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Objectives

- Analyz if oak sampledrom different erashavea same level of densitiso analyzeif density is
altered through time).

- Analyz if dendrochronological analysis is hampered by wood degradation.

- Analyze patterns of early and latewood dengkyoughtime.

Material & Methods

Material

Radial strips were sawn out of sampledonging to the collection ahe Flemish Heritage Institute. Dr.
ir. Kristof Haneca, also a member of this COST Adelactedthe dated samples(Table 1) Subfossil,
roman, medieval and modern eras are represented. The strige daurfaceof 1 x 1 cm and a variable
length with a maximum of approx. 25 crom everywoodensample, we cut two to three radial strips
to check for variabilityvithin the wood itself

Table 1 Characteristicof the analysed samples

Name Description Dated
ENCAA2 Qubfossilwaterloggedwood (Ename Forest) Ca. 7500 yearold
ENCAC2 Subfossilvaterloggedwood (Ename Forest) Ca. 7600 yearold
SDW.15300.H40 Piece of a wellGhent) 99 and 124 AD (roman)
SDW.3904.plankl Piece of a wellGhent) 991 and 1016 AD (medieval)
KOSJ.A23.03 Piece of a tanne® barrel 2" half 18" century
KOSJ.A282 Piece of a tanne® barrel 2" half 18" century
Gontrode Piece of a recently logged oak m&ahent Not dated but recent
Commercial oak Piece of recently imported ogiank Not dated but recent

Most of the samples were wet or even waterlogged. Because of ttem@tion of neutrons to water,
we cut the radial strips one week before departure to let themdrir. Otherwise, no distinction could
be made betweenvater and wood tissues.

Methods
Adetaileddescription ofall methods can be founth Manneset al. (2007).



At the Paul Scherrer Institui@Sl) we took radiographs (2D) of all samglendtomographs (3D) of one
sampleper era.The sampling facility was NEUTRA, whichsugermal neutronsfor 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 doe@nnfluence the attenuation coefficient. Aperture
time was chosen at 10 secondsnaging plates wereead out with BASReadeand beam intensity
profiles were drawn on the radiographs using AlDgoftware (Fig. 1) The resolution obtained with
imaging plates was 58m. The attenuation coefficient is calculated as followed:

1=In(yN) /d(em?) (1)

Where |, the incident intensity of the neutm beam, | the weakened intensity of the neutron beam
(grey levelsandd the sample thicknegem).

The attenuation coefficient is in proportion with the density but fresenceof water is limiting a direct
transformation into densities (only possible fordaied samplewithout water, an almost impossiblease
since water uptake will restart from the moment the tomography is start@this means that we will
focus onvariationsin attenuation coefficients to analyze our objectives.

Fig. 1 Image of EN@¥ after the profiles where drawn on the scanned imaging plates. The green and blwes profil
represent the beam afteat penetrated the wood sampléh. Theother profiles represent the incident bea(ty).

For the making of tomograptimages, a CCD camera was used. Four samples were mandda/ one
in a little tin pot, filled with tin foito immobilise the sample. One reconstructimbased on 625 images
taken whilerotating the sampleover 360° The whole imaging procesakes4 to 5 hourdor one sample
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(if the beamisn@interrupted for a significant period of timeThe final resolution of the tomographs will
be 80> Y The reconstruction of the 3nages will take place at the Ghent University where Dr. ir.
Manuel Diericldeveloped special software for this purpos@medOctopus 8.3Due to the short time

of my stay, it was not possible to perform these reconstructiah®adyat the PSIConsequentlythe
results & discussion section will exclusively deal with the interpretation of the radiographs.

Results& Discussion

Level of attenuation coefficients through time

To compare the different ergsve averaged the values of ttadtenuation profiles and put them on a
time scale with the modern wood at the left and theubfossilwood on the right(Fig. 2).

In fact, me muld state that attenuation coefficientdecrease from modern teubfossilwood so density
will do the sameThe linear relation isignificant (p < 0.05) but only based ddstrips The decreasen
attenuation coefficient islsolimited, from 0.73 cni' in the recentto 0.58 cm™ in the oldeststrips This
means a loss ofnerely 21 % during almost 8000 years. Since attenuation coefficient and density are
proportional (linearrelation), this means that density only drops very slowly in theak samples A
bigger sample is necessary to confirm the present resutsl to excludecoincidence Now, tre
variations withn the woodsamples ¢ach one with2 or 3 radial stripsgre often considerableand this
could lead to accidental significant correlations
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Fig. 2 The evolution of attenuation coefficients through the different eras

Dendrochronological analysis and wood degradation

Sirce attenuation coefficients and density decreasdy slidntly through time, we do not expedarge
differences in the capacity of neutron scans to distinguish tree 1mg#d and recent wood sampleiig.

3 illustrates that neutron scannings can be udeddendrochronology, especially when tree rings are
quite large.Only in the subfossind roman era, we see that tree ring borders are not that clearly
markedby variations of the attenuation coefficienThis could be due to processes of degradation on a
micrascopicscale and erosio(not affecting the overall densifyNeutron scas can therefore be used as

a complement for classical dendroomological studiesn oak starting from the medievadra.



EHM

30 40 50

20

09

08

07

w [t - ) o
=} o =} =3 =

(L-W2) W8enLe0d UoENUSRY

Distance (mm)

14

5
S
]
o
2
o
g
—
£
E
3 e
c
[u]
o 3
S o
[s}
3
w
E
o~ @ w =+ & & - o o w0 - o =] o
- = = = = B = = & & b, = S
(.-wo) L0 UoheNUaNYy (1.-Wo) uL1oY 200 UoENUDNY
~—~
Q0
N—r

Distance (mm)

(©)



Attenuation coefficient (cm-1)

20 40 60 80 100 120 140

Distance (mm)
(d)

Attenuation coefficient (cm-1)

20 40 60 80 100 120 1;%“'

0.2

Distance (mm)

(e)
Fig. 3 One example per era to illustrate the potential of neutron scadsifidroclionology:
(a) subfossi(ENCAC?2), (b) romaiiSDW.15300.H40(c)medieval EDW.3904.plankB(d)modern KOSJ.A23.03
and (e), Gontrode.

Patterns of early and latewoothroughtime

This objective is linked with the previous one since tree ring borders are maykéifférent densities of
earlywood and latewood. Looking at Fig. 3, it is clear that the contrast between early and latewood has
become more vague isubfossiland roman wood. From the medieval wood samples on, a clear and
sharp decrease defines the boméetween late and earlywood. It is not possibk the current
resolution, to study wood anatomical featureShe use ofthinner samples(d = 1 mn) could offer
possibilities for further research on the state of vessels within old and recent wood.



Conclusions

Attenuation coefficients andubsequenthdensity only decreasavery slowly through timelt seems that
degradationor erosioncannotbe visualised in generab alargelossin density. However, analysing the
variations of attenuation coefficiengsoints out that there might be some degradation or erosion taking
place since tree ring borders and differences between early and lateveppear more unclearin
archaeologicalvood samplesA larger sample ahhigher resolution images (thickness samples of only 1
mm) could confirmour first results and analyze the effects of time on the woody tissue itself (vessel
shape and dimensions).

With thermal neutrons, ivasnot possible to follow the moisture atent within wood since water and
wood would lead to one attenuation coefficient where water could not be extradiedn. More
literature about thidimitation is found in Mannest al. (in press).
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