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Figure 1. The J. Paul Getty Museum’s Burgundian Renaissance Cabinet (71.DA.89).
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ABSTRACT
This paper is intended to be a primer for furniture conservators and curators interested in ap-
plying dendrochronology, or tree-ring dating, to the study of furniture. After reviewing the 
basic principles of dendrochronological analysis, specific considerations related to furniture 
are discussed. A case study, focusing on a French Renaissance cabinet at the J. Paul Getty 
Museum, is used to illustrate the procedures required for analysis and to emphasize the use of 
minimally-intrusive measurement techniques as well as the advantages of close collaboration 
between dendrochronologist and conservator.

Introduction

Dendrochronology, or tree-ring dating, is a well established technique that allows the dating of 
wood based on the careful measurement of tree ring sequences and statistical comparison of the 
results with standards of known geographic and temporal origin. Since the development of the 

technique in the late 19th century, dendrochronology has been extensively used for the dating of historic 
and archaeological woods, particularly in architectural contexts. The technique has also been often ap-
plied to works of art; however, to date, this has been largely limited to the study of panel paintings.

Though obvious, the application of dendrochronology to the dating of furniture has been extremely 
limited, at least in the published literature. To illustrate the point, the Art and Archaeology Technical 
Abstracts (AATA) online database was queried using several different search terms.1 A query for dendro-
chronology alone yielded 540 results; a query for dendrochronology + painting yielded 45, while a query 
for dendrochronology + furniture yielded 11 articles, of which only six discussed direct application of the 
technique to furniture, with no published accounts originating in the United States.

This paper is intended to be a primer for furniture conservators and curators, outlining some of the 
potential advantages and opportunities afforded by the application of dendrochronology to the study of 
furniture. A case study, focusing on the J. Paul Getty Museum’s Renaissance Burgundian cabinet (fig. 1) 
is used to illustrate the procedures required for analysis and to emphasize the use of minimally intrusive 
measurement techniques as well as the advantages of close collaboration between dendrochronologist 
and conservator. 

Background
Dendrochronology begins with the examination and quantification of the pattern of wide and narrow 
growth rings within a given piece of wood. This pattern reflects the unique annual weather conditions in 
the climatic region or sub-region where the tree grew. Through rigorous statistical analysis of the correla-
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tion between the measured ring pattern and the 
patterns of known reference materials, the piece of 
wood can be assigned to a particular place and time 
of growth. The principles of dendrochronology are 
thoroughly described in other sources,2 but several 
salient points should be emphasized for clarity. 

In order for a given species of wood to be date-
able by dendrochronology two basic criteria must 
be met. First, the species of tree must exhibit a 
reasonably regular and predictable growth habit, 
without anomalous inter- or intra-individual vari-
ability. Woods which can often be dated with suc-
cess at the current time include oak (Quercus spp.), 
beech (Fagus sylvatica), ash (Fraxinus spp.), linden 
(Tilia spp.), elm (Ulmus spp.), fir (Abies alba), 
spruce (Picea abies), larch (Salix alba), and pine 
(Pinus spp.). In addition, a sufficient body of re-
gionally appropriate comparative data must exist 
in the form of master chronologies compiled by 
competent dendrochronologists. 

When a sequence of rings is measured, the result-
ing data is converted to a growth curve (fig. 2) 
which can be mathematically manipulated to take 

into account factors such as the tendency of ring 
width to decrease as a tree ages. It is important 
to understand that dendrochronology is based on 
correlations between the curve of the unknown 
wood and master chronologies generated from prov-
enanced wood in many regions of the world. For 
a match to be considered significant, with a low 
statistical risk, it is generally necessary to compare 
at least 80 consecutive rings, although this number 
varies based on how distinctive the measured curve 
is found to be (i.e. how many atypical/exceptional 
features it manifests). 

Another point worthy of special consideration re-
gards the importance of measurement techniques. 
For dendrochronology to be as effective as possible, 
it is critical that the rings are measured very pre-
cisely (to the nearest 0.01 mm). Several different 
techniques can be used to measure a sequence of 
tree rings, depending upon circumstance.3 In gen-
eral, the preferred method is to make direct mea-
surements of ring widths by examination of the 
end grain (or transverse section). While this tech-
nique provides the most precise measurements, it 
can only be applied where the end grain of a piece 

Figure 2. Measurements of individual rings are recorded and used to generate a growth curve for each piece of wood 
studied.



of wood is accessible. Direct end grain measure-
ment often requires some form of surface prepa-
ration in order to make the rings clearly distinct 
and legible prior to analysis. This preparation is of 
concern with regard to conservation as it is neces-
sarily destructive to some degree, though modern 
techniques can minimize the negative impact of 
this step (see case study below). 

In cases where end grain is not accessible for study, 
it is possible, with some species of wood, to make 
direct measurements of ring width from the longi-
tudinal surface of a radially cut piece of wood. This 
method can be used primarily on conifers such as 
spruce, fir and pine where the ring boundaries are 
clear and distinct on longitudinal surfaces. Violins 
and other stringed instruments can often be dated 
in this way, even though the end grain of the broad 
panels is typically not visible.4 With many species 
of wood however, this measurement technique is 
not possible or may result in a curve of significant-
ly degraded precision.

In cases where neither end-grain nor longitudinal 
direct measurement is possible, tree rings may be 
measured by using x-radiographic techniques. This 
method is generally less precise than direct mea-
surement and results vary considerably depending 
on the species of wood studied. Conifers with a 
strong late/early wood density gradients are gen-
erally considered to be most appropriate for this 
technique. Oaks work less well, but can still be 
successfully imaged. Success with x-radiographic 
measurement of tree rings depends primarily on 
the ability of the operator to align the x-ray beam 
perfectly parallel to the rings of the wood. Natu-
rally, this is easiest to achieve with thin, quarter-
sawn panels. In order to ensure the best possible 
results, the authors have found that certain pro-
cedures should be followed. First, the distance 
between the x-ray tube and the wood should be 
maximized; this reduces the effective divergence of 
the beam with the result that the beam angle is 
more nearly equal from one side of the panel to 
the other. In addition, a series of films (typically 4 
to 5) should be prepared, varying the beam angle 

by 1 to 1.5 degrees for each exposure. This helps to 
ensure that for each area of the panel, at least one 
film will provide an image of optimal sharpness. 
Once a series of x-radiographs has been prepared, 
measurements of ring widths can be made directly 
on the film, or the images can be scanned and the 
measurements made digitally. 

A final note to consider regarding dendrochro-
nological analysis is that a precise felling date for 
the wood studied is rarely obtainable. This is due 
to the fact that the outermost rings of a tree (sap-
wood) are generally cut away when it is converted 
to workable timber. Since the last sapwood ring 
corresponds to the felling date, and this ring is usu-
ally not in evidence, estimations must be made of 
the time elapsed between the formation of the last 
extant ring and the felling date. Dendrochronolo-
gists have established valuations of the number of 
sapwood rings that are present in different types of 
trees in different regions and this information can 
be used to help give an estimated felling date, par-
ticularly when at least one sapwood ring is pres-
ent in the wood to be studied. For instance, Baltic 
oak is known to have an average of 16 sapwood 
rings with a standard deviation of ±3;5 therefore, if 
a piece of Baltic oak timber has five sapwood rings 
present and the last of these rings has been dated 
to 1750 by dendrochronology, then the felling 
date for the tree can be estimated as 1758–1764. 
Occasionally, wood from an historic artifact will 
contain a full series of sapwood rings and a felling 
date can be determined to the precise year or even 
season (see case study below).

Use in Furniture Conservation
To date, most applications of dendrochronology to 
art have typically relied on a single measurement 
of a single board such as a panel painting, with 70 
or more rings. Furniture, by its nature, tends to 
be an assemblage of many pieces of wood of var-
ied dimension. Within a typical piece of furniture, 
many of the individual elements would normally 
be considered too small to use for dating (i.e. too 
few rings present), but in the context of furniture, 
measurements from many smaller pieces of wood 
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can often be fitted together to form an expanded 
composite mean chronology of sufficient length to 
allow an analysis to proceed (fig. 3). This not only 
allows the dating of smaller pieces of wood than 
would otherwise be possible, but because of the 
opportunity to replicate measurements of the same 
ring sequence from multiple elements, the result-
ing composite mean chronology will be of greater 
statistical significance than any single measure-
ment. In addition, the ability to utilize numerous 
elements of small dimension increases the likeli-
hood that some or all of the sapwood from the tree 
in question can be measured. 

The inclusion of sapwood in a chronology is of 
great value in determining the felling date for the 
tree. This advantage will be clearly illustrated in 
the case of The Getty Museum’s Burgundian cabi-
net below.

Close collaboration between dendrochronologist 
and conservator is very desirable in the study of 
furniture. Working together, optimal decisions 
can be made regarding which pieces of wood are 
to be selected for study. These decisions must take 
into account the conservator’s judgement of such 
factors as the presence of prior restorations, and 

the possibilities for non-destructive 
partial disassembly of the furniture in 
question. The conservator may also 
take on the responsibility of insuring 
that the genus and, if possible, the 
species of the wood to be analyzed 
have been securely determined.

Once the elements to be measured 
have been selected and made acces-
sible, the procedures for direct mea-
surement can begin. The first step is 
the preparation of end grain. In prac-
tice, the end grain of a piece of wood 
will not normally be suitable for 
dendrochronological measurement 
without some initial surface prepara-
tion; distorted fibers and accretions 
of dirt or other particulates often ob-
scure the grain, making high-preci-
sion measurement difficult. To date, 
dendrochronologists have often pre-
pared the end grain of art objects and 
furniture with razor blades or carving 
knives, with obvious irreversible dam-
age.6 Perhaps surprisingly, such prac-
tices are still fairly common; how-
ever, more recently, less destructive 
methods of surface preparation have 
been developed in close collaboration 
with conservators. The adaptation of 
micro abrasive-blasting (fig. 4) using 
40µm aluminium oxide particles is 

Figure 3. Individual growth curves are aligned and assembled to generate  
a mean chronology.

Figure 4. The apparatus for micro-abrasive blasting is similar to an 
airbrush, offering precise control and portability.



now commonly used in France and is 
generally approved by conservators and 
curators.7 This method provides a very 
high-quality cleaning of transverse sec-
tions by removing built-up patina and 
opening the large early wood pores of 
ring-porous woods, revealing tree-rings 
boundaries without significantly affect-
ing features of the wood surface such 
as tool marks or evidence of use (fig. 
5). While laser cleaning has also been 
suggested for end grain preparation,8 
the micro-abrasive technique offers sev-
eral distinct advantages; in particular, 
the clarity of the tree rings is generally  
superior after treatment, and secondly, 
the apparatus required is remarkably portable and 
can be used in situ without supporting equipment, 
lengthy training, or stringent safety controls. Once 
the end-grain surfaces have been prepared, tree-ring 
widths and anatomical features can be recorded by 
taking macro-photographs, or even by direct digi-
tal scanning of detached elements. Image-based 
documentation of sample sites is advantageous to 
the dendrochronologist, constituting an invaluable 
record of a wide range of diagnostic wood informa-
tion which allows further detailed analysis in the 
laboratory.9 It also allows for future confirmation 
or reanalysis of the raw data without the need for 
direct intervention on the object. 

Precision and the thoroughness during the sam-
pling phase are extremely important if optimal re-
sults are to be obtained. Short cuts or time-saving 
measures such as the use of plasticine imprints or 
the “real time” recording of ring widths using a 
hand lens should be avoided as they are not suf-
ficiently accurate to yield defined measurements 
and detailed observations.10

The Case of the Getty Cabinet

Background
The J. Paul Getty Museum’s collections include a 
large oak and walnut cabinet with an inscribed date 
of 1581 (fig. 1). The elaborately carved cabinet was 

long considered to be a nineteenth century fake or, 
at best, a pastiche of old and new parts. Since its 
acquisition in 1971, the cabinet had spent most of 
its time in storage and had never been displayed at 
the museum.

Assumptions about the authenticity of the cabinet 
were challenged in 2002 as a result of an exhibit 
about the French cabinetmaker and polymath Hu-
gues Sambin at the Museum of the Renaissance 
in Ecouen, France. In publications related to the 
exhibition it was clearly suggested that the Getty 
cabinet was an authentic object and was likely to 
have been made by Sambin’s workshop.11 This nat-
urally prompted a renewed interest in the cabinet 
among curators and conservators at the museum.

The exhibition publications also presented the work 
of one of this paper’s authors on the dendrochro-
nological study of a second cabinet, also thought 
to be by Sambin, in the collection of the Musée du 
Temps in Beançon, France. This cabinet, referred 
to as the Cabinet of Gauthiot d’Ancier, shares 
many details of ornamentation and construction 
technique with the Getty cabinet and was shown 
to be constructed of oak originating at the end of 
the 16th century in the region of Burgundy. 

As part of an overall technical study of the cabinet 
begun in 2003, a thorough dendrochronological 

Figure 5. A view of oak end-grain; the lower half has been prepared 
for measurement by micro-abrasive blasting. Note that the diagonal 
tool marks are still clearly visible after sample preparation. 
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study of the oak secondary wood of the Getty cab-
inet was undertaken, the results of which played a 
major role in confirming the overall authenticity 
of the cabinet.

Procedure
The Getty cabinet is made of walnut primary 
wood with oak secondary. Since walnut cannot be 
studied by dendrochronology, the analysis focused 
exclusively on the oak secondary structure of the 
cabinet. In the study, direct measurement of end-
grain was used wherever possible (fig. 6). Some 
sections of the cabinet were partially dismantled 
where this could be done without damage. In all, 
twelve oak elements were measured directly; these 
ranged from 28 to 105 measurable rings per ele-
ment. These panels contained between 80 and 120 
measurable rings. The preparation of end-grain by 
micro-abrasion and acquisition of photo-micro-
graphs required the work of the authors along with 
a museum photographer for approximately three 
days. In addition, five large oak panels which could 
not be measured directly because of their location 

Figure 6. For direct measurement, digitized photomacrographs of prepared end-grain were measured and converted 
to growth curves using customized Mensor© software created in 2002 by S. Meignier and Didier Pousset.

Figure 7. An X-radiograph of a drawer bottom, 
used to produce a growth curve in a situation 
where the end-grain of a panel was not accessible.



in the cabinet were measured using x-ray tech-
niques (fig. 7). The acquisition of x-radiographic 
tree-ring images took approximately two days.

All of the individual tree-ring series (curves) were 
fitted together to generate an average growth chro-
nology for the wood as a group. Had significant 
restorations involving replacement or addition of 
new oak elements taken place in the past, these el-
ements could have been detected at this stage since 
their tree ring series would not have matched those 
of the original wood. Seven of the measurements 
made were of pieces of wood containing less than 
75 rings. These elements would have been diffi-
cult or impossible to date individually, but could 
be neatly fitted into the larger chronology estab-
lished by the longer measurements. The inclusion 
of these measurements not only allowed the indi-
vidual pieces of wood to be dated, but also con-
tributed to the overall quality of the average growth 
chronology produced for the cabinet.

Fortuitously, the measurements taken from the 
cabinet included one small block of wood from 
the interior of the cabinet which contained all of 
its sapwood out to the cambium layer (fig. 8). The 
dating of these rings allowed the felling date of the 
tree to be established. The final results of the den-
drochronological analysis determined that the oak 
secondary wood of the cabinet was taken from a 
tree which was felled during the autumn or winter 
of 1574–1575 in the area of Burgundy, France, six 
years before the inscribed date on the cabinet, and 
in the region of the workshop of Hugues Sambin. 
In addition to the dating, the study also brought 
to light interesting patterns of wood use which can 
help us better understand traditional shop practic-
es of the period. In reviewing the data, it became 
clear that the cabinet maker(s) of the Getty cabinet 
had consistently chosen different qualities of oak 
for different purposes in the construction. For the 
wide, split panels, very slow-grown oak was cho-
sen, with very narrow rings. In slow-grown oak, 

Figure 8. This small block on the interior of the cabinet contained its entire sapwood sequence, allowing the felling 
date for the tree to be firmly established.
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the large-pored early wood (or spring growth) is 
dominant, with relatively little of the dense late 
wood. This results in timber that is relatively light 
weight and easy to split. On the other hand, for 
the smaller, but thicker structural elements of the 
cabinet, the cabinet maker(s) chose faster-grown 
oak which has relatively thick bands of dense late 
wood. This wood is heavier and stronger than the 
panels and is sawn to shape rather than split. It is 
likely that this interesting observation about shop 
practice in the Renaissance would have gone un-
noticed were it not for the dendrochronological 
study.

In the end, the results of this dendrochronological 
study proved to be a critical piece of evidence that 
allowed the Getty’s cabinet to be entirely reinter-
preted. Prior to the study, the cabinet was widely 
considered to be a fake or pastiche and had been 
relegated to deep storage, with no thought that it 
would ever be displayed again. However, based on 
the results of the analysis, and supported by addi-
tional technical and curatorial study, the cabinet is 
today considered to be one of the most important 
and well preserved examples of 16th century Bur-
gundian cabinet-making in the world.12

Conclusions
The case study of the Getty’s renaissance cabinet 
provides an instructive example of the practical 
application of dendrochronology to the study of 
furniture. Several factors were important to the 
overall success of this endeavor. In particular, close 
coordination and collaboration between conserva-
tor and dendrochronologist was very important, 
allowing the maximum number of measurements 
to be taken from carefully selected elements, all in 
the safest possible manner. This study also illus-
trates a significant advantage for the dendrochro-
nologist of working with furniture; the combined 
analysis of numerous pieces, both large and small, 
generated an average growth chronology of very 
high quality which, in turn, allowed both the date 
and the geographic origin of the wood to be de-
termined with very high confidence. In short, al-
though dendrochronology has so far found limited 

application in the world of furniture conservation 
and study, particularly in the United States, there 
is great potential for this technique to make sig-
nificant contributions in the future.
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