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ABSTRACT

We present the results of a dendrochronological study carried out on timbers from the monastic
abbey Grancìa of Brindisi di Montagna in Southern Italy. Our objective was to date cross-sections of
oak (Quercus spp.) taken from structural timbers to determine the felling dates, the time span covered
by the series and to evaluate whether the retrieved tree-ring data could be used to extend an existing
living trees chronology of oak from Southern Italy.

Dendrochronological analyses were performed on samples collected from eight oak timbers in
2006 during the restoration of the abbey. Raw tree-ring series were crossdated and grouped into
a floating chronology that was compared with an absolute reference chronology, specifically
constructed from living Quercus pubescens (Willd.) trees, from the nearby Pollino National Park.
Seven of eight samples could be absolutely dated in the early 19th, late 18th and mid late 17th

Centuries, providing a chronology that reaches back to AD 1545.

Keywords: dendrochronology, Quercus spp., structural timbers, building, Grancìa.

INTRODUCTION

Dendrochronology is considered to be one of
the most appropriate scientific methods for the dat-
ing of historical construction activities (Haneca
and Debonne 2012). However, precise dating of
wooden artifacts is challenging. The year in which
wood was harvested, until the cutting event, can
be identified only when the outermost tree ring is
preserved on a piece of historic wood. Unfortunate-
ly, removal of sapwood during woodworking
renders precise dating impossible.

Dendrochronology has been used for the
examination of a wide variety of objects and struc-
tures made of wood, such as the “Messiah” violin
(Grissino-Mayer et al. 2010), the Val Comeau
canoe (Pickard et al. 2011), the oldest water well
(dated 5098 BC by Tegel et al. 2012), archaeologi-
cal tombs (Wang et al. 2008), and copper and
coal mines (Pichler et al. 2009; Quann et al.
2010). Several recent studies exemplify the great in-

terest in the use of this technique to date wood ele-
ments in buildings in Great Britain (e.g.Moir 2012;
Crone and Mills 2014), and dendrochronological
investigation of historical oak and pine timbers in
Lithuania have also contributed to the assessment
of cultural heritage in Western Europe (Pukiene
and Ozalas 2007; Pukiene 2011).

Furthermore, tree rings are considered an
invaluable archive of past environment. For exam-
ple, inter- and intra-annual analysis of tree-ring
samples have provided information about the re-
sponse of trees to different environmental factors
(Olano et al. 2012; Gričar et al. 2014), allowing
the reconstruction of past climatic conditions in
different parts of the world (i.e. Esper et al. 2012;
D’Arrigo et al. 2014). Therefore, dendrochronolo-
gy is an important tool to retrospectively expand
the register of historical and ecological events.
Retrieving historical materials is one of the first
steps for retrospective analyses, allowing the exten-
sion of existing chronologies, especially when the
species under study are not very long-lived.

Restoration works carried out at the monastic
abbey of Grancìa of Brindisi di Montagna offered

*Corresponding author: tiziana.gentilesca@unibas.it;
Telephone: +39 0971 205329; Mobile: +39 3297 777991

TREE-RING RESEARCH, Vol. 72(1), 2016, pp. 15–22
DOI: http://dx.doi.org/10.3959/1536-1098-72.01.15

Copyright © 2016 by The Tree-Ring Society 15



the chance to collect samples from structural tim-
ber elements to increase our understanding of the
raw material used in historical buildings in the re-
gion and offered the opportunity to expand the
tree-ring dataset in the south of Italy. In this study
wooden beams were dated against a master chro-
nology of living Quercus pubescens trees collected
in the same climatic area.

MATERIALS AND METHODS

Study Site

The Grancìa of Brindisi di Montagna (Figure
1, Antonio (1996)) is a Benedictine monastic com-
plex established around AD 1200 in Potenza Prov-
ince, southern Italy (40u36922.68″N, 15u55929.16″
E; 530–860 m a.s.l.). This abbey is located within

the Grancìa Park, which is the first historical-rural
and environmental park in Italy. It is spread out
on 12 hectares in the regional-owned forest domi-
nated by Quercus pubescens (Willd.) trees at the
lowest elevation and Q. cerris (L.) at higher alti-
tudes, with isolated Q. frainetto (Ten.) trees. The
monastic complex consists of a main building, an
inner courtyard with an adjoining rectangular tow-
er and chapel, and annexes that housed workers
(Figure 2).

The abbey was initially part of the Mill of San
Demetri and was later annexed to the estate of
Brindisi di Montagna, which fell under several lord-
ships [e.g. Guidone da Foresta (AD 1280), Aegillo
di Bellemonte (AD 1284), Baldassarre La Zatta,
Count of Caserta (AD 1414)] (Sacco 1982). The
small town of Brindisi di Montagna was

Figure 1. Profiles (left) and ground plan (right) of the Grancìa of Brindisi di Montagna (Potenza Province, Italy). Source: Antonio
(1996).

Figure 2. The Grancìa of Brindisi di Montagna: overview (a) and detail (b) as it appeared in AD 2000, before restoration.
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reconstructed after an earthquake in 1456 and the
abbey was offered to the monks of the Padula
Charterhouse, who rebuilt it and dedicated it to
St. Demetrius in 1503. Archival sources indicate
that the Grancìa was a monastery of unknown ori-
gins; the oldest historical evidence dates 1799
(Sacco 1982). In 1806, after the suppression of mo-
nastic orders following the Napoleonic regime, the
Grancìa was purchased by a private owner; later, in
1925, it was sold to the Italian government
(Sacco 1982).

The Reference Chronology

As no established reference chronology
of Quercus spp. is available in southern Italy, a
reference chronology has been built by sampling
dominant trees, in an old-growth stand, in the
nearby Pollino National Park (Basilicata region,
39u56928″N, 16u07915″E; 1235 m a.s.l.). Tree-ring
sequences from 15 Quercus pubescens trees (42 ra-
dii) were collected following standard dendrochro-
nological procedures (Schweingruber et al. 1990).
Series were statistically checked for signal homoge-
neity using COFECHA (Holmes 1983); age-related
growth trends were removed by standardizing the
raw chronologies to a detrended chronology (Dt)
through a cubic detrending spline function of 32
years, using ARSTAN (Cook et al. 2007). Each fi-
nal residual tree-ring series (Rs) was modeled
through an autoregressive process, where the indi-
vidual series order was selected by searching the
first minimum of the Akaike Information Criterion
(AIC). All the statistical parameters commonly
assessed in dendrochronology were evaluated,
i.e. the mean sensitivity (MS), the first-order auto-
correlation (AC1), the signal-to-noise ratio (SNR
ratio) and the expressed population signal (EPS)
(Fritts 1976; Wigley et al. 1984).

Sampling and Dating Procedures

Wood samples were collected in 2006 during
the first phase of the abbey’s restoration, before
the reconstruction of the building and replacement
of the old wooden structural components. Timbers
were sampled from the floors and roof but their ex-
act position and function in the building is

unknown because they had already been removed
when they were sampled.

The identification of the timber was based
on the three-dimensional structure of the wood.
Micro-sections were compared with sections prepared
from systematically identified wood. Anatomical
features were observed under the microscope and
identifications were made following the key de-
scribed by Schweingruber (1990).

Dendrochronological analyses were per-
formed on the transverse sections of eight wooden
beams (S1–S8). Samples were sanded using a series
of progressively finer sandpapers. Tree-ring widths
were measured to the nearest 0.01 mm using the
Dendrochronograph LEGA SMIL 3 system (Coro-
na et al. 1989). Three to four radii for each cross-
section, previously visually crossdated (Yamaguchi
1991), were measured and averaged into a Tree-
ring Series per Sample (TSS). The TSSs were cross-
dated and matching ring-width series were grouped
together in a floating chronology (Fs).

Fs and single TSSs were crossdated against
the absolutely-dated master chronology (MC), in
order to assign a calendar year up to the oldest
tree ring for each undated series. In the absence of
matching results between TSSs with Ms, TSSs
were dated through Fs.

Crossdating matches were analyzed using
TSAP-Win software (Rinn 2005) by evaluating,
mainly, the Gleichläufigkeit (G) (Eckstein and
Bauch 1969; Schweingruber 1989), calculated as

Gðx:yÞ ¼ 1

n−1
∑n−1

t¼1 j Gix þ Giy j (1)

G values indicate the degree of similarity between
two curves (x and y) and represent the percentage
of agreement between the interval trends
considered.

The significance of G values (p) and the com-
bination of t-value and G, expressed as Cross-Date
Index (CDI), as a powerful parameter for crossdat-
ing (Rinn 2005), were also considered. Alongside
the significance (p), G and CDI values were evalu-
ated significant if matching the threshold condi-
tions of .60 and .10, respectively.

All samples have pith but bark is missing. In
some, sapwood was partially removed, probably
in the first stage of woodworking. Thus, we could
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evaluate only the time span covered by each sample
and attribute a calendar year to the outermost ring
present on each TSSs.

RESULTS AND DISCUSSION

The Reference Chronology

Tree-ring series from living trees were success-
fully crossdated, and samples were grouped togeth-
er in the master chronology (MC), which spans 298
years from AD 1716 to 2013 (Figure 3).

Statistical parameters associated with tree-
ring residual (Rs) and detrended (Dt) chronologies
(Table 1) were in considerable agreement with liter-
ature studies. In particular, AC1 values suggest an
influence of the previous year on the current year
of growth, MS values are lower than other studies
for Mediterranean species (Serre-Bachet 1982)
and the EPS values (Table 1) are close to the
threshold level ($0.85) suggested for climatic anal-
ysis (Wigley et al. 1984).

Dating Procedures

The wooden beams analyzed were all classi-
fied as Quercus spp. timber. Specifically S1-S2-S4-
S5-S7-S8 microanatomy matches Quercus cerris

and S3 and S6 match Quercus frainetto. The num-
ber of rings on each sample ranged from 72 to
247. Bark was not retained in any of the series,
hampering the possibility of establishing the exact
felling date.

The TSSs were mutually crossdated: matching
results showed high inter-series correlations
(Table 2), in particular within series S1-S2-S4-S5
(F1) and between S7-S8 (F2) samples. In general,
crossdated samples showed quite homogeneous
patterns of growth, suggesting that they grew under
similar conditions and/or in neighboring areas
(Figure 4). Annual radial growth values ranged be-
tween 0.3 and 4.6 mm; the highest values, as

Figure 3. Standard tree-ring chronology of Quercus pubescens trees from the Pollino National Park, Southern Italy.

Table 1. Statistical properties of Master chronology

Time span 1716–2013
Number of trees/radii 15/42
Number of years 298
Common interval (yr) 179

Detrended
chronology

Residual
chronology

Mean sensitivity 0.143 0.136
Standard deviation 0.154 0.134
Autocorrelation 1st order 0.236 0.030
EPS 0.830 0.843
Signal-to-noise ratio 4.870 5.385
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Table 2. Crossdate results: best match between the floating chronology (Fs) and the reference chronology (MC) and the S1-S8 series.

Sample Years RC Ovl G p CDI Pos L Pos R Time Span

Floating chronology versus Master chronology
Fs 307 MC 136 60 0.001 12 −171 135 1545–1851

Between samples
S1 113 S2 83 84 0.001 85 −28 84 1739–1851
S2 83 S5 66 82 0.001 76 39 121 1767–1849
S3 240 S5 64 79 0.001 38 −176 63 1553–1792
S4 94 S2 82 77 0.001 76 −12 81 1755–1848
S5 104 S1 94 73 0.001 62 −10 93 1729–1832
S7 174 S3 166 60 0.05 31 −8 165 1545–1718
S8 132 S7 132 76 0.001 76 6 137 1550–1681
S3 240 S4 38 76 0.001 18 −202 37 1553–1792
S3 113 S1 54 64 0.05 17 −186 53 1553–1792
S3 240 S2 55 71 0.001 21 −185 54 1553–1792
S8 132 S3 128 64 0.001 31 −3 128 1550–1681

RC 5 reference chronology; Ovl 5 overlap; G 5 Gleichläufigkeit; p 5 significance of G-value; CDI 5 Cross Date Index; Pos L/R 5

position of sample with respect to RC; Time Span 5 time span covered by sample.

Figure 4. Tree-ring series from the internal crossdated samples separated in the floating chronologies F1 and F2. The innermost year
of each sample corresponds to the arbitrary year number 1.
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expected, were observed for the juvenile phase in
almost all samples.

Sample S3 showed a good match with all the
TSS series, with a left shift versus F1 and a right
shift versus F2. S6 did not show any plausible signif-
icant matching results with either TSSs or MC.
Consequently, F1, F2 and S3, were assembled in
the floating chronology Fs.

The results of dating Fs versus MC indicated
the most probable temporal placement of Fs as
AD 1851. Although the G and the CDI values are
lower than those reported within the TSSs correla-
tion, theOvl (136 years) is solid and the p statistically
significant (0.001). Therefore it has been possible to
attribute a calendar year to all the samples analyzed.

The outermost rings of samples S1, S2, and S4
dated to AD 1851, AD 1849, and AD 1848, respec-
tively, whereas, those of samples S3 and S5 dated
to AD 1792 and AD 1832, respectively. Finally,

the oldest samples, S7 and S8, dated in AD 1718
and AD 1681, respectively (Figure 5).

Accordingly to a previous study on the Gran-
cìa monastic abbey, dated roughly at the end of
the 1500s (Todaro 2006), none of timbers analyzed
in this study correspond to the original structure.
Moreover, following historical classification of
old carpentry techniques (Balenci 1989), by visual
comparison it has been possible to identify the car-
pentry techniques retrieved in the Grancìa’s build-
ing as the work of Albanian people, Arbëreshë,
who populated the south of Italy between the 15th

and the 18th Century. The main characteristics of
this carpentry technique are the bases of masonry
and/or wood frames filled with inert material,
which strengthened the walls; each wall structure
appears connected to the lower and upper floors
through a structure similar to a cage. Those build-
ings were strongly resistant to frequent

Figure 5. Dating results of wooden beams retrieved from the abbey of Brindisi di Montagna (Potenza, southern Italy). Brown bars
indicate the time span covered by each sample, specified at the right of the figure; sample S6 could not be dated. The orange line
shows the absolute chronology developed from living Q. pubescens trees (raw data).
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earthquakes, so that this carpentry technique be-
came an integral part of building regulations after
the catastrophic earthquake of 1783, which
destroyed many structures in southern Italy.

CONCLUSIONS

The structural timbers retrieved from the mo-
nastic complex Grancìa of Brindisi di Montagna an-
alyzed in this study have been dated between the
AD 1851 and AD 1618. Thus, in accordance to
the historical interpretations and based on our
results, none of timbers analyzed in this study cor-
respond to the original structure of the abbey.
Structural timbers were identified mainly as Q. cer-
ris and Q. frainetto, which constitute the predomi-
nant species of the forest surrounding the Grancìa
abbey; strong similarity was found within most of
dated series, suggesting that trees grew in similar
conditions.

Most of tree-ring series analyzed in this study
were successfully matched with a long-term Q. pub-
escens chronology, and they will contribute to am-
plifying the retrospective reconstruction of Quercus
spp. for southern Italy over the time, from AD
1545 to 2013. Within the buildings, structural tim-
bers are organized through a carpentry technique
likely attributable to Albanian people.
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