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Archeological ceramic is full of information from the socio-economic relations within a society to the food storage practices. 
Various admixtures are added to enhance specific properties of the ceramic. Hay is an under evaluated admixture and 
when fired, the organic part partially or fully  “disappears”, thus making it harder to identify. The organic residual pores have 
the specific morphology of the organic matter and by the analysis of their volume, shape and potential organic residues, the 
firing conditions could be determined as well as the admixture/temper used.

We compared raw and fired experimental ceramic at 500°C in oxidative and reductive atmosphere.

 AIM Non-destructively correlate hay residual pores within a ceramic object to its firing conditions 
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VOLUME RECONSTRUCTION

SCAN PARAMETERS
Heliscan ThermoFisher Scientific

Trajectory Space-filling
Energy 120 kV
Current 130 μA
Exposure 2.099 s
Voxel size 7.1033 μm

Software VG Studio 3.5

 Segment and quantify residual organic matter from original voids and ceramic paste CHALLENGE
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Fig.1 Hay twig cross-section (A) 
Optical microscope  image and (B) 
SEM image artificially coloured 

IMAGE and VOLUME CORRELATION

The ceramic was cut in two parts after the shaping guide:
To be fired and re-scanned
To transform in cross-sections for methods 
correlation (Green)

Recon 1 Recon 2

The Reconstruction has a major role in 
the contrast between the materials (Fig. 4).

Fig.4 Detail of a CT slice with a hay twig (oval shape) after 
volume reconstruction. The contrast Air / Organic is hardly 
distinguishable in Recon1, better in Recon2.

2.5 mm

HAY IDENTIFICATION
★ In 3D (Check slice from all XYZ axis)
★ By correlation with other visual methods

Only referring to a single CT slice   it is likely that 
the interpretation will be wrong on what is a hay twig or 
not.
The mixing of the hay and the ceramic paste as well as 
the drying can change the natural shape of the twig.
Broken, cut, flatten and twisted hay twigs occured.

Fig. 5 CT slice of 
raw ceramic with 
green highlighted 
organic matter and 
detail of a hay twig 
in 3D and wall 
thickness analysis
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Fig. 7 3D 
Volume of 
fig. 6 in real 
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side by side
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PRIMARY CONCLUSIONS
1. The low contrast organic/air keeps challenging 

the segmentation algorithms. 
2. There is a lower amount of organic matter in 

Fired ceramic than in the Raw paste.
3. No clear difference was quantifiable between 

the two firing conditions, reductive and oxidative. 
4. The voids and organic residues after firing can 

help to assess the temper material used.

Further correlative measurements will refine these 
results.

Thermal-induced changes of organic temper in archaeological ceramics 
with helical trajectory X-ray CT

Correlation of volume in time and with Optical and Scanning electron microscope

HAY QUANTIFICATION
Quantification of organic matter was done once from a specific volume (Cube) with 
segmented components Clay/Organic/Air and then from an extracted a Single 
twig. The mean wall thickness was similar (+/- 0.01 mm) between the volume and 
the twig analyses. The organic content OM/SEM is a calculation based on the 2D 
slice.
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HAY DEGRADATION
The hay degrades during the firing 
process of the ceramic and leaves 
residues of organic matter and 
specific shaped-voids. The residues 
encountered depends directly from 
the temperature and the 
oxygenation while the hay voids are 
relatively independent from the firing 
process.
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