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a b s t r a c t 

Wood identification of cultural heritage objects is vital for facilitating their international travel, providing 

invaluable information for conservation strategies and improving our understanding of the objects’ histor- 

ical and cultural context. To date, wood identification is most commonly performed using techniques that 

rely on sampling, which is especially undesirable for valuable cultural objects. X-ray micro-tomography 

(μCT) offers a non-destructive alternative for gaining insight into the material composition of objects. It 

is a tool for identifying the wood species by visualizing the internal wood structure without changing the 

object. However, obtaining sufficiently high-resolution anatomical images that can be used for identifica- 

tion remains a challenge, particularly when examining diverse heritage objects. 

This study applies μCT for the wood identification of 20 heritage objects from the Royal Museum for Cen- 

tral Africa (RMCA, Belgium), showcasing the efficacy of this non-invasive technique. Despite variations in 

the size, shape, and material composition of the objects, successful wood identification was achieved for 

all objects. Since two objects contained more than one wood species, the total number of identifications 

was 22, of which 18 were to the species level. For the four remaining samples, wood identification was 

achieved at the genus level (3 samples) or identified as a liana (1 sample). 

Additionally, by obtaining a wood identification through X-ray μCT images, the physical and mechanical 

properties of the wood species were discussed in relation to the objects’ original context and function. 

Specifically, lightweight wood species were found in objects with a portable function such as masks and a 

toy, while low-durability wood used in a funerary object could be linked to its symbolic role. Two musical 

instruments were identified as being made from wood species known for their acoustic qualities. These 

findings highlight the significant potential of advanced non-destructive imaging using μCT for wood iden- 

tification, providing much-needed material and contextual insights into previously understudied museum 

collections. 

© 2025 The Author(s). Published by Elsevier Masson SAS. This is an open access article under the CC 

BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Wood represents one of the primary materials in many her- 

tage collections. As a commodity that was both readily available 

hroughout time and across continents, it has offered artisans a 
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ersatile medium for creative expression in a wide range of ap- 

lications [ 1–3 ]. Identifying the wood species present in heritage 

bjects is a recurring demand, both in private and museum collec- 

ions. Possibly the most pressing incentive for this material anal- 

sis is that knowledge of the wood species is required for in- 

ernational travel. Whether for travelling exhibitions, loans or art 

rade, legal frameworks such as the Convention on the Interna- 

ional Trade in Endangered Species (CITES) or the US Lacey Act 

equire a wood identification when an object crosses the border 
ss article under the CC BY-NC-ND license 
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 4 , 5 ]. Wood species identification also allows collection managers 

nd conservators to optimize the objects’ preservation, as well as 

he best restoration treatments [ 2 , 6 ]. Lastly, determining which 

ree species an object is made of can significantly improve the 

ultural and historical understanding of the object. The species se- 

ection for each object attests to the ecological provenance of the 

bject, the craftsmanship and dedication of the maker, and their 

nowledge of the material [ 7–9 ]. 

Despite the many advantages to the material understanding of 

 cultural heritage collection, systematic wood identification is rare 

n museum collections. This is partly due to the disadvantages of 

lassic analysis methods, as wood identification is most commonly 

stablished through microscopical study of anatomical features, re- 

uiring a sample to be taken of the object. This destructive analy- 

is, relying on a sample of at least 1 mm ³, permanently alters the 

bject’s appearance and cannot be performed on fragile or small 

bjects without damaging their stability [ 10 , 11 ]. Although new and 

romising methods are being developed for fast and accurate wood 

dentification, most still rely on a (minimal) sampling and/or on 

till-growing reference databases [ 12 ]. This is true for genetic pro- 

ling through DNA analysis [ 13 , 14 ], and chemical fingerprinting 

 15 , 16 ]. Moreover, although both techniques require a sample no 

arger than a splinter, they cannot be applied easily to heritage ob- 

ects containing ‘contaminating’ materials. Finishing layers such as 

igments or patinas on the surface of the object, as well as con- 

olidation treatments where resins penetrated the wood structure, 

ight disrupt the profiling of the sample. 

Approaches that do not require invasive sampling, such as lab- 

r synchrotron-based X-ray micro-computed tomography (μCT) 

 17–22 ], X-ray fluorescence spectroscopy [ 4 , 23 ] and NIR imaging

 24–26 ] have been rapidly developing over the past 20 years. By 

ar the most proven, accessible, and used technique among these is 

-ray μCT. Visualizing the internal wood structure, this technique 

elies on the same anatomical analysis as traditional microscopic 

tudies. Case studies over the past ten years have proven the va- 

idity of the technique, highlighting the importance of a high res- 

lution and the challenges of achieving the necessary image qual- 

ty to visualize the diagnostic features. Nevertheless, most success- 

ul case studies utilizing this technique for wood identification are 

imited to one or two artefacts, with small enough dimensions to 

chieve the desired resolution [ 27–30 ]. Thereby, the full potential 

f X-ray μCT for a systematic wood identification of heritage col- 

ections, especially for those objects that vary in size, shape and 

aterials, has not been explored before. 

This paper presents a selection of 20 cultural objects that were 

canned using X-ray μCT for wood identification. The objects are 

ll part of the cultural collection of the Royal Museum for Cen- 

ral Africa, Belgium. Given that most of these objects were col- 

ected in bulk during the Belgian colonial period, much of the con- 

ext surrounding the extensive collection, originating mainly from 

he Democratic Republic of the Congo (DRC), has been lost and 

emains under-documented [ 31 ]. A material study can add some 

uch-needed knowledge about the collection. The selected 20 ob- 

ects cover a wide range of sizes and shapes, as the dimensions 

nd positioning of the objects in the scanner are one of the de- 

ermining factors of the achieved resolution. In addition, objects 

ith metals, glass and pigments were included in the study, as 

hese highly attenuating materials have a potentially negative ef- 

ect on the resulting X-ray μCT scans, causing image artefacts and 

oss of information. Objects showing past insect activity were in- 

luded too, as the damage these wood borers caused could po- 

entially limit the amount of ‘intact’ wood anatomy to be ob- 

erved. One consolidated object, treated with an impregnated resin 

o strengthen structurally damaged wood, was included to investi- 

ate the impact of the resin on the visibility of the wood anatomy 

n the scans. 
t

111
. Research aim 

The selection of 20 Sub-Saharan African heritage objects, differ- 

ng in size, material composition and shape, serve to illustrate both 

he possibilities and limits of the technique for botanically identi- 

ying wood species. Following research questions are at hand: 1) 

hich resolution can we achieve with a wide range of unique ob- 

ects; 2) is it possible to identify the wood species based on the 

CT scans given this variation?; 3) If wood identification is suc- 

essful, can we link the wood properties to the object’s original 

ontext, the function of the object, the selection of the tree from 

hich the object was carved and the craftmanship and knowledge 

ecessary to consider the specific density, durability, acoustic and 

esthetic qualities of the wood incorporated in each object? 

. Materials and methods 

.1. Object selection 

Table 1 lists the 20 objects selected to represent the wide va- 

iety in the RMCA collection. We followed the museum’s database 

ool for the description of the objects. Five broad categories were 

sed (based on typology and/or function), with four objects per 

ategory: sculptures, masks, objects of use, musical instruments 

nd power objects. This last category refers to objects that are as- 

ribed a power by their source community. The table includes the 

useum registration for each object – EO numbers refer to the 

ethnographic’ collection; MO numbers to ‘musicology’ and SJ num- 

ers to the collection in the museum held on behalf of the Jesuit 

rder. The culture of origin is given, as well as the objects’ dimen- 

ions. The last column describes any factors that can determine 

ow closely the object could be positioned to the X-ray source in 

he scanner (which impacts the resulting resolution) or influences 

he legibility of the scanned wood anatomical information. 

.2. Scanners 

We used two state-of-the-art scanners at the UGent Centre for 

-ray Tomography [ 32 ]: HECTOR and TESCAN CoreTOM. HECTOR 

High Energy CT scanner Optimised for Research) allows objects of 

p to one meter high and 100 kg in weight to be mounted on the

otation stage inside the scanner room. The high energy X-ray tube 

up to 240 kV) and a 2880 ×2880 pixel flat-panel detector allow to 

cquire high-quality μCT scans at up to 3 μm voxel size of objects 

ontaining even high-attenuating materials [ 33 ]. The TESCAN Core- 

OM scanner is a commercial system from the former UGCT spin- 

ff company XRE (now part of the TESCAN Group a.s.). This scan- 

er is equipped with an X-ray tube with maximum 180 kV and a 

856 ×2856 pixel flat panel detector. Objects of maximum 1 me- 

er in height and 45 kg in weight can be mounted on the rotation 

tage. 

.3. Region of interest scans (ROI) 

For the purpose of wood identification, we made Region of In- 

erest (ROI) scans, which allowed us to aim for the highest pos- 

ible resolution for each object. As the resolution (defined in this 

aper as reconstructed voxel size) depends on the source-to-object 

nd object-to-detector distance, the dimensions and shape of the 

0 objects were a determining factor in the achieved resolutions: 

ositioning the object as close as possible to the X-ray source with- 

ut colliding with the scanner during its full turn on the rotation 

tage, maximizes the magnification of the internal wood structure. 

ustomized set-ups, including tailor-made supports were needed 

o facilitate positioning to optimize the resolution of the ROI scans. 
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Table 1 

List of 20 African heritage objects according to their (broad) typology. A short description is given alongside a photo of the object, as well as their museum registration 

number, culture of origin (if known), dimensions and any factors that might have an impact on the μCT scan. 

Object photo Object description Registration 

number 

Culture Dimensions (cm) Impacting factor for ROI scan 

(shape, materials, condition) 

Sculptures 

Kneeling 

figure 

EO.1949.6.1 Unknown 9.5 × 2.1 × 2.1 Homogenous shape 

Statue EO.1951.75.1 Beembe 34.5 × 12 ×9.5 Homogenous shape 

Elephant sculpture EO.1948.20.200 Chokwe 9.7 × 7.1 × 23.6 > 1 wood species present in 

object 

Funerary statue EO.0.0.1040–4 Yombe 48 ×17.5 × 16.5 Insect damage – highly 

attenuating materials (metal 

nails in arm, pigment layer) 

Masks 

Mask EO.0.0.15404 Luluwa 58 ×29.7 × 18.5 Highly attenuating materials 

(pigment) 

Mask SJ.1975 Pende 52 ×26 ×16 Insect damage – highly 

attenuating materials 

(pigment) 

Mask EO.1951.35.5 Lega 22.4 × 14.1 × 3.3 Insect damage – old 

consolidation treatment –

homogenous diameter 

Mask EO.1998.24.1 Yoruba 47 ×18 ×36 Highly attenuating materials 

(pigment and metal nails) 

Objects of use 

Crocodile toy EO.1979.1.887 Unknown 8.5 × 104 ×7.3 Large object 

Knife EO.0.0.39806 Zande 33 ×5 × 5.8 Highly attenuating materials 

(metal blade, glass beads) 

Pipe EO.1957.35.2 Bindji/Binji 11.3 × 50.5 × 4 Insect damage – highly 

attenuating materials (metal 

mouth piece) – more than one 

wood species present in object 

( continued on next page ) 
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Table 1 ( continued ) 

Object photo Object description Registration 

number 

Culture Dimensions (cm) Impacting factor for ROI scan 

(shape, materials, condition) 

Staff EO.1948.20.193 Chokwe 73.3 × 16.2 × 6.3 Large object 

Musical instruments 

Slit drum MO.0.0.2504 Yaka 41.8 × 6.9 × 7 Insect damage 

Violin MO.1953.74.2711 Holo 51 ×9.4 × 8.9 Highly attenuating materials 

(glass, bone and horn 

elements) – homogenous 

diameter 

Dibu bell MO.1958.16.2 Yombe 20.1 × 12.1 × 11 Homogenous diameter 

Xylophone MO.0.0.13352 Zande 51.8 × 8.7 × 2 Insect damage – homogenous 

diameter 

Power objects 

Arrow holder EO.0.0.740–4 Luba 77.6 × 24.5 × 9.3 Large object 

Zoomorphic 

sculpture 

EO.1962.46.4 Lega 5.6 × 19.5 × 3.5 Highly attenuating materials 

(bones) 

Anthropomorphic 

sculpture 

EO.1980.2.2867 Songye 22.5 × 4.8 × 7.2 Highly attenuating materials 

(teeth and metal) 

Zoomorphic 

sculpture 

EO.0.0.3659 Yombe 23 ×49 ×19 Highly attenuating materials 

(nails and glass) 
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Scans from HECTOR were reconstructed using the Octopus Re- 

onstruction software [ 34 ], while scans from CoreTOM were recon- 

tructed with the PantheraTM software. The open-source software 

mageJ [ 35 ] was used to digitally slice the reconstructed volumes 

n the transverse, radial and tangential direction and for quanti- 

ative measurements of the anatomical features of interest. Three- 

imensional models of the scanned volumes were rendered using 

GStudioMAX (Volume Graphics, Germany). 

.4. Wood identification 

We followed an identification protocol similar to that of Hubau 

nd co-authors [ 36 ]. The diagnostic anatomical features that could 

e distinguished on the three digital wood sections (transversal, 

adial and tangential) were described following the coded system 

rafted by the IAWA committee [ 37 ]. Each feature (given a num- 

er from 1 to 163) is described as either present (p) or absent (a).

n phase 1 of the protocol, this anatomical description is entered 
113
n the search function of the online database InsideWood [ 38 , 39 ].

ince wood anatomical identification to the species level is only 

arely possible and since not all species are included in the In- 

ideWood database, in this first phase only the genera are being 

etained. 

In phase 2 we expanded the results considering every species 

ithin the genera of phase 1. This large list was cross-referenced 

o the geographic distribution data from the RAINBIO database 

 40 , 41 ]. RAINBIO compiles spatially-referenced data for vascular 

lants across tropical continental Africa, integrating information 

rom herbaria databases (e.g., Meise Botanic Garden) and vege- 

ation plot inventories. We also verified species names for accu- 

acy and taxonomic currency using the African Plant Database [ 42 ]. 

omparative reference materials were then consulted, including 

hin sections available on InsideWood and in the Tervuren Xylar- 

um reference collection curated by the RMCA’s wood biology de- 

artment [ 43 ]. This collection comprises over 81,0 0 0 wood spec- 

mens from > 13,500 species, with over 20,500 thin section sets 
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n the three principal directions [ 3 , 44 ]. Many species and lower

axa are represented by multiple samples from different specimens 

 43 , 45 ]. 

In the final phase of the protocol, we retained only those 

pecies that occur in the general region of the object’s originating 

ulture, as well as have either a digital or physical cross-section 

vailable for comparison. These species were evaluated based on 

 wide range of anatomical features to assess their similarity to 

he anatomy observed in the X-ray μCT scans. Species were ranked 

rom most (most likely identification) to least visually compatible. 

.5. Properties and occurrence 

After identifying the wood species for each object, we inves- 

igated the rationale behind the selection of specific tree species. 

o explore potential links between an object’s function and the 

ood’s material properties, we collected data on specific grav- 

ty, hardness, and durability. For the specific gravity, expressed in 

/cm ³, we used the Tropical Timber Atlas [ 46 ], CIRAD [ 47 ], and

he in-house Tervuren database. Information on wood and resis- 

ance to dry wood borers was drawn from DRYAD [ 48 ], CIRAD [ 47 ],

nd Agroforestree [ 49 ]. The geographic distribution of the identi- 

ed wood species or genera on the African continent was visual- 

zed using the RAINBIO database. Abundance data, while useful for 

nderstanding species selection, remain scarce in the Congo Basin 

xcept for intensively studied sites like Yangambi in the Tshopo 

rovince. Since data are collected non-uniformly, we used RAIN- 

IO as an approximation of geographic occurrence, rather than a 

roportion of the species in the forest. 

. Results 

.1. Achieved resolutions 

Despite the deliberately chosen wide range of objects in terms 

f size, materials and shape, a reconstructed voxel size smaller 

han 8.5 μm was acquired for 18 of the 20 scanned heritage ob- 

ects. The highest achieved resolution in this study, 3.5 μm recon- 

tructed voxel size, was obtained for the smallest object in the se- 

ection (a statue of a kneeling figure with a width of 9.8 cm), but 

lso for some of the largest objects. Figs. 1 a, b and c show how

he Chokwe staff (73 cm high), the Luluwa Mask (58 cm high) and 

he toy crocodile (104 cm long but made of movable parts) were 

ositioned so the objects’ smallest width was placed close to the 

-ray source, while the wider parts move over or under the scan- 

er. Fig. 1 d shows the set-up for the ROI scan of the Yombe power

bject, which was positioned to avoid the highly attenuating metal 

ails and glass eyes of the sculpture. For each of the 20 objects an

nformation sheet was made (see supplementary material). In the 

op left corner, a short description of the custom set-up of each 

bject can be found. 

.2. Wood identification 

The wood of all 20 Sub-Saharan African heritage objects could 

e identified, with two of the objects, the Bindji pipe and the 

hokwe elephant sculpture, containing two different wood species. 

f the 22 wood identifications, 18 could be narrowed down to 

pecies level, three were identified to genus level and one as a 

iana, of which we could determine a likely botanical family. Fig. 2 

llustrates the annotation process of the scans, with the example 

f the Luluwa mask. It shows the 3D volume of the mask’s inter- 

al wood structure alongside the three resliced wood planes with 

ndications of the diagnostic anatomical features that could be dis- 

inguished for this wood species. The individual information sheet 
114
f each object contains the anatomical description, the identifica- 

ion steps, as well as a summary of the wood properties and oc- 

urrence on the African continent (see supplementary material). 

Table 2 lists the resolutions obtained for each object, as well 

s the taxonomic identification and some properties of the wood: 

ensity and durability. Not enough data was available on the hard- 

ess of the wood for all of the species and as such hardness data 

as not included. 

Fig. 3 shows the ROI scans of four objects in order to high- 

ight the variety of diagnostic features that helped to identify the 

2 identified tropical wood species. Crossopteryx febrifuga is char- 

cterized on the transverse plane by many small, solitary vessels. 

his species could be recognized at a resolution of 5 μm in the 

eembe sculpture ( Fig. 3 a). The Lega mask ( Fig. 3 b), identified as

lstonia sp., displayed axial parenchyma in a narrow-banded pat- 

ern. This anatomical feature was only visible at the lower reso- 

ution of 14 μm reconstructed voxel size because of a consolida- 

ion treatment in the past. The substance that saturated the ax- 

al parenchyma and ray cells there now caused bright spots in the 

cans, making them visible on the lower resolution scans. The Luba 

rrow holder scan ( Fig. 3 c) shows vessels in a diagonal/radial pat- 

ern, as well as tyloses present in the vessels and crystal and sil- 

ca inclusions in the ray cells, which helped identify the species as 

ynsepalum subcordatum. The scans of Pterocarpus soyauxii at 6 μm 

n the Zande xylophone show gums in the vessels, winged aliform 

nd confluent parenchyma and storied rays ( Fig. 3 d). 

. Discussion 

.1. μCT-based wood identification 

This study successfully identified the wood of all 20 scanned 

bjects, 18 of which to species level. Both quantitative and qual- 

tative diagnostic anatomical features could be described at the 

arge range of resolutions as either present or not, narrowing down 

he potential identifications. This large dataset of 20 varied objects 

erves to further elaborate on smaller case studies, which demon- 

trated the feasibility of X-ray μCT for wood identification in her- 

tage [ 27–30 ]. The range in resolutions (from the highest at 3.5 μm 

oxel size to the lowest at 20 μm voxel size) reflects the impact of 

he variation in sizes, shapes and materials in the selected objects. 

In a previous publication we explored the potential of X-ray μCT 

or wood identification using reference samples, where controlled 

ariations in resolution were possible [ 50 ]. That exploratory work 

ndicated that a resolution range between 3 μm and 8 μm was 

ecessary for successful identification. In this study, testing the- 

ry against practice, most of the objects conformed to these find- 

ngs. However, even the four objects scanned at lower resolution 

ielded sufficient diagnostic features to permit wood identification. 

his suggests that although a resolution of 3–8 μm is ideal, the 

resence of large enough key anatomical features in the wood can 

llow for identification of certain wood species even at lower res- 

lutions. 

In terms of specific anatomical details, scalariform perforations, 

hich are a diagnostic feature, were not visible even at 3.5 μm. In 

he analysis of the Chokwe staff this feature could not be used to 

onclusively distinguish between Rothmannia sp. and Microdesmis 

p.. Other characteristics, such as fibre thickness and ray width, 

ere used for the final identification. In our exploratory study [ 50 ], 

owever, we found that these perforations could be distinguished 

t 3 μm but not at 8 μm. This difference can be in part explained

y a higher signal to noise ratio found in ROI scans used in this 

tudy, rather than scanning small pieces of wood for the previous 

tudy. Crystals, another important diagnostic feature, were clearly 

isible, though subtle differences in brightness between crystals 

nd silica bodies were difficult to quantify as illustrated by the 
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Fig. 1. Examples of object-positioning during ROI scans: the objects’ narrowest part is positioned as close to the X-ray source (indicated with a blue arrow) as possible. The 

Chokwe staff and Luluwa mask are put upside down to target their handles. The crocodile toy is made from moveable parts and could be positioned with the tip oriented 

vertically (reinforced by Tyvek©, bamboo sticks and tape) and as such the body of the crocodile could move underneath the X-ray source. The zoomorphic sculpture from 

the Yombe culture, with glass eyes and most of its body covered in metal elements, is positioned vertically in a wooden structure so the ROI scan targets the tip of the 

figure’s nose and avoids including the highly attenuating materials in the scan. 

Fig. 2. Wood identification process illustrated by the Luluwa mask, identified as Ricinodendron heudelotii. The 3D rendering beneath the object photo shows the ROI scan, 

an 8 mm high cylinder of the internal wood structure (in the object’s handle). This ROI scan was digitally resliced to show the transverse, radial and tangential directions of 

the wood. Annotations of most notable qualitative and quantitative features are indicated on the scans as well as described in the table on the right. 
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Table 2 

An overview per object of the achieved resolution (reconstructed voxel size), the identified wood species and the mechanical and physical properties of the identified wood 

species (sources: tropicaltimber.info; cirad.tropix.fr). 

Object photo Object description ROI 

resolution 

Wood identification Specific gravity 

(12% MC) 

Resistance to dry 

wood borers 

Sculptures 

Kneeling 

Figure sculpture 

4 μm Diospyros sp. 0.9 g/cm ³ Durable 

Beembe statue 5 μm Crossopteryx febrifuga 

(Afzel. Ex G.Don) Benth 

0.68 g/cm ³ Not found 

Chokwe elephant sculpture 8 μm Body: Vitex doniana 

Sweet 

Tusks: Mitragyna 

stipulosa (K.Krause) 

Risdale 

0.4 g/cm ³
0.57 g/cm ³

Not found 

Susceptible 

Yombe funerary statue 8.5 μm Ricinodendron heudelotii 

(Baill.) Pierre ex Heckel 

0.26 g/cm ³ Susceptible 

Masks 

Luluwa mask 3.5 μm Ricinodendron heudelotii 

(Baill.) Pierre ex Heckel 

0.26 g/cm ³ Susceptible 

Pende mask 6 μm Alstonia sp. 0.36 g/cm ³ Susceptible 

Lega mask 14 μm Alstonia sp. 0.36 g/cm ³ Susceptible 

Yoruba mask 7 μm Ricinodendron heudelotii 

(Baill.) Pierre ex Heckel 

0.26 g/cm ³ Susceptible 

Objects of use 

Crocodile toy 4.5 μm Bombax brevicuspe 

Sprague 

0.43 g/cm ³ Susceptible 

Zande knife 5 μm Balanites aegyptiaca (L.) 

Delile var. Aegyptiaca 

0.66 g/cm ³ Not found 

Bindji 

pipe 

Tank: 5 μm 

Bowl: 20 μm 

Crf. Liana 

Crossopteryx febrifuga 

(Afzel. Ex G.Don) Benth 

Not found 

0.68 g/cm ³
Not found 

Not found 

( continued on next page ) 
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Table 2 ( continued ) 

Object photo Object description ROI 

resolution 

Wood identification Specific gravity 

(12% MC) 

Resistance to dry 

wood borers 

Chokwe staff 3.5 μm Microdesmis puberula 

Hook.f. ex Planch. 

0.53 g/cm ³ Susceptible 

Musical instruments 

Yaka slit drum 6 μm Markhamia tomentosa 

(Benth.) K.Schum. 

0.50 g/cm ³ Susceptible 

Holo violin 7 μm Entandrophragma 

cylindricum (Sprague) 

Sprague 

0.69 g/cm ³ Durable 

Yombe bell 8 μm Crossopteryx febrifuga 

(Afzel. Ex G.Don) Benth 

0.68 g/cm ³ Not found 

Zande xylophone 8 μm Pterocarpus soyauxii 

Taub. 

0.79 g/cm ³ Durable 

Power objects 

Luba arrow holder 6 μm Synsepalum subcordatum 

De Wild. 

0.76 g/cm ³ Not found 

Lega zoomorphic sculpture 3.5 μm Albizia adianthifolia 

(Schumach.) W.Wight 

0.63 g/cm ³ Durable 

Songye anthropomorphic 

sculpture 

3.5 μm Cynometra hankei Harms 0.84 g/cm ³ Very durable 

Yombe zoomorphic 

sculpture 

6.8 μm Canarium schweinfurthii 

Eng. 

0.49 g/cm ³ Susceptible 
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b

uba arrow holder in Fig. 3 c. Pits could never be distinguished at 

ny of the resolutions. 

.2. Wood selection 

Identifying the wood in an object allows us to connect the ob- 

ect to the tree species it came from, to the carpenter who se- 

ected this species for the object’s purpose, and to the intended 

se for the community it served. As such, certain relations with 

he physical and mechanical properties of the wood can be dis- 

inguished, telling a part of the story of the object. This approach 

as been discussed in previous studies, such as Mertz et al. [ 51 ],

hich highlight the relationship between wood properties and ob- 

ect function. Vidal et al. [ 8 ] explored wood selection for large- 

cale constructions, such as temples, where the mechanical proper- 

ies of wood and the structural requirements were critical criteria 

n the selection process. We looked at specific gravity – correlating 
117
o its density and weight – and the natural durability of the wood 

pecies. 

.2.1. Sculptures 

Two sculptures in this category were found to be made of wood 

xhibiting anatomical features in the smaller ranges described by 

AWA. Both Crossopteryx febrifuga , found in the Beembe sculpture 

hought to be an ancestor effigy [ 52 ] and Diospyros sp., found in

he small kneeling figure sculpture, have wood vessels measuring 

nder 50 μm and 100 μm in diameter respectively. The small size 

f these elements facilitates a smooth finish of the wood surface, 

hich could suggest that aesthetic factors, such as the fine grain of 

he wood, played a significant role in the choice of these species 

uring the manufacturing process. 

The Chokwe elephant sculpture is comprised of two different 

ood species. The body is made of Vitex doniana , and tinted a deep 

lack by use of a patina finish. The tusks were identified as Mytrag- 
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Fig. 3. Four examples of identified African objects with the reslices of the ROI scan showing the transverse (xs), radial (rls) and tangential (tls) plane. Indications show distinct 

wood features on each of the scans: (blue line) tangential diameter of vessel lumina; (a) deposits in the vessels; (b) axial parenchyma patterns; (c) ray cell configuration; 

(red circle) silica bodies (orange circle) prismatic crystals . The consolidant can be seen in the scans and is indicated with a green arrow. 
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na stipulosa , with no finishing product added. Possibly the white 

olour of this wood was chosen to imitate ivory in this object. 

In comparison, the funerary sculpture is made of Ricinoden- 

ron heudelotii . Its vessels exceed 200 μm in diameter, resulting 

n a rougher grain texture. The reason for this light-weight wood 

s related to its specific function. Made in the likeness of a de- 

eased, the sculpture was displayed in an outdoor monument. Af- 

er a number of years, it would decay and disappear as intended 

 53 , 54 ]. Ricinodendron heudelotii , susceptible to insect and fungal 

ttacks, thus with low durability, corresponds to the use of the ob- 

ect as found in literature: to disappear [ 52 ]. 

Crossopteryx febrifuga and Ricinodendron heudelotii are both 

idely available in many regions in Central Africa, making it an 

ccessible and practical choice for object construction [ 39 , 40 ]. It is

mportant to note that only one object in this study was identified 

s a species listed under the Convention on International Trade in 

ndangered Species of Wild Fauna and Flora (CITES): Diospyros sp. 

his information has implications for the museum’s international 

oan and exhibition policies. 

.2.2. Masks 

A clear connection emerges between the specific gravity of the 

ood and the weight of the masks. Of the four analysed masks, 

wo were made from Ricinodendron heudelotii , which has a spe- 

ific gravity of 0.26 g /cm ³, and two made from a species of the

enus Alstonia , with a specific gravity of approximately 0.36 g /cm ³. 
n cultures like the Yaka and Chokwe masks are an integral part in 

oming-of-age ceremonies. The lightweight nature and low dura- 

ility of both these two woods is directly related to the function of 

he masks, as they were often carved to be worn, and danced in, at 
118
 singular occasion [ 55–57 ]. The choice of Ricinodendron heudelotii 

nd Alstonia sp. thus reflects both practical and functional consid- 

rations in mask-making. 

In addition to their light-weight properties, both genera are 

ommonly present where these masks were produced, making 

hem readily accessible materials for mask-makers. The trees are 

lso of sufficient size to allow for the carving of larger objects, fur- 

her supporting their use in the creation of ceremonial masks. This 

uggests that abundance and local availability of the wood were 

mportant factors influencing material selection for these [ 39 , 40 ]. 

.2.3. Objects of use 

The objects in this category exhibit a wide range of specific 

unctions, making it challenging to establish a unifying criterion. 

he wood of the Zande knife handle was identified as Balanites 

egyptiaca, and the intricately carved Chokwe staff as Microdesmis 

uberula . The use of both objects suggests the wood was supposed 

ithstand some pressures in daily use, which can correspond to 

he relatively high density of both identified wood species. 

The Bindji pipe contains two wood species, creating a contrast 

n texture. The rough-grained stem, identified as a liana from the 

ombretaceae family [ 58 ], features large vessels and a natural hol- 

ow core, which provides a conduit for smoke. The decorative com- 

onents of the object, mouthpiece and bowl, were carved from 

rossopteryx febrifuga , allowing intricate carvings and a smooth fin- 

sh. This reinforces the idea that aesthetic considerations may have 

layed a role in material selection. Literature also suggests the heat 

esistance properties of Crossopteryx febrifuga were important as- 

ects in the manufacturing of a pipe, but we could not find enough 

nformation on the wood properties to confirm this [ 59 ]. Finally, 



S. Dierickx, H. Beeckman, I. Josipovic et al. Journal of Cultural Heritage 73 (2025) 110–121

t

v

t

fi

5

d

t

a

i

p

t

i

t

t

p  

f

w

M

f

p

f

[

p

i

w

5

r

i

c

c

i

i

t

I

a

i

[  

s

s

q

i

r

e

6

m

t

w

t

c

l

l

e

l

f

p

s

t

s

T

d

w

a

p

c

c

μ

i

a

T

e

p

m

E

t

p

o

s

a

(

f

a

A

S

t

c

t

(

G

a

B

F

S

f

R

he wood from the toy crocodile was identified as Bombax bre- 

icuspe. The lightweight wood can be linked to the object’s in- 

ended use, allowing each moveable part—held together by plant- 

ber string—to be easily handled. 

.2.4. Musical instruments 

The analysis of the four musical instruments showed the use of 

istinct wood species, with two of these linked to acoustic quali- 

ies as described in literature. The identification of Pterocarpus soy- 

uxii (African Padouk) in two of the instruments is consistent with 

ts documented high density, durability, and favourable acoustic 

roperties, such as high elasticity modulus and low internal fric- 

ion. These qualities are vital for percussion instruments, support- 

ng their resonance and tonal clarity [ 60–63 ]. 

One instrument, a violin, was identified as being made from En- 

androphragma cylindricum . This species is used in modern acous- 

ic guitars, where its wood contributes to sound quality by forming 

art of the sound chamber [ 64 ]. The soundboard of the violin was

ound to be a Monocotyledon. This is a very low density material, 

hich is common for soundboards in string instruments [ 65 ]. 

For the other two instruments— a small slit drum made of 

arkhamia tomentosa and a Yombe bell crafted from Crossopteryx 

ebrifuga —there is no literature addressing these species’ acoustic 

roperties. This specific Yombe bell is mainly noted in literature 

or its intricate carvings and use in ceremonies, not for its sound 

 66–68 ]. Again, the smooth grain of Crossopteryx febrifuga likely 

layed a significant role in its selection, emphasizing the dual 

mportance of aesthetic and functional qualities in the choice of 

ood. 

.2.5. Power objects 

The objects in this category are highly varied in their functions, 

anging from personal to communal use. Their unifying character- 

stic lies in their connection to the spirit world. While the wood- 

arver was responsible for shaping these objects, they didn’t be- 

ome imbued with power until they were activated through the 

nvolvement of an Nganga (ritual specialist or healer). There is lim- 

ted literature regarding whether the choice of wood was as critical 

o the objects’ spiritual function as other aspects of their creation. 

t is important to acknowledge that the spiritual meanings associ- 

ted with specific tree species are part of the privileged knowledge 

nherent to the communities that created and used these objects 

 69 , 70 ]. While it is certain that the selection of wood species held

ignificance in the creation and activation of these objects, under- 

tanding why particular species were chosen remains a complex 

uestion that can only be answered through further culturally- 

nformed research. The sacred nature of this knowledge, strongly 

ooted in the communities’ worldviews, limits the extent to which 

xternal researchers can fully interpret these choices [ 71 , 72 ]. 

. Conclusion 

This study demonstrates the successful application of X-ray 

icro-tomography (μCT) for the non-destructive wood identifica- 

ion of 20 Sub-Saharan African heritage objects, representing a 

ide range of sizes, shapes, materials, and conditions. Based on 

he scans, 18 of 22 wood species present in the 20 cultural objects 

ould be identified to species level, 3 could be identified to genus 

evel and lastly, the stem of the Bindji pipe was identified as a 

iana, probably of the Combretaceae family. The distribution, diam- 

ter, and density of the vessels proved to be highly diagnostic, al- 

owing for an accurate identification of species such as Crossopteryx 

ebrifuga and Ricinodendron heudelotii at various resolutions. The 

resence of tyloses and other vessel deposits further supported 

pecies identification, while distinct axial parenchyma patterns and 

he visibility of rays and inclusions, such as prismatic crystals and 
119
ilica bodies, provided additional confirmation of wood species. 

he ability to observe these features at even lower resolutions un- 

erscores the versatility of μCT scanning as a non-invasive tool for 

ood identification in cultural heritage objects, providing invalu- 

ble insight into the materials used in their construction. 

By correlating the identified wood species with their technical 

roperties—such as density, and durability—we revealed significant 

onnections between the material choices and the intended use or 

ultural function of the objects. This study aims to validate X-ray 

CT as a powerful tool for non-invasive wood identification in her- 

tage objects but also sheds light on the culturally and function- 

lly informed selection of wood species in African material culture. 

hese findings enrich our understanding of the technical knowl- 

dge and craftsmanship behind the creation of these objects, while 

roviding crucial insights for their conservation and preservation in 

useum collections. 

thical considerations 

This research is based on Western methodologies and interpre- 

ations of African cultural objects. We acknowledge that, as Euro- 

ean researchers, we cannot fully grasp all aspects and meanings 

f these objects. We have been guided in the disclosure of the re- 

ults by the framework provided by source community contacts, 

nd our objective is limited to uncovering certain elements of their 

material) context. We are committed to supporting researchers 

rom the source communities by providing them with the scans 

nd results collected in this study. 

cknowledgments 

The authors acknowledge the financial support of the Belgian 

cience Policy Office (BELSPO) for the TOCOWO project and 

he CONteXT project (B2/191/p2/TOCOWO; B2/233/P2/CONteXT to- 

owo.ugent.be). We also acknowledge the financial support by 

he BOF Special Research Fund for the UGCT Core Facility 

BOF.COR.2022.008) and for the Nanowood CT system (BOF Starting 

rant JVdB, BOFSTG20180 0 0701, FWO Grant G0 0972ON , G019521 N 

nd FBW-CWO-UGent grant JVdB). W.H. received support from 

ELSPO through research profile FED-tWIN2019-prf-075 (Congo- 

ORCE). 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi:10.1016/j.culher.2025.03.001 . 

eferences 

[1] M. Dominguez-Delmas, A. Daly, K. Haneca, From forest to heritage: unravelling 

the journey of historical timbers and wooden cultural heritage, International 
Journal of Wood Culture 1 (3) (2023) 1–7, doi: 10.1163/27723194-bja10024 . 

[2] A. Lo Monaco, F. Balletti, C. Pelosi, Wood in cultural heritage properties and 
conservation of historical wooden artefacts, European Journal of Science and 

Technology 14 (2) (2018) 161–171 http://hdl.handle.net/2067/48001 . 
[3] H. Beeckman, Collections of the RMCA: wood, Museum series (2007) 94–95 . 

[4] A.N. Shugar, B.L. Drake, G. Kelley, Rapid identification of wood species using 

XRF and neural network machine learning, Science Rep 11 (1) (2021) 1–10, 
doi: 10.1038/s41598- 021- 96850- 2 . 

[5] P. Ravindran, A.C. Wiedenhoeft, Comparison of two forensic wood identifi- 
cation technologies for ten Meliaceae woods: computer vision versus mass 

spectroscopy, Wood Science Technology 46 (2) (2020) 1163–1175, doi: 10.1007/ 
s00226- 020- 01178- 1 . 
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