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Introduction
An important branch of dendrochronology is the dating of historical wood samples coming from the
restuction of buildings and archaeological activities. In many cases only few tree-rings can be used
for dating due to the limited sample size. Samples with less than 50 tree-rings can often not be
dated with required statistic accuracy by the conventional univariate cross-correlation of tree-ring
width time series (Cramer and Eissing 1996, König et al. 2004, 2005 a, b, c).
The problem of dating small wood samples arose in recently accomplished investigations of timber
constructions in the Albrechtsburg Castle (Donath 2006) and in the Cathedral (Donath 2007, König
and Günther 2007) in Meißen. One possibility to solve the problem of dating small wood samples is
to increase the number of tree-ring specific wood density features to be examined. So the numbers
of degrees of freedom of the investigations as well as the security of dendrochronological dating
can be increased by the x-ray densitometrical multivariate tree-ring analysis (König et al. 2005a).

Material
The roof truss construction of the western wing of the Albrechtsburg Castle in Meißen exhibits a
heterogeneous structure. Dendrochronological investigations of certain elements of the roof truss
were necessary in the background of reconstruction measures and their optimal calculation of
costs. It had to be clarified whether the west wing of the roof structure was destroyed by the major
fire in 1773 and rebuilt later or came from the original construction time of the Albrechtsburg Castle
(approx. 1489). Among others, the investigation of small-sized construction elements of the roof
structure with less than 50 tree-rings was necessary (Fig.1, left). In a second example the
multivariate method was also applied to samples from boards of the terracotta figures "Mauritius"
(M) and "Viktor" (V) standing in the Prince’s Chapel of the Cathedral in Meißen (Fig.1, right). Both
figures are the biggest monolithic terracotta figures from the Middle Ages (Donath 2007).
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Figure 1: left: ornament of the roof structure in the west part of the Albrechtsburg Castle in Meißen with 36
tree-rings (A). right: drill core samples (CS) from the wood base plates of the terracotta figures (Mauritius: M;
Viktor: V); pictures from Vohland (2007).
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The firm adhesive binding between both terracotta figures and their wooden plates using
albuminous glue directs not only to a simultaneous, but also to a very early installation of the
figures in the Prince’s Chapel of the cathedral. Dendrochronological investigations were based on
the evaluation of drill cores taken from the two base plates (Prince’s Chapel) and timber discs from
the roof truss (Albrechtsburg Castle). All samples were spruce wood (Picea abies [L.] Karst.).
The multivariate cross-correlation analyses were made by using absolute x-ray densito-metrical
multivariate standard-chronologies for spruce (Picea abies [L.] Karst.) from regions in Saxony (123
stem disks of 20 sample sites at different elevations; in addition 75 samples - usually drill cores - of
dated buildings).

Methods
The wood samples were formed out with a circular saw (sample thickness of 1.2 mm ± 0.01 mm).
The extracted wood laths were air-conditioned under normal climate (20°C, 65% relatively air
humidity). Afterwards the samples were arranged and x-rayed over radiographic films (Agfa
Microvision Ci) with the x-ray unit Baltographe under controlled conditions (normal climate, voltage:
12.0 kV; amperage: 12.0 mA, duration time: 50 min.). The year-specific wood density structures of
the images on the radiographic films were quantified by using the optometrical unit Dendro 2003
(Walesch-Electronics). X-ray microdensitometric analysis was performed following the procedure
described by Polge (1970) and Schweingruber (1980). The time series of the densitometrical treering features derived from the drill cores were transformed by a computer programme called
TreeRingAnalyser (König et al. 2004) into time series complexes to be summarized and analyzed.
In a next step, the multivariate cross-correlation analysis between the sample complexes and the
standard complex was performed by the TreeRingAnalyser - TRA (Fig.2).
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Figure 2: Model of the multivariate dating of time series complexes. Time series of different tree-ring features
of the sample sequence with e.g. ring width (JRB), mean late wood density (MSD) and early wood mass
(FHQ) are analyzed by cross-correlation analysis over a multivariate standard (Mv-standard); wrong solution
(1); right solution (2): high similarity between sample and standard (König et al. 2005a).

Results and Interpretation
Univariate dating in comparison to the ring-width standard chronology:
On the basis of ring-width measurements of the drill core samples from the boards under the
terracotta figures, two time series could be formed and dated using the spruce ring width
chronology of Saxony. Fig.3 clarifies that the series of measurements of the sample "Viktor" with
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50 tree-rings could be dated significantly to the calendar year 1406. The demarcation to the wrong
solution amounted to approx. 37%. The right dating result in the beginning of the 15th century was
verified by additional investigations of the statue, using thermo luminescence technique.

Figure 3: Screen shot (from TSA-programme): Time series "V" with 50 tree-rings could be qualified with 37%
of the DI-value in opposite to the wrong solution 2 (1910) and thus be dated statically secured on the correct
solution 1 (1406) (diagram right).
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Figure 4: Dating-Index values of ring-width time series for Viktor and Mauritius: The time series of Mauritius
with 24 tree-rings could not be dated securely on the basis the univariate dating index (DI) using ring-width.
The correct solution 3 (1410) exhibited smaller DI-values than the wrong solution 1 (1792).

The time series of Mauritius with 24 tree-rings was not dateable by the ring-width standard
chronology. Two wrong solutions showed higher DI-values (Dating-Index cf. Rinn 2003) than the
correct solution (see solution No. 3 in Fig. 4). Likewise, the calculations for dating the wood sample
from the Albrechtsburg Castle with 36 tree-rings were not successful on the basis of measuring
and analysing the ring-width. In the following x-ray densitometrical multivariate dating procedure of
both samples, several multivariate time series complexes were formed and analyzed by the
standard chronology. The different densitometrical wood density features, e.g. latewood densities,
earlywood density, ring widths and wood mass equivalents, furnished variable-specific dating
contributions. For a detailed description of the method see König et al. 2005a.
The used MDI-value (Multivariate Dating-Index) is an accumulated reference value for similarities
of time series complexes. The MDI-value presents the sum of DI-values of extracted tree-ring
parameters by using the principal component analysis (PCA). On the basis of the MDI-values, the
Mauritius-sample could be dated to 1410 and the roof truss sample (A) of the Albrechtsburg could
be dated to 1816. In the following the multivariate dating procedure will be described by the
example of sample A from the Albrechtsburg with 36 tree-rings.
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Multivariate analysis and dating:
The time series complex of sample A was cross-correlated with the multivariate standard
chronology for spruce (Picea abies [L.] Karst.). Aligned to their specific standard chronology, the
time series of wood density features contributed more strongly to the dating than the time series of
ring-widths (Fig. 5, Fig. 6).

Figure 5: Screen shot of the TreeRingAnalyser: ring-width series (JRBO) of sample A and the multivariate
standard-chronology for ring-width (spruce, Saxony); Dating-Index (DI-value): 10.715; Glk = 56%.

Figure 6: Screen shot of the TreeRingAnalyser: late wood density (MSDO) of sample A and the multivariate
standard-chronology for late wood density; Dating-Index (DI-value): 130.9; Glk = 69%.

In summary 10 time series are used for dating during the multivariate dating procedure. According
to König et al. (2004), the MDI-value is calculable from univariate partial results (dating indices
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from the ring-widths parameters (JRBO, JRBA), late wood densities (MSDO, SDXA), mean early
wood density (MFDA), proportion of early and late wood (FHPO, FHPA), the accumulated wood
masses in early and late wood (FHQO, SHQA) and the wood density contrast (HDKO).
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Figure 7: In some cases the ring-width (JRB-DI) does not lead to the correct solution (calendar year 1816) in
opposite to the density features e.g. mean late wood density (MSD-DI).
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Figure 8: The Multivariate Dating-Index (MDI) as an accumulated number of contributions of ten tree-ring
features leads to the correct dating solution for the sample from the Albrechtsburg Castle Meißen (1816).
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Figure 7 clarifies that positive and negative dating indices can emerge from univariate crosscorrelation. The DI-value of the ring-width was significantly lower for the correct solution (1816; DIvalue=10.7) than for the wrong solution (1621; DI-value=195.7). The sole application of the
univariate method would have led to a wrong dating result. In contrast, the inclusion of the mean
late wood densities with a DI-value of 130.9 proved as goal-prominent (DI-values for wrong
solutions: 1707: 60.3 and for 2008: 72.4). Yet, only by applying the multivariate method a
statistically secured dating was possible. The correct solution (1816) became qualified on the basis
of the mean late wood density values (different: 55%) from the wrong solutions (2008). Apart from
the wood density characteristics mentioned, 8 further features are evaluated and included in the
computation of the MDI-value. This MDI-value for the correct dating solution (1816: MDI-value:
234.7) differed significantly (with 15%) from the wrong solutions (2019: MDI-value: 204.9; 1621:
MDI-value: 202.4), (fig.8). The correct dating result of 1816 could be determined and be confirmed
with statistic tests (e.g. Wilcoxon-test).
Conclusions
For the dating of spruce samples with less than 50 tree-rings it is necessary to analyze the tracheid
structures in detail. The exclusive analysis of the ring widths describes only one part of the yearspecific wood density structures of tree-rings. Apart from the minimum, mean and maximum wood
density values, also the tree-ring characteristics of the wood mass accumulation in the earlywood
and latewood zones contain important information according to tree-ring growth and to climatic
conditions of past epochs. That way, characterisation and dating of spruce wood samples are
improved.
By the computation of the MDI-value it was possible to date the examined wood samples of the
roof truss of the Albrechtsburg Castle. Indeed, the roof truss fell victim to the major fire in 1773 and
was rebuilt sometime after 1816. The figures of Victor and Mauritius are based on wooden plates
which date back to the early 15th century (1410). Therefore, they must be classified as part of the
early history of the Meißen Cathedral.
Particularly in the case of small wood samples with less than 50 tree-rings, the entirety of
independent time series of tree-ring features should form a solid basis for their
dendrochronological analysis, if a corresponding multivariate standard chronology is available.
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