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material sources in Istanbul (the data of ñBosphorusò is extracted from Megaw, A.H.S., Jones, 

R.E., 1983.  Byzantine and Allied Pottery: A Contribution by Chemical Analysis to Problems 
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Map 1. The distribution map of Glazed White Ware I (left) and Glazed White Ware II-IV and Polychrome Ware (right) (after J. Vroom 2017, 

178, 180).  
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Map 2. The distribution map of Glazed White Ware I (left) and Glazed White Ware II and Polychrome Painted Ware (right) (after V. Fran­ois, 

2012, Map 5, 7). 
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Table 1. Fabric categorisation of White Wares at Parion. 

Sample  Forms and 

Specification 

Archaeological 

Context 

Fabric 

Group 

Analysis 

Method 

Sample Photo  Fabric Photo (Nikon 

ECLIPSE LV 150NL 

50x) 50 ɛm 
PAR 1 Plate 

 

Streaky 

glazed/Splash 

Design with 

green and 

brown. Glazed 

only the interior 

 

Theatre 2012 ATY 

18 

A XRF&XRD          

  
       
PAR 2 Plate 

 

Mottled glazed 

only interior 

 

Theatre 2017 

12.90-975m 

A SEM-EDS  

 

 
       



5 
 

PAR 3 Bowl 

 

Plain Glazed 

Decoration. 

Blue-green on 

the interior and 

turquoise on the 

exterior 

 

Theatre CFN 

Level 2 

A SEM-EDS  

  
       
PAR 4 Plate 

 

Plain yellow-

brown glaze 

only on the 

interior, incised 

decoration 

inside 

 

Theatre 2013 

Level 1-III  

A SEM-

EDS&TG/DSC 
 

  
       
PAR 5 Bowl 

 

Polychrome 

Painted 

Decoration, 

Class IIa. Dark 

brown tondo and 

white cross on 

top, brown 

glazed outside 

 

Theatre 2013 B SEM-EDS  
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PAR 6 Bowl 

 

Plain dark 

brown glaze on 

both interior and 

exterior 

 

Test pit 10 Level 2 B SEM-EDS  

 

 
       
PAR 7 Bowl 

 

Polychrome 

Painted 

Decoration, 

Class IIa. Dark 

brown tondo and 

white cross on 

top, unglazed on 

the exterior 

 

Test pit 10/2018 

Level 2 

A SEM-EDS  

 
 

       
PAR 8 Plate 

 

Relief 

Decoration. 

Moulded-relief 

with Blended-

splash Design 

glazed only 

interior 

(Brownish-green 

in chipped 

piece) 

Theatre 2012 

10.80/8.80 

A XRF&XRD  
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PAR 9 Plate 

 

Relief 

Decoration, 

Moulded-relief 

Design. Green 

and yellow glaze 

painted, glazed 

only interior 

 

 

Theatre 2012 

10.80/8.80 - I 

 

C   

 
 

       
PAR 10 Rim (plate?) 

 

Mottled green 

glaze on both 

interior and 

exterior 

 

Theatre 2012 ï II  A   
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PAR 11 Polychrome 

Decoration. 

Black and white 

and blue  

(black and white 

in chipped 

piece) 

 

Theatre 2009 C13 C SEM-

EDS&TG/DSC 
 

 
 

       
PAR 12 Plate 

 

Plain Glazed 

Decoration. 

Impressed 

decoration, plain 

yellow glaze on 

the interior 

 

Theatre 2013 

Level 1-II  

 

C SEM-EDS  
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PAR 13 Bowl 

 

Bichrome 

Painted 

Decoration. 

Green and 

brown glaze 

decoration on 

the interior and 

it can be partly 

seen on the 

exterior 

 

Theatre 2013 P13 

BBJ/6 

C   

 
 

       
PAR 14 Plate 

 

Plain green 

glaze on both 

the interior and 

the exterior 

 

Agora 2019 COU B   

  
       
PAR 15 Plate 

 

Brown Slip-

painted 

decoration, 

yellow glaze on 

the interior 

(fabric grey in 

core) 

Agora 2019 COU 

continue 

B SEM-EDS  
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PAR 16 Bowl 

 

Mottled green 

and yellow 

glazed painted, 

glazed only 

interior 

 

Theatre 2012 

10.80/8.80 ATY 8 

C XRF&XRD  

 
 

       
PAR 17 Plate 

 

Plain orange 

glaze only 

interior 

 

 

 

Theatre 2012 

10.80/8.80 ATY 9 

 

C SEM-

EDS&TG/DSC 
 

 
 

       
PAR 18 Rim (Plate)  

 

Orange-brown 

glaze on the 

interior and light 

brown on the 

exterior 

 

Theatre CJU 

 

 

C SEM-EDS  
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PAR 19 Bowl 

 

Plain orange 

glazed only 

interior 

 

Theatre 2013 

11.13/8.60 Level 1 

C SEM-EDS  

 
 

       
PAR 20 Rim (Bowl) 

 

Trichrome 

Decoration. 

Stripped-splash 

design. 

Green, blue and 

brown/black 

glaze painted 

 

Theatre 2013 BBT 

15 

A SEM-

EDS&TG/DSC 
 

 
 

       
PAR 21 Bowl 

 

Plain orange 

glazed only 

interior 

 

Theatre CJU- I C XRF&XRD  
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PAR 22 Bowl 

 

Plain yellow 

glazed only 

interior 

 

 

 

CTA Building 

with apsid 

C SEM_EDS  

 

 
       
PAR 23 Rim (Plate) 

 

Plain orange 

glazed only 

interior 

 

Theatre CIC 2017 

Level 2 

 

 

A   

 

 
       
PAR 24 Bowl 

 

Plain dark green 

glaze on both 

the interior and 

the exterior 

 

 

CTA continue-I C XRF&XRD  
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PAR 25 Plate 

 

Plain green and 

yellow painted 

glaze only on 

the interior 

 

CTA continue-II  B SEM-

EDS&TG/DSC 

    
 

 
       
PAR 26 Bowl 

 

Plain brown 

glaze both on 

the interior and 

the exterior 

 

 

Theatre 2013 

11.18-8.60 

  

C SEM_EDS  
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Table 2. Chemical Composition (wt%) of selected archaeological samples carried out by XRF  

      

Major and 

Minor Oxide 

Elements 

(wt%)  

PAR 1 PAR 8 PAR 16 PAR 21 PAR 24 

SiO2 63,4 70,23 69,49 67,34 68,27 

Al 2O3 28,79 29,84 28,48 26,1 30,88 

Fe2O3 2,51 2,817 3,385 4,647 2,548 

TiO2 1,486 1,491 1,396 1,541 1,505 

Na2O 1,066 0,895 1,011 0,958 0,912 

MgO 0,673 0,925 0,657 0,563 0,66 

K2O 0,626 0,981 0,628 0,395 0,657 

CaO 0,85 0,627 1,457 0,502 0,67 

P2O5 0,077 0,072 0,103 0,059 0,115 

MnO 0,018 0,022 0,022 0,019 0,021 

Cr2O3 0,008 0,008 0,012 0,006 0,012 

SO3 < 0,00050 < 0,00050 0,033 < 0,00050 < 0,00050 

Trace 

Elements (wt 

ppm) 

PAR 1 PAR 8 PAR 16 PAR 21 PAR 24 

Cl < 2,0 < 2,0 994,3 < 2,0 < 2,0 

V 243,7 304 223,1 143,8 321,7 

Co 69,8 61,4 51,8 41,1 52,3 

Ni 229,2 274,9 251,1 168,1 373 

Cu 163,7 421 306,4 63,9 568 

Zn 92,3 125,2 81 73,6 108,2 

Ga < 0,5 < 0,5 < 0,5 < 0,5 < 0,5 

Ge 2,3 2,5 1,8 2,1 < 1,1 

As < 0,5 < 0,5 < 0,5 < 0,5 < 0,5 

Se 15,7 21,5 18,6 8,4 36,5 

Br 8,2 11,2 17,6 4,2 23,1 

Rb 23,5 28,8 16,4 11,6 13,5 

Sr 40,8 38,2 43,6 34,1 34,7 

Y 14 < 0,5 < 0,5 9,1 < 0,5 

Zr 197,7 209,2 184,9 171,5 221,3 

Nb < 1,0 < 1,0 < 1,0 < 1,0 7 

Mo 0,4 2,1 3,7 < 1,0 < 1,0 

Ag 61 76,8 55,4 12 79,4 

Cd 33,9 60,7 46,3 < 2,0 64,9 

Sn 40,4 209,9 99,6 14,8 145,1 
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Sb 42,8 134,7 85,8 13,7 125,2 

Te 43,3 123,4 86 12,6 122,5 

I 17,8 74,1 50 9,7 91,1 

Cs < 4,0 260 154,3 < 4,0 194,1 

Ba 146,3 417 242,2 142,7 381 

La < 2,0 462 < 2,0 < 2,0 348 

Ce < 2,0 < 2,0 < 2,0 58 < 2,0 

Pr < 14 < 2,0 < 8,9 33,6 < 2,0 

Nd 93 71,1 53,3 65,4 47,7 

Hf 2,4 < 1,0 < 1,0 1,8 < 1,0 

Ta 52,4 60,5 48,2 41,1 80,1 

W < 1,0 < 1,0 < 1,0 < 1,0 < 1,0 

Hg < 1,0 < 0,9 < 1,4 < 1,0 12,5 

Tl 4 6,5 5,2 2,5 14,9 

Pb 15030 21370 17770 8017 36060 

Bi < 1,0 < 1,0 < 1,0 < 1,0 < 1,0 

Th 42,8 56,7 46,2 24,5 59,9 

U 2,9 4,1 4 1,6 6,2 
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Table 3. Chemical Composition (given in wt%, normalised to 100) of the fabrics in the selected archaeological samples carried out by SEM-

EDS, MultiPoint scan.  
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Table 4. Chemical Composition (wt% and wt ppm) of raw material carried out by XRF. 

Major and 

Minor 

Elements 

(wt% ) 

ķile ¥merli 

Na2O 0,782 0,601 

MgO 0,672 0,625 

Al 2O3 27,200 26,610 

SiO2 50,550 43,730 

P2O5 0,059 0,071 

SO3 0,161 0,148 

K2O 2,042 2,041 

CaO 0,012 0,027 

TiO2 1,358 1,374 

Cr2O3 0,014 0,015 

MnO 0,014 0,012 

Fe2O3 2,561 2,425 

 

Trace 

Elements 

(wtppm) 

 

ķile 

 

¥merli 

Cl < 2,0 < 2,0 

V 180,4 182,7 

Co 27,9 37,1 

Ni 124,2 118,9 

Cu 44,5 55,6 

Zn 77,4 49,1 

Ga 35,6 44,5 

Ge 1,5 2,3 

As 3,2 4,1 

Se 0,8 0,8 

Br < 0,5 0,3 

Rb 120,8 111,6 

Sr 29,3 42,7 

Y 31,9 35,1 

Zr 329,2 372,9 

Nb 26,8 28,4 

Mo 7,6 10,4 

Ag 30,6 62,5 

Cd 14,9 49,7 

Sn 13,4 72,9 

Sb 16,2 85,7 

Te 27,5 131 
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I 19,6 83,8 

Cs < 4,0 260,8 

Ba 539 871,3 

La 153 697 

Ce 163 < 2,0 

Pr 15 < 2,0 

Nd 68,1 126,5 

Hf 6,6 7,9 

Ta 18,8 17,8 

W 1,1 4,3 

Hg 1 0,5 

Tl 1,4 1,4 

Pb 37,9 55,3 

Bi < 1,0 < 1,0 

Th 19,4 38,8 

U 2,5 6,8 
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Table 5. Chemical Composition (given in wt%, normalised to 100 wt%) of the glaze on the selected archaeological samples carried out by SEM-

EDS, MultiPoint scan.  
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Table 6. Elemental analysis of White Ware fabrics. The comparison of the Parion and Istanbul samples (data of ñByzanceò batch is extracted 

from Waksman et al., The First Byzantine ñGlazed White Waresò in the Early Medieval Technological Context in Archaeometric and 

Archaeological Approaches to Ceramics, Papers presented at EMACô05, 8th European Meeting on Ancient Ceramics, Lyon 2005, BAR 

International Series 1691, 2007, Table 1, p 131). 
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Table 7. Comparative table of major and minor elements (wt % oxide) of possible raw material sources in Istanbul. (data of ñBosphorusò is 

extracted from A.H.S. Megaw, R.E. Jones, Byzantine and Allied Pottery: A Contribution by Chemical Analysis to Problems of Origin and 

Distribution, The Annual of the British School at Athens, Vol. 78 (1983), p. 258, Table 4.) 

 
id (identity) 

n.g. (not given) 

* (trace element(s) valued in wt ppm) 

 

 

 

 

 



22 
 

 

Table 8. Chemical compositions in the fabric of the other examined White Wares.  

 

1Mason and M. Mango (1995); 2Megaw and Jones (1983); 3Armstrong et al. (1997); 4White (2009)
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Fig 1. SEM images of the fabrics of the samples in Group I and their elemental diffractograms 

by EDS MultiPoint scan.  
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Fig 1. Continuing.  
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Fig 1. Continuing.  
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Fig 1. Continuing.  
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Fig 2. SEM images of the fabrics of the samples in Group II and their elemental 

diffractograms by EDS MultiPoint scan.   
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Fig 2. Continuing.  
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Fig. 3. Fabric classification of ñParionò White Ware. Fine (A), Medium (B) and Coarse (C) Fabrics, Mag. 50x in OM and 1000x in SEM.
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Fig. 4. Quartz mineral peaks in the crystallinity phase in the selected archaeological samples 

carried out by XRD, K (kaolinite) and Q (quartz).  
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Fig. 5. XRD diffractogram of PAR 1 showing the match with Quartz mineral (courtesy of Dr. 

Duygu Takanoĵlu Bulut, Pamukkale ¦niversitesi, ĶLTAM Laboratuvarē).   

 

 

 

Fig. 6. TG curve (mass loss) of PAR 17. 
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Fig. 7. Powder X-Ray diffractogram (XRD) of ¥merli and ķile raw clays, M (muscovite), K 

(kaolinite) and Q (quartz).  
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Fig. 8a. TG thermogram of ķile raw clay. 

 

 

Fig. 8b. TG/DSC thermogram of ķile raw clay. 

 

 

 



35 
 

 

 

Fig. 9a. Speckles and aggregates on the glaze surface of PAR 19, representative of a high Ca 

content (Mag. 1000x). 

 

 

Fig. 9b. Speckles and aggregates on the glaze surface of PAR 5, representative of a low Ca 

content (Mag. 1000x). 
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Fig. 10. The chemical compounds in the glaze surface of PAR 18, Multi-point scan (above) 

and the distribution of the elements by EDS mapping (below).  
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Fig. 11. The chemical compounds in the Line scan of the glaze surface of PAR 18.  
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Fig. 12. Line scan of the glaze surface of PAR 26. 
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Fig. 13. The cross-sections of the fabrics and the glazes of PAR 12 (a), PAR 19 (b), PAR 22 

(c), PAR 26 (d), Mag. 500x (a,c and d), 1.64 Kx (b).  

 

 

Fig. 14. A sight of a cross-section of the fabric, slip and the glaze of a polychrome glazed 

sample (PAR 5, Mag. 92x). 
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       Table X. Decorative classification of Constantinopolitan Glazed White Ware pottery. 


