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Objectives 

- Analyze if oak samples from different eras have a same level of density (so analyze if density is 
altered through time). 

- Analyze if dendrochronological analysis is hampered by wood degradation. 
- Analyze patterns of early and latewood density through time. 

 
Material & Methods 
 
Material 
Radial strips were sawn out of samples belonging to the collection of the Flemish Heritage Institute. Dr. 
ir. Kristof Haneca, also a member of this COST Action, selected the dated samples (Table 1). Subfossil, 
roman, medieval and modern eras are represented. The strips have a surface of 1 x 1 cm and a variable 
length with a maximum of approx. 25 cm. From every wooden sample, we cut two to three radial strips 
to check for variability within the wood itself. 
 
Table 1   Characteristics of the analysed samples 

Name Description Dated 

ENCA-A2 Subfossil waterlogged wood (Ename Forest) Ca. 7500 years old 
ENCA-C2 Subfossil waterlogged wood (Ename Forest) Ca. 7600 years old 

SDW.15300.H40 Piece of a well (Ghent) 99 and 124 AD (roman) 
SDW.3904.plankB Piece of a well (Ghent) 991 and 1016 AD (medieval) 

KOSJ.A23.03 Piece of a tannerΩs barrel 2nd half 18th century 
KOSJ.A23.02 Piece of a tannerΩs barrel 2nd half 18th century 

Gontrode Piece of a recently logged oak near Ghent Not dated but recent 
Commercial oak Piece of recently imported oak plank Not dated but recent 

  
Most of the samples were wet or even waterlogged. Because of the attenuation of neutrons to water, 
we cut the radial strips one week before departure to let them air-dry. Otherwise, no distinction could 
be made between water and wood tissues.  
 
Methods 
A detailed description of all methods can be found in Mannes et al. (2007). 
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At the Paul Scherrer Institute (PSI), we took radiographs (2D) of all samples and tomographs (3D) of one 
sample per era. The sampling facility was NEUTRA, which uses thermal neutrons for imaging. For the 
making of radiographs, strips were mounted on imaging plates, wrapped in tin foil. This is the only 
material that fully transmits the neutrons and doesnΩt influence the attenuation coefficient. Aperture 
time was chosen at 10 seconds. Imaging plates were read out with BASReader and beam intensity 
profiles were drawn on the radiographs using AIDA software (Fig. 1). The resolution obtained with 
imaging plates was 50 ˃m. The attenuation coefficient ʅ is calculated as followed: 
 
ʅ = ln(I0/I) / d (cm-1)     (1) 
 
Where: I0 the incident intensity of the neutron beam, I the weakened intensity of the neutron beam 
(grey levels) and d the sample thickness (cm).  
The attenuation coefficient is in proportion with the density but the presence of water is limiting a direct 
transformation into densities (only possible for a dried sample without water, an almost impossible case 
since water uptake will restart from the moment the tomography is started). This means that we will 
focus on variations in attenuation coefficients to analyze our objectives. 
 

 
Fig. 1   Image of ENCA-A2 after the profiles where drawn on the scanned imaging plates. The green and blue profiles 

represent the beam after it penetrated the wood samples (I). The other profiles represent the incident beam (I0). 

 
For the making of tomography images, a CCD camera was used. Four samples were mounted one by one 
in a little tin pot, filled with tin foil to immobilise the sample. One reconstruction is based on 625 images, 
taken while rotating the sample over 360°. The whole imaging process takes 4 to 5 hours for one sample 
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(if the beam isnΩt interrupted for a significant period of time). The final resolution of the tomographs will 
be 80 ˃ Ƴ. The reconstruction of the 3D-images will take place at the Ghent University where Dr. ir. 
Manuel Dierick developed special software for this purpose, named Octopus 8.3. Due to the short time 
of my stay, it was not possible to perform these reconstructions already at the PSI. Consequently, the 
results & discussion section will exclusively deal with the interpretation of the radiographs. 
 
Results & Discussion 
 
Level of attenuation coefficients through time 
To compare the different eras, we averaged the values of the attenuation profiles and put them on a 
time scale, with the modern wood at the left and the subfossil wood on the right (Fig. 2).  
In fact, one could state that attenuation coefficients decrease from modern to subfossil wood so density 
will do the same. The linear relation is significant (p < 0.05) but only based on 19 strips. The decrease in 
attenuation coefficient is also limited, from 0.73 cm-1 in the recent to 0.58 cm-1 in the oldest strips. This 
means a loss of merely 21 % during almost 8000 years. Since attenuation coefficient and density are 
proportional (linear relation), this means that density only drops very slowly in these oak samples. A 
bigger sample is necessary to confirm the present results and to exclude coincidence. Now, the 
variations within the wood samples (each one with 2 or 3 radial strips) are often considerable and this 
could lead to accidental significant correlations.  
 

 
 

Fig. 2   The evolution of attenuation coefficients through the different eras 

 
 
Dendrochronological analysis and wood degradation 
Since attenuation coefficients and density decrease only slightly through time, we do not expect large 
differences in the capacity of neutron scans to distinguish tree rings in old and recent wood samples. Fig. 
3 illustrates that neutron scannings can be used for dendrochronology, especially when tree rings are 
quite large. Only in the subfossil and roman era, we see that tree ring borders are not that clearly 
marked by variations of the attenuation coefficient. This could be due to processes of degradation on a 
microscopic scale and erosion (not affecting the overall density). Neutron scans can therefore be used as 
a complement for classical dendrochronological studies on oak, starting from the medieval era. 
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(a)  
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(d)  

(e)  
Fig. 3   One example per era to illustrate the potential of neutron scans for dendrochronology: 

(a) subfossil (ENCA-C2), (b) roman (SDW.15300.H40), (c) medieval (SDW.3904.plankB), (d) modern (KOSJ.A23.03) 
and (e), Gontrode.  

 
Patterns of early and latewood through time 
This objective is linked with the previous one since tree ring borders are marked by different densities of 
earlywood and latewood. Looking at Fig. 3, it is clear that the contrast between early and latewood has 
become more vague in subfossil and roman wood. From the medieval wood samples on, a clear and 
sharp decrease defines the border between late and earlywood. It is not possible, at the current 
resolution, to study wood anatomical features. The use of thinner samples (d = 1 mm) could offer 
possibilities for further research on the state of vessels within old and recent wood. 
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Conclusions 
 
Attenuation coefficients and subsequently density only decreases very slowly through time. It seems that 
degradation or erosion cannot be visualised in general as a large loss in density. However, analysing the 
variations of attenuation coefficients points out that there might be some degradation or erosion taking 
place since tree ring borders and differences between early and latewood appear more unclear in 
archaeological wood samples. A larger sample and higher resolution images (thickness samples of only 1 
mm) could confirm our first results and analyze the effects of time on the woody tissue itself (vessel 
shape and dimensions). 
 
With thermal neutrons, it was not possible to follow the moisture content within wood since water and 
wood would lead to one attenuation coefficient where water could not be extracted from. More 
literature about this limitation is found in Mannes et al. (in press).  
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