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To improve understanding of production technologies and provenance, important to cultural 

history and art conservation needs, we are studying the composition and morphology of mineral 

components comprising the black gloss ceramic slips of Athenian red figure pottery from the 5th 

century B.C. [1].  Scientific investigations of Greek red figure and black figure pottery date back 

to the 1700s with significant chemical and mineralogical analyses in the mid-to-late twentieth 

century [2-4].  While it is generally understood that the iconic red and black colors of Attic 

pottery result from cycling between oxidizing and reducing conditions during firing, more 

detailed characterization could provide deeper insight into ancient workshop practices such as 

material preparation and firing methods.   

 

Sherds from the J. Paul Getty Museum collections sourced sub-millimeter sample chips of black 

slip, removed from an edge for characterization efforts (Fig 1, a). The small chips enabled focus 

for destructive characterization methods including laser ablation inductively coupled mass 

spectrometry (LA-ICP-MS), X-ray computed tomography (X-ray CT) and electron microscopy.  

Bulk compositions of the slip determined by LA-ICP-MS show significant levels of aluminum, 

silicon, potassium, iron, and titanium as well as trace elements related to material source and 

processes. X-ray CT enabled measurements of slip thickness and distributions of high density 

particles and porosity in the underlying ceramic body (Fig 1, b).  Focused ion beam (FIB) lift-out 

cross-sections allowed analysis of the full gloss layer (Fig 2, a and b). High angle annular dark 

field scanning transmission electron microscopy (HAADF-STEM)  (Fig 2, b-d) and 

compositional mapping via energy dispersive X-ray spectroscopy (EDXS) (Fig 2, e) showed 

variation in iron and titanium content for high density particles with  aluminum and potassium 

generally correlated with silicon in the sintered ceramic matrix, although occasional structures 

(like that shown just above the scalebar in Fig 2 (d and e) where aluminum (and magnesium) 

were found collocated with iron in dense stripes while potassium was partitioned with silicon and 

oxygen in an amorphous glassy phase.  Nanobeam electron diffraction supports identification of 

mineral phases including hercynite/magnetite, and titanomagnetite. 
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Figure 1. (a) Red-figure Attic pottery sherds attributed to the Triptolemos Painter (JPGM 97.Ae.22.2; 

~480 B.C.). (b) X-ray CT reconstruction of a sub-millimeter sampled chip, removed from black gloss 

region of (a), with several round ablation spots from LA-ICP-MS with CT cross-section shown (top 

inset).  Two scars from FIB sample extraction are also shown in CT cross-section (bottom insets).  
 

 
Figure 2. (a) SEM image of FIB trench prior to cross-section lift-out. (b-d) HAADF-STEM images of 

cross-section through black gloss sample and (e) color-overlay composition map showing normalized 

integrated counts for iron, titanium and silicon from STEM-EDXS.  
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