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a b s t r a c t 

Studying wooden objects from ancient Egypt provides valuable insights into past economies, craftsman- 

ship, and trade networks. However, traditional wood identification methods are often invasive, restricting 

research on fragile and museum-conserved items. Here, we present WoodScope, an interdisciplinary ap- 

proach combining visual, macroscopic, and microscopic techniques to enhance the identification accuracy 

of ancient Egyptian wooden objects while preserving their integrity. Applied to 187 nearly 40 0 0-year-old 

objects from diverse funerary contexts, WoodScope revealed significant links between material choices 

and cultural practices, including the first documented use of grape wood in a funerary cow model. This 

approach bridges preservation ethics, scientific precision and challenges related to object accessibility, 

offering a transformative framework for studying ancient wooden objects, advancing archaeological re- 

search, and informing conservation strategies for ancient Egypt’s cultural heritage. 

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

license ( http://creativecommons.org/licenses/by/4.0/ ) 
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ntroduction and research aim 

Ancient Egyptian wooden objects provide a unique perspective 

nto the environmental, economic, cultural, and technological con- 

exts of their time [ 1 ]. They contribute to documenting Egypt’s an- 

ient economy, craftsmanship, funerary practices, and trade net- 

orks [ 2–4 ]. However, their fragile condition and varied states 

f preservation demand advanced, knowledge-driven conservation 

echniques, particularly for identifying the wood species used in 

heir construction. 

Accurate wood identification is essential for conserving and 

reserving these ancient objects [ 5 ]. Their traditional, reliable 

ood identification is based on observing thin wood sections un- 

er a microscope [ 6–8 ]. This process is aided by identification keys, 

atabases, and software, helping the wood expert to match ob- 

erved features with reference materials [ 8–14 ]. Recent scientific 

dvances, such as artificial intelligence for wood identification [ 15 ], 

olecular (DNA) analysis [ 16 ], and chemical and physical methods 

 17–20 ], offer promising alternatives but are often unsuitable for 
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ragile objects due to their invasive nature or limited taxonomic 

recision. Anatomical methods based on microscopic analysis of 

hin wood sections remain the gold standard for identifying wood 

n culturally significant objects [ 6 , 7 ]. However, applying these tra- 

itional wood identification techniques to ancient Egyptian objects 

s also often constrained by ethical considerations, as removing 

aterial is generally forbidden for objects of such historical and 

ultural significance. 

Globally, major museum collections housing wooden objects 

rom ancient Egypt face significant challenges due to the lack of 

ood identification. This issue is worsened by the invasive na- 

ure of many identification methods, which restricts comprehen- 

ive analysis. As a result, studies are often limited to the most 

ccessible or already compromised objects. Many well-preserved 

nd valuable items remain unexamined to avoid potential dam- 

ge. The fragile condition and diverse preservation states of these 

bjects further complicate the process. Many objects have under- 

one restoration, are displayed behind glass, or are coated with 

aint or plaster, which obscures their surfaces and limits direct 

bservation. Moreover, surface preparation to enhance wood vis- 

bility is generally prohibited, and sampling, even minimally from 

xposed areas as recommended in the literature [e.g., 6, 21 ], is typ- 

cally not allowed. Furthermore, the incomplete understanding of 

ncient Egyptian flora [ 22 ] reduces the availability of reference ma- 

erials, further complicating the task of achieving accurate wood 
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Fig. 1. Overview of the WoodScope approach for enhanced wood identification of ancient Egyptian objects. This interdisciplinary method integrates the expertise of 

Egyptologists, wood specialists, and conservators, facilitating non-invasive methods and improving the possibility of performing wood identification while prioritising the 

preservation of museum objects. The figure outlines the five key steps of the process: 1) Preparation and permissions, 2) Implementation of wood identification, 3) Securing 

results and analysis, 4) Communication and integration of results, and 5) Bridging disciplines and publication. The collaboration between disciplines enables WoodScope to 

deliver new insights into ancient Egyptian chronology, wood economy, trade networks, and cultural practices, contributing to more informed museum presentations and 

research. 
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dentification. These limitations pose significant barriers to con- 

entional identification methods, highlighting the need for non- 

nvasive, context-sensitive alternatives. 

To overcome these challenges, we introduce the WoodScope 

pproach, a comprehensive strategy designed to maximise wood 

dentification potential while preserving the object’s integrity and 

imiting micro-targeted sampling to cases where wood anatomical 

eatures are crucial for reliable taxonomic identification and can- 

ot be assessed non-invasively ( Fig. 1 ). We named it WoodScope to 

ighlight its focus on wooden objects and its multi-scale investiga- 

ive process. While the individual techniques employed by Wood- 

cope are established in the field of wood anatomy and identifica- 

ion ( 21 , 23–25 ), the novelty of our approach lies in the structured

ntegration of these methods into a systematic, collaborative work- 

ow that emphasises preservation ethics, responds to accessibility 
139
onstraints commonly encountered in Egyptological contexts, for- 

alises the decision-making process before sampling, and frames 

ood identification within historical and ecological perspectives. 

WoodScope integrates diverse experiences, encompassing vi- 

ual, macroscopic, and microscopic techniques, while accounting 

or both anatomical and non-anatomical features, and adapting to 

he accessibility of objects. It begins with the definition of the 

argeted objects and the aims of the investigation. Wood iden- 

ification starts with visual assessments of grain and anatomical 

r non-anatomical features visible to the naked eye, which can 

ield meaningful results, as demonstrated throughout our study. 

acroscopic examination with a hand lens adds further detail 

 9 , 26 ], helping determine whether microscopic analysis is neces- 

ary and reducing the need for invasive procedures. By incorporat- 

ng techniques such as targeted micro-sampling and utilising loose 
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r fallen fragments, WoodScope fosters trust and collaboration be- 

ween scientists and conservators, who are cautious of traditional 

ood identification approaches and perceive them as overly reliant 

n invasive sampling. This approach offers a structured, interdisci- 

linary workflow that prioritises object preservation, responds to 

ractical accessibility constraints, and enables detailed research on 

ragile cultural heritage materials. WoodScope also encourages the 

idespread adoption of non-invasive techniques in museums and 

esearch institutions to expand our knowledge of precious wooden 

bjects, suggesting minimal, targeted sampling only when strictly 

ecessary. 

This paper illustrates the application of the WoodScope ap- 

roach to ancient Egyptian wooden objects through three distinct 

ase studies: (1) objects behind glass, observed visually or through 

hotography; (2) objects accessible for close surface examination; 

nd (3) objects available for microscopic analysis through targeted 

ampling. We applied WoodScope to 187 nearly 40 0 0-year-old 

ooden objects from diverse funerary contexts in Egypt. By ad- 

ressing key challenges in wood identification, including preserva- 

ion constraints and accessibility, our approach advances diagnostic 

ccuracy while shedding light on material selection, craftsmanship, 

nd socio-economic factors in ancient Egypt. 

aterial and methods 

tudy objects 

This study investigated the wood identification of ancient Egyp- 

ian wooden objects dating from approximately 2181 to 1760 BCE, 

ocusing on three case studies. These objects, now housed in the 

gyptisches Museum und Papyrussammlung in Berlin and the Fon- 

azione Museo delle Antichità Egizie in Torino, originate from sites 

uch as Thebes and Asyut. The selection was deliberate, prioritis- 

ng their current placement in museum collections or storage to 

est the WoodScope approach under diverse conditions. By draw- 

ng on diverse contexts, sites, and periods, the selected case studies 

ighlight the versatility and broad applicability of the approach. 

The selection process was further informed by the chronological 

nd geographical significance of the studied objects, with an em- 

hasis on well-documented funerary contexts from Middle Egypt. 

riority was given to well-preserved and, if possible, complete fu- 

erary assemblages, which allow the identification of patterns in 

aterial selection and production techniques. Consideration was 

lso given to how materiality is presented within museological 

ontexts, such as the display of wooden arms in open showcases 

hat highlight the texture and grain of the wood. This integrated 

pproach advances our understanding of ancient Egyptian wooden 

odels and establishes a framework for future interdisciplinary re- 

earch and exhibition strategies. 

The present study focused on a diverse range of objects from 

he ancient Egyptian material realm, including funerary items such 

s a coffin, a figure, a model cow, various fragmentary elements 

f wooden model figures, and an everyday tool like a plough. 

his selection enables preliminary conclusions to be drawn about 

he spectrum of wood used in ancient Egypt and opens several 

venues for further investigation. From an Egyptological perspec- 

ive, coffins and figures are highly complex items. The coffins 

rom the end of the Old Kingdom to the middle of the Mid- 

le Kingdom are typically rectangular boxes with flat or, rarely, 

aulted lids [ 28 ]. Apart from being a ‘container’ for the deceased, 

offins, among other functions, offer protection, have religious- 

ransformative powers, and may provide funerary texts and depic- 

ions dedicated to the eternal provision of the dead and his pas- 

age to the afterlife as well as his resurrection [ 29–33 ]. Funerary 

gures, especially statuettes and statues, represent concepts asso- 

iated with the deceased or their household and can serve as focal 
140
oints of ritual practices [ 34 , 35 ]. Funerary models encompass com- 

lex meanings that extend beyond providing eternal provision for 

he deceased, and mobility, among other representational aspects, 

epresent connections to funerary estates [ 36–40 ]. Obtaining more 

nformation on the materiality of these objects allows us to gain 

eeper insights into the reality of woodworking and ‘wood choices’ 

n ancient Egypt. 

isual examination 

The initial inspection began with a visual examination of the 

ood’s surface characteristics by the naked eye. Each object was 

xamined under natural and artificial light, documenting visible 

rain patterns, overall colour variations, regularly alternating bands 

f dark and light colour and surface texture [ 41 , 42 ]. Prominent

natomical features were noted, such as vessels, rays, and ax- 

al parenchyma visible to the naked eye [ 26 , 43 ]. Observations in-

luded differences in colour between the sapwood (the outer part 

f the stem) and heartwood (the inner part), as well as the pres- 

nce and extent of wood cracks. Estimated wood density, sur- 

ace fluorescence colour, and intensity under ultraviolet light were 

lso recorded, as these factors may offer additional clues about 

he kind of wood [ 9 ]. Surface features were photographed using 

 high-resolution digital camera (Sony Alpha 7R IV) equipped with 

 macro lens (Sony FE 90 mm f/2.8 Macro) to capture detailed im- 

ges of the wood surfaces. 

acroscopic analysis 

A hand lens with 10x magnification was employed for macro- 

copic examination of the wood, providing a closer inspection of 

natomical structures, such as vessels, rays, and axial parenchyma 

 9 , 43 ]. First, the object was oriented according to its original posi-

ion within the tree stem by identifying the transverse, radial, and 

angential sections. This orientation of the wood surface relative to 

he tree stem was crucial for interpreting the wood’s anatomical 

eatures and natural growth patterns. Standard macroscopic char- 

cters were systematically analysed as outlined in the literature 

 9 , 26 , 43 ]. 

During this stage, a detailed list of macroscopic characters vis- 

ble on the object’s surface was generated to guide the identifica- 

ion process [ 43 ]. This list served as a foundation for narrowing 

own potential wood species. Key characters under investigation 

ncluded growth ring visibility, wood porosity (i.e., ring-porous, 

iffuse-porous, or semi-ring-porous), vessel grouping (e.g., solitary, 

adial multiples, or clusters), the presence of tyloses (outgrowths in 

essels) or deposits within vessels, and the distribution pattern of 

xial parenchyma (e.g., banded, diffuse in aggregates, or lozenge- 

liform) [ 9 ]. Special attention was given to the wood rays, which 

tore and mobilise sugars and starch, by assessing their width, 

eight, and arrangement, as these might be important for distin- 

uishing between species [ 9 ]. 

Whenever feasible, precise measurements of the wood rays and 

essel diameters were taken using a graduated lens, with measure- 

ents recorded to the nearest 0.1 mm. This measurement ensured 

ccuracy and consistency across comparative analyses, providing a 

eliable basis for further microscopic examination. In the Wood- 

cope approach, microscopic analysis and sampling are not the ini- 

ial step but a last resort, pursued only if visual and macroscopic 

nalyses, integrated with historical and ecological context informa- 

ion, do not yield sufficient taxonomic resolution. This contrasts 

ith other approaches, where advanced techniques are applied on 

mall sampled fragment, preceding or even replacing visual assess- 

ent [ 44 ]. 
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icroscopic analysis 

For selected objects of particular interest, where visual and 

acroscopic observations were inconclusive, we requested sam- 

ling for microscopic analysis to examine the microscopic fea- 

ures of the wood. Given the remarkable cultural and historical 

ignificance of the ancient Egyptian objects, non-invasive sampling 

echniques were prioritised to preserve their integrity. Whenever 

ossible, we collected naturally separated loose wood fragments 

nd detritus that had accumulated on or near the objects over 

ime. In cases where such material was unavailable, we employed 

inimally invasive sampling methods, restricting sampling to mi- 

roscale and non-destructive extraction of wood thin sections from 

atural cracks or hidden surfaces. This sampling was done with 

terile forceps, ensuring minimal material removal and preserving 

he object’s surface integrity. 

Microscopic analysis was carried out using a reflected light mi- 

roscope (Olympus BX53) with magnifications ranging from 40x to 

00x, providing varying levels of detail for the anatomical features. 

e employed Scanning Electron Microscopy (SEM) (PhenomTM XL 

2 Desktop SEM) to obtain ultra-detailed images of the wood’s mi- 

rostructure for samples unsuitable for observation under a light 

icroscope. SEM was beneficial in cases where traditional light mi- 

roscopy could not undoubtedly resolve fine features, such as the 

estured intervessel pits characteristic of families like the Fabaceae, 

hich are well-represented in the ancient Egyptian wooden her- 

tage (a notable example being Vachellia sp.). This method enabled 

s to study cellular and subcellular details, revealing diagnostic 

haracteristics critical for accurate wood identification. Anatomical 

ood features are named according to international standards [ 45–

7 ]. 

eference materials and comparison 

The wood anatomical features observed in the ancient Egyptian 

bjects were systematically compared to reference materials from 

stablished wood anatomy databases and physical sample collec- 

ions to ensure accurate identification. Primary resources for com- 

arison included wood collection samples from the Department 

ISAFA at the University of Torino, which holds wood samples and 

icroscope slides of known species, as well as the InsideWood 

 10 , 11 ] database, an extensive online repository of wood anatom- 

cal data, and atlases [ 12–14 , 48–50 ]. These resources enabled us 

o cross-reference our observations with known anatomical traits, 

hile also providing historical context, highlighting how ancient 

gyptian wood use extended beyond local flora to include species 

rom the Mediterranean and central Africa, reflecting the influence 

f long-distance trade networks. Our team’s long-standing practical 

xperience, built over two decades of wood identification, Egyp- 

ology and ancient Studies research in both academic and applied 

ettings, complemented these references. 

esults 

ood species reveal ancient material culture 

In 2024, during two wood identification campaigns at the Egyp- 

ian Museums in Berlin, Germany, and Torino, Italy, our inter- 

isciplinary team applied visual, macroscopic, and microscopic 

echniques to identify wood species in ancient Egyptian funerary 

quipment. These objects included wooden coffins, figures, and 

odels, which were critical components of ancient Egyptian burial 

ustoms. They represented different complex concepts of funerary 

eliefs, including the preservation and transformation of the de- 

eased and the need for sustenance and mobility ( Table 1 ). 
141
Each wooden object was classified as made of either hardwood 

angiosperm or broadleaved) or softwood (gymnosperm or conifer) 

ased on the presence or absence of vessels (structures that trans- 

ort water). While hardwoods have visible vessels that can be ob- 

erved even under low magnification, softwoods often require mi- 

roscopic examination to distinguish their water-conducting cells, 

nown as tracheids [ 9 ]. When sufficient anatomical details were 

bservable, we aimed to further refine identification to the fam- 

ly, genus, or species level. Whereas when the object’s conservation 

tate hindered visibility of any wood anatomical features, the wood 

as classified as “unknown,” acknowledging the limitations im- 

osed by the object’s surface conditions, including surface degra- 

ation or covering materials like paint. We draw on regionally spe- 

ific knowledge of plant species presence over time [ 51 ], using 

rchaeological context information to refine identification further 

nd support accurate historical interpretations. The details of all 

esults and the wood features used for species identification are 

resented in Table 2 . 

We conducted the first case study ( Table 1 ) on two objects 

t the Berlin Museum Gallery. Objects displayed in glass cabinets 

ere examined using a camera equipped with a macro lens. The 

gure of Mentuhotep (ÄM 4650, ca. 1991–1783 BCE) ( Fig. 2 A ) and

 food-production model scene (ÄM 10828, ca. 1991–1783 BCE) 

 Fig. 2 B ) were documented visually through the glass, yielding pre- 

iminary insights towards wood identification, explored towards 

acro photography. 

The figure of Mentuhotep shows the wooden surface through- 

ut. Visual observation through the glass cabinet and analyses of 

he macro photos of the object confirmed early observations [ 27 ] 

tating that two different kinds of wood were used to manufac- 

ure it: one for the upper body ( Fig. 2 A.1 ), including the head and

ig, arms and bust, and another for the skirt ( Fig. 2 A.2 ). While

he upper body wood shows distinct growth rings and a reason- 

bly homogenous structure with no visible vessels or rays (struc- 

ures in wood that transport and store nutrients), the wood of the 

kirt shows large longitudinal grooves from vessels and alternat- 

ng, irregular colour patterns traceable to axial parenchyma. Axial 

arenchyma is a soft tissue found in plants that helps store food 

nd water. On the wood surface, it appears as thin, light-coloured 

ands or patches and often surrounds vessels or forms patterns 

hat can help identify the wood species [ 9 ]. From t h is information,

e could identify the upper body as a softwood and the skirt as a 

ardwood. For the upper body, sampling for microscopic anatom- 

cal observation would be necessary to enhance identification ac- 

uracy. For the skirt, the next step towards a more accurate wood 

dentification would be to make a close macroscopic observation 

f the wood surface with a 10x hand lens. The wooden base of the 

gure did not reveal any wood features useful for identification, 

rimarily due to the finely carved inscriptions and decorations on 

ts surface. 

Although the figure of Mentuhotep was initially painted, iden- 

ifying two different types of wood provides valuable insights into 

ncient Egyptian craftsmanship and socio-economic contexts. The 

resence of a softwood is particularly noteworthy, as coniferous 

pecies did not grow in Egypt and were imported, often signify- 

ng high status and power. These results suggest that workshops 

ad access to a variety of raw materials, reflecting well-established 

rade networks and resource availability [ 52 ]. While it is possible 

hat two pieces of wood were simply at hand in the workshop, 

t is uncommon for a figure’s upper body and skirt to be carved 

eparately. If the choice of two different woods was intentional 

ather than incidental, this finding contributes to our understand- 

ng of material selection in funerary and other cultural practices, 

articularly in the creation of figures, where materiality may have 

nfluenced their intended function or meaning. Moreover, museum 

onservators can apply these findings to develop tailored conserva- 
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Table 1 

Multi-scale wood identification: Tools, techniques, and outcomes from three case studies. Overview of the multi-scale wood identification approach applied in three 

case studies, illustrating the progressive use of visual, macroscopic, and microscopic techniques alongside the tools required, the objects examined, and the resulting level of 

wood identification. 

Approach Case study 1: Visual approach Case study 2: Visual and macroscopic 

approaches 

Case study 3: Visual, macroscopic and 

microscopic approaches 

Objects The figure of Mentuhotep (ÄM 4650). 

A food-production model scene (ÄM 

10828) 

A cow model (ÄM 13800). 

Fragments of wooden figures. 

A plough (S.14091). 

A coffin wall fragment (S.14494). 

Tools Naked eye observation and camera 

with a macro objective. 

Naked eye observation, camera with a 

macro objective, and 10x 

magnification lens. 

Naked eye observation, camera with a 

macro objective, 10x magnification 

lens and microscopes. 

Wood identification 

result 

From hardwood (angiosperm) or 

softwood (gymnosperm) to species. 

Genus to species. Genus to species. 

Interactions among 

experts 

Egyptologists offer insights into objects’ provenance, functions, and broader cultural context, helping narrow down potential wood 

species. 

Conservators ensure minimal invasiveness and preservation-conscious handling of object. 

Wood anatomists apply identification techniques to build detailed profiles of the wood species used. 

Fig. 2. Visual and macroscopic inspection of ancient Egyptian objects for wood identification. A: Figure of Mentuhotep (ÄM 4650 at the Ägyptisches Museum und 

Papyrussammlung Berlin). 1, 2: Magnified longitudinal views of specific areas: the wig (1) and the skirt (2), highlighting details useful for wood identification. B: A food 

production model scene (ÄM 13800 at the Ägyptisches Museum und Papyrussammlung Berlin) and (3) a 10x magnified view of the board on which figures and objectives 

are arranged. C: Model cow (ÄM 13800 at the Ägyptisches Museum und Papyrussammlung Berlin). 4: Exposed Vitis sp. wood cross-section on the muzzle. D: Overview of 

fragments of (model) figures displayed at the Egyptian Museum in Torino. 5: view of a conifer fragment’s wood cross-section through the 10x hand lens. All photographs 

were taken by the authors and published with the museum’s permission. 
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t

ion strategies, preserving each wood type according to its specific 

roperties and ensuring more accurate restoration and long-term 

reservation. 

The food production scene model is on display at the museum 

n Berlin and consists of two human model figures, a grinding 

tone, a vat, and an oven on a flat base from an unknown con- 

ext ( Fig. 2 B ). Most of the objects in it still retain their original

aint, hindering the visibility of most of the wood surface. How- 

ver, on the visible wood surfaces, alternating light and darker- 

oloured bands form geometric patterns, ranging from straight, 

arrow lines to flame-like hyperbolas, depending on the observed 
142
urface orientation ( Fig. 2 B.3 ). These patterns represent the alter- 

ating axial parenchyma and fibre bands typical of fig wood ( Ficus 

p.) [ 10 , 12 , 14 ]. While the choice of fig wood is unsurprising [ 6 ],

t is noteworthy that we could accurately identify it even through 

he glass of a museum showcase, with a level of precision that is 

ypically only achievable with a microscope. 

The second case study ( Table 1 ) involved a cow model (ÄM 

3800) in the Berlin Museum’s storage ( Fig. 2 C ). Granted hands- 

n access by museum conservators, we used a 10x hand lens and 

 macro camera to inspect the wood surface. Initial visual inspec- 

ion of the cow model was limited because the paint covers al- 
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Table 2 

Multi-scale wood identification of ancient Egyptian objects. Overview of results obtained by applying the WoodScope approach to 187 ancient Egyptian wooden objects, illustrating the integration of visual, 

macroscopic, and microscopic techniques. The table categorises objects based on the level of identification achieved (group, family, genus, species), highlighting the required equipment and methodology for each 

case study. While visual observation provided preliminary classifications, macroscopic analysis refined identifications, and microscopic methods were necessary for increased accuracy when applicable. This framework 

demonstrates the potential of non-invasive and minimally invasive techniques for wood identification in cultural heritage studies. 

Scenario Object ID Part of the object Equipment Results Notes 

Group Family Genus Species 

1 Visual Figure of Mentuhotep 

(ÄM 4650) 

The top part of the 

body 

Naked eye. 

Macro camera. 

Softwood – – – Microscopic observation is necessary to 

improve the accuracy of wood identification. 

The lower part of 

the body 

Naked eye. 

Macro camera. 

Hardwood – – – Macroscopic observation might provide 

identification at the genus level. Microscopic 

observation is necessary to improve the 

accuracy of wood identification. 

Base Naked eye. 

Macro camera. 

Possibly 

hardwood 

– – – Macroscopic observation might provide 

identification at the genus level. 

Food production model 

scene 

(ÄM 10828) 

Two human model 

figures, a grinding 

stone, a vat and an 

oven on a flat base 

Naked eye. 

Macro camera. 

Hardwood Moraceae Ficus – Anatomical identification at the species level 

is impossible, so this is the best accuracy that 

can be achieved regardless of the observation 

method. 

2 Visual and 

macroscopic 

Model of a cow 

(ÄM 13800) 

Naked eye. Macro camera. 

Hand lens (10x). 

Hardwood Vitaceae Vitis – Anatomical identification at the species level 

is impossible, so this is the best accuracy that 

can be achieved regardless of the observation 

method. 

Fragments of wooden 

figures 

Four fragments Naked eye. 

Hand lens (10x). 

Softwood – – – Microscopic observation is necessary to 

improve the accuracy of wood identification. 

31 fragments Naked eye. 

Hand lens (10x). 

Hardwood Tamaricaceae Tamarix – Anatomical identification at the species level 

is impossible, so this is the best accuracy that 

can be achieved regardless of the observation 

method. 

42 fragments Naked eye. 

Hand lens (10x). 

Hardwood Moraceae Ficus – Anatomical identification at the species level 

is impossible, so this is the best accuracy that 

can be achieved regardless of the observation 

method. 

100 fragments Naked eye. 

Hand lens (10x). 

Hardwood – – – Wood surface preparation or microscopic 

observation is necessary to improve the 

accuracy of wood identification. 

One fragment Naked eye. 

Hand lens (10x). 

Not wood – – – –

3 Visual, 

macroscopic and 

microscopic 

Coffin wall fragment 

(S.14494) 

Naked eye. Macro camera. 

Hand lens (10x). 

Reflected and transmitted 

light high-power 

microscopes. 

Scanning Electron 

Microscope (SEM). 

Softwood Pinaceae Cedrus – Anatomical identification at the species level 

is impossible, so this is the best accuracy that 

can be achieved regardless of the observation 

method. 

Model of a plough 

(S.14091) 

Naked eye. Macro camera. 

Hand lens (10x). 

Reflected and transmitted 

light high-power 

microscopes. 

Scanning Electron 

Microscope (SEM). 

Hardwood Fabaceae Vachelia – Anatomical identification at the species level 

is difficult due to high anatomical variability. 

1
4

3
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ost the entire surface, except for the areas where the legs were 

ttached and an exposed area of the muzzle. The latter area repre- 

ents a perfectly oriented cross-section of the wood, which we ob- 

erved with a magnifying lens to find remarkably well-preserved 

ood anatomical details ( Fig. 2 A.4 ). A general interpretation of the 

ross-section pointed immediately toward the wood of a liana (i.e., 

 non-self-supporting plant or climber) with typical large vessels 

nd broad rays [ 53 ]. Additional specific wood features visible with 

 10x magnification lens on a transverse section include a variable 

ood porosity, vessels in radial files, and rays visible to the naked 

ye of Vitis’ wood, the grapevine [ 10 , 12 , 14 ]. This object does not re-

uire further sampling for anatomical microscopic observation, as 

he wood identification is definitive, and additional analysis would 

ot yield a more accurate result. 

To our knowledge, this wood identification represents the first 

ecorded instance of grape wood being used in ancient Egyptian 

odels. This finding broadens our understanding of the range of 

ood species employed by craftsmen, highlighting the inclusion 

f a locally available resource. Given the well-documented scarcity 

f wood in ancient Egypt [ 6 , 54 ], it is possible that the choice of

rape wood was driven by availability rather than deliberate selec- 

ion. However, its use also demonstrates the adaptability of Egyp- 

ian craftsmen in sourcing alternative materials to meet the high 

emand for funerary goods and everyday objects. 

We also performed macroscopic observations of wooden fig- 

re fragments to explore the possibility of collecting information 

n the type of wood from many small objects ( Fig. 2 D ). Of the

78 fragments analysed through the 10x hand lens at the Mu- 

eum in Torino, 177 were classified as wood, while one was iden- 

ified as bone. Four wooden fragments were classified as softwood 

 Fig. 2 D.5 ) and 173 as hardwood. Of the latter, 73 fragments were

dentified to the genus level: 42 as Ficus sp. (fig) and 31 as Tamarix 

p. (tamarisk), while 100 remained unidentified hardwoods. These 

ight include fig, tamarisk, and other woods, but the surface did 

ot allow us to observe any distinctive wood features, except for a 

ew vessels or wide rays. 

Scanning many pieces of the same object typology allows gath- 

ring statistics on material use patterns without invasive sampling. 

y visually or macroscopically categorising wood groups, we can 

dentify trends in wood usage across different periods, regions, or 

bject types and rank objects for deeper study. Such non-invasive, 

arge-scale assessments provide a strategic foundation for future 

n-depth investigations, facilitating targeted sampling for micro- 

copic analyses only where it is most informative. 

For the third case study ( Table 1 ), we describe the application 

f the WoodScope approach on two objects from the Museum in 

orino: a model of a plough (S.14091, ca. 2161–1760 BCE) and a 

offin wall fragment (S.14494, ca. 1939–1760 BCE) ( Fig. 3 A, B ). We

erformed visual and macroscopic wood observations which did 

ot result in an accurate wood identification beyond the hardwood 

nd softwood categories. So, after granting permission from mu- 

eum conservators and the local Superintendence for Cultural Her- 

tage, we sampled loose wood parts within natural cracks using a 

urgical scalpel. Samples, ranging from 2 to 3 mm in length and 

bout a millimetre across, were analysed with high-powered light 

nd SEM microscopes, providing detailed anatomical insights cru- 

ial for accurate wood identification. 

For the model of a plough, we focused on surface characteris- 

ics and wood anatomy to determine the wood species. The object, 

uilt from a bifurcating stem of about 10 cm in diameter, retained 

ark and showed inner heartwood darker than the outermost sap- 

ood ( Fig. 3 A.1 ). Macroscopic analysis revealed the presence of 

essels. At the same time, rays were not visible in the tangen- 

ial section. Further microscopic examination on a self-detached 

 × 1 × 4 mm wood particle revealed several key anatomical fea- 

ures, such as axial parenchyma lozenge-aliform, rays being 3 to 
144
 cells wide, vessels mainly in radial multiples of 2–3 ( Fig. 3 A.2 )

nd inter-vessel vestured pits ( Fig. 3 A.3 ). This combination of char- 

cters points to the Fabaceae family [ 48 ]. Given the site’s geo- 

raphical location and specific object morphology, Vachellia (aca- 

ia, thorn trees) and Ceratonia (carob tree) emerged as probable 

enera within the Fabaceae family. The intervessel pit size of ap- 

roximately 7 μm and the absence of septate fibres further nar- 

owed the identification to Vachellia [ 10 , 49 ], confirming its likely 

se. While Egyptologists are used to the name acacia for the genus 

f this wood, it has recently undergone a botanical reclassification 

nto the five genera named Acacia, Acaciella, Mariosousa, Senegalia 

nd Vachellia [ 30 , 55 , 56 ], with Acacia reserved primarily for Aus-

ralian species. 

We also investigated a coffin wall fragment ( Fig. 3 B ). The vi-

ual observation of the growth ring pattern suggested a softwood 

ith narrow and regularly spaced growth rings and a gradual 

arlywood-to-latewood transition ( Fig. 3 B.4,5 ). However, given that 

he woods of most softwoods share similar macroscopic features 

 21 ], it is impossible to tell them apart without an anatomical in- 

estigation carried out at higher magnification. Our Scanning Elec- 

ron Microscopy (SEM) observations on a small wood fragment al- 

owed the anatomical details of bordered pits in axial tracheids to 

e examined, revealing the presence of scalloped tori (a structural 

eature in wood cells that helps regulate water flow), a feature con- 

istent with Cedrus sp. (cedar) [ 14 , 57 ] ( Fig. 3 B.6 ). 

From an Egyptological perspective, the use of cedar wood high- 

ights its status as a favoured material for coffin construction, par- 

icularly among individuals who had access to imported resources. 

or the ancient Egyptians, cedar wood offered multiple advantages, 

ncluding the availability of wider and straighter boards compared 

o locally sourced wood, easy workability, high natural durability 

gainst insect and fungal decay, and a pleasant aroma [ 2 ]. At the

ame time, its natural dark heartwood colour may have further in- 

uenced its selection [ 58 ]. 

This investigation provides valuable insights for museum con- 

ervators. The confirmed identification of cedar wood ( Cedrus sp.) 

ffers precise knowledge of the material, which is crucial for de- 

igning targeted conservation strategies. Cedar’s natural durabil- 

ty and resistance to decay inform expectations about its state 

f preservation and potential vulnerabilities. The targeted micro- 

nvasive identification process demonstrates ethical handling meth- 

ds, minimising damage while achieving accurate results. Further- 

ore, understanding the wood’s properties, such as workability 

nd durability, aids in restoration, storage, and display decisions, 

nsuring informed and effective conservation practices. 

iscussion 

ridging beyond wood identification 

The history of wood identification in Egyptology and ancient 

tudies includes numerous cases where traditional approaches 

ielded vague or unverified attributions [ 59 ]. Many wood identifi- 

ations of ancient Egyptian objects still rely on "intelligent guesses 

nd inevitably carry less authority than expert botanical testi- 

ony" [ 60 ]. More critically, many wood identifications were often 

ased solely on the typology of the object or its chronological pe- 

iod, without anatomical validation. For example, it was frequently 

ssumed that coffin panels must have been made from cedar, 

r figures from “sycamore”, based on tradition rather than mate- 

ial evidence [ 61 ]. On the contrary, examples of successful wood 

natomy-based identifications have advanced our understanding of 

ncient Egyptian objects [ 62–64 ]. The WoodScope approach brings 

he discussion further by fully integrating the expertise of wood 

cientists, Egyptologists, and museum conservators into a cohesive 

ramework. Through the WoodScope approach, cases can be revis- 
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Fig. 3. Comparative analysis of wood anatomy in ancient Egyptian objects. (A) Plough: The object is made of acacia ( Vachellia sp.), with darker heartwood and lighter sap- 

wood contrast visible in the magnified region (1). Key anatomical features include solitary or short radial multiples of vessels (10 0–20 0 μm), paratracheal axial parenchyma, 

and rays visible under 10x magnification (2). Vestured intervessel pits can be observed in the longitudinal section (3). (B) Coffin wall fragment: Composed of cedar (Cedrus 

sp.), where distinct growth rings are visible as lighter earlywood and darker latewood (4, 5). Uniseriate rays are apparent at 10x magnification as light brown lines (5), and 

bordered pits in an axial tracheid display scalloped tori in a longitudinal view (6). This figure illustrates the non-invasive identification of wood species, demonstrating the 

integration of macroscopic and microscopic analyses to reveal critical anatomical traits. 
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ted by combining non-invasive macroscopic examination, interdis- 

iplinary discussion, and contextual analysis. This method ensures 

hat identifications are based on observable anatomical characters 

henever possible, cross-referenced with ecological and archae- 

logical data, and subjected to critical review. Thus, WoodScope 

inimises invasive sampling and interpretive bias, representing a 

ignificant improvement over earlier practices in Egyptology. 

If widely applied, this interdisciplinary collaboration could en- 

ure scientifically rigorous and contextually informed wood iden- 

ification. It could also provide deeper insights into ancient Egyp- 

ian wooden objects’ materials, craftsmanship, and socio-economic 

ignificance. Additionally, WoodScope’s wider application could en- 

ance diagnostic precision, enabling us to infer the geographic ori- 

in of the wood, its historical use, and socio-economic relevance, 

ll while preserving the object’s integrity. 

Presenting wood identifications in an organised and scientifi- 

ally accurate manner prevents misidentifications, facilitates com- 

arison across collections, and ensures clarity by using scientific 

lassification rather than ambiguous common names. For example, 

he common name "sycomore" refers to a maple ( Acer pseudopla- 

anus), a plane ( Platanus sp.), or a fig ( Ficus sycomorus ), depend-

ng on the country. In contrast, scientific wood classification em- 

loys binomial nomenclature, categorising wood into hardwoods 

angiosperms) and softwoods (gymnosperms) and identifying fami- 

ies (e.g., Fabaceae, Zygophyllaceae, Pinaceae ), genera (e.g., Vachellia, 

alanites, Cedrus ), and species (e.g., Vachelia nilotica, Balanites ae- 

yptiaca, Cedrus libani ). This hierarchical classification allows pre- 

ise identification at different taxonomical levels (see Table 2 ) and 

ighlights the importance of scientific terminology for consistency 
145
nd precision in research and conservation. For example, distin- 

uishing sycamore fig ( Ficus sycomorus ) from other fig species has 

een suggested as possible [ 14 ]. Still, the sole anatomical feature 

upporting this distinction is ray width, which is highly influenced 

y sampling location and natural variability in wood anatomy [ 65 ]. 

oreover, identifying the exact Ficus species may offer limited 

enefits. Closely related Ficus species coexisting in the same region 

ften share similar cultural, functional, or socio-economic signifi- 

ance [ 66 ]. In such cases, a broader identification as Ficus sp. is 

ufficient to interpret craft techniques, resource accessibility, and 

rade practices. 

To promote transparency and reproducibility, we are adopting 

 structured language when reporting wood identification results. 

epending on the degree of anatomical congruence and diagnostic 

ertainty, we report identification results using phrases such as: 

- All anatomical features observed are consistent with [taxon], as 

described in reference [quote reference], and no conflicting fea- 

tures were identified. 

- Most anatomical features are consistent with [taxon], although 

the feature(s) [describe] diverge from typical descriptions in 

reference [provide references], in [provide details]. This discrep- 

ancy could be due to preservation, sampling limitations, or nat- 

ural anatomical variation [cite relevant sources] and is insuffi- 

cient to exclude the identification, but warrants cautious inter- 

pretation. 

- The identification is tentative: observed features partially match 

those of [taxon], but the available sample was too limited, de- 
graded, or altered to confirm with high confidence. 
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These phrasings help distinguish high-confidence identifications 

rom plausible attributions and inconclusive cases, offering a stan- 

ardised way to communicate diagnostic certainty across archaeo- 

ogical, ecological, and conservation contexts. 

Our findings highlight the value of combining visual, macro- 

copic, and microscopic techniques with interdisciplinary collab- 

ration for comprehensive and context-sensitive analysis. This in- 

erdisciplinary collaboration is especially critical given that ancient 

gyptian textual records rarely specify the wood species used in 

he studied objects [ 67 ]. While materials are occasionally men- 

ioned, no detailed pricing or species lists exist, making it neces- 

ary to infer that the wood used was likely a native variety, with 

g or acacia being the most probable candidates due to their re- 

ional availability [ 61 ]. Beyond simply naming some woods, our 

pproach allows us to significantly expand the narrative of wood’s 

unctional and socio-economic roles in ancient Egyptian culture. 

otably, the origin and trade of wood species, including imported 

oods, provide insights into Egypt’s economic reach, trade rela- 

ionships, and the strategic significance of particular species for rit- 

al or status objects. These insights deepen our understanding of 

ow wood selection reflected wealth, power, and cultural symbol- 

sm. Studying the use of wood in ancient Egyptian objects sheds 

ight on craftsmen’s access to materials and their wood-processing 

kills. As an economically significant resource, imported wood is 

vidence of wealth displays and power dynamics. 

Despite challenges such as limited object access and restricted 

ood surface visibility, WoodScope has delivered valuable insights 

s a multi-scale approach. Using modest tools, a hand lens, a 

acro-lens-equipped camera, and simple illumination, our method 

ncovers essential information about ancient Egyptian wood with- 

ut relying on invasive sampling. This approach broadens the num- 

er of objects that can be investigated and thus deepens our com- 

rehension of production processes and the socio-economic impor- 

ance of these objects. 

onclusion 

The WoodScope approach offers a transformative model for 

ntegrating scientific precision with cultural and historical in- 

ights, enabling non-invasive, large-scale wood identification while 

uiding targeted sampling for in-depth analysis. This interdisci- 

linary framework is highly relevant to archaeologists, museum 

rofessionals, policymakers, and conservation scientists, provid- 

ng a robust tool for understanding objects’ material compositions 

nd crafting more accurate conservation strategies. Archaeologists 

ould gain insights into resource use, trade networks, and ancient 

echnological ingenuity, enriching broader narratives of human de- 

elopment. For policymakers, the findings advocate for sustainable 

esource management and the protection of endangered cultural 

eritage. Moreover, the approach promotes ethical analysis by bal- 

ncing scientific rigour with the need to preserve irreplaceable ob- 

ects. Through its adaptability, WoodScope holds the potential to 

hed light on the cultural, environmental, and economic factors 

haping ancient woodworking practices, offering a blueprint for 

dvancing heritage studies and fostering contextually aware con- 

ervation strategies across diverse archaeological contexts. 
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