interest, there are significant questions relating 

to fundamental methodological issues of this research: 

a) Is it possible to relate the final BG product to the original raw clay material?  

 

 The results can contribute to filling in the puzzle concerning the organization of 

ancient pottery workshops, by giving information about the “missing technical parts” of 

this ceramic technology in antiquity; and this may give rise to possible methodologies for 

the direct comparison of the ancient black glaze with its potential raw material, which is 

attempted here for the first time.  
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CHAPTER 4 

 

4. Materials and methods 

 Most provenance studies of ancient pottery based on the elemental analysis of the 

fabric or its petrographic examination are constrained by the technological processes 

involved in the treatment of the raw materials used.  Papadopoulos (2003) claims that the 

mixing of clays practised by the ancient potters in order to improve the properties of the 

clay mass may complicate the interpretation of such elemental analyses. Day et al. (1999) 

also commented on this possibility, by comparing the relation between the chemical and 

mineralogical compositions of stylistic and petrographic ceramic groups from the Early 

Bronze Age in Crete; and highlighted the importance of the geographical scale of analysis 

and the correlation between provenance and technology, when using elemental analyses 

for pottery provenance studies.  In the case of the Attic BG, the CP results from the 

meticulous refinement of particular clay enriched in clay minerals. Thus, elemental 

analysis is particularly applicable: 

a) to the study of the suitable clay for the production of the CP and  

b) to the localization or the provenance of this suitable clay raw material.  

 The work combines physicochemical analysis with laboratory experiments and full-

scale reproduction of the black-glaze. Special emphasis is given to the chemical analysis of 

the BG with respect to trace element composition. From the direct comparison of the 

archaeological BG specimens with those produced in the laboratory, a reverse route has 

been followed to retrace the CP production in antiquity (Fig. 4-4–1). 
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Figure 4–1: The methodology plan of this research so as to retrace the CP production in antiquity 
by comparing the BG archaeological samples with the BG laboratory specimens. 

 

 Several expeditions and a detailed survey on the clay-soils within the region of 

Attica took place between 2011-2013, together with sampling of the raw materials and 

consideration of the geological, historical and literature data; The work was conducted by 

myself with the help and support of Dr. E. Aloupi. The collected clays were then 

characterized geologically through analytical methods and processed to produce clay-

colloids (or CPs) used for the decoration of the clay-body. The chemical characterization 

of the clay-colloids was followed by their application on clay substrates. After the firing of 

the specimens, chemical and morphological characterisation of the reproduced black-glaze 

followed, using physicochemical analyses. In addition, macroscopic and microscopic 

examination as well as non-destructive chemical analysis was conducted on 

archaeologically well-documented fragments. It should be noted that the same analytical 

methodology used for the chemical characterization of the archaeological samples was also 

applied to the black-glazed specimens, to achieve chemical comparison.  
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4.1. Archaeological samples 

 The samples analysed are divided in two groups: Group A consisting mainly of 

black-glazed fragments which were analysed with µ-PIXE analytical technique; Group B 

consisting of black- and red- figured sherds which were analysed in situ with a handheld 

portable XRF Bruker system and examined macroscopically and microscopically in detail 

under direct and raking light and using magnifiers, stereoscopes and microscopes. 

Photographic documentation and archaeological descriptions of all the archaeological 

samples are given in Appendix I. 

 Group A  

  Forty-seven (47) archaeological samples dating from the sixth to the fourth century 

BCE were chosen for the µ-PIXE analysis. The sampling assemblage included fragments 

of black-figure, red-figure and black-glazed pottery, with subdivisions such as the 

Hellenistic West Slope style. All selected samples were recovered in Attica; they come 

either from recent excavations near the Acropolis, occasioned by the construction of the 

new Museum (Eleftheratou, 2009) and near the Kerameikos during the works on the 

Athens METRO (Baziotopoulou-Valavani, Tsirigoti-Drakotou 2000) or from Pallini and 

Rafina during the construction of the Attica Motorway (Vargemezis et al. 2009) (Fig. 4-2; 

4-3). For comparison purposes the study included also, four (4) fragments from 

excavations in Badalona - Baetulo (Jimenez, 2000, 2002), NE part of Iberian peninsula 

exhibiting similarities to Attic BG ware: two (2) BG specimens most probably of 

Campanian origin, and two (2) terra sigillata sherds29. 

                                                
29 The Campanian and the terra sigillata sherds from Badalona, Spain, are unpublished and were 

given for analysis to Thetis Authentics in the course of collaboration during the CERAMED, EU -

research project (INCO II, 2003-2006) by Dr. Jaume Buxeda Garrigós, University of Barcelona.  

On the pottery and cultural models from the Italic to the Iberian Peninsula and the black-gloss Late 

Hellenistic ware from the NE Iberian peninsula see Principal (2006). 
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Figure  4–2: The yellow polygon indicates the locations of the excavated archaeological samples 
on a Google earth image. 

 

 
Figure  4–3: Classical period fragment cl_ker-23(left) with black-brown glaze; Classical period 
fragment cl_acrop-35 (right) with black glaze. Both from the vicinity of the Acropolis 
(Makrygianni district) (Eleftheratou 2006; 2009). 

  

 Group B  

 One hundred and six (106) archaeological samples, dating between the seventh and 

fourth centuries BCE were examined and analysed by a handheld XRF system. The 

archaeological sherds include nine (9) fragments of Geometric pottery, four (4) Early 

black-figured, thirty-two (32) black-figured, twenty-three (23) red-figured and four (4) 
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black-glazed (Fig. 4-4; 4-5) from the collection of the National Archaeological Museum in 

Athens, excavated in the nineteenth century and published by Graef and Langlotz (1933). 

Non-destructive, in-situ analysis in museums allowed us to include comparable material 

consisting of nine (9) fragments (1 RF, 1 BF, 7 BG) from the pottery brought to light in the 

Kabeirion near Thebes (Avronidaki, 2007), stored in the NAM, as well as ten (10) 

decorated sherds (3 BF, 7 BG) from a rectangular deposit on the Acropolis, kept at the 

Acropolis Museum (Eleftheratou, 2009) and eleven (11) fragments from the potter’s 

quarter in ancient Corinth - Corinth Archaeological Museum, six (6) of which are test-

pieces bearing brushstrokes (Stillwell & Benson, 1984) (Fig. 4-6). The sampling 

assemblage includes BG and RF sherds attributed to the Thaliarchos Painter (Graef & 

Langlotz, 1933: PL.44.574), the Acropolis 573 Painter (Graef & Langlotz, 1933: 

pl.44.573), the Mikion Painter (Graef & Langlotz, 1933: PL.45.594), the Lydos Painter 

(Beazley, 1956: 108.6), the Aegisthus Painter (Graef & Langlotz, 1933: PL.44.573), the 

Antiphon Painter (Graef  & Langlotz, 1933 pl.14;) amongst others. All the samples are 

documented and described in detail in Appendix I.  

 

Figure  4–4:Black figure fragments: ACR 634a fragment of dinos (left), attributed to the Louvre E 
876 Painter, ca  560 BCE (Beazley, 1956: 90.2); ACR 2560a fragment of a pinax (right), attributed 
to the Rycroft Painter, 510-500 BCE. (Beazley, 1956: 337.32) Both samples are from the 19th 
century Acropolis excavations (Graef and Langlotz, 1933). 
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Figure 4–5:Red figure fragments: ACR 628 fragment of an amphora (left) attributed to the 
Aegisthus Painter, 475-450 BCE (Beazley, 1963: 507.2); ACR42a fragment of a kylix (right), 525-
510 BCE (Graef & Langlotz, 1933: ii, no. 42, pl. 3). Both from the Acropolis excavations in the 
19th century. (Graef and Langlotz, 1933). 
 

 

Figure 4–6:Corinthian test-pieces bearing brushstrokes (Stillwell and Benson, 1984). Images © 
Bice Peruzzi & Amanda Reiterman, 2014. 
 

4.2. Clay-soil sampling  

 During the survey on the clay-soils in the Attica region, thirty-eight (38) geological 

samples were collected and used to produce the laboratory specimens. The potential raw 

material sources were determined on the basis of the geological and chemical 

characteristics of the clays in Attica, which meet the criteria presented in Chapter 3, i.e. 

ferruginous, low calcium etc. The samples were collected either from the A and B soil-

horizons at maximum depth of 30cm or from clay accumulated in small cavities or 

channels in the bedrock. The samples were extracted using an axe and a shovel, and were 

placed in sampling-bags. They were then processed to produce CPs, which were applied on 

clay substrates. The procedure is described in detail in the following paragraph. All the 

specimens are presented in Appendix II. 
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4.2.1. Sampling strategy and road network of Archaic and Classical Attica 

 A combination of geological maps, chemical, topographical and archaeological 

information on the soils of Attica was employed, along with modern images from the 

Google Earth application. The satellite images from Google Earth added morphological 

and macroscopic information, useful for detecting the red-soil areas in Attica and for 

selecting potential sampling areas. This “map-mixing” achieved by using the easily 

accessible Google Earth application together, with image processing software (i.e. Adobe 

Photoshop), provides a very useful tool that allows an overview of the terrain of Attica 

today, superimposed with information from geological and topographical maps, as well as 

archaeological data. Through this process and the resultant images, it was easy to detect 

the red-soil areas that geologically match bibliographical data. All the maps used are 

presented in Appendix III.  

 However, neither the map-mixing nor the naked-eye was able to give information 

on the invisible criteria for a suitable raw material, such as the pH of the soil as well as its 

chemical and mineralogical composition. The invisible characteristics of the clay-soil, 

along with its colour and texture, are factors identified as a result of practical knowledge, 

derived from several years of experimentation and observation on the preparation of CP 

(2002-2007) (©THETIS Authentis LtD Archive). 

 Road network 

 The accessibility of the potential sources of raw material for the production of CP 

was of great significance for those who were interested in transporting the raw material. 

The ancient road network of Attica, as well as the routes leading beyond its borders could 

facilitate accessibility. The road network of Attica dates back to at least Mycenaean times 

and according to S. Fachard (2015) there were approximately one hundred routes in Attica 

of the sixth century BCE. It comprised major roads, secondary wagon roads and paths. The 

network was dense in the Classical period and was probably similar to the one designed on 

the archaeological map produced by A. Milchhöfer in 1895 (see Appendix III)  (Fachard 

2015; Steinhauer, 2009).  

 In the northern part of the network (Fig. 4-7), four major routes connected the areas 

under study with Athens and major cities or sanctuaries. In addition, alternative humble 

rural paths existed in tandem with these roads and constituted shortcuts (Fachard 2015). 

The numbers given by Fachard (2015) in figure 4-7 correspond to particular routes:   

ARTEMI C
HAVIARA



 

 64 

A. Route 3 connected Athens with the Thriasian Plain and from it branched a path that 

continued towards the Skourta Plain. Another branch ended at Panakton, but the 

main route crossed the Skourta plain, and passed into Boeotia, reaching Tanagra to 

the northeast and Thebes to the northwest. 

B. Route 4 began from Athens and ended at the demos of Phyle, via Acharnai and 

Chasia. It was a wagon-road as far as Chasia, from where one branch led to Phyle 

and one route continued towards the east side of the Skourta Plain and thence 

towards Tanagra, Oinophyta, Avlona and the Oropos. 

C. Route 5, again starting from Athens, reached the demoi of Acharnai and Dekeleia. 

The road continued to the old Agios Merkourios pass and, via Malakasa, ended at 

Oropos (Fachard, 2015). 

D. Route 6 connected Athens to Aphidna and the north branch served Tanagra, Delion 

and Chalkis. 

 

Figure  4–7: Part of the map designed and provided by Fachard (2015), presenting the main routes 
out of Attica (black line) of the north part of the road network, as well as recently- discovered 
routes (dotted lines). 
 

 In the book “Αττικής οδοί. Αρχαίοι δρόµοι της Αττικής» (ed. Korres 2009), which 

refers exclusively, to the ancient Attic road network, special attention is given to the 

southern part of the network, presented by Olga Kakavogianni (2009). According to her, 

this network had three main roads with several branches, which started from Athens and 

served all the residential, religious, economic and military centres of the southern area of 

the peninsula of Attica:  

ARTEMI C
HAVIARA



 

 65 

A. The “Astike Hodos” (Αστική οδός) was a long-distance main road linking Athens 

with Laurium through the western part of Attica, along the foothills of Mount 

Hymettos, via Voula, Anavyssos and Cape Sounion where the temple of Poseidon 

tands. 

B. The “Steiriake Hodos” (Στειριακή οδός) served the important port of Steira, from 

which there were maritime connections with the Cyclades, Asia Minor and the 

wider Eastern Mediterranean. The other end of the road skirted the northeast 

foothills of Mount Hymettos, passing via Brauron and the Spata region. 

C. The “Sphettia Hodos” (Σφηττία οδός) linked Athens with the area of Koropi 

(Kropeia) in the Mesogaia, where this road terminated after passing via the south 

part of Mount Hymettos.  

 A secondary road network with several branches was made up of short-distance 

roads and paths, which existed near to the main routes. This network covered the rest of 

the peninsula. Fig. 4-8, taken from Kakavogianni (2009) presents the map with the ancient 

routes.  
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Figure 4–8: The figure presenting ancient roads (black line) (Kakavogianni, 2009) in southern 
Attica. 
 

 

 

 

4.2.2. Survey and sampling  

 The expeditions for the geological survey and the collecting of raw materials took 

place between 2011 and 2013 and covered ten areas of Attica (Fig. 4-9). The first 

campaign (2011) started from the Panakton Plateau and covered also part of the Mesogaia 

Basin – areas already known as potential clay sources from the bibliography. The second 

expedition took place on Mount Parnes and its foothills, at Malakasa to the northeast and 

Kokkinovrachos to the southeast. This continued with an extensive survey in the Mesogaia 
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Basin and Anavyssos in the southwest of the Attica Peninsula. The third campaign covered 

the red clay-soils nearest to Athens, on Mount Hymettos and in the Athens Municipality, 

on the banks of the Ilissos River in central Athens, as well as in the north suburbs of the 

city. Samples from the Laurium in the south of Attica were added during the fourth 

expedition.  

 

 

Figure  4–9: The areas of sampling are presented on a Google Earth image of Attica (©Google 
Earth, 2018) 

 

 

 

The areas and the samples selected are presented below: 

 Panakton Plateau 

 The area of the Panakton Plateau was already known as a potential clay source 

from previous related work (Aloupi, 1993; Aloupi-Siotis, 2008). It lies near the borders 

between Boeotia and Attica and includes the “Skourta” Plain, which is on the east foothill 
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of Mount Parnes, approximately 540 m a.s.l. (Fig. 4-10). The sediment background of the 

Panakton Plateau and the Skourta Plain consists mainly of schists and phyllites (Sparke, 

1991). The area has fluvisol alkaline soils and clay (ESBN, 2005, IGME, 1983; Zvorykin 

& Saul, 1948), as a result of a periodic flooding. Before the very recent drainage works in 

the area, the Skourta Plain was for the most part a karst basin with no natural water 

drainage (Fig. 4-11). Due to its alluvial geology, the central Skourta Plain was a marsh or 

shallow lake during the rainy season (Munn, 2010). The archaeological remains in this area, 

located on the foothills of Mount Parnes, provide evidence of early habitation. Neolithic 

pottery and stratified remains of the Mycenaean era and Early Iron Age were found in the 

Panakton Plateau area, as well as a Classical and Hellenistic fortress covered by Byzantine 

remains (Munn, 2010; Hanson, 1998). 

 Today, there is agricultural activity over the entire area and the Skourta Plain, as 

well as large-scale exploitation of the existing clay-beds in the several clay-pits, which are 

operated by the “Titan group” cement company (Fig. 4-12). 
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Figure  4–10: Skourta Plain from a Google earth view(©Google Earth, 2018)  and Google maps 
(©Google maps, 2018)   on the left lower corner. The different shades of red attest the abundance 
of the red-soils.  
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Figure  4–11: Altitude profile of the route Athens-Pyli, through the Panakton Plateau. The Skourta-
Pyli profile has a slightly negative tilt and resembles a basin (Adapted from Schuck, 2015 (Schuck, 
2015 (Cycle Route)). 

 

 Seven (7) samples were selected from several areas of the Panakton Plateau and the 

Skourta Plain (Fig. 4-12). Specifically, the samples were collected from cavities in 

conglomerate rocks (AGDMT-05) (Fig. 4-13), from soil profiles at the side of streams or 

roads (STF-3, DRV-6, DRV-4, DRV-7), near artificial pools with natural clay suspension 

(DRV-8, DRV-9) (Fig. 4-14). 
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Figure  4–12: The red-black dots on the Google Earth map (©Google Earth, 2018) denote the seven 
locations from which clay samples were taken in the area of the Panakton Plateau - Skourta Plain. 
The top image is a close-up to the "natural basin" of colloidal clay suspension in the area exploited 
today by the “Titan” cement company (Aloupi-Siotis, 2008). 
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Figure  4–13: Conglomerate rock with cavities of very fine soil, in the area of Agios Dimitrios. 

 

 

Figure  4–14: Sampling from the lower part of the soil- profile at the side of a stream on the 
Skourta Plain. 
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 Mount Parnes and its northeast (Malakasa) and southeast (Kokkinovrachos) 

foothills. 

Mount Parnes or “Parnitha” (Πάρνηθα) (Fig. 4-15) is located approximately 30 km 

north of Athens. Of landmass about 250 km², it is 160 km in perimeter and 1,413 m a.s.l. to 

the summit of Karavola (Καραβόλα), Mount Parnes is classified as the widest and highest 

mountain of Attica (Nezis, 2002). The diversity of the geomorphology of this massif is 

observed through its rocky slopes, big and small, as well as its small plateaux, valleys and 

small basins. The main sediments of Mount Parnes are limestone and its geological 

formation includes also argillic schist and psammite known as Athenian schist (Higgins & 

Higgins, 1996). Many karst cavities or small basins exist in this mountain, due to 

precipitation of the limestone, as a result of the subsoil water flow action. During the rainy 

season, the natural water drainage is blocked by the argillic material and small lakes form 

(Nezis, 2002). Some of these basins are filled with red clay deposits, for example the clay-

pit near the areas known as “Platia Felikia” (Πλατιά Φελίκια) (Fig. 4-16) and “Agios 

Merkourios” (Άγιος Μερκούριος).  These small clay-basins are filled with rainwater in the 

winter, creating natural pools filled with a fine red clay-colloid suspension, for example the 

basin near the area Makrychorafo (Μακρυχώραφο) (Fig. 4-17). The northeast and southeast 

foothills of Mount Parnes are geologically the same as the rest of the massif, and there too 

several clay-deposits were observed with fine red clay-soil, such as in the area between 

Sfedali (Σφεδάλι) and west Malakasa (Μαλακάσα) near the national motorway. 

Accumulated clay is also observed in small rock surface cavities and channels (Fig. 4-18)  

 

ARTEMI C
HAVIARA



 

 74 

 

 
Figure  4–15: Α Google earth image of Mount Parnes (©Google Earth, 2018) 
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Figure  4–16: Clay – deposit in the area near “Platia Felikia” in Mount Parnes. 

 

 

Figure  4–17: Naturally formed pool of clay- colloid suspension in a basin, near the area 
“Makrychorafo”, in January 2014.  

 

Figure  4–18:  Red-clay accumulated in a calcitic rock cavity. 
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 Nine (9) geological samples were collected from Mount Parnes and its northeast 

and southeast foothills (Fig. 4-19). PRN-16, PRN-17, PRN-18 from a natural basin 

between Makrychorafo and Agios Merkourios, at an elevation average of 580 m (Fig. 

4-20); MLKS-19, MLKS-20, MLKS-21 were collected on the northeast foothills of Mount 

Parnes, in the area between the Sfendali and Malakasa, where the landscape has a negative 

tilt and there is a natural basin; and KNVR-22, KNVR-23, KNVR-24 d from the area 

between Kokkinovrachos towards to the area of Vilia (Βίλια), in the southeast foothills of 

the mountain. This area is near the ancient demos of Aphidna. 
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Figure  4–19: The sampling location  placed on the Google Earth image of Mount Parnes 
(©Google maps, 2018). 
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Figure 4–20: Altitude profile of the route Athens-Malakasa, via Mount Parnes. The areas between 
Makrychorafo-Agios Merkourios, altitude 580 m on the Mountain, as well as Sfendali- Malakasa, 
altitude 230 m, in its NE foothills. Both areas have a slightly negative tilt similar to small basins 
(Adapted from Schuck, 2015 (Cycle Route)). 

 

 

Figure  4–21: Collection of MLKS-19 clay sample from Malakasa 
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Figure  4–22: Altitude profile of the route Athens-Kokkinovrachos in the SE foothills of Mount 
Parnes, altitude 300 m, the areas between Kokkinovrachos - Vilia remained a small basins 
(Adapted from Schuck, 2015 (Cycle Route)) 

 

 

Figure  4–23: Soil profile in the area of Kokkinovrachos. 

 

 Mount Hymettos 

 Mount Hymettos (Υµηττός) is the long rocky massif separating the Athens Basin 

from the Mesogaia Plain and it is located a short distance from central Athens, only 8 km 

(Figs 4-24; 4-25). It extends from the area of Agia Paraskevi (Αγία Παρασκευή) in the 

north of Athens, to the area of Voula in the south, near the coast. Its highest peak is 1,026 

m a.s.l. The mountain is divided into the north part and the smaller south part. Limestones, 

Athenian schist, marbles, dolomites are its main sediments and due to its geomorphology 
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the mountain has several caves. The weathering of these sediments produced thin, fine red-

soils, which have been either transferred to the valleys in its foothills or accumulate 

between the rocks or in rock cavities (Nezis, 2002, Higgins & Higgins, 1996).   

 

Figure  4–24:  Panoramic view of Mount Hymettos from the Athens Basin. (The image is adapted 
from users.otenet.gr/~grav71/2004/Ymmitos.jpg) 
 

 Six (6) samples were collected from the north part of Mount Hymettos (Fig. 4-25), 

at maximum altitude of 42m; clay-soil samples (HMT -28, HMT -29) accumulated in rock-

cavities in the area of Korakovouni (Κορακοβούνι) (Fig. 4-26), as well as from the area of 

Papagou (Παπάγου) cemetery. Red clay soil samples (HMT-30, HMT-31, HMT-33) were 

collected in the northwest foothills of the mountain, from the areas Stavrou Kotsi (Σταύρου 

Kώτση) and near the NCSR-“Demokritos” Research Center. HMT-32 was collected from 

the southwest foothills of the mountain at the site of Profitis Ilias (Προφήτης Ηλίας) where 

fine red soils are deposited.   
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Figure  4–25: Α Google Earth image of Mount Hymettos and Google maps in the 

left upper corner (©Google maps, 2018). ARTEMI C
HAVIARA
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Figure  4–26: The sampling locations placed on the Google Earth image of Mount Hymettos 
(©Google maps, 2018). 
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Figure  4–27: Clay-soil accumulated in a metamorphic rock cavity 

 

 North of Athens and central Athens 

 Mounts Parnes, Aigaleo, Penteli, and Hymettos surround the Athens-Piraeus Basin 

or the so-called Athens Basin (Fig. 4-28), which was formed partly by faulting and partly 

by the erosions of the soft sedimentary Athenian schist. 

 Due to the long tradition in pottery making in Attica and in combination with the 

existing red-soils in the areas near Marousi (Μαρούσι), Kalogreza (Καλογρέζα) and Galatsi 

(Γαλάτσι), the sampling near the city of Athens started from the north with two (2) samples 

collected; KLGRZ-26 from Kalogreza and GLTS-25 from the area of Galatsi. The 

sampling continued towards the centre of Athens and focused on the banks of the ancient 

Ilissos river (ILLS-34), now a small stream, mostly covered by “Kallirrhois” avenue (Fig. 

4-29).    
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Figure  4–28: Α Google Earth image (©Google Earth, 2018) of the Athens Basin and Google maps 
in the uper corners (©Google maps, 2018). 
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Figure  4–29: The sampling areas are placed  on the Google Earth image of Athens (©Google 
Earth, 2018). 
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Figure  4–30: Sampling from a soil-profile in the area of Kalogreza. 

 

Figure  4–31: The red-soils area from the park of Galatsi. 

 

Mesogaia Basin and southwest part of the peninsula of Attica 

The cultivated plain of the Mesogaia, 30km away from Athens, is located between 

the east slope of Mount Hymettos and the north foothills of Mount Penteli. To the east it 

reaches the Euboean Gulf and Mount Myrrhinous, also known as Merenda, and to the 

mountains of the Laureotike. The red colours of the soils are noticeable (Fig. 4-34), as 

shown in the Google Earth image (Fig. 4-32) or the Google maps (Fig. 4-33), especially in 

the central area of the basin, now occupied by the International Airport of Athens. The 

recent archaeological findings date human activity in the area from Neolithic and Early 

Helladic times until the Post-Byzantine period. Several Hellenistic pottery workshops have 

come to light in the Mesogaia, including kilns of various sizes and shapes (Hasaki, 2002). 

Furthermore, the Mesogaia Painter (King, 1976) of the Early Proto-Attic pottery associates 

the area with pottery production during the historical period. 
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Figure  4–32 :The centre of the Mesogaia Basin, as captured by Google Earth (©Google Earth, 
2018). The abundance and variety of red-soils is pronounced. 
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Figure  4–33: A panoramic view of the Mesogaia Basin, with Google Earth (©Google Earth, 
2018).  Application and Google maps (©Google maps, 2018) in the left lower corner. 
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Figure  4–34: Tectonic-stratigraphic column of the centre of  the Mesogaia Basin/ Adapted from 
the original designed  by Lekkas and Alexopoylos in 1999 (cf. Ihyane, 2012) 

 

 Nine (9) geological (Fig. 4-35) samples were collected from the central area of the 

Mesogaia Basin; MRK-01, KRP-02, KRP-14, KRP-15, PRF-10A, B, C, BLBG-11 from 

the areas of Koropi and Markopoulo; ANVSS-13 was collected from accumulated red 

clay-soil, deposited in the Anavyssos area, which is on the west side of the peninsula (Fig. 

4-36).  
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Figure  4–35: The red-black dots on the Google Earth map indicate the ten locations from which 
samples were collected in the area of the Mesogaia Basin. (©Google Earth, 2018) 
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Figure  4–36: A view of the Anavyssos and Laurium areas through Google Earth application 
(©Google Earth, 2018).; the red-black dot indicate the location from which the sample was 
collected in the area of Anavyssos. 
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Figure  4–37: Sampling from a clay-deposit in the area of Anavyssos. The red-black dot on the 
Google Earth map (©Google Earth, 2018) indicates the sampling area of Anavyssos and the image 
at the top is a view of the landscape of the sampling area.  
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Laurium 

 The Laureotike peninsula is a rocky area in the east side on of Attica, 

approximately 45km from Athens. It was well-known in antiquity for its silver and lead 

mines. Indeed, Laurian silver was the financial basis for the wealth and the power of the 

city of Athens (Svoronos, 1915; Hopper, R., 1953; Marinos & Petrascheck, 1956; 

Conophagos, 1980; Camp, 2001; Katerinopoulos et. al., 2010; Howatson, 2011). There is 

evidence of small-scale mining activity dating back to the third millennium BCE but this 

was at its peak during the Classical period (Goette, 2001). Thorikos was an important 

settlement near the Laurium mines, with access to the sea and control of the northeast 

entrance to the peninsula of Attica (Mussche, 1973). Ancient mining was interested mainly 

in the exploitation of Ag-rich ore and that left behind, on the surface and underground Zn-

rich mineral wastes of sphalerite and smithsonite (synonymous to calamine) (Skarpelis & 

Argyraki, 2009). The exploitation and processing of calamine wastes from the ancient 

mining operations, took place in Laurium between 1876 and 1930 and it was used to 

produce high-grade zinc-oxide (Skarpelis & Argyraki, 2009). 

 The soils of the Laureotike peninsula near the coast are considered as alluvial 

luvisol with accumulated clay near the surface, rich in Pb-Ag-Zn deposits due to the 

mining activity. The existence of zinc in the area led to clay-soil sampling from here in 

previous work (Aloupi et al, 2012), while an increased Zn content is attested in 

archaeological samples. One (1) more sample was collected from Laurium (MED-35) area 

near the coast (Fig. 4-36; 4-38), and one (KLV-12) from the area of Kalyvia-Thorikou 

region, from the lower slopes of the Pani and Stefania hills (Fig. 4-35).  
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Figure 4–38: Sampling from a clay-deposit in the area of Laurium. The red-black dot on the 
Google Earth map (©Google Earth, 2018).  Indicates the sampling area of Laurium and the 
image at the top is a view of the landscape of the sampling area.  
  

 

ARTEMI C
HAVIARA



 

 95 

 Restrictions and obstacles during sampling 

 A series of restrictions and hidden obstacles appeared during the sampling 

expeditions, the confrontation of which, most of the times, led to the change of the initial 

plans. One restriction was the heavily-built areas in modern Attica that now cover the 

existing clay-deposits (Fig. 4-39); Furthermore the soil sampling from closed 

archaeological areas, in the center of Athens i.e. the potters’ quarter in Kerameikos, needs 

special permission. As consequence, the samples from the central area of Athens are few. 

Less obvious obstacles were the transportation or the import of the soils used for 

construction from other areas. For example, in the park of Galatsi, some red soils were 

probably transferred there. Due to this doubt it was decided to exclude this sample from 

the analysis of fired pottery.   

 In the countryside, restricted areas such as the non-accessible military (Fig. 4-40), 

prison (Fig. 4-41) and airport areas, as well as private or farming areas, are not defined on 

the map-mixing. In most cases the samples were from areas adjacent to such obstacles. 

An important obstacle was the difference between the Google Earth GPS 

coordinates and the data from the GPS equipment used during the expeditions. Due to the 

global availability of the Google Earth GPS application, it was decided to use the Google 

Earth GPS coordinates in this work. 

 

 

Figure 4–39: Aerial photograph of modern Athens, created by ©airphoto.gr. The densely built city 
covers possible clay beds. ARTEMI C

HAVIARA



 

 96 

 

Figure  4–40: Off-limits military area near Malakasa. 
 

 

Figure  4–41: “Avlonas” prison near Malakasa in the foothills of Mount Parnes; this area is rich in 
red clay beds. 

 

4.3. Clay refinement and dispersion process 

 The thirty-seven (37) clay-soil samples were collected and processed at the Thetis 

Laboratory to prepare colloidal clay suspensions in water, following the procedure 

described by Aloupi (1993):  

a) soaking and wetting of the soil in water. The raw material (S) (Fig. 4-42) is placed 

in distilled water (substituting the rainwater in natural clay colloids) for a 

prolonged period of time, in order to enhance swelling and separation of the clay 

particles; the mixture is also treated with hydrogen peroxide 4%, in order to remove 

fine organic material that may lead to fungi growth. 

b) sieving of the soil solution to remove large aplastic inclusions and the coarse 

organic material such as plant remains. The remains on the sieve-net from each 
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sample are dried and ground for elemental analysis; the code name of this material 

is S0 (Fig. 4-43); 

c) the clay-water system is then agitated vigorously with a rod and placed in an 

ultrasonic bath for 30 minutes to reduce particle size; then it is placed in tall glass 

beakers and left to stand for 72 hours; decantation of the heavier particles and 

separation of the colloidal particles is thus achieved; 

d) the finest fraction with Equivalent Spherical Diameter (ESD) <0.3 µm (according 

to Stokes’ law) is siphoned into a borosilicate glass beaker; 

e) the remaining coarser fraction in the suspension is also collected, dried and ground 

for analysis. The code name for the fraction is S1 (Fig. 4-44).  

f) concentration of the very fine clay-colloid fraction in suspension by evaporation. 

The concentrated clay-colloid is used as a CP ready to decorate a clay-body 

substrate. The code name of this concentrated clay-colloid is S2 (Figs 4-42; 4-44). 

 As suggested by Aloupi-Siotis (2008), the wetting of the clay-soil for a prolonged 

period (6 months) is an important stage affecting the spontaneous suspension of the clay 

particles in the water. To accelerate this stage, the clay soil samples were soaked in water 

for almost a month and ultrasonic treatment was applied instead. One group of the samples 

displayed spontaneous suspension in water, while the rest of them presented aggregation 

that resulted to sedimentation of the clay-water mixture. To enhance the suspension of clay 

particles in water, ten drops of humic solution (0.01%) were added to the second group of 

samples. This solution not only increases the pH but also is used as a substitute of natural 

humic substances existing in the soils; it contains organic compounds that do not affect the 

resultant black-glaze chemically or morphologically (Visser & Caillier, 1988).  
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Figure  4–42: S is the clay-soil i.e. raw material. The middle beaker contains the finer fraction of 
the colloid, which is concentrated in the third glass on the right. This S2 is the CP ready to be 
applied on a clay-body. 

 

 

 

Figure  4–43: The S0 is the coarse material remaining on the sieve-net, which includes large 
aplastic inclusions and organic material. The S0 dried is presented in the right lower corner image. 
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Figure  4–44: a) Successful, well distributed colloidal clay particles suspension in the aqueous 
colloid solution; S1 is the coarser fraction decanted in the bottom of the glass and has a lighter 
colour; b) Unsuccessful colloidal clay particles suspension. The clay particles aggregated and 
decanted.   

 

 

 

S the clay-soil ie. raw material 

S0 the remaining coarse material after sieving  

S1 the coarser fraction decanted in the bottom of the glass  

S2 the finer fraction of the clay colloid  

S = xS0 + yS1 + zS2 
 
Figure  4–45: S - clay-soil, i.e. raw material, consists of the fractions S0, S1, S2. 
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Figure  4–46: Dried colloid - S2 pellets samples. 

 

4.4. Laboratory specimens 

 All the resultant S2 or the CPs produced from the geological samples were applied 

on four model clay-body surfaces, using brushes, in order to assess the adequacy of the 

CPs for vase decoration. The CPs assessment is made on the criteria of the mechanical and 

optical properties of the resultant black glaze, such as tangential shrinkage coefficient with 

the substrate, crazing, cracking, colour and gloss. The four clay-substrates had different 

surfaces, with either flat exterior or with variable curvature projections and recesses (Fig. 

4-47): 

A. Flat clay briquettes measuring approximately 1cm x 1cm x 0.5cm. Wide area 

covered with BG. 

B. BG reproduction of an Archaic spindle whorl (No128) from the Gallery of the 

Slopes in the Acropolis Museum. The dimensions of the reproduction are 

approximately height: 5 cm max. diameter: 4 cm, with one flat surface and 

curvatures. 

C. Flat black figured pinax of approximate dimensions 5cm x 3.5cm x 0.5cm.  

D. Reproduction of a black figure Boeotian “kantharoid” cup (ΓΕ 37784), from the 

Benaki Museum. The dimensions of the reproduction are approximately height: 

15 cm max. diameter: 12 cm. 

All substrates were made with commercial clay from Crete, used at the Thetis Workshop, 

with moderate CaO and Fe2O3 contents (~ 7-8.5 % and 8.5-9 %) and similar to the one 

used for the ceramic body of Archaic and Classical Athenian ware (Jones, 1986: 155-159). 
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Figure 4–47: Different model clay-body substrates. A: Briquette decorated with the CP AGMT-05, 
B: spindle whorl decorated with the CP AGMT-05, C: BF pinax decorated with the CP AGMT-05, 
D: BF Boeotian “kantharoid” cup. 

 

 The CP was applied in accordance with the procedure for the black-figure style, in 

which the clay surface is treated by “wash”, “scraping” and “burnishing’ to receive it (Fig. 

4-54)30. The application of the CP is particularly important, demanding cautious control of 

the materials – CP and substrate. The CP is applied carefully, in successive layers, to the 

clay body surface, as uneven thickness of the layers may cause cracking and flaking during 

the drying process of the paint or during the firing. This is a common phenomenon in 

recesses or sharp angles of the vessels, such as the points where two parts join, such as the 

main body with a high foot in a kantharoid cup (Fig. 4-47). Lines are incised with a narrow 

sharp-pointed tool (stabber) on the dry CP layer (Fig. 4-48). 

 

 

Figure  4–48: Production of black-glazed briquettes. a) treatment of the clay surface using 
sandpaper (120 grit silicon carbide sandpaper); b) the sample code of each sample, was engraved 
on the back of the briquette, c) each clay-paint applied on several briquettes . 

                                                
30 At that point, when the clay surface is smoother and finer, the design is sketched on the clay with 

a carbon pencil or a common pencil and then the design is painted with the CP (Fig. 4-49).   
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Figure  4–49: Hand-painted decoration of the pinax (a) and the spindle whorl (b) on a table wheel. 

 

 

Figure  4–50: The vase-painter of THETIS Authentics Ltd, I. Nalbani, decorates the BF Boeotian 
“kantharoid” cup. a) Application of the clay-paint inside the cup using a table wheel, b) Sketching 
of the design on the clay with a pencil, c) Hand-painted decoration of the external surface of the 
cup with clay-paint. 

 

ORO firing 

 All specimens were fired in a specially-designed electrical kiln (Fig. 4-53), 

following an ORO cycle at Tmax of 920oC (paragraph 2.2.1., Fig. 2-3) very close to the 

optimal firing (Luhl et al., 2014), under fully-controlled conditions (Figs 4-52; 4-53).  In 

order to produce a reducing atmosphere in the kiln, natural material was introduced 

through an external aluminium tube. 
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Figure  4–51: Laboratory samples in the kiln before firing. 

 

 

Figure  4–52: Reproduction of a black figure Boeotian” kantharoid” cup; a) wheel thrown, scraped 
cup; b) sanded smoothed cup; c) cup burnished with a glassy “pebble”; d) decorated with the clay-
paint; e) black-figure effect after firing. 

 

 

Figure  4–53: Reproduction of a black-figure “kantharoid” cups from various CPs. The cups before 
(back line) and after (front line) firing. 

 

 ARTEMI C
HAVIARA



 

 104 

 

Figure  4–54: Laboratory samples of various CPs after firing. 

  

4.5. Microscopic and analytical methods 

 Throughout the project, a special effort was made to apply a non-destructive 

methodology involving the application of micro-analytical techniques, such as µ-PIXE 

(Group A) and hh-PXRF. These analytical methodologies were applied on the BG layers 

of both archaeological and laboratory specimens, for the quantitative and qualitative 

analysis of major, minor and trace elements. For further compositional study, hh-PXRF 

analysis was applied in situ on archaeological samples (Group B), as an alternative to µ-

PIXE due to restrictions on exporting archaeological samples from Greece.  

 The documentation protocol involved microscopic examination of all specimens 

under a Leica MS5 stereoscope and digital photography with OLYMPUSµ using direct 

natural light or artificial side lighting. All the archaeological samples and the laboratory 

BG specimens in the form of briquettes were then analysed by a handheld PXRF, Bruker 

TRACER IV-SD tube-based system (thin Rh target) with a 10 mm2 Silicon PIN detector 

(typical resolution 175 eV). The settings were adjusted separately for low-energy elements 

(Na, Mg, Al, Si, P, S, Cl, K, Ca) at 15 kV and 40 mA for 90 s under vacuum and for high-

energy elements (Ca, Ti, Mn, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Br, Rb, Sr, Y, Zr, 
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Pb,) at 40 kV and 38 mA for 90 s with the 0.001″ TI/.012″ Al beam filter and no vacuum; 

the ARTAX software provided by BRUKER Elemental was used for spectral analysis and 

quantification; two to three spots were analysed on the BG region of each sherd. The 

analysis of the ceramic body followed the same procedure, where possible.  

 For the visual examination of the BG surface, raking light and stereomicroscope 

were used on archaeological samples and laboratory specimens. In order to study the 

micromorphology and the BG/ body interface, polished cross-sections of the specimens 

observed under the OM / OLYMPUS Provis a ×70 optical microscope. Freshly fractured 

laboratory BG specimens (SE mode) were examined with an SEM / EDX microanalysis 

system (FEI Quanta Inspect D8334). 

 Milli-beam X-ray fluorescence (mXRF) analysis was performed on the bulk 

material of the geological samples because the use of a microscopic beam permits the 

detailed investigation of the coarse material (S), which has larger particle nature, in 

contrast to the finer particle size of the different fractions of the clay-colloids during the 

refinement process (S0, S1, S2), which were analysed with the micro-beam X-ray 

fluorescence (µXRF). Specifically, these analytical techniques were performed in order to 

examine: 

a) the chemical composition of all the geological samples  

b) the elemental, compositional changes that take place during the preparation process 

of the CP and  

c) the accuracy and reproducibility of this refinement process.  

 X-ray diffraction (XRD) was applied on bulk material (S) of the geological samples, 

as well as on bulk material from the clay-colloids (S2), in order to study the mineralogical 

changes that take place during the refinement process of the raw clays.  

 The table 4-1 below presents all the analytical techniques applied both to the 

laboratory specimens and the archaeological samples.  
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Table 4-1: The analytical technique applied on laboratory specimens and 

archaeological samples 

  Serial 

No. 

Sample Code Analytical techniques 

µXRF 

(S0,S1,

S2) 

mXRF 

(S) 

XRD 

(S, S2) 

hh-PXRF 

(BG) 

µPIXE 

(BG)  

OM 

(BG)31 

SEM/

EDX 

(BG) 

L
ab

or
at

or
y 

sp
ec

im
en

s 

1 MRK - 01 ✓  
✓ 

✓  
✓ ✓ ✓ 

✓  

2 KRP – 02 
✓ ✓ 

  
✓ ✓ ✓ 

  

3 STF – 03 
✓ ✓ 

✓  
✓ ✓ ✓ 

✓  

4 DRV - 04a 
✓ ✓ 

  
✓ ✓ ✓ 

✓  

5 DRV - 04b 
✓ ✓ 

  
✓ ✓ ✓ 

  

6 AGDMT-05 
✓ ✓ ✓ ✓ ✓ ✓ 

✓  

7 DRV – 06 
✓ ✓ ✓ ✓ ✓ ✓ 

✓  

8 DRV – 07 
✓ ✓ 

  
✓ 

 

    

9 DRV – 08 
✓ ✓ 

  
✓ ✓ 

✓    

10 DRV – 09 
✓ ✓ 

  
✓ ✓ 

✓    

11 PRF - 10a 
✓ ✓ 

  
✓ ✓ 

 

  

12 PRF - 10b 
✓ ✓ 

  
✓ ✓ 

 

  

13 PRF - 10c 
✓ ✓ 

  
✓ ✓ 

✓    

14 BLBNG - 11 
✓ ✓ 

  
✓ ✓ 

 

  

15 KLV – 12 
✓ ✓ 

  
✓ ✓ 

✓     

16 ANVS - 13 
✓ ✓ 

  
✓ ✓ 

✓    

17 KRP – 14 
✓ ✓ 

  
✓ ✓ 

    

18 KRP – 15 
✓ ✓ 

  
✓ ✓ 

    

19 PRN – 16 
✓ ✓ ✓ ✓ ✓ ✓ ✓ 

                                                
31 Polished sections 

ARTEMI C
HAVIARA



 

 107 

  Serial 

No. 

Sample Code Analytical techniques 

µXRF 

(S0,S1,

S2) 

mXRF 

(S) 

XRD 

(S, S2) 

hh-PXRF 

(BG) 

µPIXE 

(BG)  

OM 

(BG)31 

SEM/

EDX 
(BG) 

20 PRN – 17 
✓ ✓ ✓ ✓ ✓ ✓ ✓ 

21 PRN – 18 
✓ ✓ 

✓  
✓ ✓ ✓ ✓ 

22 MLKS - 19 
✓ ✓ 

  
✓ ✓ 

    

23 MLKS - 20 
✓ ✓ 

  
✓ ✓ 

✓    

24 MLKS - 21 
✓ ✓ 

  
✓ ✓ 

    

25 KNVR - 22 
✓ ✓ 

  
✓ ✓ 

    

26 KNVR - 23 
✓ ✓ 

  
✓ ✓ 

✓    

27 KNVR - 24 
✓ ✓ 

  
✓ ✓ 

✓    

28 GLTS - 25 
✓ ✓ 

  
✓ 

 

    

29 KLGRZ - 26 
✓ ✓ 

  
✓ ✓ 

    

30 HMT - 28 
✓ ✓ 

  
✓ ✓ 

    

31 HMT - 29 
✓ ✓ 

  
✓ ✓ ✓ 

  

32 HMT - 30 
✓ ✓ 

✓  
✓ ✓ 

✓  ✓  

33 HMT - 31 
✓ ✓ 

  
✓ ✓ 

    

34 HMT - 32 
✓ ✓ 

  
✓ ✓ 

✓    

35 HMT - 33 
✓ ✓ 

✓  
✓ ✓ 

 

  

36 ILSS -34 
✓ ✓ 

  
✓ ✓ ✓ 

  

37 MED- 35 
✓ ✓ 

✓  
✓ ✓ 

✓    

A
rc

ha
eo

lo
gi

ca
l 

sa
m

pl
es

 38-84 Group A          ✓  
 

  

85-190 Group B  

 

    ✓    
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 Analytical techniques and examples on pottery analysis 

 The analytical techniques applied in this research work, are well established in the 

fields of physical chemistry and materials analysis; they are also included in tailor-made 

methodologies to address specific questions on provenience and production of 

archaeological ceramics. Examples of selected case studies on decorated pottery are given 

below:   

• The combination of SEM/EDX, Transmission Electron Microscopy (Stuart, 2007: 

87) and laser reflectance, were used by Maniatis et. al. (1993) and Aloupi (1993) 

for an investigation of the surface topography, microstructure and chemical 

characterisation of the black glaze layer on Attic pottery samples of sixth century 

BCE (see paragraph 2.2.2). According to the results, the black glaze consists of 

polycrystalline magnetite fine particles dispersed in an amorphous vitreous matrix, 

the thickness of the BG layer is approximately 20 µm and the outer surface of the 

glaze is covered by a thin (~ 0.1 µm) clear glassy film. Its chemical composition is 

slightly different from the bulk BG layer (increased A1, Fe and decreased Si) and 

according to the authors this film is responsible for the characteristic sheen of the 

BG surface (see paragraph 2.2.2). 

• The hh-PXRF technique is a well-established analytical technique used for spot 

chemical characterisation of cultural heritage objects and materials. However, due 

to several restrictions of the technique when analysing multi - layered samples (see 

chapter 5.3) there are only a few examples used on decorated pottery.  Hildich 

(2016) presents a brief historical overview on ceramic analysis in Greek 

archaeology, in order to demonstrate current methodologies and she cites the article 

by Chaviara and Aloupi-Siotis (2016) - that forms part of the present work- as the 

only example for analysing decorated pottery with hh-PXRF technique in Greece 

until the time of Hildich (2016) publication. A very recent work (Tsiachri et. al., 

2018) used hh-PXRF, µ-XRF and SEM/EDX to analyse the decoration layer and 

the ceramic-body of the pictorial pottery that date from the Middle Helladic to 

Byzantine periods from Kynos settlement in central Greece, in order to study the 

technological features of this pottery. The authors concluded that the dark painted 

decoration of the pottery assemblage have been achieved by iron reduction 

technique using materials identical to those for the red decorations, while for the 

white decorations they identified Ca–Mg rich clays. Is also worth mentioning that 

the first application of in-situ analysis of a large number of decorated pottery by 
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means of portable XRF spectrometer took place in the Museum of Nicosia in 1996 

by following a multidisciplinary approach (Aloupi et.al. 2000; 2001)   

• Milli-beam XRF was applied by Kvaščev et.al. (2011), to analyse the red pigment 

used on Neolithic period pottery from three Vinča culture archaeological sites in 

Serbia. The milli-beam spot XRF spectrometry was used as a supplementary 

technique amongst others (XRF, PIXE, X-ray powder diffraction) for the 

characterisation of the materials examined. According to the results the red pigment 

was cinnabar that was used in the Balkans in the end of the sixth millennium BCE. 

• µ-PIXE technique was applied on Incrusted pottery samples from Hungary by Sziki 

et.al. (2003) to identify the material used for the decoration layers and to detect 

regional differences from their chemical compositions. The authors succeeded to 

group the pottery according to different regions and periods by the composition of 

the ornaments and it was concluded that their elemental composition may be 

characteristic for the provenance of the pottery. Another scientific article dealing 

with the external ion-beam analysis of cultural materials, used BG laboratory 

samples, produced at THETIS Authentics workshop, for the calibration of the new 

µ-PIXE line (Sokaras et al. 2011). This work directly relates to the subject of the 

present analysis with the same technique, and formed the background for the 

quantitative analysis of specimens of similar nature.  

• Optical microscopy (OM) is a common technique employed to closely view a 

sample, for example a cross section of a pottery fragment, through the 

magnification of a lens with visible light.  One, amongst several case studies in 

which OM was used as a supplementary method, is the study of the physico-

chemical characteristics of pigments found on pottery samples form Vicenza 

(Contrà Pedemuro S. Biagio) excavations (Mazzocchin et. al. 2003). In this 

research SEM/EDX (Stuart, 2007:91), XRD and Fourier transform infrared (FTIR) 

spectroscopy (Stuart, 2007:110) were also applied. Although, the results of the 

pigments were not unusual, they had similarities to those discovered in other 

European sites in France and Switzerland and that witnesses exchange/trading 

contacts.  

 It is worth to note that OM microscopy is particularly valuable when the 

researcher is already familiar with the materials under study, in this case ceramic 
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pastes, clay slips, ceramic glazes/glosses and other mineral pigments (ochres, 

umbres, talc, chalk etc).   

• Hein et. al. (2004) applied XRD, XRF, neutron activation analysis (NAA) (Stuart, 

2007: 385) and petrographic analysis (Quinn, 2013) on raw clay-rich material 

samples from seven different deposits in Central and East Crete, in order to test the 

assumption on the determination of provenance of archaeological ceramics 

according to their chemical composition, that is consisted from the existing 

geochemical diversity of clay deposits. The authors concluded that the red clay 

deposits could be distinguished according to their chemical compositions.  
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CHAPTER 5 

5. Results 

5.1. Macroscopic and Microscopic characterization of the BG 

5.1.1. Archaeological samples 

 The macroscopic examination of the black-glaze on the archaeological fragments 

of Group B (Figs 5-1; 5-2; 5-3; 5-4, all the references of the fragments are presented in the 

Appendix 132) revealed a series of features in terms of its quality, coloration and texture. 

On a number of fragments the colour shades range from black to black-brown (Fig 5-1), 

while on several there are isolated star-like cracks (Figs 5-4; 5-5), which differ from the 

usual crazing formation on glazes. Of the one hundred and two (102) archaeological 

samples, twenty (20) have a black-brown glaze and thirteen (13) of these are in the black-

figure style. Moreover, twenty-one (21) sherds from the old Acropolis excavations have 

isolated star-like cracks on the BG surface, while fourteen (14) of these are also classified 

in the BF style. 

 

 

Figure 5-1: The ACR2090a (Graef & Langlotz, 1933: p. 208, no. 2090) archaeological fragment of 
a pyxis (left: first quarter of 5th c. BCE) has a uniform black-brown glaze, in contrast to ACR2009 
(Graef & Langlotz, 1925: PL. 89, NO. 2009) fragment of a kylix (right: end of 6th c. BCE) that 
has a deep black coloration. 

 

                                                
32 In the table I of Appendix I, each sample has references either by the author or by the reference 

number of Beazley archive pottery database –BAPD (Beazley.ox.ac.uk, 2018) 
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Figure 5-2: Detail of the relief line on the decoration on the BG of the sample ACR2009 (Graef & 
Langlotz, 1925: PL. 89, NO. 2009), under magnification x80 
 

 

Figure 5-3: Detail of incised decoration on a high quality blue- black glaze - sample ACR674b 
(Graef & Langlotz, 1925: PL.43.674). 
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Figure 5-4: A characteristic star-like crack on the BG surface of ACR79 (Graef & Langlotz, 1933: 
PL.5.79) (fragment of a kylix, last quarter of the 6th c. BCE). Detail of the star-like micro crack on 
the left. 

 

 

Figure 5-5: A close-up, under the stereoscope, of a star-like crack on sample ACR614b (Graef & 
Langlotz, 1933: PL.48.614A-B), attributed to the Berlin Painter. A rare spherical bloating pore 
visible in the lower left corner is related to the formation of a low viscosity transparent glass on the 
external surface of the BG layer (1 bar = 500µm).  

ARTEMI C
HAVIARA



 

 114 

 

5.1.2. Laboratory specimens  

 The thirty-seven (37) laboratory specimens made with different clay-paints 

produced dark-coloured layers of different quality (Fig. 5-6, Table 5-1): two (2) specimens 

are black with an exceptionally glossy surface; on five (5) specimens the colour shades 

range from black to black-brown (Figs 5-7); eleven (11) specimens show similar colour 

shades to the previous two groups but also bear isolated star-like cracks (Figs 5-8; 5-9); 

nineteen (19) specimens were classified as inadequate and were characterized by extensive 

crazing with a tendency to peel or had a brown colour. Two specimens (DRV-08, DRV-

09) of the last category are reddish-brown in colour and do not present any indications of 

vitrification (Fig. 5-10). Most of the specimens have a glossy surface, regardless of colour 

or crazing. It is noteworthy that black-brown shades in the BG are observed on the 

specimens produced with clay-paints from the areas of the Panakton Plateau and Mount 

Parnes - Malakasa (10 out of 21 specimens), and the isolated star-like cracks are also 

mostly observed on those specimens. The laboratory experiments show that both features 

develop under optimal firing conditions (with regard to firing and cooling rates, heat-

soaking at top temperature, duration of reduction), regardless of the thickness of the clay-

paint (20-50 µm), and must be distinguished from the usual discoloration failures due to 

unsuccessful ORO firing. 

 

 

Figure 5-6: All laboratory specimens.  
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Fig 5-7: Samples from Markopoulo (A) and Mt Hymettos (C), produced a shiny BG, while the 
clay-paint from the Skourta Plain (B and D) developed a uniform brown hue. 

 

 

Fig 5-8: Sample with star-like cracks on the BG, made with clay-paint from the Skourta Plain 
(AGDMT-05) 
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Table 5-1: Glaze quality of the laboratory specimens in terms of surface texture and gloss  
 

    BLACK 
BLACK TO BLACK-

BROWN 

Area, Region Sample Code EVEN 
STAR-LIKE 

CRACKS 
EVEN 

STAR-LIKE 

CRACKS 

NOT 

APPLICABLE 

Pa
na

kt
on

 P
la

te
au

 / 
Sk

ou
rta

 P
la

n STF - 03     ✓      

DRV - 04a   ✓        

DRV - 04b       ✓    

AGDMT - 05   ✓        

DRV - 06       ✓    

DRV - 07         ✓  

DRV - 08     
 

  ✓   

DRV - 09     
 

  ✓   

M
t P

ar
ne

s  PRN - 16   ✓        

PRN - 17   ✓        

PRN - 18         ✓  

M
al

ak
as

a 

(N
or

th
ea

st
 

fo
ot

hi
lls

 o
f 

 M
t. 

 P
ar

ne
s)

 MLKS - 19       ✓    

MLKS - 20     
 

  ✓  

MLKS - 21       ✓    

K
ok

ki
no

-v
ra

ch
os

 

(S
ou

th
ea

st
  f

oo
th

ill
s o

f  

M
t. 

 P
ar

ne
s)

 

KNVR - 22        ✓  

KNVR - 23        ✓   

KNVR - 24        ✓   

Kalogreza 

(North of 

Athens) 

KLGRZ - 26     
 

   ✓  

Galatsi 

(North of 

Athens) 

GLTS - 25     
 

  ✓  

Athens 

centre 
ILSS -34     ✓      

M
t. 

H
ym

et
to

s  

HMT - 28     ✓      

HMT - 29     ✓      

HMT - 30 ✓          

HMT - 31       ✓    

HMT - 32       ✓    

HMT - 33     ✓      
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    BLACK 
BLACK TO BLACK-

BROWN 

Area, Region Sample Code EVEN 
STAR-LIKE 

CRACKS 
EVEN 

STAR-LIKE 

CRACKS 

NOT 

APPLICABLE 
M

es
og

ai
a 

ba
si

n 
MRK - 01 ✓          

KRP - 02         ✓  

KRP - 14         ✓  

KRP - 15         ✓  

PRF - 10a         ✓  

PRF - 10b         ✓  

PRF - 10c         ✓  

BLBNG - 11         ✓  

Southwest of 

Attica 
ANVS - 13         ✓  

Kalyvia-

Thorikou 
KLV - 12          ✓  

Laurium MED- 35   ✓        

 

 

 

 

Fig 5-9: (A): There is a star-like-crack on the lower right corner of the laboratory specimen with 
CP from Malakasa, (B): The briquette KRP-02 developed extensive crazing.  
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Fig 5-10:  Specimens with reddish-brown colour do not present any indication for vitrification.  

 

5.1.3. Optical microscope examination of the BG 

 A closer examination of the reproduced BG layers, in cross sections, under the 

optical microscope (OM), performed by myself, revealed a stratified inhomogeneity in the 

colour of the BG layer that presents a uniform brown-red zone sandwiched between the 

two black boundaries with the body and the outer surface (Fig 5-11). This "sandwich 

effect" most probably represents an intermediate stage in the colour transformation of the 

clay-paint layer from red to black, during the reducing stage of the firing. At the same time 

it relates to an inhomogeneity observed in the BG micromorphology, which is glassy in the 

outer part and in the interface with the clay body, and rather grainy in the interior (Aloupi, 

1993). (Figs 5-11; 5-12).  

 A more resent publication by Cianchetta et al. (2015) explains this characteristic 

stratified colouration in the BG layer by suggesting a complex multifiring process. This 

hypothesis is further discussed and refuted in the paragraph 6.2.2.. 
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Fig 5-11: A BG layer from the geological sample DRV-09 from the Panakton area, exhibiting a 
uniform black-brown shade on the surface and a characteristic stratified brown-red coloration in 
depth (polished section, OM, 1 bar = 50µm). 

 

 

Fig 5-12: DRV-06 from the Panakton area also exhibits a uniform black-brown shade on the 

surface and a characteristic stratified brown-red coloration in depth (polished section, OM, 1 bar = 

50µm). 

 

 

Fig 5-13: Cross section of the archaeological sample cl_acrop-35 provided by E. Aloupi-Siotis 
(unpublished data ©E. Aloupi-Siotis), presents the uniform black-brown shade on the surface and a 
characteristic stratified brown-red coloration in depth.  
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5.1.4. SEM – Microstructure of the black glaze 

 A closer examination of the BG surface under the SEM, performed by myself33 

showed that the glaze-quality differences on the surface layer are reflected in their 

micromorphology. For example, the fresh-fractured sections of the BG of the samples 

AGDMT-05 (Fig. 5-14A) and PRN16 (Fig. 5-14B) present a vitrified, dense and uniform 

layer with few bloating pores. In both samples, a thin glassy film on the outer surface of 

the BG is visible, which is responsible for the characteristic glossy appearance of the glaze. 

The thin glassy layer observed in the best-quality ancient BG probably corresponds to the 

thin glassy layer, free of magnetite crystals and thus transparent, which is formed on the 

outer surface of the Attic BG. Its thickness is of the order of 1–2 µm and it is responsible 

for the glossy appearance of the BG (Fig. 5-14 D, E) as described by Maniatis et al. (1993) 

and Aloupi (1993). Figures 5-15 and 5-16 show SEM micrographs of polished cross-

sections of Attic BG archaeological samples and polished cross-sections of laboratory 

specimens DRV-04a, MRK-01, DRV-06 in BE mode; the bright particles distributed in the 

entire BG layer are expected to represent the nanoparticles of magnetite formed in situ 

during firing. The BG layer is again dense with few spherical bloating pores, and therefore 

similar to most archaeological BG samples (Fig. 5-15 (EA-ATT3); 5-78 (EA-ATT8)). The 

comparison of SEM micrographs of one archaeological (EA-ATT8) and two laboratory 

specimens  (DRV-06, MRK01) in figure 5-16 (polished sections, BSE mode), reveals 

resemblance in terms of particle size and density of the iron oxides nanoparticles (white 

dots). Thus, these similarities of archaeological and laboratory samples verify further the 

successful replication of the process. 

 

 

                                                
33 SEM/EDX analyses along with preparation of the samples were performed by myself,  in the 

department of Materials Science, NCSR Demokritos, Athens, Greece, with the help of Drs A. Hein 

and N. Muller. 
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Figure 5-14: (a)-(b) SEM micrographs of freshly-fractured surfaces (SE mode); AGDMT05-BG 

and PRN16-BG-samples, respectively. D and E images are borrowed from Maniatis et al, (1993). 

a) The secondary electrons SEM micrograph of a freshly- fractured cross-section of an 

archaeological Attic BG sample shows the body and black glaze; b) In increased magnification of 

the black glaze (C) near the outer surface the thin glassy layer can be observed, which tends to 

separate from the surface. 

 

 

Figure 5-15: SEM micrographs of polished sections (BSE mode) of an archaeological Attic BG 
ware (EA-ATT3) (Maniatis et al, 1993) and the laboratory specimen DRV-04a.  
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Figure 5-16: SEM micrographs of polished sections (BSE mode) of an archaeological Attic BG 
ware (EA-ATT8) (Aloupi, 1993, 68) and laboratory specimens. (The dark lines on the samples 
MRK-01, DRV-06 represent scratches on the surface of the specimen, due to insufficient polishing 
during the preparation of the specimens). 

 

A detailed examination of the BG surface under the SEM, shows not only the macroscopic 

appearance of the uplifted edges of a star-like crack, which appear rounded in the SEM 

(Fig 5-17), but also that the crack is bridged with glaze material that connects the separated 

parts (Fig 5-16C). This feature suggests that the crack is generated, before or during the 

heat-soaking/annealing phase, rather than during cooling i.e. below 820–800°C. Even if the 

main reason affecting the crazing on glazes is the different thermal shrinkage coefficient of 

the body and the glaze, in the BG case the isolated star-like formation occurs in a thin top 

layer of a few microns. According to related bibliographical data (Bohn et al., 2005a, 

2005b), the star-like crack is expected to form due to inhomogeneities or defects 

underneath it but still within the BG. 
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Figure 5-17: SEM micrograph of a star-like micro-crack on the surface of a laboratory specimen 
(PRN-18) A: 1 bar =100µm, B: 1 bar =50 µm, C: 1bar=10µm. 

  

5.2. Adequacy of the clays for the production of the black glaze: Mineralogical 

and chemical characterization 

 

5.2.1. XRD of the geological samples (S, S0, S1, S2) 

 The XRD analysis of the clays used in this project was carried out on the fractions 

S and S2 of selected soil samples and revealed that natural ferruginous illitic Attic clays 

present a more complex mineralogical composition than modern pure illitic commercial 

clays. All the quantitative data and the XRD graphs are presented in Appendix IV. The 

quantitative analyses of the XRD results on fractions S and S2 of the samples DRV-06, 

PRN-16, PRN-18 and MED-35 are presented in graphs (Figs 5-18; 5-19; 5-20; 5-21). In all 

of these samples quartz is high in S but decreases in S2, due to the decantation of the 

quartz particles during the refinement process. The same pattern is observed for calcite, but 

this mineral is already in very low concentrations in the raw material (S). Illite and 

muscovite, which belong in the same group of minerals, increase in the colloidal 

suspension (S2). Orthoclase, which belongs in the feldspars group, increases in S2 or is 

similar to that of S. Goethite also increases in the finer fraction (CP).  
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5.2.1.1. The presence of kaolinite within the CP 

 A very interesting feature that merits discussion is the presence of kaolinite as the 

dominant mineralogical phase in all S2 samples. After the removal of quartz and coarser 

aplastic inclusions, the suspension is enriched in clay nanoparticles that corroborate for the 

increase in clay mineral phases in the XRD spectra.  

 

Figure 5-18: The quantitative results of the XRD analysis on S and S2 of the samples DRV-06. 

 

 

Fig 5-19: The quantitative results of the XRD analysis on S and S2 of the samples DRV-16. ARTEMI C
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Figure 5-20: The quantitative results of the XRD analysis on S and S2 of the samples DRV-18 

 

Figure 5-21: The quantitative results of the XRD analysis on S and S2 of the samples MED-35. 
The spider chart presents better the increased kaolinite in S2.  
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 In general, the XRD results show a significant increase of all clay minerals in the 

finer colloidal fraction (S2) and that kaolinite is an important component of the clay paint, 

apart from illite. To explore further these patterns of the mineral concentrations in S2, a 

sample of a natural clay colloid was collected from the sample area PRN-17 on Mount 

Parnes, where natural pools of clay colloid are formed in wintertime (Fig 5-21). The PRN-

17 S2 produced in the laboratory and the S2 created by natural spontaneous dispersion in 

rainwater (PNR-17 S2 natural) present almost the same patterns in terms of mineral 

concentrations (Fig 5-22). The PRN-17 S fraction has the same pattern as the rest of the S 

fractions. More interesting are the mineralogical concentrations of PRN-17 S2 and PRN-17 

S2 natural, where quartz and sanidine are slightly increased in S2 natural. This indicates 

that the laboratory clay-paint has extremely low concentrations of quartz and that makes it 

very fine. Contrary to quartz, goethite increases in S2. Illite is at the same level in all 

fractions and kaolinite follows the pattern of the S2 fractions and increases, but not as 

much as in the S2 laboratory specimen.  

 

 

Figure 5-22: Left, the natural pool with clay suspension in rainwater in the sampling area PRN-17; 

right, collecting the clay colloid from the sample spot PRN-17 (see paragraph 4.2.2.). 
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Figure 5-23:The quantitative results of the XRD analysis on S, S2 and S2 natural of the samples 
DRV-17.  
 

 The co-existence of illite and kaolinite in the clay paint material, two minerals with 

different thermal properties and a difference of 100oC in their melting temperatures might 

explain the inhomogeneous microstructure and coloration observed in some Attic and 

laboratory BG samples as shown in Figures 5-11 to 5-14 (see paragraph 5.1.3). In other 

words, while illite nanoparticles form a liquid melt that concentrates to the two edges of 

the BG layer, kaolinite nanoparticles particles retain a flaky-platelet like appearance, which 

is visible in the SEM - secondary electron images. 

 

5.2.2. mXRF and µXRF of the geological specimens 

 The chemical characterization of the geological samples was performed with XRF 

analysis on one hundred and forty-eight (148) unfired pellets, according to different grain 

sizes from different fractions S, S0, S1, S2. All the quantitative data are given in Appendix 

IV.  

 5.2.2.1. Reproducibility  

 In order to test the reproducibility of the BG production methodology and the 

refinement process, a second series of S2 (II) specimens were produced from the 

geological samples AGDMT-05, PRN-16, PRN-17, KLGR-26 and ANVS-13. The choice 

of the samples for the second series was random and followed the standardised refinement 

process and firing, which was exactly the same as the process for the rest of the specimens, 

under controlled conditions. The XRF results shown in figures 5-23; 5-24; 5-25; 5-26 
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reveal that the elemental comparison of the S2 and S2 II values is almost identical, with 

most of the variations in the range of 1%.  

 

Figure 5-24: Graph with major, minor (A) and trace (B) elements of the S2 fraction of the 
geological samples PRN-16 and PRN-16 II.  
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Figure 5-25: Graph with major, minor (A) and trace (B) elements of the S2 fraction of the 
geological samples KLGRZ-26 and KLGRZ-26 II.  
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Figure 5-26: Graph with major, minor (A) and trace (B) elements of the S2 fraction of the 
geological samples AGDMT-05 and AGDMT-05 
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Figure 5-27: Graph with major, minor (A) and trace (B) elements of the S2 fraction of the 
geological samples ANVS-13 and ANVS-13 II. 
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5.2.2.2. Analysis of different clay fractions (S, S0, S1, S2 unfired pellets) 

 Figs 5-27; 5-28; 5-29 illustrate the changes that the major, minor and trace 

elements underwent in all four fractions of the geological samples, apart from samples 

DRV-08 and DRV-09 for which only the S2 fractions were available.  

 A pattern is observed in some of the elements in all the different fractions. The 

Al2O3, Fe2O3, Cu, Ga, Rb generally increase in S2, while they decrease in S1 (Fig 5-83; 5-

84). SiO2 decrease in S2 in the majority of the samples and this coincides with the low 

concentration of quartz in the S2 observed in the XRD results. Zn increases slightly in S2, 

apart of the samples KLV-12 and MED-35, in which Zn is high in the raw material S as 

well. In the MED-35 sample, the value of Zn doubled in the S2 fraction (803ppm) (Fig 5-

84; 5-85).  Inversely, Sr and Zr clearly decreased in the S2, which indicates their presence 

in the settled coarse material of the colloidal system, which may be derived from an 

insoluble source, i.e. non-plastic inclusions. In particular, Sr has a stronger presence in S, 

in contrast to S2, and presents a different fluctuation pattern for each area of clay 

provenance. For example, in the area of the Panakton Plateau – Skourta Plain the 

fluctuations of Sr vary, while in the neighbouring areas of Mount Parnes and Malakasa the 

variations are low/few. Ca presents almost the same pattern in all samples, with its 

presence in higher quantities in the S fraction, whereas it is reduced or decreases markedly 

in S2 (Figs 5-27; 5-29). This observation indicates that Ca remains in the coarse material 

of the colloidal system. Ni, As and Cr tend to decrease, while Mn, Br, Nb and Pb present 

an increasing trend with fluctuations. Ni presents noticeable increased concentrations in 

the area of Panakton Plateau – Skourta Plain and Cr presents a variation in the same area 

and is extended in the areas of Mount Parnes and Malakasa (Figs 5-28; 5-29). However, Cr 

may be affected by atmospheric contamination. Generally, Ti is the more stable element in 

S2 with most of the variations lying in the range of 0.6 units (approximately 2%) (Fig 5-

30). The scatter plots in Fig 5-31 and the marked liner graph in Fig 5-32, reveal the 

correlation between the finer fraction S2 and the raw material S, in terms of major, minor 

and trace elements (S2/S). Al2O3 is increased in S2 and Fe2O3 has a strong presence in both 

S and S2, in contrast to CaO that decreases in S2. MnO2 and Cu vary in all samples, while 

Ni, As, Sr and Zn are in low concentrations, although Zn increases in a few samples.  
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Figure 5-28: Major and minor elements of S, S0, S1, S2 different fractions of all the 
geological samples. 
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Figure 5-29: Trace elements of S, S0, S1, S2 different fractions of all the geological samples. 
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  Figure 5-30: Trace elements of S, S0, S1, S2 different fractions of all the geological 
samples. 
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Figure 5-31: TiO2 chart of all S2 

geological 
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Figure  5-32: S2 vs S for the elements Al, Si, K, Ca, Mn, Fe, Ni, Cu, Zn, As, Sr.  
ARTEMI C

HAVIARA



 

 138 

 

Figure 5-33: The graph presents the ratio of S2:S of the elements Al, Si, K, Ca, Fe in all laboratory 
specimens  
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5.2.2.3. Spatial variability: The example of Mount Hymettos 

 Keeping in mind this overview of the characteristics of the major, minor and trace 

elements in all sampling areas, it is interesting to focus on one area, in order to observe the 

concentrations of elements in some geological samples taken from within a short distance 

of one another (Figs 5-33; 5-34). The samples HMT-28, HMT-29, HMT-30, HMT-31, 

HMT-33 were collected from the northern part of Mount Hymettos, at a distance of 

approximately 600 m from one location to another, while the sample HMT-32 was 

collected from the foothill at the centre of the mountain, far from the rest of the samples 

(see paragraph 4.2.2.; Fig. 4–1).  The soil of the sample HMT-30, from a higher altitude, 

had no visual difference in terms of soil colour or texture from the neighbouring samples 

of Mount Hymettos, although this sample (S), it gave extremely good quality BG in terms 

of colour, texture and gloss. All major, minor and trace elements of the different fractions 

from the Mount Hymettos samples are presented in Fig 5-33. The chemical characteristics 

vary in all the samples. HMT-28, HMT-29 are almost chemically identical with very low 

concentrations of Ca in the clay-paint produced. HMT-30, which is from very near to the 

previous samples, has different chemical concentrations with the presence of Ca very low 

in all fractions, in contrast to the rest of the samples. It is interesting to note that sample 

HMT-33 comes from a lower altitude, in the foothills of Hymettos, but on the same 

vertical incline as the sample HMT-30, which is from the top of the mountain. Yet, the 

sample HMT-33 has differences in terms of chemical concentration in all fractions and the 

resultant BG was of lower quality than that from sample HMT-30. The geological sample 

HTM-33 most probably originated from the top of the mountain, but had been transferred 

to the foothills and contaminated. The sample HMT-31 has no particular interest in terms 

of chemical concentration or BG results and HMT-32 is from a distant area and presents a 

very different chemical pattern. TiO2 can be considered rather stable in all the samples. 

Fe2O3 is increased in S2, as are Al2O3 and K2O. The behaviour of MnO2 is not visible, due 

to its low concentration, and the presence of SiO2 is generally decreased. Interesting 

features in terms of trace elements are Cr, Ni, Cu and Zn in HMT-30, which are increased 

in S2, while Zr and Rb are decreased in the same fraction. Sr has the same behaviour as the 

last two elements but it is in higher quantity and this constitutes the main difference 

between the rest of the samples.   
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Figure 5-34: Major and minor elements of the samples from Mount Hymettos.   

 

 

Figure 5-35: Trace elements of the samples from Mount Hymettos 
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5.3. hh-PXRF non destructive analysis of the BG 

 The analyses with the handheld XRF, Bruker TRACER IV-SD system (Fig 5-35) 

were performed by myself on the 37 laboratory BG specimens in order examine the 

behaviour of elements after firing and to compare them with the archaeological group-B 

samples, subjected to equal analysis, with the same technique. The benefits of the hh-

PXRF offset inherent limitations in the applicability of the XRF technique when analysing 

multi-layered samples. In the case of the BG decoration layer, it must be taken into account 

that the depth of analysis exceeds 80–100 µm, for characteristic X-rays with energies 8.0 

KeV (for ZnKa 8.64 KeV and BG density 2.4 g/cm3, the depth contributing to 63–86.5% 

of the analysed signal is estimated at 40–85 µm). In this respect, apart from the glaze, the 

ceramic-body was analysed for comparison purposes and all spectra collected were further 

evaluated before proceeding to quantification. The semi-quantitative results of the 

chemical elements are normalised and presented as ratios to Ti. Rh was another option for 

creating ratios, as it exists in the hh-PXRF equipment source; however, fluctuations were 

observed in Rh, probably due to the variable geometry of the archaeological samples. 

Microsoft EXCEL and IBM SPSS Statistics software were used for the presentation and 

interpretation of the data. All quantitative data are given in detail in Appendix IV. 

    

 

Figure 5-36: Snapshots during the in-situ analysis of the archaeological samples of group-B, at the 
National Archaeological Museum, performed by A. Chaviara (A). Analysis on the RF sample 
ACR42a, of an Eye-cup (B) and the BG fragment ACR394 (C) from a Horsehead amphora, dated 
to the first quarter of 6th c. BCE (Graef and Langlotz, 1933). ARTEMI C
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5.3.1. Laboratory BG specimens: Fired S2 samples 

 hh-PXRF analyses were performed by myself, on all the laboratory BG specimens 

for consistency reasons. Fe2O3 and K2O, which have an important role in the production of 

the BG, are in increased concentration in the glaze, while they are present in low 

concentrations in the ceramic-body. Ca has low concentration in the glaze but increases in 

the body. MnO2 has a low presence in the body and the glaze, with some higher values in 

the black glazes produced from the samples from Laurium (MED-35) and the North 

Athens area (KLGRZ-26) (Fig 5-36). 

 

 

Figure 5-37: Ratios of a set of major and minor elements to Titanium, in all laboratory specimens 
and their ceramic-body. 
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 In the trace elements graph (Fig 5-37) of all laboratory specimens, As presents 

some high peaks in certain areas i.e. Mount Parnes–Malakasa (MLKS19; 20; 21), Mount 

Hymettos (HMT 28; HMT 29; HMT 30; HMT 31 and HMT 33) and Laurium (MED35); 

Cr has variations in all the areas but with a significant increase in two samples from the 

Panakton Plateau – Skourta Plain (DRV04a, b), both of which were collected from a small 

stream near to an area of agricultural activities. Due to the locations of these samples, the 

increased Cr may be due to contamination of the soil by materials used in agricultural 

activity. i.e. pesticides. Ni presents a differentiation in the areas of the Panakton Plateau – 

Skourta Plain near Mount Parnes (STF03; DRV04a, b; DRV06;07, ADMT05), which is 

not observed in the centre of the Panakton Plateau (DRV08;09). Cu seems to be low in the 

glazes and very high in the ceramic-body. Zn, which generally has a very low presence in 

the ceramic-body, interestingly presents a noticeable peak in the Mesogaia – Kalyvia 

Thorikou (KLV-12) and a high concentration in Laurium (MED35). Ga has a strong peak 

in the samples from the north of Athens – Kalogreza (KLGRZ-26) and in one sample from 

Mount Parnes-Malakasa (MLKS20), though the concentration of Ga in the glaze tends to 

be very low.  
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Figure 5-38: Ratios of a set of trace elements to Titanium, in all laboratory specimens and their 
ceramic-body. 

 

5.3.2. Archaeological samples: in-situ analysis at the NAM and the AMAC  

 In the XRF spectrum of the BG, the dominant compound is Fe2O3 (Fig 5-38), as 

expected, while CaO was used to reject measurements with significant ceramic-body 

contribution to the spectrum; When CaO has significant concentration in the ceramic-body 

and the glaze layer is thin, then the XRF depth of analysis signal is stronger and penetrates 

the glaze layer, resulting in the analysis also of the ceramic-body. This is observed in the 

Corinthian pottery of the seventh-sixth century BCE, of which the ceramic-body has a 

higher Ca concentration (Antoniou, 1982: 167, 168; Jones, 1986: 177, 182) while the glaze 
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layer is thin; and is also observed in the Attic pottery of 760-620 BCE, where the clay 

body has lower Ca), while the glaze layer is also thin. This observation is illustrated well in 

the boxplot (Fig 5-39), where the Ca concentrations are related to dates.  

 

 

 

Figure 5-39: Ratios of a set of major elements to Titanium, in all archaeological samples. The 
Fe/Ti, in red colour, is the main feature in the chart in contrast with the Ca/Ti. 
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Figure 5-40: In the boxplot with the ratio of Calcium to Titanium, in all archaeological samples and 
dates, the highest concentration of Ca is observed in the pottery groups of the 7th -6th century BCE 
and 760-620 BCE.   

 

 

 Among trace elements detected, Zn presents an interesting variation. In the graph 

of the ratio of Zn/Ti (Fig 5-40) it is compared to the ratios of As/Ti, Cu/Ti, Ni/Ti. From 

this graph it becomes clear that the increased Zn/Ti observed in archaeological samples 

corresponds to a genuine increase of Zn content in the BG layer, since the ceramic-body 

presents significantly lower Zn/Ti values (Fig 5-41). Consequently, due to the clay-body 

contribution, the calculated Zn/Ti values from the XRF analysis of the BG layer are lower 

than the actual values. As shown in figure 5-40: the majority of the Athenian sherds with 

increased Zn/Ti are of the BF style and date between 600-570 and 500 BCE. One sherd in 

the assemblage from the potter's quarter in Corinth, which presents an elevated Zn/Ti ratio, 

is thought to have been imported, while two-of the BG ware from the Kabeirion in Boeotia 

also present a high Zn/Ti value. 
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Figure 5-41: Ratios of a set of trace elements to Titanium, in all archaeological samples. The 
variation of the Zn/Ti (in green) is the main feature in the chart and characterises mostly the BF 
ware of the 6th century BCE.  
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Figure 5-42: Comparison of Zn/Ti in the BG layer and in the ceramic-body for selected BF 
archaeological samples from the old excavations of the Arcropolis (Graef and Langlotz, 1933). 
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5.4. µ-PIXE 

 µ-PIXE analysis was performed on Group A of the archaeological samples and on 

the laboratory BG specimens for comparative purposes. According to the µ-PIXE data, the 

concentration of Fe is lower in modern reproductions, compared to the archaeological 

material. It is also observed that Terra Sigillata34 sherds have low Fe content, compared 

with the rest of the archaeological assemblage. Fe presents a negative correlation with Ca 

but there is no significant difference between the reproductions and archaeological samples. 

Al, Cl, V, Cr, Ni, Zn, Y, which correlate positively to Fe, also tend to be lower in the 

reproductions. On the other hand, Na, Si, Cu, Zr, K, Rb and Co tend to have higher 

concentrations in the reproductions. However, Si and K may be lower in the archaeological 

samples due to leaching mechanisms on the surface of the BG, caused from weathering (i.e. 

during burial). Zn presents an interesting feature in µ-PIXE results, as it has some 

noticeable peaks amongst the archaeological samples (cl_acrop-35;RG_ACROP2; 

RL_ACROP4; cl_pal_3; cl-ker-24; cl_ker-23; CL-RAF-17; CL-RAF-13) in which the 

concentrations are approximately 800-5000ppm (Appendix IV).  

 For the principal component analysis (PCA), the archaeological samples of Group 

A are clustered according to date, while the laboratory specimens are categorised 

according to three groups correlated to the quality of the BG in terms of colour, texture and 

gloss surface:  

• 1 - Satisfactory: MRK-01, AGDMT-05, DRV-06, PRN-16, HMT-30, MED-35 

• 2 -Applicable: STF-03, DRV-4a, PRN-17, MLKS-21, HMT 28, HMT-29, HMT-31, 

HMT-32, HMT33, ILSS-34 

• 0 - Not applicable: all the rest of the laboratory specimens (Table 5-2 the column 

“not applicable”) 

 Furthermore, the µ-PIXE results from the laboratory specimen with the code KLM-

27 (Fig 5-42) are included in the results for comparison purposes. KLM-27 is a geological 

                                                
34 The Campanian and the terra sigillata sherds from Badalona, Spain, are unpublished and were 

given for analysis to Thetis Authentics in the course of collaboration during the CERAMED, EU -

research project (INCO II, 2003-2006) by Dr. Jaume Buxeda Garrigós, University of Barcelona.  

On the pottery and cultural models from the Italic to the Iberian Peninsula and the black-gloss Late 

Hellenistic ware from the NE Iberian peninsula see Principal (2006). 
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sample that is adequate for producing a good-quality BG by the same procedure used in 

this project. Crete, specifically the area of Kalami, is its place of origin and that constitutes 

the main difference from the rest of the assemblage. This geological sample was first tested 

for its adequacy for producing BG by E. Aloupi (1993) 

 

Figure 5-43: Left, the laboratory specimen KLM-27 with BG produced from Cretan, from the area 
of Chania-Kalami; Right, BG pottery produced with the same clay (in the THETIS Authentics 
workshop).  

 

 The analysis of the laboratory specimens and archaeological samples was focused 

on differentiation patterns in the BG with respect to trace element composition. PCA 

analysis of the PIXE results followed by a varimax rotation revealed several trends of the 

samples. The PCA plots of all chosen components are presented below for a spherical 

understanding of the samples patterns and groups in respect of the trace elements sets.

 In the first attempt of PCA followed by a varimax rotation for the elements Zn, Pb, 

Mn, Mg, Rb, Ni, V, Cr, is shown in Plot A (Fig 5-43), for two groups of reproductions and 

archaeological samples. The group with the orange outline correlates with Mn, Mg, Rb, V, 

Rb and includes laboratory specimens from Laurium (MED-35), Mount Parnes (PRN-17, 

PRN-16), Mount Hymettos (HMT-32); the second group includes Classical and Hellenistic 

samples, as well as reproductions made from clays from the Mesogaia Basin (MRK-01) 

and the Panakton Plateau – Skourta Plain (DRV-04a; AGDMT-05), which are towards Cr 

and Ni trace elements. In Plot B there is a wide spreading of all samples and a separation 

of archaeological assemblage from the laboratory specimens. However, a small group is 

observed in the area of V, Rb, Mn, Pb, in which Archaic, Classical and Hellenistic samples 

group with black glazes from Laurium (MED-35), Mount Parnes (PRN-17, PRN-16), 

Mount Hymettos (HMT-33). In the third Plot (C) there is a general trend of all samples 

towards the third component, with a small group that rises in the middle, where Archaic, 
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Classical and Hellenistic samples group with black glazes from Mount Parnes (PRN-17, 

PRN-16), Mount Hymettos (HMT-28; HMT-30; HMT-33), the Mesogaia Basin (MRK-01) 

and Athens centre (ILSS-34). In the plots A and C there are five Classical BG samples 

(cl_acrop-35; RG_ACROP2; cl-ker-24; cl_ker-23; CL-RAF-13) that are again separated 

from the rest and are towards Zn. The KLM27 BG sample is again an outlier, while the 

Terra Sigillata sherds and the two Classical samples from Bandalona in Spain are mingled 

with the rest.  

 

Figure 5-44,;PC2 : 22rincipal components 2tions of Ni, Zn, Pbof but there is a group of  gloss:  of 
Attica is included to the assemblage 151151: PCA plots for Mn, Cr, Ni, Zn, Mg, Rb, V, Pb 
(missing Pb: min -1 = 22 ppm), As (missing As: min-1 = 10 ppm) using three principal components 
with total variance 66.8567% (PC1 : 26.084771%;PC2 : 24.875787%; PC3: 15.896154%); Plot A 
for principal components 1 and 2; plot B for principal components 1 and 3; plot C for principal 
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components 2 and 3. 1 represents the groups of samples with good quality BG, 2 represents the 
group of samples with a satisfactory result of BG, 0 represents samples with non applicable BG. 

 The influence of Zn content in the samples is observed clearly in the second PCA 

plots, where Zn is excluded from the data set. This PCA attempt involves Mg, Ni, Pb, V, 

Rb, Mn and Cr. In these PCA plots, all samples are spread and a deviation of 

archaeological and laboratory specimens can be detected (Fig 5-44). However, small 

groups may be revealed, including both archaeological and laboratory samples; in Plot A 

Cr, Mn, Pb, Rb, V are related to the areas of Mount Parnes (PRN-16), Athens centre 

(ILSS-34) and Laurium (MED-35), which group well with Archaic, Classical and 

Hellenistic samples; similarly, in the PCA Plot B samples of the same periods group with 

Mount Parnes (PRN-16), Mount Hymettos (HMT-28, HMT-30, HMT-33) and Panakton 

Plateau – Skourta Plain (DRV-06). In this plot the group is correlated to Rb and Mg; the 

same pattern is observed in Plot C, where the archaeological samples are in the same group 

as Mount Parnes (PRN-17), Mount Hymettos (HMT-28, HMT-30, HMT-33) and Athens 

centre (ILSS-34), again the group is related to Rb but also to V and Pb. KLM27 

reproduction is an outlier in all the PCA plots of this data set and the Terra Sigillata sherds 

are outside the groups. One of the two BG samples from Badalona in Spain (cp_bd_2) is 

included in the grouping of A and C.  

 Another PCA analysis was made, introducing to the above data set an additional 2 

major (Fe, K) and 1 minor (Ca) elements, which constitute key elements for the clay-slip 

preparation and glaze formation. It is not presented here since the plots had no particular 

interest and the total % variance of the data set was low.  
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Figure 5-45: PCA plots for Mn, Cr, Ni, Mg, Rb, V, Pb (missing Pb: min -1 = 22 ppm), As (missing 
As: min-1 = 10 ppm) using three principal components with total variance 66.4762% (PC1: 
29.610462%;PC2: 23.464627%; PC3: 13.401137%); Plot A for principal components 1 and 2; plot 
B for principal components 1 and 3; plot c for principal components 2 and 3. / 1 represents the 
groups of samples with good quality BG, 2 represents the group of samples with a satisfactory 
result of BG, 0 represents samples with non applicable BG. 
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CHAPTER 6 

6. Discussion 

6.1. Adequacy of clays for the production of BG.  

 The main purpose of this project was to investigate and demonstrate the adequacy 

of the red clays of Attica, also called terra rossa, for the production of BG. Summing up 

the XRD results from the geological samples, it can be concluded that these clays have an 

important component of the illitic group, which is compatible with previous data (Aloupi, 

1993; Maniatis et al, 1993). The additional information, obtained through this work and 

which completes the picture of the geological characteristics of the red clays, is the 

significant kaolinite component in the geological composition of the samples. As discussed 

in paragraph 3.3.1, recent publications relate the presence of kaolinite and illite in fine red 

clay accumulated in cavities of carbonate bedrocks of Attica, to African dust. Dust storms 

are a regular occurrence in Greece, in the springtime and transfer mineral Saharan dust for 

long distances, in the Mediterranean. This possible relation, of the red-soils of Attica with 

African dust is noteworthy information on the provenance of red-soils used in the BG 

production of Attic pottery. 

 Furthermore, the presence of kaolinite in the geological samples is possibly a factor 

that affects the micromorphology and thus the final colour of the BG. A glaze 

microstructure – under the SEM (see paragraph 5.1.3) – that presents voids or larger 

particle size results in a grainy (non-glassy but sintered), greyish or brownish surface. Most 

probably the kaolinite:illite ratio is responsible for this inhomogeneity observed in the BG 

micromorphology, i.e. the glassy/vitrified layer in the outer surface and the interface with 

the body, the grainy/sintered micromorphology in the interior of the black glaze. 

 The XRD results from the comparison of laboratory-produced and naturally 

occurring clay suspensions show similarities in their mineral composition with differences 

in their quantification. For example, the natural clay suspension of the sample PRN-17 

presents an increased quartz (SiO2) component in comparison to the laboratory-produced 

CP. This supports further the assumption that the laboratory-produced clay suspension is 

finer and free of quartz than the naturally formed colloid (Fig. 5-29).  

 The XRF results of S2 fractions show a decreased Si content compared to S 

samples produced in the laboratory, which is related to the removal of quartz from the CP. 

In the same samples, Al increases in the clay suspension, due to the increase of the clay 

minerals component that enriches the colloidal suspension with Al. Similarly, K also 
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increases due to the illitic minerals, i.e. illite, muscovite and K-feldspars, which enrich the 

S2 with potassium as it passes from the clay minerals in the colloidal suspension during the 

refinement process (Fig. 5-27). As has been noted, the K-rich component in the clay 

suspension is important, since the potassium facilitates the vitrification process at firing 

temperatures (800-900oC) (see paragraph 3.5). Fe, which is already high in the raw clays 

(S), increases in the CP; but the Fe increase coincides with the significant increase of iron 

hydroxides (i.e. goethite) in S2, due to their fine particles in the red clays examined 

(Aloupi, 1993). 

 To summarize, the raw clays adequate for the production of the BG are fine clays 

free of aplastic inclusions with very specific geological and chemical characteristics i.e. 

illitic mineral components, high-Fe, low-Ca, etc. Attica’s red soil horizon is enriched in 

Fe2O3 and Al2O3, and is located near the soil surface. It is worth mentioning the final result 

by Nevros and Zvorykin, (1936), who note that a variety of geological conditions affect the 

formation of the red soils and thus there are differences in their composition, not only at 

different geographical coordinates, but even within the boundaries of a small area, where 

the soil-forming history is very old. Furthermore, the geomorphology of some regions of 

Attica, i.e. the Panakton Plateau – Skourta Plain and Mount Parnes, allows the formation 

of natural pools in winter and in spring, which are full of colloidal clay suspension as a 

result of the spontaneous dispersion of clay particles in water (naturally formed clay-paint). 

The laboratory experiments have shown that those clays producing spontaneous dispersion 

in water are the samples originating from autochthonous soils. These are clays not 

transported from their place of formation (primary clays) and are the best candidates for 

generating a spontaneous suspension in rainwater (see paragraph 5.2.1.; Fig. 5-28). Clay 

from allochthonous soils (sedimentary clays) can also produce spontaneous clay 

suspension, if the clay particles are soaked in water for a prolonged period of time. After 

the clay is naturally processed with several wet-dry cycles with rainwater, the clay 

particles break down and the larger particles deflocculate, resulting in a fine spontaneous 

clay suspension.  

 Three of the six clay samples that formed the very good quality of the BG 

specimens generated a spontaneous suspension in water. All six CPs were produced from 

clay-soils originating from four different areas of Attica: two are from the Panakton 

Plateau – Skourta Plain (ADMTR05, DRV06), one is from Mount Parnes (PRN16), one 

from the Mount Hymettos (HMT30), one from the Mesogaia basin (MRK01) and one from 

Laurium (MED-35). The comparison of XRF analysis of the finest clay fraction (S2) of 
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these six shows similar composition in terms of major, minor and trace elements. The 

graph of Fig. 6-1 shows the low CaO value (<1%) in all, which correlates well with the 

best quality macroscopic characteristics of the BG. Variations appear in the trace elements 

(Fig. 6-2) Cr, Ni and Sr. The fluctuations of Cr and Ni are probably due to atmospheric or 

agricultural contamination. It is interesting to note that the only discriminating element 

between the clay-soil samples from Mount Parnes and Mount Hymettos is Sr, while the 

sample from Laurium differs from the rest of the samples due to the increased Zn content.  

  

 

Figure 6-1: Graph of major and minor elements of the S2 that produced the best quality BG. 

 

 

Figure 6-2: Graph of trace elements of the S2 that produced the best quality BG. 
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6.2. Chemical and macroscopic fingerprints 

6.2.1. Zn as a discriminant tool 

 In the analysis of the archaeological samples by an hh-PXRF system, the dominant 

element is Fe, while Ca is used to reject measurements with significant ceramic-body 

contribution to the spectrum (Fig. 5-39), as the Ca/Ti is a measure of the calcareous body 

contribution to the BG layer, i.e. thin in Geometric pottery, thick and uniform in Archaic, 

Classical and Hellenistic pottery. Amongst the trace elements detected, Zn presents an 

interesting variation, namely the indisputable increase of the Zn content in the BG layer 

(Fig. 5-41). However, the most important result of the hh-PXRF analysis, in terms of 

archaeological interest, is that the majority of the Athenian sherds with increased Zn are of 

the BF style and date between 600 and 500 BCE (Fig. 6-3).  

 

 

Figure 6-3: Boxplot illustrating the Zn/Ti variation in the BG over time. The samples 11,13,85,28 
are outliers. 
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 The hh- PXRF analysis on the BG laboratory specimens, in relation to geographical 

information, shows the highest Zn content in the BG specimens produced using clay 

originating from Laurium (MED-35) and Kalyvia Thorikou (KLV-12). This is re-affirmed 

through the m-XRF and µ-XRF analysis of the raw material, in the form of dried powder 

pellets (bulk specimens). The highest Zn content in Laurium specimen (MED-35) is 

380ppm in the soil (S) and increases to 803ppm in S2. The Zn concentration of the BG 

produced from clay from Laurium, measured by µ-PIXE, is 795 ppm. In conclusion, this 

graph (Fig. 6-4) confirms the hh-PXRF measurements as validated by the µ-PIXE 

quantitative results. 

 

 

Figure 6-4: The Zn/Ti ratio in the BG laboratory specimens produced from various ferruginous 
clays sampled in Attica, in relation to the macroscopic characteristics of the BG. The results 
obtained by hh-PXRF are compared with the µ- PIXE Zn concentrations of the BG. 
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 Considering the geology of the Attica region, it is not surprising to find among the 

possible candidates for the production of CP for BG paint an elevated Zn content in the 

clay from Laurium area. However, the form in which Zn occurs in the red-clay sample 

requires further examination, i.e. whether it is in the form of sulphides/sulphates or of 

carbonate (i.e. calamines). The latter is the more likely because the presence of sulphides 

would lead to extensive bloating during firing, which is usually absent from the BG layer 

of Attic pottery. Moreover, sulphates would decrease the pH of an aqueous solution, thus 

impeding the formation of a colloidal dispersion of the clay (Aloupi-Siotis, 2008). For the 

same reason, the first suggestion by Walton et al. (2013) that “the Zn, together with Pb, 

entered the gloss through a process of pickling the clay in acid mine run-off which is rich 

in these trace metals” (Walton et al. 2013: 1400) is pH-prohibitive for the dispersion of the 

clay and thus unrealistic. This work notes an increased Pb content in some BG specimens 

but there is no correlation with the Zn. In a similar way, the more recent suggestion by 

Walton (2015) that “the elevated Zn values can be attributed to the acid treatment of the 

clay with Pliny’s vitriol, which would serve to induce flocculation and remove remaining 

CaCO3 of the clay” (Walton et al. 2015: 435) is again pH-prohibitive and thus unworkable, 

this time for the application/decoration stage. The adoption of a similar process by the 

THETIS workshop in the past (Aloupi-Siotis 2008), involving the use of common acetic 

acid –in the form of vinegar– to flocculate the clay colloid (in order to facilitate the 

production of the CP), was soon abandoned due to practical difficulties experienced by the 

craftspeople; the acidic water solution of the CP reacts with the moderately calcareous clay 

body and destroys the surface of the vase, which has been smoothed and polished before 

decoration (Chaviara & Aloupi-Siotis, 2016).  

 On the other hand, fine-grained calamine (a natural mixture of ZnO/ZnCO3) in the 

clay could transform to Zn(OH)2 in slightly alkaline solutions, while at the same time 

increasing the pH of the clay-water colloidal system, and this would further enhance the 

clay dispersion in water. The natural presence of soluble Zn salts could also account for the 

significant variation of Zn observed in the ancient samples (Chaviara & Aloupi-Siotis, 

2016).  
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6.2.2. Colour and micro-cracks 

 Macroscopic examination of the BG of the archaeological samples revealed a black 

and black-brown coloration and the formation of isolated star-like micro-cracks on the 

surface of the glaze. It is interesting that the majority of the archaeological samples with 

black-brown hues in the glaze belong to the BF style. Moreover, 21 out of the 72 samples 

from the Acropolis excavations bear isolated star-like cracks on the BG surface, and 14 of 

these are in the BF style. Similarly, the 37 laboratory specimens produced from different 

CPs have dark-coloured BG layers of different quality in terms of colour and texture. The 

black colour and an exceptional glossy surface are the macroscopic characteristics of the 

best quality BG. However, a range of BG shades from black to black-brown were detected 

on laboratory BG specimens as well. Some specimens show similar colour shades to the 

previous group but bear isolated star-like micro-cracks comparable to the ones observed in 

the archaeological samples. The black-brown coloration and the majority of star-like 

cracks are observed mainly on specimens produced using clay from the sampling areas of 

the Panakton Plateau and Mount Parnes / foothills Malakasa-Kokkinovrachos. The 

microstructure of the laboratory specimens of BG, when observed under the SEM, present 

several similarities to the BG of archaeological samples studied in the past, especially in 

the formation of the top glassy layer (Maniatis et al, 1993) (see paragraph 5.3.2). Thus, 

these similarities in macroscopic/microscopic features apply to both the archaeological 

samples and the laboratory specimens, and support the view that the manufacturing 

procedure for the latter replicates faithfully the ancient technique. This is also supported by 

the OM polished section examination of archaeological BG and laboratory specimens, 

where a characteristic stratified coloration of the BG layer in cross-section is observed (see 

paragraph 5.3.1.). Furthermore, this stratified coloration in the layer is not necessarily due 

to any “unorthodox” multi-firing practice35 by ancient artisans (i.e. the Berlin Painter), as 

suggested recently by Cianchetta et al. (2015), but can be produced in a single ORO firing 

cycle. This dual inhomogeneity in colour and in micromorphology of the BG layer on 

ancient and modern examples is most probably due to parameters such as the clay 

mineralogy (i.e. presence of kaolinite together with illite) and the exact particle size of the 

                                                
35 The possible application of multi-firings in order to achieve the coral/red gloss next to the black 

glaze, or to correct misfiring of the BG, was first introduced and demonstrated through modern 

laboratory reproductions by Aloupi-Siotis (2008) as a “possible trick of the trade” of the ancient 

artisans. 
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CP used, the Tmax involved during the ORO firing cycle, the duration of the first 

oxidizing stage and the PO2 during reduction (Chaviara & Aloupi-Siotis, 2016). 

 An important observation that emerged from the synthesis of analytical and 

macroscopic data from archaeological and laboratory BG samples, is that the elevated Zn 

content does not correlate with the presence of black-brown coloration or the presence of 

isolated star-like micro-cracks on the BG (Fig. 6-5). These features are related to the 

sources of the clay used to prepare the CP, in the wider area of the Panakton Plateau and 

neighbouring Mount Parnes. Although these remarks are based on phenomenological 

evidence so far, it is worth mentioning that if the formation of the isolated star-like micro-

cracks is related to the mineralogical composition of the raw clay material, it may 

characterize particular clay-beds/deposits in the Panakton Plateau – Skourta Plain and the 

area of Mount Parnes.  

 

 

Figure 6-5: The Zn/Ti ratio in the BG laboratory specimens produced from various illitic clays 
sampled in Attica, in relation to the macroscopic characteristics of the BG. 
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6.3. Prevailing candidates and archaeological data 

 The PCA analysis of the µ-PIXE data according to the hh-pXRF and XRF results 

revealed several clustering patterns amongst the ancient and the laboratory BG samples, 

with respect to trace element composition. The attempted combination of analytical and 

macroscopic results shows that the potential clay-sources for the production of BG located 

in the areas of36 : a) Panakton Plateau-Skourta Plain (DRV-06),  b) Mount Parnes (PRN-17, 

PRN-16), c) Mount Hymettos (HMT-28, HMT-30, HMT-33), d) Mesogaia basin (MRK-

01) and e) Laurium (MED-35). The BG specimens produced from clay samples from these 

areas, appeared as consistently compatible with the Attic BG archaeological group, in the 

majority of the principal components diagrams (see paragraph 5.4.). Moreover, five of 

these samples (MRK-01, DRV-06, HMT-30, PRN-16, MED-35) produce the best quality 

BG in terms of colour and texture. It is thus reasonable to suggest that the clay-soils from 

these areas in Attica could have been used in antiquity for the production of the BG clay-

paint. 

 

 6.3.1. Potential clay deposits and the road network  

 An attempt was made to correlate the sampling locations with the main road 

network of Archaic and Classical Attica. All the geological samples are from locations 

close to the main routes of the ancient north and south road network of Attica. In the north 

of Attica (Fachard, 2015) (Fig. 6-6), the samples from the Panakton Plateau and the 

Skourta Plain were collected in the area between Route 3, which connected Athens with 

the Thriasian Plain, and the branch of Route 4 that began from Athens and continued via 

Phyle, Acharnai and Chasia towards the east side of the Skourta Plain. It is known from 

archaeological studies that until recently the village of Chasia was a wagon-road (Fachard, 

2015). The geological samples from Mount Parnes and Malakasa are located on Route 5, 

which started from Athens and continued to the old Agios Merkourios pass and via 

Malakasa ended at Oropos. The samples from Kokkinovrachos are from sources close to 

Route 6, which linked Athens with Aphidna and the north branch served Tanagra, Delion 

and Chalkis (Fachard, 2015)   

 In southern Attica (Fig. 6-7), the samples from Mount Hymettos are from one end 

of the “Steiriake Hodos”, which served the port of Steira, and in the south part of Hymettos 

                                                
36 Given here without hierarchical ordering. 
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from a side-road of the “Sphettia Hodos” which linked Athens with the area of Koropi in 

the Mesogaia. All the samples from the Mesogaia basin are from clay-sources located 

between these two main roads (“Steiriake Hodos” and “Sphettia Hodos”) and their network 

of secondary roads. According to Steinhauer (2003) there is a pottery workshop (Fig. 6-7: 

pottery workshop 1) dating from 4th - 2nd cent. BCE near Zagani Hill, which is now 

demolished due to the construction of the international airport of Athens. This workshop 

was located near the ancient secondary roads network  (Steinhauer 2003: 7 – 

"Archaeological Map of the Airport Area”) that connected Athens with the east coast of 

Attica and the temple of Artemis Tauropolos (Papadimitriou, 1956) and is now covered by 

the airport facilities. The samples from Anavyssos and Laurium are from sources close to 

the “Astike Hodos”, the road that linked Athens with Laurium through the western part of 

Attica, via Anavyssos and Sounion. Very close to the “Astike Hodos” near the modern 

Voula district was located a pottery workshop (Fig. 6-7: pottery workshop 2) of classical 

times on Eleutherias and Drosini Sts (ADelt 42, 1987) 89-90; Monaco 2000; Hasaki, 2002). 

According to the ancient roads in the south of Attica, the streets given for the workshop 

location should be very near to the ancient road from Athens to Laurium (Kakavogianni, 

2009) at the point where it branches off to the small peninsula of “ Laimos” in modern 

Kavouri towards to the Temple of Apollo Zoster (Kourouniotis, 1927).  
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Figure 6-6: Part of the map drawn by Fachard © (2015), presenting the main 

routes out of Attica (black line) of the north road network, as well as recently 

revealed routes (dotted lines). The sources of the geological samples are 

superimposed on this map. 
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Figure 6-7: The ancient roads (black line) (Καkavogianni, 2009) in the south of Attica, with the 

sources of the geological samples superimposed (red dots) and the pottery workshops 1 and 2 

(green dots).  
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6.3.2. Clay deposits and exploitation of the areas 

 The road networks are directly associated with the exploitation of the region of 

Attica by Athens, for military, political, religious and economic purposes. Generally, the 

Panakton Plateau and its surrounding area were of high strategic importance and a constant 

bone of contention between Athenians and Boeotians until the Hellenistic times. 

According to Munn (2010), the most direct route between Thebes and Athens crosses 

Skourta plain at Panakton Plateau and Munn’s archaeological excavations at the area, attest 

to the fact that the fortress that existed in Panakton, was established one or two decades 

before the Peloponnesian war. Until then, Skourta plain was a common exploitation area 

by Athenians and Boeotians, mainly for grazing due to the formation of seasonal shallow 

lake or even marsh, at the center of the Plain, during the rainy season (Munn, 2010).  After 

the mid-fifth century BCE (ca 421 BCE. Munn 2010:194) the Athenians establish absolute 

control of the fortress. The archaeological remains of small farmhouses and settlements 

attest habitation around the Skourta Plain in the late fifth century BCE, which appears to 

increase in the second half of the fourth century BCE (Munn, 2010). The securing of 

Athenian ownership of the land around the Skourta Plain denied access to Boeotians 

(Munn, 2010) and that excluded them from possible clay deposits in the Skourta Plain and 

Mount Parnes that might have been used by both Athenians and Boeotians earlier. Yet, so 

far, there is no archaeological or archaeometric evidence relating Boetian BG pottery to the 

clay deposits of Panakton Plateau or Mt. Parnes, a subject that could consist a future 

research.  

 The control over clay sources and the restriction of access due to usufruit, 

ownership or ritual proscriptions, is one cultural factor that affects raw material selection 

in pottery production according to ethnoarchaeological studies (Costin, 2000; Neupert, 

2000; Stark et. al., 2000). In spite of the absence of specific archaeological evidence 

related to the production of the CP at the Skourta Plain, the geological evidence on the 

existence of naturally-formed pools of clay along with the high exploitation of the area 

during the fifth and fourth centuries BCE, support the assumption of the collection of clay 

suspensions directly from the seasonal natural pools and probably its concentration to 

produce CP in-situ.  
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Figure 6-8: The black dots on the map are the remains of the settlements in the Panakton and 
Skourta plains. Marked in red is the area of interest in this research. (Adapted from Munn, 2010: 
204, Tafel 52) 

  

 The other candidate clay source, the Laureotike peninsula, was also exploited from 

early times, due to the silver and lead mining activity since the Middle Bronze Age. Silver 

and lead deposits coexist with zinc minerals but zinc was not extracted during the Archaic 

and Classical periods (Derry, 1980). As demonstrated here, the red soils of the Laureotike 

area are enriched in Zn, and this is also the case for the BG of a series of archaeological 

samples from Archaic and Classical times. This points to the occasional use of such clays 

for the production of BG in antiquity.  

 

 6.3.3. Other potential clay deposits 

 It is plausible that numerous other clay sources in the region of Attica, which that 

have not yet been identified, existed and were exploited in antiquity. For example, clays 

from Athens have been considered in this study. One sample originating from the banks of 

the River Ilissos (ILSS-24), in the centre (SW) of Athens, gave a satisfactory BG. A recent 

publication on geochemistry presents a soil survey in Athens (Argyraki & Kelepertzis, 

2014), which revealed Fe-rich soils in the city centre (Fig. 6-9). On the basis of Argyraki 
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and Kelepertzis’ results, it is reasonable to suggest that the centre of Athens may provide 

more possible soil candidates, located near the pottery workshops of the sixth to the fourth 

century BCE in Athens (see Fig. 2-9), i.e. close to the Ancient Agora and the River 

Eridanos, and to the potters’ quarter, the Kerameikos.  

 

 

Figure 6-9: Fe%, Ca% in Athens soils, the black line indicates the centre of Athens (Fig. taken 
from Argyraki & Kelepertzis, 2014). Ca-rich soils are concentrated mostly in the north of Athens, 
while Fe-rich soils prevail in the centre and the south, east and west of Athens.   

 

6.4. Clay-paint production as a trade  

Identifying and selecting the adequate clay sources in a landscape with an abundance 

of red clays, requires highly-specialized skills based on empirical knowledge and practical 

experimentation. Additionally, the processing of the clays and the production of the CP 

demand special and standard conditions to develop the clay colloid. However, in remains 

of pottery workshops known so far, there is no archaeological or architectural evidence 

related to the preparation of the CP, and the trading of raw materials has also been 

hypothesized (Scheibler 1983; Stissi 2002). All the above requirements and the large-scale 

production of Attic pottery (6th - 4th century BCE) presuppose the use of CP in large 

quantity in ancient workshops. This, in turn, may suggest the existence of skilled 

technicians for the CP production and probably also its distribution, which may have been 

a separate trade supplying a large number of pottery workshops throughout Attica.  

ARTEMI C
HAVIARA



 

 169 

6.4.1. Ethnographical evidence on clay procurement  

 The case of the pottery workshop - Marousi in Attica  

 There is historical evidence of the existence of such specialized and trained 

personnel in the potteries of Attica in recent times. According to E. Aloupi-Siotis 

(interview Aloupi-Siotis, 2016), in the pottery workshops in Marousi in the 1970s and up 

to 1990s, specific clays to be used as slips were procured from people who collected clays 

from several areas in Attica. One of the clay-soils Aloupi used for her PhD research was 

obtained from the workshop of Kalogirou in Marousi in 1993. The potter had purchased 

this clay from an “agogiati (= αγωγιάτη)”37, a carrier who owned mule or donkey caravans 

and transported goods or humans to inaccessible areas or along mountain paths. Such a 

person, who spent his working life wandering around the countryside of Attica, could trade 

clays from different areas as a job on the side and could also carry large amounts of clay. 

Moreover, since this was a profession that passed from father to son, parents could pass on 

the specific knowledge of clay sources and expertise on the clays to their children, 

resulting in clay “experts” within a family tradition. Knowhow of this kind is sometimes a 

well-kept secret among the family members only. 

 

 The case of Rodios pottery workshop in Skopelos Island, Greece 

 Such practice exists even today and is part of a “closed” family tradition. The 

Rodios family, who own a pottery workshop on the Skopelos Island since 1900, is the 

living example. The Rodios pottery workshop produces low-fired black ceramics (Fig. 6-

11: A) that imitate the BG pottery of the fifth and fourth centuries BCE.  Nikos Rodios 

established the workshop in 1900, which was taken over by his children and then passed to 

his grandchildren (Nikos Rodios and his brother), who still produce pottery by the same 

technique. The Rodios potters have received awards for their work and own certificates of 

excellence for their participation in some of the largest European Trade Expositions of the 

1930s and 1940s (Fig. 6-10: B, C). 

 

                                                
37 Agogiatis = muleteer 
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Figure 6-10: A -left: Earthenware bowl, 12 inches (30 cm) in length, reduction fired, 2011. Photo 
by Kiki Gro-Nielsen. (Messenger, 2012); B- center: Nikos Rodios, 1911; C-right: 5) Nikos Rodios 
now the grandson. The images B and C are taken from © Rodios Archive (Messenger, 2012). 
 

 The detailed techniques along with the clays used for this pottery are a family 

secret. Several family members know the technique but only few know the location of the 

clay used in the workshop, which is also part of the family tradition since 1900. 

 Oral history, involving the collection of information about individuals, families and 

so on, teaches us that knowledge carried only by one person or few and not communicated 

or recorded, is in fact lost information. And maybe, here lies the answer for the “lost Attic 

clay”. After the BG technique was abandoned, the specialised knowledge on the adequate 

clay sources and the CP preparation was no longer important or profitable, and the memory 

of these was lost along with the tradition, as the centuries passed.  

 

 The case of the Mata Ortiz potters in Mexico today 

 One more “open” view of the procurement of the raw materials is coming 

from recent ethnographical evidences on trading of clays for pottery production according 

to Chartrand (2013) and that exist at Mata Ortiz, a village in north-western Chihuahua, 

Mexico. Since 1960 this village has achieved worldwide fame due to its local production 

of high quality pre-Columbian type Casas Grandes polychrome pottery or Paquime pottery 

(Fig. 6-11) (Chartrand, 2013; Triadan, 2018). At first, few farmers started producing this 

type of pottery by individually collecting and processing local raw materials used on their 

own small production. But, as the market demand more pottery, more villagers got 

involved in pottery production. This growing demand transformed a small-unknown 

village to a hot spot of high quality pottery. This led to the emergence of specialised 

individuals who, collected, processed and traded the local clays to the potters of Mata Ortiz 

(Chartrand, 2013). Trading of raw materials emerged as a result of the increase in demand. 
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Figure 6-11: Ramos Polychrome, 1200–1450 A.D. Catalogue No. 68.13.3.  © Maxwell Museum of 
Anthropology, University of New Mexico (Unm.edu., 2018). 

 

6.4.2. THETIS Authentics: modern clay paint production and usage  

 The well-known Caputi Hydria (Beazley, 1946:11; Venit, 1988) (Fig. 6-12) is a 

good example to observe vase painting in practice. The red-figured vase, attributed to the 

Leningrad Painter, depicts an intimate view of fifth century Athenian vase painters at work 

(Venit, 1988). The depiction illustrates a central group including Athena and a vase-painter 

who works on a kantharos and two lateral groups, in each of them a Nike appears to crown 

a young vase-painter with an olive branch; and at the far right of the scene is a single 

female figure who also appears to work on a vase. At the feet of every male vase-painter 

there are one or two drinking vessels (Fig. 6-12 detail). These cups were used to hold the 

liquid colloidal clay paint and the water to wash their brushes; only the female figure does 

not have such vessels. The modern vase painters at the THETIS workshop use such cups in 

the exact same way; the only difference being is that in the modern workshop, the vase 

painters are all women (Fig. 6-13).  
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Figure 6-12: The Caputi hydria, Torno C 278 (after Noble, 1965: Fig. 74) 

 

 

 

Figure 6-13: The vase-painter specialized in reproducing Classical vase-painting Vicky Xyda-Ralli 
(Left) and the vase-painter I. Nalbani (right) work on an object and has plastic containers to hold 
their clay paint on the working bench and water to clean them. 
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Experience at the THETIS Authentics workshop offers an insight into CP production and 

practice. From a technical point of view, the adequacy of the clay paint, in terms of quality, 

depends on a series of parameters apart from the colour, i.e. fine particle size, chemical and 

mineralogical composition, and so on. However, the vase-painters have a different, less 

technical point of view concerning the quality of the CP; these artisans are more interested 

in the texture of the CP, the sheen of its surface, the easiness with which details can be 

incised with a sharp tool without peeling of the edges of the lines, and the ability of the 

clay paint to adhere to the clay body, following curvatures or recesses of the vase.  

 Ifigenia Nalbani, a young craftswoman – vase-painter, creator of handmade pottery 

and the longest-serving employee of the THETIS Authentics workshop, noticed the 

importance of the density of the CP as a parameter for a fine BG result. She also shares 

some information on the quantity of CP required for the decoration of common Archaic or 

Classical pottery types. In order to standardize the CP density, measurements are taken in 

Baumé scale38 before and after evaporation of water, i.e. in the clay suspension form (S2) 

was 4 B°(or Bé°)_ Baume degrees / 1,0283 and in the concentrated state, thus the clay-

paint ready to be applied, was 27 B°(or Bé°)_ Baume degrees / 1,2288. Table 6-1 presents 

several types of vases and the quantity of CP used for each one.  

Experience at the Thetis workshop (Table 6-1) shows that an attic black glazed skyphos 

needs 150ml of colloidal clay paint, roughly a travel can in volume (150ml). According to 

the CP preparation procedure in the laboratory followed in this research for the needs of 

this work, 150ml of CP requires either 1 litters of fine clay suspension or 3 kilos of raw 

clay material. Likewise, a Panathenaic amphora requires 1200ml of clay paint, which can 

be produced from 8 litters of clay suspension or 24 kilos of raw clay (Fig. 6-14). It is rather 

obvious that a large quantity of raw clay is needed for small or large vessels, if it is 

considered that 3 kg of collected clay soil yields approximately 150 ml of CP in the 

laboratory.  

                                                
38 Distilled water is 0 Baume degrees.  
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Table 6-1: The table presents several types of vases and the quantity of CP used for their 

production, in the THETIS Authentics pottery workshop. 

Vase type Height or diameter (Ø)  Quantity of CP used / ml 

Simple BG mug (horizontal ribbed) 10 cm 100 ml 

Skyphos type B 10cm 100 ml 

Attic BG skyphos 12 cm 150 ml  

Oinochoe (trefoil) BG 30 cm 250 ml 

Boeotian BG kantharos  30 cm 200 ml 

Fish plate decorated / BG 20 cm (Ø) 50 ml / 100 ml 

Hydria BG 40 cm 600 ml 

Column krater BG 45 cm 1000 ml 

Panathenaic amphora (decorated) 65 cm 1200 ml  
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Figure 6-14: Vase type vs CP quantity. On top: Attic black glazed skyphos, 460-450 BCE, H: 
11,5cm; Ass.No: 1952,0204.45 © The Trustees of the British Museum; the right part of the rim and 
the handle of the vessel are originally missing. For a better view of the vessel, the missing parts are 
added - by ©A. Chaviara as a faded image. Bottom: Panathenaic amphora, black-figure, attributed 
to: the Eucharides Painter, 550-500 BCE (circa), H: 65 × W: 40 cm; Museum. No: 1836,0224.193 
(BAPD: 302964) © The Trustees of the British Museum, (Beazley, 1956: 395.1).  

 

According to data from the THETIS Authentics pottery workshop, the production 

cost for 1 lt of clay paint, starting from about 7 lts of clay suspension, requires one full day 

of work, considering that the person engaged with the production of the clay paint, is 

involved to all different stages of the process on a daily basis, from soaking a new batch of 

clay in water to evaporation of another batch of clay suspension. By scaling the CP 

production facility, within the workshop limits, this volume of CP could be doubled. This 

leads to a rather high cost for a clay product, even by today’s standards. This observation 

raises questions related to the value of CP in antiquity, relative to the value of the final 

product. For example, to what extent the cost of the CP, a “raw material” essential for the 

production of the Attic pottery vessels, contributes to the final price of a BG skyphos or a 

decorated pottery item?  
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6.4.3. The cash-value of the CP in antiquity 

 A frequent subject of debate has been the monetary value of archaic and classical 

Greek Attic pottery. Archaeological evidence supports the view that Attic pottery was a 

semi-luxurious product yet affordable to the average of the population (Stissi, 2002, 

Chankowski cf Bresson & Callataÿ, 2013. For more information see paragraph 2). In order 

to make a profit, the monetary value of the final products requires a relatively low 

production cost. The production cost relies on the “direct labor” needed for the production 

of the final product plus the cost of “direct materials” (raw materials) needed, which in the 

case of attic pottery involves the clay for the body and the clay for the CP. To these one 

must add the cost of “consumable supplies” such as water, firewood, brushes etc. 

Regarding direct labor one should distinguish between small family enterprises, with the 

master-potter carrying out various tasks with the assistance of his family, or larger 

establishments that employed three to six specialists and assistants, managed by a senior 

owner. Such enterprises would have employed hired or slave labour (Stissi, 2002 see more 

in paragraph 2.3.1.). In both cases family assistance or slave labour would reduce direct 

labor costs. The fact that “consumable supplies” were probably inexpensive implies that 

the cost of raw materials, which should be of high quality, played a key role in the overall 

cost. Their cost is again associated with the direct labor for their collection and 

transportation, if their source is far from the workshop. There are no archaeological data on 

the clays used for the body of Attic pottery in terms of provenance, procurement and cash-

value (Stisi, 2002), but data for the clay possibly used for the production of the black glaze 

derived from this research (Chaviara, 2014, Chaviara & Aloupi-Siotis, 2016) may prove 

useful.  The research has shown that Attica has several clay sources adequate for the CP 

production in its territory, from which raw clay could be transferred with animals through 

the road network, at a certain cost; on the other hand, the research has identified certain 

areas with naturally occurring pools with clay colloid suspension suitable for direct 

collection. The collection of the colloidal clay directly from nature, avoids the refinement 

procedure of the raw clay and leads to less direct labor for the production of the CP while 

also reducing transportation costs.  Concentration in-situ or in a settlement near the source 

would reduce further transportation costs.  

 A noteworthy factor affecting the final price of the CP is the long-lasting ability of 

this material if kept in well-sealed conditions. For example some CP laboratory samples 

that were produced in 2014 and kept in well-sealed small containers were still usable in 
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2018. This observation allows us to consider a seasonal activity of colloidal clay collection 

in natural pools that could then be stored and used throughout the year or the years.  

 These considerations suggest the possibility of a CP cost that would make it fairly 

accessible and long-lasting in the competitive Attic pottery market of Archaic and 

Classical times. 

 To be able to estimate the contribution of the CP cost to the final price of a BG or 

decorated vessel, it is useful to review the price of Attic pottery products as witnessed by 

graffiti on pots. Stissi (2002) gathered in a table (Stissi, 2002: 192) data from Amyx (1958) 

and Johnston (1979 cf Stissi, 2002) who examine such graffiti. A small size BG lamp costs 

0,1 obols in 430-400 BCE; a medium size BG skyphos 0,38 obols in 430-400 BCE, a RF 

skyphos of a medium size cost 0,75 in 500-480 BCE and 0,5 obols in 430-400 BCE; a 

large size RF column krater 10 obols in 480-430 BCE, a large BG krater 9 obols in 480-

430 BCE, a large size RF amphora cost 5 or 7 obols in 500-480 BCE and 6 obols in 430-

400 BCE and a large size pelike had a cost of 35 obols in 480-430 BCE. These prices 

suggest that the size and the amount of decoration (Johnston, 1979, 1991; Boardman, 

1988) have a significant role on the final price of the product.  The relative contributions of 

the size, amount of decoration, quality of vase body, quality of decoration to the final price 

of a pot is very difficult to estimate based on the scarce graffiti data. It is interesting 

however that a large size RF column krater and a large BG krater, both dating from 480-

430 BCE are similarly priced implying that the CP cost must constitute an important 

element of the final price.    

 

6.4.4. Clay paints and Athenian vase-painters 

 The case of Exekias, a pioneer artisan of the sixth century BCE, well-known for his 

dual expertise as a potter and a vase-painter, is of interest with regard to the provenance of 

the CP he used. It is intriguing that a careful examination of the Type A kylix dubbed the 

“Dionysus kylix” (Beazley, 1956: 146.21, 686), signed by Exekias and now in Munich 

(Antikensammlungen / BAPD: 310403), which is dated ca 530 BCE, reveals the existence 

of star-like cracks on the BG around the rim, which coincides with a black-brown 

coloration of the glaze. It is tempting to suggest that Exekias used CPs procured from the 

Panakton Plateau or Mount Parnes area.  
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 Such detailed conclusions of archaeological significance require a large-scale 

analysis of the BG of decorated Athenian pottery, preferably attributed to individual 

artisans, using microscopic, macroscopic and chemical examination, in conjunction with 

non-destructive analysis (i.e. by a hh-PXRF system).  

 This issue can be addressed using simple tools and the methodology developed in 

the present project, based on the relatively “minute” archaeological assemblage examined. 

The sherds studied here and attributed to particular painters are from the archaeological 

assemblage collected by Graef and Langlotz in 1933 (see appendix 1 for full reference to 

each sherd either by the author or by the reference number of author or by the reference 

number in Beazley archive pottery database -BAPD). From the macroscopic features of the 

surface or the chemical elements data detected on the BG of some sherds, the clay-source 

that was possibly used to produce their CP can be determined. Specifically:   

• Seven sherds have a uniform appearance of the black-brown glaze i.e. ACR631b 

attributed to the Lydos Painter, ACR289b attributed to the Brygos Painter, ACR936 

attributed to the Eucharides Painter, ACR594c attributed to the Mikion Painter, 

ACR627e attributed to the Acropolis 627 Painter o, ACR506c attributed to the 

Gorgon Painter and ACR1165 attributed to the Group of the North Slope Painter 

AP 942. The macroscopical characterises related to the colour of the glaze, suggest 

that the CPs used by these vase-painter originated from Panakton Plateau or Mount 

Parnes. 

• One sherd- ACR614b that bears star-like micro-cracks on the surface of the glaze, 

is attributed to the Berlin Painter who probably applied a CP related to Panakton 

Plateau or Mount Parnes areas. 

• Four sherds have elevated Zn in their BG layer according to the analytical results 

i.e. ACR184 and ACR103 attributed to the Eucharides Painter, ACR 924 attributed 

to the workshop of the Lysippides Painter, ACR648e attributed to the Group E 

Painter. This group of vase painters have possibly used a CP originating from 

Laurium area.  

• Thirteen sherds bear a very good quality glassy, shiny BG with a uniform black 

colour i.e. ACR282 and ACR261a attributed to the Antiphon Painter, ACR938 

attributed to the Euergides Painter, ACR628 attributed to the Aegisthus Painter, 

ACR573 attributed to the Acropolis 573 Painter, ACR44 attributed to the 
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Thaliarchos Painter, ΑΚΡ1048c attributed to the Kleophrades Painter, ACR 634a 

attributed to the Louvre E 876 Painter, ACR 2560a attributed to the Rycroft Painter, 

ACR358a and ACR251 attributed to the Makron Painter, ACR434c attributed to 

the Onesimos Painter and ACR1124a attributed to the Boot Painter. Mount 

Hymettos or Mesogaia basin are possibly the areas of the selection of the raw 

materials used to produce the CP that have been used by these vase painters, 

according to the macroscopical characterises of the glaze.  

 A preliminary assumption derived from the above results, is that the Eucharides 

Painter might have used CPs from two different clay deposits to decorate different vases: i) 

the Panakton plateau - Mount Parnes area, due to the brown coloration and ii) Laurium 

area, which may have been used for the BG of ACR184, due to the increased Zn content 

(Table 6-2). Having in mind also the mobility of the vase-painter (see paragraph 2.3.1.) it 

is possible that this vase-painter used CPs from different locations. 

 

Table 6-2: The table presents painters and possible clay sources for the preparation of the CP used 

for the BG production. 

No Sherd museum, 
code  
/ BAPD No. 

Date BCE Painter Features Possible location of the 
clay source for BG 
production, compatible 
with the thesis data. 

1 ACR631b  

/ BAPD 310152 

560 the Lydos Painter Uniform 

black-brown 

glaze 

Panakton Plateau or 

Mount Parnes area 

2 ACR289b  

/ BAPD 203942 

480-460 the Brygos Painter Uniform 

black-brown 

glaze 

Panakton Plateau or 

Mount Parnes area 

3 ACR594c 

/ BAPD 217540 

late 5th c the Mikion Painter Uniform 

black-brown 

glaze 

Panakton Plateau or 

Mount Parnes area 

4 ACR627e  

/ BAPD 300763 

ca. 560 the Acropolis 627 

Painter 
Uniform 

black-brown 

glaze 

Panakton Plateau or 

Mount Parnes area 

5 ACR506c  

/ BAPD 300064 

 

600-580  the Gorgon Painter Uniform 

black-brown 

glaze 

Panakton Plateau or 

Mount Parnes area 
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No Sherd museum, 
code  
/ BAPD No. 

Date BCE Painter Features Possible location of the 
clay source for BG 
production, compatible 
with the thesis data. 

6 ACR1165  

/ BAPD 300827 

575-525 the  group of the 

North Slope AP 

942  Painter 

Uniform 

black-brown 

glaze 

Panakton Plateau or 

Mount Parnes area 

7 ACR614b  

/ BAPD 46788 

500-480 the Berlin Painter Black glaze 

with star-like 

micro-cracks  

Panakton Plateau or 

Mount Parnes area 

8 ACR936  

/ BAPD 302979 

500-480 the Eucharides 

Painter 

Uniform 

black-brown 

glaze 

Panakton Plateau or 

Mount Parnes area 

9 ACR103  

/BAPD 200817 

515-500 the Eucharides 

Painter 

Elevated Zn in 

BG layer 

Laurium 

10 ACR184  

/ BAPD 200713  

515-500 the Eucharides 

Painter 

Elevated Zn in 

BG layer 

Laurium 

11 ACR648e  

/ BAPD 310328 

575-525 the Group E 

Painter  
Elevated Zn in 

BG layer 

Laurium 

12 ACR 924  

/ Graef & 

Langlotz, 1925: 

PL.60.924  

530-520 the workshop of 

the Lysippides 

Painter 

Elevated Zn in 

BG layer 

Laurium 

13 ACR282  

/ BAPD 203468 

480-470 the Antiphon 

Painter 

Black glaze Mount Hymettos, 

Mesogaia basin or other 

unknown source 

14 ACR261a 

/ Graef & 

Langlotz, 1933: 

pl. 14.  

1st quarter 

of 5th c. 

the Antiphon 

Painter 

Black glaze Mount Hymettos, 

Mesogaia basin or other 

unknown source 

15 ACR938 

/BAPD 302980 

500-480 the Euergides 

Painter 

Black glaze Mount Hymettos, 

Mesogaia basin or other 

unknown source  

16 ACR628  

/ BAPD 205706 

475-450 the Aegisthus 

Painter 

Black glaze Mount Hymettos, 

Mesogaia basin or other 

unknown source 
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No Sherd museum, 
code  
/ BAPD No. 

Date BCE Painter Features Possible location of the 
clay source for BG 
production, compatible 
with the thesis data. 

17 ACR573 

/ BAPD 203216 

1st quarter 

of 5th c. 

The Acropolis 573 

Painter 

Black glaze Mount Hymettos, 

Mesogaia basin or other 

unknown source 

18 ACR44  

/ BAPD 200658 

525-510 the Thaliarchos 

Painter 

Black glaze Mount Hymettos, 

Mesogaia basin or other 

unknown source 

19 ΑΚΡ1048c 

/ BAPD 303055 

500-480 the Kleophrades 

Painter 

Black glaze Mount Hymettos, 

Mesogaia basin or other 

unknown source 

20 ACR 634a  

/ BAPD 300838 

ca. 560 the Louvre E 876 

Painter  

Black glaze Mount Hymettos, 

Mesogaia basin or other 

unknown source 

21 ACR 2560a  

/ BAPD 301856 

510-500  the Rycroft Painter Black glaze Mount Hymettos, 

Mesogaia basin or other 

unknown source 

22 ACR358a  

/ BAPD 204970 

480-470 the Makron Painter Black glaze Mount Hymettos, 

Mesogaia basin or other 

unknown source 

23 ACR251  

/ BAPD 204979 

480-470  the Makron Painter Black glaze Mount Hymettos, 

Mesogaia basin or other 

unknown source 

24 ACR434c  

/ BAPD 203225 

500-490 the Onesimos  

Painter 

 

 

Black glaze Mount Hymettos, 

Mesogaia basin or other 

unknown source 

25 

 

ACR1124a 

/ BAPD 30310 

430-420 the Boot Painter   

 

Black glaze Mount Hymettos, 

Mesogaia basin or other 

unknown source 

  

 A detailed study of a large archaeological assemblage attributed to specific painters 

might give insights into the network established between the pottery workshops, as well as 

the relations between the ancient artisans and their clay-paint providers. Thus, the results 

of such research can contribute to the resolution of this issue, by filling in small pieces of 

the puzzle concerning the organization of ancient pottery workshops. 
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 Furthermore, the selection or the use of several CPs originating from different areas 

and used by the vase-painters may be associated with political events and supremacy in 

different regions. It is essential to remember that a cultural factor affecting the raw material 

selection is the control over resources and the restrictions of access to them (Stark et. al., 

2000; Neupert, 2000). Future research should consider the potential impact of the 

ownership of the lands related to the raw materials selection used for the production of the 

Attic pottery during different periods. 

 One more noteworthy implication related with the possible collection of the clay 

paint directly from the natural pools of clay suspensions around Attica, is the possible 

existence of such pools in the several centers of black glazed pottery production in Greece 

and abroad such as the Archaic Laconian vase-painting (Pipili, 1998) or pottery from 

locations where immigrants from Attica settled around the time of the Peloponnesian war 

(i.e. Thurii, Taras, Falerii, Syracuse, Lipari, Olympia, Corinth, Smyrna, and Olynthos) 

(Macdonald, 1981).  
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CHAPTER 7 

7. Conclusions 

 Attic-pottery of historic period is synonymous with the “iron-reduction technique”, 

by now a well-understood and studied technique, used in the decoration of black and red 

figure vases. This study addresses, for the first time, a longstanding archaeological 

question on the clay-sources in Attica; in particular it focuses on ferruginous clays suitable 

for the clay paint decoration of the black glazed ceramic production. The aim was to 

identify possible sources, collect the raw materials, study their behaviour during the 

preparation of the colloidal clay paint suspension and the subsequent concentration and 

finally to observe and evaluate the results following firing by comparing to ancient 

specimens. 

 The first, source identification, stage of the project focused on 37 clay-soil samples 

collected from various locations in Attica i.e. Panakton Plateau, Mt. Parnes, Mt. Hymettus, 

Mesogaia basin, Laurium, areas in the north of Athens and the city of Athens. These 

samples were processed and the resulting CP was used to prepare laboratory BG specimens 

at the THETIS Authentics workshop, by following a standardised in-house procedure. The 

resulting BG specimens were examined macroscopically and then analysed using µ-PIXE, 

hh-PXRF and SEM/EDX and led to the identification of 6 possible clay deposits from 5 

areas (i.e. Panakton-Skourta, Parnes-Makrichorafo, North part of Mt. Hymettus, Mesogaia-

Markopoulo and Laurium) that are all compatible with the ancient BG samples examined 

in terms of macroscopic appearance micromorphology and chemical composition.  

 To investigate the chemical and mineralogical modifications of the clay-soil 

material during the refinement process implemented for the production of the CP, a 

hundred forty-eight (148) analyses were conducted with mXRF and µXRF on pellets made 

from the raw clay and three (3) different clay colloid fractions. Additionally, to study their 

mineralogical composition, XRD mineralogical analysis was performed on twenty (20) 

samples from raw clay-soil and on the resulting final fraction of fine colloidal clay paint.  

 Macroscopically, certain phenomenological features of the ancient BG samples, 

such as characteristic star-like micro-cracks and colour shades from black to black-brown, 

present also in prominent museum exhibits, appear to correlate with laboratory BG 

samples from specific clay deposits. In addition, the modern and ancient BG samples 

compare well in terms of their trace element composition. 

ARTEMI C
HAVIARA



 

 184 

  In order to study further these features a group of approximately a hundred (~100) 

geometric, archaic and classical decorated sherds from the 19th century Acropolis 

excavations, documented by Graef and Langlotz (1909–1933), and now held at the 

National Archaeological Museum (Athens) were analysed non destructively and in-situ 

with the use of a Bruker hh-PXRF system. Additional material from Boeotia was also 

included in the analytical part, as well as ten (10) sherds from a special deposit at the 

Acropolis hill, held in the Acropolis Museum and eleven (11) test-pieces bearing brush-

strokes from the potter’s district in ancient Corinth, held in the Archaeological Museum of 

Ancient Corinth. This in situ XRF analysis revealed a high Zn content in the BG of certain 

ancient sherds dating mainly from 570-500 BCE. The same feature related to Zn, is found 

in modern laboratory samples with CP from the areas of Laurium / Kalyvia Thorikou from 

South East of Attica.  

 Likewise, the macroscopic feature of star-like micro-cracks and black-brown 

shades present in several ancient, mainly Archaic, sherds are also observed in modern BG 

laboratory samples originating from the Panakton and Parnes areas. By combining these 

features with the attributions by Graef and Langlotz (1933) to various vase-painters the 

following conclusions rised: the CP used by the Antiphon Painter and the Kleophrades 

painter are compatible with sources from Mt. Hymettus or from the Mesogaia basin; the 

CP used by the Lydos Painter, the Brygos Painter, the Mikion Painter are compatible with 

clay sources from Panakton and Mt. Parnes and the CP used by the Lysippides Painter and 

the Group E Painter are compatible with clay sources from Laurium/Thorikon. Finally, the 

CP of the Eucharides Painter is compatible with sources from both Panakton/ Mt. Parnes 

and from Laurium/Thorikon. A result, that suggests the use of two (2) clay paints 

originating from two different sources. 

 The mineralogical analyses revealed another interesting feature, which 

characterizes all Attic red clay sources and may account for the exceptional properties of 

the Attic BG. All ferruginous clays examined present a high percentage of clay minerals 

from the Illitic group as expected, since the illitic nature of the raw clay-soil is a 

prerequisite for the formation of the glaze at temperatures around 870-920oC; the XRD 

analysis however revealed also the presence of an important Kaolinite content in the clay 

paint fraction, which is observed for the first time. It is worth to mention that illite and 

kaolinite are two clay minerals with different thermal properties and their melting 

temperatures; this may account for the inhomogeneous microstructure and coloration 

observed in some ancient Attic and modern laboratory BG samples probably fired at the 
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lower end of the temperature range while, when fired at the high end of the range the 

kaolinite presence contributes to the formation of a durable ceramic glass. The presence of 

kaolinite in the finest fraction of the ferruginous clays examined is also compatible with 

recent bibliographic data that relate the appearance of red ferruginous clays around the 

Mediterranean with seasonal dust storms from Sahara in Africa. The fine-grained clay 

particles settle with rainwater and accumulate on contact surfaces of calcitic/schist rocks. 

This in turn may explain the fact that all ferruginous clays collected from such cavities of 

calcitic rocks presented spontaneous dispersion in water due to their extremely fine particle 

size. This "Sahara dust" theory may also explain the formation of ferruginous fine clay 

deposits that produce seasonal natural pools of clay suspension in the fields of Attica. 

These natural pools were easily accessible in antiquity, as they were located very close to 

the road network of Attica in archaic and classical times. 

To summarize this research has the following unique characteristics:  

1. Follows a rational methodological scheme to address the questions initially set by 

monitoring all stages of BG production in Attic archaic and classical pottery.  

2. Takes place in a ceramic production unit specialising in BG and hence benefits from 

the contribution of craftspeople in technical matters.  

3. The results of this research on the localisation of new red clay sources adequate for 

the production of the BG, have been adopted and applied in the production of the 

contemporary ceramic workshop. 

4. Provides reliable quantitative data on technical issues related to the production of 

decorated pottery in Attica, i.e. quantity of CP required for the decoration of vases of 

different size  (i.e. skyphos, oinochoe, hydria, Panathenaic amphora etc.) as well as 

the quantities of the precursor materials, clay-colloid suspension and clay soil and 

presents suggestions on the monetary value of the CP. 

5. Provides data on the labour required for CP production and demonstrates the 

importance of controlling all stages of such production (expertise in the localisation 

of the adequate materials, controlled laboratory conditions for suspending the clay in 

water etc.) and suggests labour saving alternatives such as collecting the clay 

suspension from natural pools on a seasonal basis.  

6. Suggests, based on a macroscopic and analytical comparison between well 

documented ancient sherds and modern laboratory samples, a first, tentative, 

association of the CP used by individual painters with specific clay sources in Attica.      
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7.1. Future work 

 The multidisciplinary character of this work raises interesting topics for future 

research involving archaeology and the natural sciences.  

 It is clear that in addition to the five areas identified in this research as possible 

adequate clay sources there exist numerous other locations in the region of Attica that have 

not been identified yet. Future studies could fruitfully explore this issue by exploring clays 

from the center of Athens. Recent publications from the Athens geochemistry survey 

(Argyraki & Kelepertzis, 2014) indicate possible candidates of iron-rich soils very near to 

the known pottery workshops of Classical times (see paragraph 6.3.3). For example, 

according to the survey data (Argyraki & Kelepertzis, 2014; Fig. 6-9) the locations of 

several Archaic and Classical workshops found in Athens are located within or near the 

areas with Fe-rich soils (Fig. 2-9). 

 The tentative association, based on macroscopic and analytical features, of the CP 

used by different vase-painters with specific geographic locations should be expanded in 

future studies by including large-scale significant museum collections and signed 

masterpieces bearing archaeological information. The results could enable researchers to 

answer specific archaeological questions on the organization of ancient pottery workshops 

and illuminate the role of associated personnel responsible for the procurement of the CP 

(see paragraph 6.4.4.). Moreover it would be interesting to relate CP source locations with 

political events and supremacy in different regions. An example for such an investigation 

might be the use of CPs from Panakton relative to the Athenian control of the Panakton 

Plateau – Skourta plain. Similarly the possible connection, for different time periods, of CP 

from the Panakton plateau with the Boeotian BG pottery production would be of interest 

(see paragraph 6.4.3.).  

 One further interesting topic for future research that derived from this work, is the 

investigation of the possible collection of the CP directly from the natural pools of clay 

suspensions not only in Attica but also in other centers of black glazed pottery production 

in Greece and abroad (see paragraph 6.4.4). 

 Due to the large amount of the archaeological data on the quantity of Panathenaic 

amphora production (Christiansen, 1981; Bentz, 1998; Neils, 1992, Stissi, 2002; Chaniotis 

et. al., 2009, Sparkes, 2010) and in combination with the data presented here, data on the 

quantity of the CP needed (see paragraph 6.4.2.; table 6-1) for the decoration of a 

Panathenaic amphora, I would encourage future researchers to investigative the total 
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amount of the raw material or of the CP consumed for the known production of these 

vessels.  

 The presence of kaolinite in the clay colloidal suspension and the BG layer and its 

behaviour through the refinement process, in order to produce the clay paint, is another 

very interesting topic for future research, requiring the collaboration of many disciplines. 

Archeometry, Geology and the Clay-Colloid science should be involved as well as 

specialists on red soil formation in the Mediterranean. As mentioned in paragraph 5.2.1. 

the presence of Kaolinite in the BG layer, might originate with African mineral dust rich in 

Illite and Kaolinite. Thus, future studies could investigate the relation between the 

colloidal clay suspensions produced from particular red soils and the African mineral dust 

storms (see paragraph 5.2.1). 

 As there are very few archaeological data on the clays used for the body of Attic 

pottery in terms of provenance, procurement and value, I would encourage scholars with a 

background in archaeometry or geologist who want to be involved with archaeology, to fill 

in this gap in our understanding of the technical production of attic black glazed and 

decorated pottery of Archaic and Classical periods. 

 Finally one might look for evidence that might indicate clay paint production in the 

excavation field. This would consist of sheltered building structures with one large deep 

basin or a series of basins (or other type of large containers) on different levels. These 

basins would have an opening near the top of their rims through which the colloidal liquid 

flows to the lower basin, thus achieving enrichment of the fine clay particles. These basins 

might be found in excavated workshop settlements or in settlements near seasonal shallow 

lakes. Another evidence could be a large fireplace where one could probably heat and 

concentrate the colloidal clay suspension to produce the clay paint in very large containers. 

Scientific staff at the excavations should be informed of the possible function of such 

structures in workshops or in settlements. An example for possible future investigation are 

the settlements in the Panakton plateau / Skourta Plain (Munn, 2010) (see paragraph 6.3.2) 

that might have been used for the production of CP from clay colloid collected directly 

from the natural pools after the rainy season.  
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APPENDICES  

Appendix I – Table of the archaeological samples  

 

GROUP -1 Museum and Analytical codes of the archaeological specimens analysed with the µ-PIXE; BG- Black glazed ware, ACROP – Acropolis 

Museum excavations (Eleutheratou, 2006; 2009). The sampling and the samples documentation took place in 2004 and 2010 in the course of the 

CERAMED project and the CHARISMA. All the samples are unpublished given by S. Eleutheratou from A’EPKA.               

 

Serial No Image Analytical code Archaeological Description Date BCE 

1 

 

ARCH-ACROP-1   

BG Fragment 

 Arch.in Ch.:S. Eleutheratou /A’EPKA              
Excavation notes: 18/11/97  Makrigianni distr., 
excavation METRO, pit 66, group 1   

Archaic   

2 

 

 ARCH_ACROP_2 

BG Fragment   

Arch.in Ch.:S. Eleutheratou / A’EPKA              
Excavation notes:18/10/96 

Makrigianni distr., excavation METR 

Late archaic-early 

classical  
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3 
 

 

CL-ACROP-34 

BG Fragment   

Eleutheratou / A’EPKA              Excavation 
notes:20.06.94 

Makrygianni distr., METRO, fire 13, group 49 

Ν17+Μ17 

Late 5th cent.                      

4 

 

CL_ACROP-35 

 

BG Fragment   

Arch.in Ch.:S. Eleutheratou / A’EPKA              
Excavation notes:27.1.94 

Makrygianni distr., METRO, ΟΜ67, fire place 
2 

Classical  

5 
 

CL_ACROP-36 
BG Fragment   

Arch.in Ch.:S. Eleutheratou / A’EPKA   
Classical 

6 
 

 
HEL_ACROP_1 

BG Fragment   

Arch.in Ch.:S. Eleutheratou / A’EPKA              
Excavation notes:13/10/95 

Makrygianni distr., METRO, layer under fire 7 

Hellenistic4th-3rd 

cent. BC 
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7 
 

HEL-AKROP-3    

BG Fragment   

Arch.in Ch.:S. Eleutheratou / A’EPKA              
Excavation notes:6/6/96 

Makrygianni distr., METRO, pit 3, layer  Ι 

Hellenistic 3rd-2nd 

cent. 

8 
 

HEL_ACROP_14 
BG Fragment   

Arch.in Ch.:S. Eleutheratou / A’EPKA   

Hellenistic 3rd-2nd 

cent. 

9 
 

 
CL_KER_19 

BG Fragment   

Arch.in Ch.:E. Baziotopoulou / C’EPKA              
Excavation notes:Aeros Str 

Classical 

10 

 

 

CL_KER-21 
BG Fragment   

Arch.in Ch.:E. Baziotopoulou / C’EPKA              
Excavation notes:Aeros Str 

Classical 

11 

 

CL-KER-22 
BG Fragment   

Arch.in Ch.:E. Baziotopoulou / C’EPKA              
Excavation notes:Aeros Str 

Classical 
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12 

 

CL_KER-23 
BG Fragment   

Arch.in Ch.:  E. Baziotopoulou / A’EPKA                        
Excavation notes:Aeros Str 

Classical 

13 

 

 CL-KER-24 
BG Fragment   

Arch.in Ch.:  E. Baziotopoulou / A’EPKA                        
Excavation notes:Aeros Str 

Classical 

14 

 

CL-KER_25 
BG Fragment   

Arch.in Ch.:  E. Baziotopoulou / A’EPKA                        
Excavation notes:Keramikos 

Classical 

15 

 

 

CL_KER_26 
BG Fragment   

Arch.in Ch.:  E. Baziotopoulou / A’EPKA                        
Excavation notes:Keramikos 

Classical 
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16 

 

CL-KER-28 
BG Fragment   

Arch.in Ch.:  E. Baziotopoulou / A’EPKA                        
Excavation notes:Keramikos 

Classical 

17 

 

 

CL-KER-30   
BG Fragment   

Arch.in Ch.:  E. Baziotopoulou / A’EPKA                        
Excavation notes:Miaouli 

Classical 

18 

 

CL_PAL_3 

BG Fragment   

Arch.in Ch.: A. Rammos / B’ EPKA, Pallene 

Excavation notes: 11/11/02 Stavrou Ave. / 
Stavrou – Pikermi Dirstict /  District ΙΙΙ-pit Γ 

Classical 
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19 

 

 

ARCH-LG-PAL-4 
BG Fragment   

Arch.in Ch.: A. Rammos / B’ EPKA, Pallene 

Archaic, 

late geometric 

20 

 

CL-PAL-5 

BG Fragment   

Arch.in Ch.: A. Rammos / B’ EPKA, Pallene 

Excavation notes: 11/11/02 Stavrou Ave. / 
Stavrou – Pikermi Dirstict /  District ΙΙΙ-pit Γ 

Classical 

21 

 

ARCH-LG-PAL-4                                                                                             

BG Fragment   

Arch.in Ch.: A. Rammos / B’ EPKA, Pallene 

Classification: archaic, late geometric  

Archaic 

22 

 

CL-PAL-7                                                                                                   

BG Fragment   

Arch.in Ch.: A. Rammos / B’ EPKA, Pallene 

Excavation notes: 11/11/02 Stavrou Ave. / 
Stavrou – Pikermi Dirstict /  District ΙΙΙ-pit Γ 

Classical 
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23 

 

HEL-PAL-12                                                                                              
BG Fragment   

Arch.in Ch.: A. Rammos / B’ EPKA, Pallene 
Hellenistic   

24 

 

HEL-PAL-13                                                                                              
BG Fragment   

Arch.in Ch.: A. Rammos / B’ EPKA, Pallene 
Hellenistic 

25 

 

CL-RAF-12   

BG Fragment   

Arch.in Ch.: P.  Photiades-P. Riga/B’EPKA, 
Raphina 

Excavation notes 

14.06.2002 Ο.Τ. 72, Τετράγωνο Δ15, Στρώµα 2 
/ Δείγµα 10 

Classical 

26 

 

CL-RAF-13                                                                                                   

BG Fragment   

Arch.in Ch.: P.  Photiades-P. Riga/B’EPKA, 
Raphina 

Excavation notes: 04.2002 Δ.Τ.72, Τετράγωνο 
Α11, Δοκιµαστική Τοµή, Δείγµα 9 

Classical 

ARTEMI C
HAVIARA



 

 223 

27 

 

CL_RAF_16                                                                                                   

 

BG Fragment   

Arch.in Ch.: P.  Photiades-P. Riga/B’EPKA, 
Raphina 

Excavation notes: O.T. 72, Τετράγωνο Β8, ΝΑ 
γωνία περιοχή αγγείου Π18, Δείγµα 6 

Classical 

28 

 

 

CL-RAF-17                                                                                                   

BG Fragment   

Arch.in Ch.: P.  Photiades-P. Riga/B’EPKA, 
Raphina 

Excavation notes: 21+26/03/2002 Ο.Τ. 72, 
Τετράγωνο Γ8, Κατασκευή 1 (αποθέτης;), 
Στρώµα 2, Δείγµα 5 

Classical 

29 

 

RL-ACROP-1  

 

RF/ relief line 

Arch.in Ch.:S. Eleutheratou, I. Karra / A’EPKA              
Excavation notes:13/10/95 

Makrygianni distr., METRO 

Classical 

30 
 

 

RL_ACROP4                                                          

RF / relief line Fragment   

Arch.in Ch.:S. Eleutheratou, I. Karra / A’EPKA              
Excavation notes:13/10/95 

Makrygianni distr., METRO 

5th cent 
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31 

 

 

RG_ACROP2 

BG classical, intentional red (test piece?)  
Fragment of a little master cup (kylix)          

Arch.in Ch.:S. Eleutheratou, I. Karra / A’EPKA              
Excavation notes:13/10/95 

Makrygianni distr., METRO 

 

Classical 

32 
 

 

TS_BD_1                                                          
Terra sigillata Fragment             

Arch.in Ch.: Jaume Buxeda i 
Garrigós,University of Barcelona/ Spain                      

 

33 

 

 

TS_BD_2 
Terra sigillata Fragment             

Arch.in Ch.: Jaume Buxeda i 
Garrigós,University of Barcelona/ Spain                      
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34 

 

 

CP_BD_1   
BG Fragment   

Arch.in Ch.: Jaume Buxeda i 
Garrigós,University of Barcelona/ Spain                      

Classical 

35 

 

CP_BD_2 
BG Fragment   

Arch.in Ch.: Jaume Buxeda i 
Garrigós,University of Barcelona/ Spain                      

Classical 

36 

 

RDM-KRP-HEL-2   

BG Fragment   

Arch.in Ch.:S. Eleutheratou / A’EPKA              
Excavation notes: Undocumented excavation 
details - random sample 

Makrygianni distr. 

Hellenistic 

37 

 

RDM-KRP-CL-6   

BG Fragment   

Arch.in Ch.:S. Eleutheratou / A’EPKA              
Excavation notes: Undocumented excavation 
details - random sample 

Makrygianni distr. 

Classical 
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38 

 

RDM-FLP-CL-1   

BF Fragment   

Arch.in Ch.:S. Eleutheratou / A’EPKA              
Excavation notes: Undocumented excavation 
details - random sample 

Makrygianni distr. 

Classical 

39 

 

RDM-KRP-CL-3 

BG Fragment   

Arch.in Ch.:S. Eleutheratou / A’EPKA              
Excavation notes: Undocumented excavation 
details - random sample 

Makrygianni distr. 

Classical 

40 

 

RDM-KRP-CL-5   

BG Fragment   

Arch.in Ch.:S. Eleutheratou / A’EPKA              
Excavation notes: Undocumented excavation 
details - random sample 

Makrygianni distr. 

Classical 

41 

 

 

RDM-KRP-CL-2 

BG Fragment   

Arch.in Ch.:S. Eleutheratou / A’EPKA              
Excavation notes: Undocumented excavation 
details - random sample 

Makrygianni distr. 

 

Classical 
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42 

 

 

RDM-KRP-CL-4 

BG Fragment   

Arch.in Ch.:S. Eleutheratou / A’EPKA              
Excavation notes: Undocumented excavation 
details - random sample 

Makrygianni distr. 

 

Classical 

43 

 

RDM-KRP-CL-1 

BG Fragment   

Arch.in Ch.:S. Eleutheratou / A’EPKA              
Excavation notes: Undocumented excavation 
details - random sample 

Makrygianni distr. 

 

Classical 

44 

 

RDM-KRP-HEL-1 

BG Fragment   

Arch.in Ch.:S. Eleutheratou / A’EPKA              
Excavation notes: Undocumented excavation 
details - random sample 

Makrygianni distr. 

Hellenistic 
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45 

 

RDM-FLP-CL-2 

BG Fragment    

Arch.in Ch.:S. Eleutheratou / A’EPKA              
Excavation notes: Undocumented excavation 
details - random sample 

Makrygianni distr. 

 

Classical 

46 
 

 

RDM-FLP-ARCH-1 

BF Fragment   

Arch.in Ch.:S. Eleutheratou / A’EPKA              
Excavation notes: Undocumented excavation 
details - random sample 

Makrygianni distr. 

 

Archaic 

47 

 

 

RDM-KRP-HEL-3 

BG Fragment    

Arch.in Ch.:S. Eleutheratou / A’EPKA              
Excavation notes: Undocumented excavation 
details - random sample 

Makrygianni distr. 

 

Hellenistic 
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GROUP- B Museum and Analytical codes of the archaeological specimens analysed with the p-XRF; GE - geometric, BF- Black figure style, RF- Red 

figure style, BG- Black glazed ware, EAM _ National Museum of Athens,  BOE- Boeotian, COR- Corinthian, ACROP – Acropolis Museum 

excavations, TS- test pieces . The references are in the related column either by the author or by the reference number in Beazley archive pottery 

database (BAPD - www.beazley.ox.ac.uk/xdb/ASP/dataSearch.asp)  

 

Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

1  GR255 GE-EAM-GR-01 Fragment.Prothesis. 

Graef & Langlotz, 1933: pl 8  

760-700  

Late Geometric 

2  ACR292 GE-EAM-GR-02 Fragment. Warriors.  

Graef & Langlotz, 1933: pl 10  

760-700  

Late Geometric 
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Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

3  ACR298 GE-EAM-GR-03 Fragment. Birds, tripod.  

Graef & Langlotz, 1933: pl 10  

735-700  

Late Geometric II 

4  ACR228c GE-EAM-GR-04 Fragment from an open vessel, bears 

BG on the internal side. Animal.  

Graef & Langlotz, 1933: pl 11  

760-700  

Late Geometric 

5  ACR279 GE-EAM-GR-05 Fragment,Chariot.  

Graef & Langlotz, 1933: pl 9 

760-700  

Late Geometric 

6  GR290 GE-EAM-GR-06 Fragment of oinochoe. Warrior.  

Graef & Langlotz, 1933: pl. 10 

760-700  

Late Geometric 

7  ACR278 GE-EAM-GR-07 Fragment. Men and lion.  

Graef & Langlotz, 1933: pl. 8 

760-700  

Late Geometric 
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Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

8  ACR387b GE-EAM-GR-08 Fragment. Ornaments.  

Graef & Langlotz, 1933: pl. 15 

650-620 

9  GR306 GE-EAM-GR-09 Fragment. Woman, bird.  

Graef & Langlotz, 1933: pl. 10 

ca. 700, End of Late 

Geometric period  

10  ACR499 BF-EAM-GR-10 Fragment of a kotyle krater. Man, 

Sphinx, lion, geese.  

BAPD 6720 

580-570 

11  

 

ACR489a BF-EAM-GR-11 Fragment. Animal frieze with palmettes. 

BAPD 16789  

1st quarter of 6th c.  

12  ACR478 BF-EAM-GR-12 Fragment of a large vessel with a hole 

on the uper right corner. Lion, Siren.  

BAPD 16788  

1st quarter of 6th c.  
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Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

13  ACR394 BF-EAM-GR-13 Fragment of an amphora . Horse 

protome. Horse-head amphorae  

BAPD 300172 

1st  quarter of 6th c.  

14  ACR627e BF-EAM-GR-14 Fragment from a krater, bears BG on 

the internal surface. Horse race.  

the Acropolis 627 Painter 

BAPD 300763 / Beazley, 1956): 82.1 

ca. 560  

15  ACR648e BF-EAM-GR-15 Fragment from a dinos, bears BG on the 

internal side. Gigantomachy.  

The Group E Painter  

BAPD 310328 / Beazley, 1956): 137.68 

575-525 

16  ACR626 BF-EAM-GR-16 Rim fragment. Calydonian boar hunt. 

BAPD 16569  

2nd quarter of 6th c. 
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Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

 

17 

  

 

 

 

 

 

ACR506c  

 

BF-EAM-GR-17 

 

Fragments from a tripod pyxis/ 

plemmochoe. Animal frieze. Lotus 

palmette chain 

The Gorgon Painter  

BAPD 300064 / Beazley, 1956): 9.10 

 

600-580 

18  ACR 631b BF-EAM-GR-18 Fragment from a column krater . Tityos, 

Leto.  

The Lydos Painter  

BAPD 310152 / Beazley, 1956: 108.6  

ca. 560 

19  ACR 634a BF-EAM-GR-19 Fragment of dinos, bears BG on the 

internal side. Warriors 

The Louvre E 876 Painter  

BAPD 300838 / Beazley, 1956: 90.2 

ca. 560 

20  ACR 646d BF-EAM-GR-20 Fragment from the handle plate of a 

column krater . Floral.  

BAPD 7029  

550-540 
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Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

21  ACR 2560a BF-EAM-GR-21 Fragment from a pinax. Vintage.  

the Rycroft Painter  

APD 301856 / Beazley, 1956: 337.32 

510-500 

22  ACR1206b BF-EAM-GR-22 Fragment from a loutrophoros. 

Kanephoros.  

BAPD 32142.  

3rd quarter of 6th c. 

23  ACR 1244a BF-EAM-GR-23 Fragment of a skyphos. Horses from a 

quadriga.  

BAPD 9017194 

560-530 

24  ACR732a BF-EAM-GR-24 Fragment of a hydria. Women at 

fountain house.  

BAPD 306479  

530-520 

25  ACR856 BF-EAM-GR-25 Fragment of an amphora. Man with 

pithos. BAPD 16750  

3rd quarter of 6th c. 
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Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

26  ACR674 b BF-EAM-GR-26 Fragment (burnt). Sacrificial scene. 

Youth with sprig.  

BAPD 16583  

510-500 

27  ACR930 BF-EAM-GR-27 Fragment of a panathenaic amphora. 

Athena.  

BAPD 16754  

3rd quarter of 6th c. 

28  ACR1747 BF-EAM-GR-28 Fragment from the base of a kylix 

signed by Nikosthenes Potter. 

BAPD 301249 / Graef–Langlotz 1933, i, 

no. 1747, pl. 87 / Beazley, 1956: 232.18 

550-510 

29  ACR801 BF-EAM-GR-29 Fragment from the neck of an amphora. 

Youth.  

BAPD 16609  

2nd quarter of 6th c. 
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Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

30  ACR1165 BF-EAM-GR-30 Fragment. Part of the neck/ rim of a 

loutrophoros. Women, one with mirror. 

Group of the North Slope AP 942  

BAPD 300827 / Beazley, 1956: 89.5 

575-525 

31  ACR888 d BF-EAM-GR-31 Fragment of an amphora. Vertical band 

of ivy.  

BAPD 16758  

2nd quarter of 6th c. 

32  ACR1658 BF-EAM-GR-32 Fragment. Part of the rim from a band 

cup / Attic Little-master cup. 

Charioteer.  

BAPD 32415  

3rd quarter of 6th c. 

33  ACR 2009 BF-EAM-GR-33 Fragment of a kylix. Part of the rim. 

Procession.  

BAPD 30291  / Graef & Langlotz, 1925: 

PL. 89, NO. 2009 

end of 6th c. 
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Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

34  ACR2090a BF-EAM-GR-34 Fragment of a pyxis.  Women.  

Graef & Langlotz, 1933: p. 208, no. 

2090  

1st quarter of 5th c. 

35  ACR282 RF-EAM-GR-35 Fragment of a kylix. Man or youth with 

pointed amphora.  

The Antiphon Painter 

BAPD 203468 / Beazley, 1963: 338.32 

480-470 

36  ACR42a RF-EAM-GR-36 Fragment of a kylix. Warrior.  

Near the Bowdoin-Eye Painter.  

BAPD 200395 / Graef & Langlotz, 

1933: ii, no. 42, pl. 3 

525-510 

37  ACR79 RF-EAM-GR-37 Fragment of a kylix. Warrior.  

BAPD 46653 / Graef & Langlotz, 1933: 

PL.5.79 

last quarter of 6th c. 
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Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

38  ACR289b RF-EAM-GR-38 Fragment of a kylix; part of the rim and 

upper body. Man with walking stick. 

The Brygos Painter  

BAPD 203942 / Beazley, 1963: 373.44 

480-460 

39  ACR358a RF-EAM-GR-39 Fragment of a kylix . Herakles and the 

Hydra 

The Makron Painter  

BAPD 204970 / Beazley, 1963: 477.291 

480-470 

40  ACR184 RF-EAM-GR-40 Fragment of a kylix. Figure with 

dolphin. The Euergides Painter  

BAPD 200713 / Beazley, 1963: 89.17 

515-500 

41  

 

ACR261a RF-EAM-GR-41 Fragment of a kylix; part of the rim. 

Feet, base.  

The Antiphon Painter 

Graef & Langlotz, 1933: pl. 14.  

 

 

 

1st quarter of 5th c. 
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Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

42  

 

ACR628 RF-EAM-GR-42 Fragment of an amhora. Theseus. The 

Aegisthus Painter  

BAPD 205706 / Beazley, 1963: 507.2 

475-450 

43  ACR434c RF-EAM-GR-43 Fragment of a kylix. Part of the rim. 

Man with kantharos. Manner of 

Onesimos BAPD 203225 / Beazley, 

1963: 330.5, 313 

500-490 

 

 

44  

 

ACR199 RF-EAM-GR-44 Fragment of a kylix; part of the base; 

intentional /coral red. Athena seated on 

a block.  

BAPD 46677  

early 5th c. 

45  

 

ACR251 RF-EAM-GR-45 Fragment of a kylix . Youth holding 

stick and himation 

The Makron Painter  

BAPD 204979 / Beazley, 1963: 477.299 

480-470 
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Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

46  ACR631 RF-EAM-GR-46 Fragment of an amphora. Woman. 

BAPD 46780  

mid 5th c. 

47  

 

ACR35 RF-EAM-GR-47 Fragment of a plate. Youths, one with a 

sprig.  

BAPD 46702  

1st quarter of 5th c. 

48  

 

ACR573 RF-EAM-GR-48 A pyxis lid . Phallos bird..  

The  Acropolis 573 Painter  

BAPD 203216 / Beazley, 1963: 312.2 / 

Graef, & Langlotz, 1933: PL.44.573 

1st quarter of 5th c. 

49  ACR44 RF-EAM-GR-49 Fragment of a pyxis lid. Satyr  

The Thaliarchos Painter  

BAPD 200658 / Graef & Langlotz, 

1933: pl.44.574 

525-510 
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Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

50  

 

ACR614b RF-EAM-GR-50 Fragment of an amphora. Hand.  

The Berlin Painter  

BAPD 46788 / Graef & Langlotz, 1933: 

PL.48.614A-B 

500-480 

51  ACR715 RF-EAM-GR-51 Fragment of an oinochoe. Woman with 

kanoun.  

BAPD 46820  

2nd quarter of 5th c. 

52  ACR103 RF-EAM-GR-52 Fragment of a kylix. Cock..  

Euergides Painter.  

BAPD 200817 / Beazley, 1963: 95.121 / 

Graef & Langlotz, 1933: ii, no. 103, pl. 

4. 

515-500 

53  ACR1051b RF-EAM-GR-53 Fragment of a pinax. Women.  

BAPD 217542.  

430-420 
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Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

54  ACR594c RF-EAM-GR-54 Fragment of a lekanis lid. Poseidon..  

the Mikion Painter.  

BAPD 217540 / Beazley, 1963: 1341.1 

late 5th c. 

55  ACR593 RF-EAM-GR-55 Fragment of a lid. Women, one seated, 

the other holding box and sash.  

BAPD 46803.  

late 5th c. 

56  ACR592 RF-EAM-GR-56 Fragment of a   pyxis lid . Top: Ship 

with ladder, figures in oriental 

costumes. Side: Women dancing.  

BAPD 46801.  

480-460 

57  ACR 657 RF-EAM-GR-57 Loutrophoros. Women, Nikai.  

BAPD 46764.  

2nd quarter of 4th c. 
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Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

58  

 

ACR936 BF-EAM-GR-58 Fragment of a Panathenaic amphora. 

Athena, cock on column.  

The Eucharides Painter.  

BAPD 302979 / Beazley 1956: 396.16 

500-480 

59  ACR681a BF-EAM-GR-59 Fragment of an amphora . Oil 

commerce. BAPD 16765.  

520 

60  ACR938 BF-EAM-GR-60 Fragment of a Panathenaic amphora. 

Athena. 

The Eucharides Painter.  

BAPD 302980 / Beazley, 1956: 396.17 

500-480 

61  ACR992 BF-EAM-GR-61 Fragment of a Panathenaic amphora. 

Head of Athena.  

BAPD 32069.  

1st quarter of 5th c. 

62  ACR 924 BF-EAM-GR-62 Fragment of a Panathenaic amphora. 

Athena. Shield device: panther.  

The Workshop of the Lysippides 

Painter  

530-520 

ARTEMI C
HAVIARA



 

 244 

Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

Graef & Langlotz, 1925: PL.60.924 

63  ACR993 BF-EAM-GR-63 Fragment of a Panathenaic amphora . 

Athena.  

BAPD 16954  

1st quarter of 5th c. 

64  ACR970 BF-EAM-GR-64 Fragment of a Panathenaic amphora . 

Athena.  

BAPD 17000  

3rd quarter of 6th c. 

65  ACR1124a BF-EAM-GR-65 Fragment of a Panathenaic amphora, 

Runners.  

The Boot Painter  

BAPD 30310 / Berger & Perry, 1975: 

NO. 16 (I) 

430-420 

66  ΑΚΡ1048c BF-EAM-GR-66 Fragment of a Panathenaic amphora 

Foot race.  

The Kleophrades Painter  

BAPD 303055 / Beazley, 1956: 404.14 

500-480 

ARTEMI C
HAVIARA



 

 245 

Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

67  ACR1126 BF-EAM-GR-67 Head of athlete.  

BAPD 32095  

1st half of 4th c. BC 

(before 360) 

68  ACR854a BF-EAM-GR-68 Fragment of amphora. Man.  

BAPD 16751  

3rd quarter of 6th c. 

69  No 29308 BG-EAM-ATT-69 Squat Lekythos. Red-figure palmette / 

No refference  

Late 5th c. 

70  No 28872 BG-EAM-ATT-70 Lekythos . Black-glaze / No refference 460-440 
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Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

71  No 28853 BG-EAM-ATT-71 Lekythos . Black-glaze / No refference 460-440 

72  No 28887 BG-EAM-ATT-72 Black-glaze / No refference 

 

460-440 

73 -76 

 

 Looted1- 4 BG-EAM-ΒΟE-74 

BG-EAM-ΒΟE-75 

BG-EAM-ΒΟE-76 

BG-EAM-ΒΟE-77 

Fragment of Boeotian kantharoi bearing 

incised inscription 

Avronidaki, 2007 

5th c. BC 

77 

 

Looted5 BG-EAM-ΒΟE-78 Fragment of a Boeotian kantharos with 

incised "graffiti"  

Wolters  & Bruns,1940: pl. 91.  

5th c. BC (?) 
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Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

78  Looted6 BG-EAM-ΒΟE-79 Fragment of a Boeotian kabeiric 

skyphos. Reclining symposiast.  

The Kabiros Painter 

Wolters  & Bruns, 1940:  pl. 44,3  

 

Last quarter of 5th c. 

79  No 27987 RF-EAM-ΒΟE-80 Fragment of a Boeotian kabeiric 

skyphos. Satyr libating.  

Argos Painter / No refference 

420-410 

 

 

80 

 No 10530 BF-EAM-ΒΟE-81 Fragment of a Boeotian kabeiric 

skyphos. Reclining symposiast.  

The Kabiros Painter  

Wolters & Bruns, 1940: pl .81 

Last quarter of 5th c. 
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Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

81  No 2366/1246 BG-EAM-ΒΟΕ-82 Boeotian kantharos. Black-glaze  

Avronidaki, 2007 

end 5th/early 4th c. 

82 

 

KP1342 DP-TS-COR-01 Kotyle rim fragments 

Stillwell & Benson, 1984  

7th-6th c. 

83 

 

KP1097 DP-TS-COR-02 Kotyle rim fragments 

Stillwell & Benson, 1984 

7th-6th c. 

ARTEMI C
HAVIARA



 

 249 

Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

84 

 

KP1385 DP-TS-COR-03 Kotyle rim fragments 

Stillwell & Benson, 1984 

7th-6th c. 

85 

 

1929-86-20 DP-TS-COR-05 Body of kotyle 

Stillwell & Benson, 1984 

7th-6th c. 

86 

 

1929-86-12 DP-TS-COR-06 Rim fragment 

Stillwell & Benson, 1984 

7th-6th c. 

87 

 

1929-86-17 DP-TS-COR-07 Rim fragment of miniature kalathos 

Stillwell & Benson, 1984 

7th-6th c. 

ARTEMI C
HAVIARA



 

 250 

Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

88 

 

1929-4-129 DP-TS-COR-11 Loom weight 

Stillwell & Benson, 1984 

7th-6th c. 

89 

 

1931-41-1b DP-TS-COR-12 Body sherd small vessel (Import) 

Stillwell & Benson, 1984 

7th-6th c. 

90 

 

1929-4-126 DP-TS-COR-18 Aryballos fragment 

Stillwell & Benson, 1984 

7th-6th c. 

91 

 

1929-4-128 DP-TS-COR-19 Pyxis body fragment 

Stillwell & Benson, 1984 

7th-6th c. 

ARTEMI C
HAVIARA



 

 251 

Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

92 

 

1929-86-15  DP-TS-COR13 Body fragment of krater 

Stillwell & Benson, 1984 

7th-6th c. 

93  E106B BG-ACROP-EX-01 Handle of a vessel End of 6th c. 

94 - 99  

 

 

  OM91 BG-ACROP-EX-03 Fragment of a rim End of 6th c. 

BG-ACROP-EX-04 Fragment of a small vessel 

BG-ACROP-EX-05 Fragment  

BG-ACROP-EX-06 Fragment 

BG-ACROP-EX-07 Fragment of a kylix 

BG-ACROP-EX-08 Fragment of a kylix 
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Serial 

No 

Image Museum Code 

 

Analytical code Archaeological Description / 

References  

Date BCE 

100  E107A BF-ACROP-EX-01 Fragments of a crater. Part of the rim End of 6th c. 

101  E106A BF-ACROP-EX-02 Fragments of a kylix. Part of the rim End of 6th c. 

102  E107 BF-ACROP-EX-03 Lekythos. Part of the main body and a 

fragment of the rim 

End of 6th c. 
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Appendix II – Table of the laboratory samples 

 

a/a Image Analytical code Area 
Geographic coordinates  

Latitude                 Longitude 

1 

 

 

 

 
   
 

TH-BG-1                                     Chania, Crete 5°28'6.00"N 24° 9'6.83"E 

2 

 

 

 

 
   
 

TH-AROR-1A                                  Panakton Plateau, Attica   

3 
 

 

 

    
 

TH-AROR-1B                                 Panakton Plateau, Attica   
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4 

 

 

 

    
 

EA1993BG-2                               Panakton Plateau, Attica 38°10'46.23"N 23°33'1.31"E 

5 

 

 

 

    
 

MRK-01                            Mesogea basin, Attica 37°53'40.39"N 23°56'56.48"E 

6 

 

 

 

    
 

KRP-02                           Messogea basin, Attica 37°54'23.38"N 23°54'32.25"E 

7 

 

 

 

    
 

STF-03             
Panakton plateau / 
Skourta plain, Attica 

38°10'47.14"N 23°33'7.19"E 

8 

 

 

 

    
 

DRV-04A                             Panakton plateau / 
Skourta plain, Attica 

38°11'9.86"N 23°35'7.41"E 
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9 

 

 

 

 
   
 

DRV-04B                      Panakton plateau / 
Skourta plain, Attica 

38°11'9.86"N 23°35'7.41"E 

10 

 

 

 

    
 

AGDMT-05                              Panakton plateau / 
Skourta plain, Attica 

38°11'17.38"N 23°36'30.73"E 

11 

 

 

 

    
 

DRV-06                      Panakton Plateau, Attica 38°11'16.57"N 23°33'50.45"E 

12 

 

 

 

    
 

DRV-07                        
Panakton plateau / 
Skourta plain, Attica 

38°10'16.62"N 23°35'11.83"E 

13 

 

 

 

    
 

DRV-08                             Panakton Plateau, Attica 38°11'56.51"N 23°32'1.89"E 
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14 

 

 

 

    
 

DRV-09                     Panakton Plateau, Attica 38°11'46.60"N 23°32'16.60"E 

15 

 

 

 

    
 

PRF-10A                     Mesogaia basin, Attica 37°52'22.16"N 23°53'47.83"E 

16 

 

 

 

    
 

PRF-10B                    Mesogaia basin, Attica 37°52'21.48"N 23°53'58.99"E 

17 

 

 

 

    
 

PRF-10C                  Mesogaia basin, Attica 37°52'47.67"N 23°54'39.10"E 

18 

 

 

 

    
 

BLBNG-11                             Mesogaia basin, Attica 37°52'29.45"N 23°55'20.15"E 
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19 

 

 

 

    
 

KLV-12                            Kalivia Thorikou, Attica 37°49'36.70"N 23°56'3.31"E 

19 

 

 

 

    
 

ANVS-13                             Anavisos, Attica 37°43'44.76"N 23°56'23.23"E 

21 

 

 

 

    
 

KRP-14                         Messogea basin, Attica 37°54'35.49"N 23°53'5.11"E 

22 

 

 

 

    
 

KRP-15                     Mesogaia basin, Attica 37°54'48.75"N 23°53'59.24"E 

23 

 

 

 

    
 

PRN-16                            Mount Parnis (Parnitha), 
Attica 

38°11'7.20"N 23°47'33.04"E 
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24 

 

 

 

    
 

PRN-17                            Mount Parnis (Parnitha), 
Attica 

38°12'22.69"N 23°47'18.38"E 

25 

 

 

 

    
 

PRN-18                       Mount Parnis (Parnitha), 
Attica 

38°13'7.61"N 23°46'46.89"E 

26 

 

 

 

    
 

MLKS-19                            Malakasa, Attica 38°14'18.95"N 23°46'45.41"E 

27 

 

 

 

    
 

MLKS-20                            Malakasa, Attica 38°15'18.27"N 23°44'54.69"E 

28 

 

 

 

    
 

MLKS-21                            Malakasa, Attica 38°14'20.18"N 23°46'29.59"E 
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29 

 

 

 

    
 

KNVR-22                            Kokkinovrahos, Attica 38°10'44.73"N 23°50'20.64"E 

30 

 

 

 

    
 

KNVR-23                            Kokkinovrahos, Attica 38°10'30.34"N 23°50'56.87"E 

31 

 

 

 

    
 

KNVR-24                            Kokkinovrahos, Attica 38°10'16.65"N 23°51'12.65"E 

32 

 

 

 

    
 

GLST-25                       North of Athens, Attica 38° 1'35.52"N 23°45'56.85"E 

33 

 

 

 

    
 

KLGRZ-26                           North of Athens, Attica 38° 1'50.78"N 23°47'18.17"E 
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34 

 

 

 

 
 

  
 

HMT-28                        Mount Hymettus, Attica 37°59'2.73"N 23°48'49.10"E 

35 

 

 

 

    
 

HMT-29                          Mount Hymettus, Attica 37°58'57.29"N 23°49'3.99"E 

36 

 

 

 

    
 

HMT-30                    Mount Hymettus, Attica 37°59'23.41"N 23°49'19.98"E 

37  HMT-31                     Mount Hymettus, Attica 38° 0'27.43"N 23°50'3.54"E 

37 

 

HMT-32   Mount Hymettus, Attica 37°55'44.09"N 23°45'49.41"E 
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39 

 

 

 

    
 

HMT-33                     Mount Hymettus, Attica 37°59'45.60"N 23°48'59.66"E 

40 

 

 

 

    
 

ILLS-34                           Center of Athens, Attica 37°58'3.23"N 23°44'1.16"E 

41 

 

 

 

    

   
 

MED-35                       Laurium, Attica 37°43'12.41"N 24° 3'42.08"E 

42 

  

KLM-27                           Chania, Crete. 35°28'6.00"N 24° 9'6.83"E 
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Appendix III - Geological maps of Attica 

 

The 19th century map “Karte von Attika”(Curtius & Kaupert, 1895-1903) (scale 1: 

100.000) presents the archaeological communication network with road and paths derived 

from archaeological data until that time. This map is presented in the article of Steinhauer 

(2009) and it is available online by “Bibliotheken der Universität Heidelberg” in higher 

resolution.39 

                                                
39 http://digi.ub.uni-heidelberg.de/diglit/curtius1895a/0031 
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Map of Attica 480 B.C. Historical Atlas by William R. Shepherd, 1911 (Univ. Of Texas, 2015).  
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Detailed map of the soils of Attica produced in 1948 (desgned by  Zvorykin & Saul, 1948) 
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Geological map of Athens –Piraeus area sheet from ©IGME 
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Geological map of Kifissia area sheet from ©IGME 
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Geological map of Laurium area sheet from ©IGME 
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Geological map of Koropi-Plaka area sheet from ©IGME 
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Geological map of Athens – Eleusina area sheet from ©IGME 
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Geological map of Attica, coming from a wider map “ Geological map of Greece” designed by 

the Institute of Geology and Mineral Exploration of Greece. (©IGME,1983) 
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Appendix IV – Analytical results and compositional data 

µ-PIXE   

µ-PIXE - Compositional data expressed as elemental concentrations (in ppm) for the black glaze layer on archaeological and laboratory ceramic 

samples 
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ARTEMI C
HAVIARA



 

 278 

mXRF and µXRF 

mXRF and µXRF Compositional data expressed as element oxides (in %) and elemental concentrations (in ppm)  for S, S0,S1,S2 clay fractions 
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hh-PXRF  

Handheld portable XRF semi-quantitative compositional data expressed as elemental concentrations (in counts) for the black glaze layer in laboratory 

specimens 
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Handheld portable XRF semi-quantitative compositional data expressed as elemental concentrations in counts (cps)for the black glaze layer of 

archaeological samples (group - B ) from the Arcaheological Museum of Corinth, the National Archaeological Museum and the Acropolis Museum 

(Athens) 
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ARTEMI C
HAVIARA



 

 292 
ARTEMI C

HAVIARA



 

 293 
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XRD 

XRD mineralogical and compositional data expressed in percentage (%) for the clay soil (S) and clay-paint (S2) fractions. 

 

PRN 16 S

01-‐085-‐1108	  (C )	  -‐	  C alcium	  C arbonate	  -‐	  C aC O3	  -‐	  Y :	  2.88	  % 	  -‐	  d	  
01-‐083-‐1466	  (C )	  -‐	  Albite	  low	  -‐	  Na0.986(Al1.005S i2.995O8)	  -‐	  Y :	  
00-‐013-‐0456	  (D)	  -‐	  S anidine	  -‐	  K 0.47Na0.43C a0.10Al1.1S i2.9O8	  
00-‐019-‐0002	  (I)	  -‐	  Orthoclase,	  barian	  -‐	  (K ,Ba,Na)(S i,Al)4O8	  -‐	  Y :	  

00-‐002-‐0993	  (D)	  -‐	  Muscovite	  -‐	  K 2O·∙3Al2O3·∙6S iO2·∙2H2O	  -‐	  Y :	  2.
00-‐010-‐0183	  (D)	  -‐	  C linochlore-‐2MIIb	  -‐	  (Mg,Al)6(S i,Al)4O10(OH)
00-‐004-‐0359	  (D)	  -‐	  C ris tobalite,	  high	  -‐	  S iO2	  -‐	  Y :	  1.94	  % 	  -‐	  d	  x	  by:	  
00-‐009-‐0334	  (D)	  -‐	  Illite	  2M1	  -‐	  K -‐Na-‐Mg-‐F e-‐Al-‐S i-‐O-‐H2O	  -‐	  Y :	  1.3
00-‐003-‐0863	  (D)	  -‐	  Magnetite	  -‐	  F e3O4	  -‐	  Y :	  2.34	  % 	  -‐	  d	  x	  by:	  1.	  -‐	  
00-‐002-‐0919	  (D)	  -‐	  Hematite	  -‐	  F e2O3	  -‐	  Y :	  1.82	  % 	  -‐	  d	  x	  by:	  1.	  -‐	  
00-‐003-‐0187	  (D)	  -‐	  Halloys ite-‐7A	  -‐	  Al2S i2O5(OH)4	  -‐	  Y :	  4.88	  % 	  -‐	  
00-‐009-‐0334	  (D)	  -‐	  Illite	  2M1	  -‐	  K -‐Na-‐Mg-‐F e-‐Al-‐S i-‐O-‐H2O	  -‐	  Y :	  1.9
03-‐065-‐0466	  (C )	  -‐	  Quartz 	  low,	  syn	  -‐	  S iO2	  -‐	  Y :	  51.67	  % 	  -‐	  d	  x	  by:	  
P R N	  16	  S 	  -‐	  F ile:	  7190.raw	  -‐	  Type:	  2Th/Th	  locked	  -‐	  S tart:	  5.000	  
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PRN-17 S

01-‐083-‐1466	  (C )	  -‐	  Albite	  low	  -‐	  Na0.986(Al1.005S i2.995O8)	  -‐	  Y :	  
00-‐009-‐0428	  (D)	  -‐	  P aragonite	  -‐	  NaAl2(AlS i3O10)(OH)2	  -‐	  Y :	  2.1
00-‐013-‐0456	  (D)	  -‐	  S anidine	  -‐	  K 0.47Na0.43C a0.10Al1.1S i2.9O8	  
00-‐019-‐0002	  (I)	  -‐	  Orthoclase,	  barian	  -‐	  (K ,Ba,Na)(S i,Al)4O8	  -‐	  Y :	  
00-‐002-‐0993	  (D)	  -‐	  Muscovite	  -‐	  K 2O·∙3Al2O3·∙6S iO2·∙2H2O	  -‐	  Y :	  2.

00-‐010-‐0183	  (D)	  -‐	  C linochlore-‐2MIIb	  -‐	  (Mg,Al)6(S i,Al)4O10(OH)
00-‐004-‐0359	  (D)	  -‐	  C ris tobalite,	  high	  -‐	  S iO2	  -‐	  Y :	  1.94	  % 	  -‐	  d	  x	  by:	  
00-‐009-‐0334	  (D)	  -‐	  Illite	  2M1	  -‐	  K -‐Na-‐Mg-‐F e-‐Al-‐S i-‐O-‐H2O	  -‐	  Y :	  2.7
00-‐003-‐0863	  (D)	  -‐	  Magnetite	  -‐	  F e3O4	  -‐	  Y :	  2.34	  % 	  -‐	  d	  x	  by:	  1.	  -‐	  
00-‐002-‐0919	  (D)	  -‐	  Hematite	  -‐	  F e2O3	  -‐	  Y :	  1.82	  % 	  -‐	  d	  x	  by:	  1.	  -‐	  
00-‐003-‐0187	  (D)	  -‐	  Halloys ite-‐7A	  -‐	  Al2S i2O5(OH)4	  -‐	  Y :	  2.44	  % 	  -‐	  
00-‐001-‐0401	  (D)	  -‐	  Goethite	  -‐	  F e2O3·∙H2O/F e+3HO2	  -‐	  Y :	  3.19	  %
00-‐009-‐0334	  (D)	  -‐	  Illite	  2M1	  -‐	  K -‐Na-‐Mg-‐F e-‐Al-‐S i-‐O-‐H2O	  -‐	  Y :	  1.9
03-‐065-‐0466	  (C )	  -‐	  Quartz 	  low,	  syn	  -‐	  S iO2	  -‐	  Y :	  95.38	  % 	  -‐	  d	  x	  by:	  
P R N-‐17	  S 	  -‐	  F ile:	  7191.raw	  -‐	  Type:	  2Th/Th	  locked	  -‐	  S tart:	  5.000	  
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PRN 17 S2 Natural

01-080-0886 (C) - Kaolinite - Al2(Si2O5)(OH)4 - Y: 48.93 % - d x by: 1. - WL: 1.5406 - Triclinic - a 5.1577
00-013-0456 (D) - Sanidine - K0.47Na0.43Ca0.10Al1.1Si2.9O8 - Y: 18.76 % - d x by: 1. - WL: 1.5406 - M
00-019-0002 (I) - Orthoclase, barian - (K,Ba,Na)(Si,Al)4O8 - Y: 18.10 % - d x by: 1. - WL: 1.5406 - Monocli
00-002-0058 (D) - Muscovite - H2KAl3Si3O12 - Y: 16.67 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 5.18

00-009-0456 (N) - Albite, calcian, disordered, syn - (Na,Ca)(Si,Al)4O8 - Y: 18.76 % - d x by: 1. - WL: 1.540
00-001-0401 (D) - Goethite - Fe2O3·H2O/Fe+3HO2 - Y: 18.76 % - d x by: 1. - WL: 1.5406 - 
00-009-0334 (D) - Illite 2M1 - K-Na-Mg-Fe-Al-Si-O-H2O - Y: 20.84 % - d x by: 1. - WL: 1.5406 - Monoclinic
00-001-1053 (D) - Hematite - Fe2O3 - Y: 14.59 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 5.02800 -
00-002-0043 (D) - Halloysite - Al2O3·2SiO2·4H2O - Y: 17.98 % - d x by: 1. - WL: 1.5406 - 
01-086-1560 (C) - Quartz low - SiO2 - Y: 147.66 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.91600 - b 4.
Operations: Import
PRN 17 S2 Natural - File: 7240.raw - Type: 2Th/Th locked - Start: 5.000 ° - End: 70.000 ° - Step: 0.020 ° - 
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PRN 18S

01-‐083-‐1466	  (C )	  -‐	  Albite	  low	  -‐	  Na0.986(Al1.005S i2.995O8)	  -‐	  Y :	  
00-‐009-‐0428	  (D)	  -‐	  P aragonite	  -‐	  NaAl2(AlS i3O10)(OH)2	  -‐	  Y :	  2.1
00-‐013-‐0456	  (D)	  -‐	  S anidine	  -‐	  K 0.47Na0.43C a0.10Al1.1S i2.9O8	  
00-‐019-‐0002	  (I)	  -‐	  Orthoclase,	  barian	  -‐	  (K ,Ba,Na)(S i,Al)4O8	  -‐	  Y :	  
00-‐002-‐0993	  (D)	  -‐	  Muscovite	  -‐	  K 2O·∙3Al2O3·∙6S iO2·∙2H2O	  -‐	  Y :	  2.

00-‐010-‐0183	  (D)	  -‐	  C linochlore-‐2MIIb	  -‐	  (Mg,Al)6(S i,Al)4O10(OH)
00-‐004-‐0359	  (D)	  -‐	  C ris tobalite,	  high	  -‐	  S iO2	  -‐	  Y :	  1.94	  % 	  -‐	  d	  x	  by:	  
00-‐009-‐0334	  (D)	  -‐	  Illite	  2M1	  -‐	  K -‐Na-‐Mg-‐F e-‐Al-‐S i-‐O-‐H2O	  -‐	  Y :	  2.7
00-‐003-‐0863	  (D)	  -‐	  Magnetite	  -‐	  F e3O4	  -‐	  Y :	  2.34	  % 	  -‐	  d	  x	  by:	  1.	  -‐	  
00-‐002-‐0919	  (D)	  -‐	  Hematite	  -‐	  F e2O3	  -‐	  Y :	  1.82	  % 	  -‐	  d	  x	  by:	  1.	  -‐	  
00-‐003-‐0187	  (D)	  -‐	  Halloys ite-‐7A	  -‐	  Al2S i2O5(OH)4	  -‐	  Y :	  3.46	  % 	  -‐	  
00-‐001-‐0401	  (D)	  -‐	  Goethite	  -‐	  F e2O3·∙H2O/F e+3HO2	  -‐	  Y :	  3.19	  %
00-‐009-‐0334	  (D)	  -‐	  Illite	  2M1	  -‐	  K -‐Na-‐Mg-‐F e-‐Al-‐S i-‐O-‐H2O	  -‐	  Y :	  1.9
03-‐065-‐0466	  (C )	  -‐	  Quartz 	  low,	  syn	  -‐	  S iO2	  -‐	  Y :	  95.38	  % 	  -‐	  d	  x	  by:	  
P R N	  18S 	  -‐	  F ile:	  7196.raw	  -‐	  Type:	  2Th/Th	  locked	  -‐	  S tart:	  5.000	  °

Li
n 

(C
ou

nt
s)

0

1000

2000

3000

4000

5000

6000

2-Theta - Scale
6 10 20 30 40 50 60 70

ARTEMI C
HAVIARA



 

 302 

 

DRV-06 S

01-‐083-‐1466	  (C )	  -‐	  Albite	  low	  -‐	  Na0.986(Al1.005S i2.995O8)	  -‐	  Y :	  
00-‐009-‐0428	  (D)	  -‐	  P aragonite	  -‐	  NaAl2(AlS i3O10)(OH)2	  -‐	  Y :	  0.9
00-‐013-‐0456	  (D)	  -‐	  S anidine	  -‐	  K 0.47Na0.43C a0.10Al1.1S i2.9O8	  
00-‐019-‐0002	  (I)	  -‐	  Orthoclase,	  barian	  -‐	  (K ,Ba,Na)(S i,Al)4O8	  -‐	  Y :	  

00-‐002-‐0993	  (D)	  -‐	  Muscovite	  -‐	  K 2O·∙3Al2O3·∙6S iO2·∙2H2O	  -‐	  Y :	  1.
00-‐010-‐0183	  (D)	  -‐	  C linochlore-‐2MIIb	  -‐	  (Mg,Al)6(S i,Al)4O10(OH)
00-‐009-‐0334	  (D)	  -‐	  Illite	  2M1	  -‐	  K -‐Na-‐Mg-‐F e-‐Al-‐S i-‐O-‐H2O	  -‐	  Y :	  2.3
00-‐003-‐0863	  (D)	  -‐	  Magnetite	  -‐	  F e3O4	  -‐	  Y :	  2.02	  % 	  -‐	  d	  x	  by:	  1.	  -‐	  
00-‐002-‐0919	  (D)	  -‐	  Hematite	  -‐	  F e2O3	  -‐	  Y :	  1.57	  % 	  -‐	  d	  x	  by:	  1.	  -‐	  
00-‐003-‐0187	  (D)	  -‐	  Halloys ite-‐7A	  -‐	  Al2S i2O5(OH)4	  -‐	  Y :	  1.75	  % 	  -‐	  
00-‐001-‐0401	  (D)	  -‐	  Goethite	  -‐	  F e2O3·∙H2O/F e+3HO2	  -‐	  Y :	  2.75	  %
00-‐009-‐0334	  (D)	  -‐	  Illite	  2M1	  -‐	  K -‐Na-‐Mg-‐F e-‐Al-‐S i-‐O-‐H2O	  -‐	  Y :	  1.7
03-‐065-‐0466	  (C )	  -‐	  Quartz 	  low,	  syn	  -‐	  S iO2	  -‐	  Y :	  147.20	  % 	  -‐	  d	  x	  by
DR V-‐06	  S 	  -‐	  F ile:	  7199.raw	  -‐	  Type:	  2Th/Th	  locked	  -‐	  S tart:	  5.000	  
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MED 35 S

00-‐001-‐0837	  (D)	  -‐	  C alcite	  -‐	  C aC O3	  -‐	  Y :	  6.26	  % 	  -‐	  d	  x	  by:	  1.	  -‐	  WL
00-‐001-‐0739	  (D)	  -‐	  Albite	  -‐	  NaAlS i3O8	  -‐	  Y :	  4.94	  % 	  -‐	  d	  x	  by:	  1.	  -‐	  
00-‐009-‐0428	  (D)	  -‐	  P aragonite	  -‐	  NaAl2(AlS i3O10)(OH)2	  -‐	  Y :	  1.9
00-‐013-‐0456	  (D)	  -‐	  S anidine	  -‐	  K 0.47Na0.43C a0.10Al1.1S i2.9O8	  
00-‐019-‐0002	  (I)	  -‐	  Orthoclase,	  barian	  -‐	  (K ,Ba,Na)(S i,Al)4O8	  -‐	  Y :	  

00-‐002-‐0993	  (D)	  -‐	  Muscovite	  -‐	  K 2O·∙3Al2O3·∙6S iO2·∙2H2O	  -‐	  Y :	  1.
00-‐010-‐0183	  (D)	  -‐	  C linochlore-‐2MIIb	  -‐	  (Mg,Al)6(S i,Al)4O10(OH)
00-‐009-‐0334	  (D)	  -‐	  Illite	  2M1	  -‐	  K -‐Na-‐Mg-‐F e-‐Al-‐S i-‐O-‐H2O	  -‐	  Y :	  2.1
00-‐003-‐0863	  (D)	  -‐	  Magnetite	  -‐	  F e3O4	  -‐	  Y :	  1.52	  % 	  -‐	  d	  x	  by:	  1.	  -‐	  
00-‐002-‐0919	  (D)	  -‐	  Hematite	  -‐	  F e2O3	  -‐	  Y :	  1.32	  % 	  -‐	  d	  x	  by:	  1.	  -‐	  
00-‐003-‐0187	  (D)	  -‐	  Halloys ite-‐7A	  -‐	  Al2S i2O5(OH)4	  -‐	  Y :	  3.21	  % 	  -‐	  
00-‐001-‐0401	  (D)	  -‐	  Goethite	  -‐	  F e2O3·∙H2O/F e+3HO2	  -‐	  Y :	  2.18	  %
00-‐009-‐0334	  (D)	  -‐	  Illite	  2M1	  -‐	  K -‐Na-‐Mg-‐F e-‐Al-‐S i-‐O-‐H2O	  -‐	  Y :	  2.7
03-‐065-‐0466	  (C )	  -‐	  Quartz 	  low,	  syn	  -‐	  S iO2	  -‐	  Y :	  125.60	  % 	  -‐	  d	  x	  by
ME D	  35	  S 	  -‐	  F ile:	  7205.raw	  -‐	  Type:	  2Th/Th	  locked	  -‐	  S tart:	  5.000	  
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PRN 16 S2

00-010-0353 (D) - Sanidine, high, syn - KAlSi3O8 - Y: 38.20 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 8.
00-008-0048 (D) - Orthoclase - K(Al,Fe)Si2O8 - Y: 28.00 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 8.586
00-001-1098 (D) - Muscovite - H2KAl3(SiO4)3 - Y: 46.47 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 5.18
00-002-0515 (D) - Albite - Al2O3·Na2O·6SiO2 - Y: 34.39 % - d x by: 1. - WL: 1.5406 - Triclinic - a 8.10000
00-002-0272 (D) - Goethite - Fe2O3·H2O - Y: 42.04 % - d x by: 1. - WL: 1.5406 - Orthorhombic - a 4.5870

00-001-0527 (D) - Kaolinite - Al2Si2O5(OH)4 - Y: 35.42 % - d x by: 1. - WL: 1.5406 - Triclinic - a 5.14000 
00-009-0334 (D) - Illite 2M1 - K-Na-Mg-Fe-Al-Si-O-H2O - Y: 26.40 % - d x by: 1. - WL: 1.5406 - Monoclinic
00-003-0863 (D) - Magnetite - Fe3O4 - Y: 50.00 % - d x by: 1. - WL: 1.5406 - 
00-001-1053 (D) - Hematite - Fe2O3 - Y: 33.34 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 5.02800 -
00-002-0233 (D) - Halloysite - Al2O3·2SiO2·xH2O - Y: 66.85 % - d x by: 1. - WL: 1.5406 - 
03-065-0466 (C) - Quartz low, syn - SiO2 - Y: 62.94 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.91410 - 
Operations: Import
PRN 16 S2 - File: 7215.raw - Type: 2Th/Th locked - Start: 5.000 ° - End: 70.000 ° - Step: 0.040 ° - Step ti
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PRN 17 S2

00-010-0353 (D) - Sanidine, high, syn - KAlSi3O8 - Y: 38.20 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 8.
00-008-0048 (D) - Orthoclase - K(Al,Fe)Si2O8 - Y: 28.00 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 8.586
00-001-1098 (D) - Muscovite - H2KAl3(SiO4)3 - Y: 46.47 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 5.18
00-002-0515 (D) - Albite - Al2O3·Na2O·6SiO2 - Y: 34.39 % - d x by: 1. - WL: 1.5406 - Triclinic - a 8.10000
00-002-0272 (D) - Goethite - Fe2O3·H2O - Y: 42.04 % - d x by: 1. - WL: 1.5406 - Orthorhombic - a 4.5870

00-001-0527 (D) - Kaolinite - Al2Si2O5(OH)4 - Y: 35.42 % - d x by: 1. - WL: 1.5406 - Triclinic - a 5.14000 
00-009-0334 (D) - Illite 2M1 - K-Na-Mg-Fe-Al-Si-O-H2O - Y: 26.40 % - d x by: 1. - WL: 1.5406 - Monoclinic
00-003-0863 (D) - Magnetite - Fe3O4 - Y: 50.00 % - d x by: 1. - WL: 1.5406 - 
00-001-1053 (D) - Hematite - Fe2O3 - Y: 33.34 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 5.02800 -
00-002-0233 (D) - Halloysite - Al2O3·2SiO2·xH2O - Y: 66.85 % - d x by: 1. - WL: 1.5406 - 
03-065-0466 (C) - Quartz low, syn - SiO2 - Y: 62.94 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.91410 - 
Operations: Import
PRN 17 S2 - File: 7222.raw - Type: 2Th/Th locked - Start: 5.000 ° - End: 68.720 ° - Step: 0.040 ° - Step ti
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PRN 18 S2

00-010-0353 (D) - Sanidine, high, syn - KAlSi3O8 - Y: 38.20 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 8.
00-008-0048 (D) - Orthoclase - K(Al,Fe)Si2O8 - Y: 28.00 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 8.586
00-001-1098 (D) - Muscovite - H2KAl3(SiO4)3 - Y: 46.47 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 5.18
00-002-0515 (D) - Albite - Al2O3·Na2O·6SiO2 - Y: 34.39 % - d x by: 1. - WL: 1.5406 - Triclinic - a 8.10000

00-002-0272 (D) - Goethite - Fe2O3·H2O - Y: 42.04 % - d x by: 1. - WL: 1.5406 - Orthorhombic - a 4.5870
00-001-0527 (D) - Kaolinite - Al2Si2O5(OH)4 - Y: 38.38 % - d x by: 1. - WL: 1.5406 - Triclinic - a 5.14000 
00-009-0334 (D) - Illite 2M1 - K-Na-Mg-Fe-Al-Si-O-H2O - Y: 26.40 % - d x by: 1. - WL: 1.5406 - Monoclinic
00-001-1053 (D) - Hematite - Fe2O3 - Y: 31.96 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 5.02800 -
00-002-0233 (D) - Halloysite - Al2O3·2SiO2·xH2O - Y: 64.07 % - d x by: 1. - WL: 1.5406 - 
03-065-0466 (C) - Quartz low, syn - SiO2 - Y: 49.83 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.91410 - 
Operations: Import
PRN 18 S2 - File: 7214.raw - Type: 2Th/Th locked - Start: 5.000 ° - End: 68.080 ° - Step: 0.040 ° - Step ti
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DRV 06 S2

00-010-0353 (D) - Sanidine, high, syn - KAlSi3O8 - Y: 38.20 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 8.
00-008-0048 (D) - Orthoclase - K(Al,Fe)Si2O8 - Y: 28.00 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 8.586
00-001-1098 (D) - Muscovite - H2KAl3(SiO4)3 - Y: 43.57 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 5.18
00-002-0515 (D) - Albite - Al2O3·Na2O·6SiO2 - Y: 34.39 % - d x by: 1. - WL: 1.5406 - Triclinic - a 8.10000

00-002-0272 (D) - Goethite - Fe2O3·H2O - Y: 47.30 % - d x by: 1. - WL: 1.5406 - Orthorhombic - a 4.5870
00-001-0527 (D) - Kaolinite - Al2Si2O5(OH)4 - Y: 38.38 % - d x by: 1. - WL: 1.5406 - Triclinic - a 5.14000 
00-009-0334 (D) - Illite 2M1 - K-Na-Mg-Fe-Al-Si-O-H2O - Y: 33.00 % - d x by: 1. - WL: 1.5406 - Monoclinic
00-001-1053 (D) - Hematite - Fe2O3 - Y: 31.96 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 5.02800 -
00-002-0233 (D) - Halloysite - Al2O3·2SiO2·xH2O - Y: 64.07 % - d x by: 1. - WL: 1.5406 - 
03-065-0466 (C) - Quartz low, syn - SiO2 - Y: 95.51 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.91410 - 
Operations: Import
DRV 06 S2 - File: 7223.raw - Type: 2Th/Th locked - Start: 5.000 ° - End: 70.000 ° - Step: 0.040 ° - Step ti
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MED 35 S2

00-010-0353 (D) - Sanidine, high, syn - KAlSi3O8 - Y: 35.81 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 8.
00-008-0048 (D) - Orthoclase - K(Al,Fe)Si2O8 - Y: 26.25 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 8.586
00-001-1098 (D) - Muscovite - H2KAl3(SiO4)3 - Y: 48.94 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 5.18
00-002-0515 (D) - Albite - Al2O3·Na2O·6SiO2 - Y: 32.24 % - d x by: 1. - WL: 1.5406 - Triclinic - a 8.10000

00-002-0272 (D) - Goethite - Fe2O3·H2O - Y: 47.62 % - d x by: 1. - WL: 1.5406 - Orthorhombic - a 4.5870
00-001-0527 (D) - Kaolinite - Al2Si2O5(OH)4 - Y: 29.99 % - d x by: 1. - WL: 1.5406 - Triclinic - a 5.14000 
00-009-0334 (D) - Illite 2M1 - K-Na-Mg-Fe-Al-Si-O-H2O - Y: 31.97 % - d x by: 1. - WL: 1.5406 - Monoclinic
00-001-1053 (D) - Hematite - Fe2O3 - Y: 29.96 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 5.02800 -
00-002-0233 (D) - Halloysite - Al2O3·2SiO2·xH2O - Y: 59.43 % - d x by: 1. - WL: 1.5406 - 
03-065-0466 (C) - Quartz low, syn - SiO2 - Y: 83.71 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.91410 - 
Operations: Import
MED 35 S2 - File: 7234.raw - Type: 2Th/Th locked - Start: 5.000 ° - End: 70.000 ° - Step: 0.040 ° - Step ti
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