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Abstract  
 
The wooden statue of the goddess Bastet, dates back to the Late period of ancient Egypt (664-
332 BC), is the subject of this study. This archaeometric study aims to use investigation 
techniques including technical photography (TP), optical microscopy (OM), Energy 
Dispersive X-Ray Analysis (ESEM-EDX) and Fourier transformed infrared (FT-IR) 
spectroscopy to identify the components of the statue and to understand its deterioration 
aspects. The results revealed using six wood species including Lebanese Cedar, sycamore fig 
and Tamarisk for the body of the statue and its pedestal; while the dowels are made of 
Christ’s thorn, Nile tamarisk and common box. Stratigraphy structure shows several and rare 
techniques of statuary-making. investigation techniques indicate that pigments used in the 
statue identified as calcium carbonate (chalk) for white, Egyptian blue for blue, hematite for 
red, the gilded layer is composed of a mixture of gold and silver. For the organic materials, 
we could recognize beeswax as a coating material and a plant gum as binder for red, yellow, 
while a proteinaceous-based binding medium is used for the Egyptian blue. To restore the 
statue, conservation procedures were used with great precision, including securing the 
vulnerable layer, cleaning, reattaching, and reassembly of the fragmented sections, as well as 
fixing fractures and separations. Finally, the conservation treatments were exceedingly 
efficient in restoring the statue's solidity and strength, allowing it to be shown or stored. 
 
Keywords: Bastet; FTIR; EDX; Beeswax; Technical photography; Wood identification; 
                  Late period 
 

 

Introduction  
 

In ancient Egypt, religion had a significant part in daily life, the ancient Egyptian 
artisans made the statues to honor the deities; The variety of materials and techniques utilized in 
these sculptures demonstrates expert craftsmanship and a refined sense of beauty, many authors 
pay much interest to identify the components and techniques used in ancient Egyptian statuary-
making; however, these statues need more scientifically investigations. 

The Bastet statue under study (Fig. 1), dates back to the late period (664-332 BC), shows 
the diversity of materials and unusual techniques used in statuary-working in ancient Egypt and 
their reflection on manufacturing materials selection and deterioration aspects. 

The purpose of this paper is to use a combination of scientific and investigation 
measurements to understand the techniques and materials employed in making the studied 
statue and characterize the role of conservation and developing the conservation procedure of 
loss compensation depending on ancient Egyptian techniques. The authors used optical 
microscopy and technical photography, as well as Energy Dispersive X-Ray Analysis and 
Fourier transform infrared spectroscopy, to map and identify the pigments and organic binding 
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media used in the statue, and to gain a better understanding of the painting techniques and the 
object's condition.  

 

     
 

Fig. 1.  General view of the goddess Bastet statue before conservation: 
 (a) the body of the statue. (b) The pedestal. (c) Inside the statue 

 
Furthermore, we were particularly interested in wood species identification. 
Description of the statue 
The Bastet statue (Registration No.20199) was discovered in the necropolis of Saqqara 

in 2019 by the Egyptian mission headed by the general secretary of the supreme council of 
antiquities (SCA). The statue depicted the goddess Bastet, as a cat made of pieces of wood and 
textile coated with a thin layer of white plaster, the face is gilded; her eyes are inlaid and blue 
scarab inlaid in the head. The statue is hollow, a small mummy inside the statue, maybe a 
mummified cat. The statue was fixed on a richly decorated pedestal made of small pieces of 
wood collected together by wooden nails (Dowels) which coated with two white preparatory 
layers separated by black pigment, while the surface is decorated with polychrome scenes. 
Dimensions: H.67.5×W.27.5×D.56cm (including pedestal) 
 
Materials and Methods 
 

Visual assessment 
Visual inspection was used to evaluate the features of degradation observed on the 

statue, with the help of the team's critical eye. Because the reasons and mechanisms of 
degradation may be easily identified, this strategy is particularly successful. The conservator's 
critical eye can also decide the most effective ways of study that should be used to evaluate the 
state of the statue being investigated. 

Optical microscopy (OM) 
Optical microscopy (OM), model XSZ-107BN, equipped with Amscop MD500 camera 

and software Amscop 3.7, was used to identify the wood species and textile threads detected on 
the statue under study (OM) model XSZ-107BN, equipped with Amscop MD500 camera and 
software Amscop 3.7. Wood samples were sliced into three anatomical directions: transverse 
section (TS), longitudinal radial section (LRS), and longitudinal tangential section (LTS) at 30-
50mµ, and then displayed on glass slides [1, 2]. 

To identify the textile's fibers; provided samples of fibers were soaked in glycerol then 
mounted on the slide glass.  Wood samples and fibers were viewed under the microscope in 
transmitted light [3].  

a b 

c 
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Digital USB microscopy 
For identification of insects found inside the hollow pedestal; insects were carefully 

isolated and mounted on glass slides to be studied under reflected light by using USB Dino-lite 
digital microscope. USB digital microscope was used also for photographing and studying the 
characteristics of insect attacks and textile weaving quality. 

Through comparison with descriptions accessible in textbooks, atlases, and websites, the 
taxon of wood species, insects, and kind of fibers may be identified. 

Technical photography (TP) 
A series of photographs obtained using a customized digital camera sensitive to the 

spectral region of around 360-1000 nm is referred to as technical photography (TP). A variety 
of illumination sources and filters are utilized to capture a variety of technical photographs, 
each of which provides unique information about the item under investigation. Technical 
photography (TP) is a non-invasive method of identifying and determining the spatial 
distribution of painting ingredients in a piece of art [4, 5], for example, ultraviolet-induced 
luminescence (UVL) is a standard technique for revealing the location of luminous compounds, 
such as current conservation products and a variety of old organic materials utilized in antiquity 
[6-9]. In museums, infrared reflectance (IRR) photography is most commonly employed to 
detect any preliminary sketches or carbon-based paints [10, 11], Infrared reflectance (IRR) is 
highly opaque to carbon, making this approach effective for mapping the location of carbon-
based pigments [12]. 

Technical pictures were collected using Dino lite digital microscopy in this work, 
including visible light (VIS), ultraviolet-induced luminescence (UVL), visible-induced infrared 
luminescence (VIL), and infrared reflected (IRR) [6]. 

Egyptian blue has the ability to absorb visible light and reemit infrared (IR) light in the 
800-1000 µm range, with a peak at c.910 nm (visible-induced luminescence). Because the 
pigment's IR emission is so powerful (Cuprorivaite is the strongest IR emitter currently known 
at a molecular level), the luminescence may be easily photographed in a darkened setting using 
a customized digital camera with some IR sensitivity. In order to acquire visible-induced 
infrared luminescence (VIL) images, the authors in this study have used Dino-lie microscope 
fitted with UV/Visible blocking filter (IR 87C filter) [13, 14]. 

Canon EOS 8xi is used for photography documentation of conservation procedures; To 
produce a camera profile for Adobe Camera Raw, the camera was calibrated with the X-rite 
Color Checker Passport and its included software. The photographs were captured in RAW 
format and subsequently color-corrected and white-balanced using the camera profile [6, 15]. 

Raking light is a method that illuminates the studied object from only one side, at an 
oblique angle to its surface. The surface roughness of a painting is revealed by raking light. 
Raised paint surfaces that face the light are lighted, whilst those that face away from the light 
cast shadows. The improved look of paint texture may be easily observed, photographed, or 
digitally recorded [16]. 

Energy Dispersive X-Ray Analysis (ESEM-EDX) 
The Philips XL30 ESEM was used in conjunction with energy dispersive X-ray analysis 

(EDX) to investigate the mineral elemental properties of the pigments and preparation layer. 
The analytical voltage was set at 30kV. The accelerating voltages were 1-2mm beam diameter 
and the counting periods were 60-120 seconds. The minimum detectable weight concentration 
ranged between 0.1 and 1 weight percent. 

Fourier transformed infrared spectroscopy (FT-IR) 
In order to investigate pigment samples and identify the organic binder, Fourier 

transformed infrared (FT-IR) spectroscopy was utilized as a supplemental approach. The FT-IR 
spectroscopy measurements were carried out in the 400 to 4000cm–1 range, with an 8cm–1 
spectral resolution, using an FT-IR spectrometer (Vertex 70, Bruker) fitted with an attenuated 
total reflection accessory. 
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Results and discussion 

 

Identification of wood species 

Microscopic examinations of wooden samples indicate that wood species in the body of 
the statue and its pedestal (Table1) are made of two indigenous woods sycamore fig (Ficus 
sycomorus L.) (Fig. 2), Tamarisk (Tamarix aphylla L.) (Fig. 3) and one imported wood 
Lebanese Cedar (Cedrus libani A. Rich.) (Fig. 4); while dowels (Table 2) are made of two 
indigenous woods, Christ’s thorn (Ziziphus spina Christi L.Willd) (Fig. 5), Nile tamarisk 
(Tamarix nilotica Ehrenb.) (Fig. 6) and one imported wood common box (Buxus sempervirens 
L.) (Fig. 7) [17-20]. 

 

 
 

Fig. 2. Micro-images of wood slices under the microscope illustrate the anatomical properties of sycamore fig (Ficus 

sycomorus L.): a) transverse section; b) tangential longitudinal section; c) radial longitudinal section 

 

 
 

Fig. 3. Micro-images of wood slices under the microscope illustrate the anatomical properties of Tamarisk (Tamarix 

aphylla L.): a) transverse section; b) tangential longitudinal section; c) radial longitudinal section 

 

 
 

Fig. 4. Micro-images of wood slices under the microscope illustrate the anatomical properties of Lebanese Cedar 
(Cedrus libani A.Rich.): a) transverse section; b) tangential longitudinal section; c) radial longitudinal section 
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Fig. 5. Micro-images of wood slices under the microscope illustrate the anatomical properties of Christ’s thorn 
(Ziziphus spina christi L.): a) transverse section; b) tangential longitudinal section; c) radial longitudinal section 

 

 
 

Fig. 6. Micro-images of wood slices under the microscope illustrate the  anatomical properties of Nile tamarisk 

(Tamarix nilotica Ehrenb.): a) transverse section; b) tangential longitudinal section; c) radial longitudinal section. 

 

 
 

Fig. 7. Micro-images of wood slices under the microscope illustrate the anatomical properties of common box (Buxus 

sempervirens L.): a) transverse section; b) tangential longitudinal section; c) radial longitudinal section;  

d) Scalariform perforation plates in tangential longitudinal section 
 

Table 1. Characteristic anatomical features of wood species in the statue body and pedestal 
 

Anatomical 

characteristics 

Sycamore fig  

Ficus sycomorus 

Tamarisk aphylla 

Tamarix aphylla 

Lebanese Cedar  

Cedrus libani 

Growth rings Absent  Faint to Distinct  Distinct  

Vessel’s porosity Diffuse porous. Diffuse to semi-ring porous. Absent 

Vessel’s 
groupings 

In multiples of 2 to 3(6), 
rarely solitary. 

Mostly solitary, sometimes 
in multiples 2(4) and 

clusters 3-4. 

 --- 

Parenchyma 

arrangement 

In bands (up to 20-cells wide), 

scanty paratracheal or 

vasicentric. 

Vasicentric, mostly fusiform ---  
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Anatomical 

characteristics 

Sycamore fig  

Ficus sycomorus 

Tamarisk aphylla 

Tamarix aphylla 

Lebanese Cedar  

Cedrus libani 

Perforation plates Simple  Simple  ---  

Ray seriation Two distinct sizes, 1-4 seriate 

and 5-14 seriate. 

5-23 seriate. Rays uniseriate and in part 2-3 

seriate. 

Ray composition Heterocellular composed of 
procumbent with 1 to 4 rows 

of upright and square marginal 

cells. 

Weakly heterocellular 
composed of procumbent 

central cells and square 

marginal cells. 

Marginal ray tracheids in single 
rows, and fairly thick-walled 

ray parenchyma cells with 

nodular end walls. 

Crystals Solitary, prismatic, in ordinary 
ray and parenchyma cells. 

Solitary, prismatic in 
peripheral ray cells.  

crystals in ray cells. 

Laticifers Observed in rays. Absent  Absent  

Sheath cells Present  Absent  Absent 

 

Table 2. Characteristic anatomical features of wood species used as wooden pins in Bastet statue. 
 

Anatomical 

characteristics 

Christ’s thorn  

Ziziphus spina christi 

Nile tamarisk  

Tamarix nilotica 

common box  

Buxus sempervirens 

Growth rings Distinct Distinct Distinct  

Vessel’s porosity Semi-ring porous to 
diffuse-porous. 

Ring to semi ring porous. Diffuse porous  

Vessel’s 

groupings 

Vessel’s solitary and in 

radial multiples of 2 to 4 

common. 

Mostly solitary, sometimes 

in multiples of 2(4) and 

clusters of 3-4.  

Predominantly solitary.  

Parenchyma 
arrangement 

Axial parenchyma 
diffuses and scanty 

paratracheal. 

Vasicentric; fusiform, 
sometimes in 2-celled 

strands.  

Axial parenchyma diffuses and 
scanty paratracheal. apotracheal 

parenchyma in narrow bands or lines 

up to three cells wide. 

Perforation plates Simple  Simple  Scalariform perforation plates with 

less than 10 bars. 

Ray seriation Rays uniseriate to 3 cells 

wide. 

(3) 6-12 seriate.  Ray width predominantly 1 to 3 

cells. Rays with multiseriate portions 
as wide as uniseriate portions. 

Ray composition Rays with procumbent, 

square and upright cells 

mixed throughout the 
ray. 

Weakly heterocellular 

composed of procumbent 

central cells and square 
marginal cells.  

Body ray cells procumbent with 2 to 

more than 4 rows of square marginal 

cells. 

 

Identification of isolated insects 

The collected and isolated dead insects were identified as black carpet beetle (Attagenus 

unicolor) (Fig. 8a) and Spider beetles (Gibbium psylloides) (Fig. 8b). A. unicolor and G. 

psylloides are widespread in Egypt; Fur, feathers, animal skin, hair, wool, silk, yarn, carpets, 

bug specimens, parchment, and vellum, or stuffed creatures are among the foods they devour 

and have even been known to attack Egyptian mummies [21-24]. Remains of lizard skeleton 

(Fig. 8c) were detected inside the pedestal during the visual investigation, the authors think that 

this lizard trapped and dead inside the statue’s hollow pedestal a long time ago. 
 

 
 

Fig. 8.  Isolated insects identified as (a) Black carpet beetle (Attagenus unicolor) and  

(b) Spider beetles (Gibbium psylloides) (c) Front part of a lizard’s skeleton inside the pedestal 
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Identification of textile 

Remains of textile were detected around the statue and inside the hollow pedestal; the 

visual and digital microscope inspection revealed several signs of insect-caused degradation, 

including missing and holes in the linen wrappings (Fig. 9a). Transverse dislocations, also 

known as cross-thatches or nodes, are used for identification along the length of the fiber; the 

width is usually constant throughout the length of the fiber; and the fibers have dark 

dislocations that are roughly perpendicular to the long axis of the fiber; depending on these 

characters, this textile may be linen (Fig. 9b) [25, 26]. For estimating the weaving quality, 

counting the threads of the warp and weft quality (Figure 9c) is 16 × 24 thread per 1cm². 

 

 
 

Fig. 9. Investigation of the textile: (a) Deterioration aspects of insect’s attack.  
(b) Textile is identified as linen. (c) Textile quality 16×24 threads per 1cm² 

 

Stratigraphic structure 

Examination of the stratigraphic structure of decorated layers by digital USB microscope 

show that there is a distinctive difference in decoration techniques between the gilded face of 

the statue, statue’s body and statue’s pedestal; The face composed of wooden support coated 

with a thin layer of textile coated with gesso layer, respectively, then a thin leaf of gold is 

applied over this gesso layer (Fig. 10a). The statue's body composed of wraps of textiles coated 

with a bright white gesso layer; while pieces of wooden support detected in the statue's body 

backbone, and legs (Fig. 10b).   

The decoration technique in the pedestal areas consisted of wooden support coated with 

a white preparatory layer followed by black pigment, and then another white preparatory layer 

painted with several pigments coated with a waxy material in some areas (Fig. 10c). 

 

 
 

Fig. 10. Stratigraphic structure of decorated layers by digital USB microscope: (a) Gilded face (b) Body (c) Pedestal. 

 

Technical photography  

The existence of a yellowish emission from luminescent material on the pedestal surface 

was discovered by UV-induced luminescence (UVL) (Fig. 11b), this luminescence may be 

related to a natural wax used in the antiquity interventions, the ancient Egyptian used wax as a 

coating material. Visible-induced infrared luminescence (VIL) photography allows mapping 

c 
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and detecting Egyptian blue; the Egyptian blue pigment showed up as bright white areas against 

a dark background (Fig. 11c). The black outlines were uncovered using infrared reflectance 

(IRR) photography (Fig. 11d), which were not apparent in visible light due to the dirt's negative 

effects. 

 

 
 

Fig. 11. Technical photography: (a) Visible light (VIS) (b) UV-induced luminescence (UVL)  

(c) Visible induced infrared luminescence (VIL) (d) Infrared reflected (IRR) 
 

Raking light 

The oblique light images show the strikes of antiquities brush and its directions; the bulk 

of the Egyptian blue is very clear on the outer surface of the pedestal, the rough surface of the 

blue painted layer may be seen in the photographs. Its grains were not uniformly coated or 

flowed off the brush, resulting in a thickness disparity from one region to the next. Furthermore, 

the blue pigment may have been dabbed into place for small portions rather than brushed on as 

is customary (Fig. 12). 

 
 

Fig. 12. Strikes of brushes and Egyptian blue are clarified by oblique light 
 

Identification of pigments and preparatory layer 

White pigment 

The energy dispersive X-Ray (ESEM-EDX) analysis (Fig. 13a) of white pigment on the 

body of the studied statue show the presence of high concentration of calcium (Ca), besides 

oxygen (O) and carbon (C) this result indicates that the outer white pigment may be calcium 

carbonate (chalk), The presence of the silicon (Si) and aluminum (Al) elements suggest possible 

existence of alumina-silicate and quartz (SiO2) materials [27]. 
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Fig. 13. Micro analysis of the White pigment (a) EDX analysis (b) FT-IR spectrum 

 

In the (FTIR) spectrum (Fig. 13b), bands at 1394, 871 and 712cm−1 are attributed to 

calcium carbonate due to the C−O stretching of carbonate, and the weak peaks at 1795 and 

2510cm−1, which are combination and overtone bands [28-29], band at 1632 cm−1probably 

denote the presence of calcium oxalates which are common components of degraded organic 

materials and band at 781cm−1 attribute to quartz [30]. No clear evidence was found for an 

organic-based binding medium for this pigment. For a long time, the number of white hues 

employed in ancient Egypt was restricted to only two types of pigments: calcium carbonate 

(CaCO3) derived from the mineral Calcite and calcium sulphate (as CaSO4 or its hydrate 

CaSO4·2H2O) [31-33]. 

Blue pigment 

Egyptian craftsmen made Egyptian blue by burning a combination of compounds 

comprising silicon (Si), calcium (Ca), and copper (Cu) with a soda flux during the old kingdom 

(2600BC) [34, 35]. 

According to energy dispersive X-Ray (ESEM-EDX) Silicon (Si), copper (Cu), and 

calcium (Ca) were the elements with the highest concentrations in the blue painted layer's 

spectrum (Fig.14a), this finding demonstrates the existence of a copper-based pigment, most 

likely Egyptian blue (CaO·CuO·4SiO2). The data acquired by (VIL), showed the blue color 

appeared as bright white, the luminescence of such areas indicate the presence of Egyptian blue 

[36].  

In the (FT-IR) spectrum of the same sample (Fig. 14b), we can detect, besides calcium 

carbonate (bands at 1433, 875 and 718cm−1) and quartz (band at 780 cm−1), Egyptian blue 

pigment (bands at 1325, 1162, 1004, 754 and 662 cm−1) [37, 38]. The bands at ~400 and 466 

cm−1 indicate the presence of amorphous silicates [39]. 

Egyptian blue is an artificially created copper calcium silicate that has been documented 

in Egyptian art dating back to the 4th Dynasty. This glassy pigment, while creating a bright, 

durable color, requires a larger support medium than other Egyptian art colorants [40]. 

a 

b 
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The (FT-IR) spectra also suggest the presence of proteinaceous and waxy binding media 

highlighted by the absorption band at (3307cm−1) attributed to (OH) stretching due to 

intermolecular hydrogen bonding of the hydroxyl group and NH stretch of aliphatic primary 

amine, the band at (1631cm−1), C ═ O stretching band, is assigned to amide I, while the bands 

at (1574 and 1545cm−1) (C─N─H) is assigned to amide II indicate using proteinaceous based 

binding medium [11, 41]. Absorption band at 1376cm–1 corresponding to CH3 symmetric 

deformation and band at 1462cm–1 corresponding to CH2 bending, besides, an absorption 

carbonyl band around 1735cm–1 along with two sharp bands around 2915 and 2848cm–1, due 

respectively to stretching CH3 and CH2 vibrations, indicated the presence of free fatty acids, 

absorption ascribable to natural waxes [42, 43]. The analyte signal related to the ester and free 

fatty acids vibration (at 1735cm–1) in the infrared spectrum of blue pigment is useful and 

informative spectroscopic data for beeswax identification [44-46]. 

Beeswax, a secretion of the honeybee, is the most significant wax utilized in ancient art 

(Apis mellifica). In ancient Egypt, beeswax was utilized as a binding material as well as a 

varnish or coating. The oldest known use of beeswax as a binder is in mummy portraits, which 

are mostly from the Fayum area, several examples of beeswax being used as a binder or coating 

have been recognized and documented by [47-49]. 

Identify the protein and wax in the sample by further analysis utilizing gas 

chromatography mass spectrometry (GC/MS) will be helpful. 

 
Fig. 14. Micro analysis of the blue pigment (a) EDX analysis (b) FT-IR spectrum 

 

Red pigment 

The energy dispersive X-Ray (ESEM-EDX) analysis of red pigment (Fig. 15a) showed 

the presence of silicon (Si), calcium (Ca), iron (Fe) and aluminum (Al) with a high intensity, in 

addition to a small amount of chlorine (Cl), magnesium (Mg), potassium (K), sulphur (S) and 

titanium (T), this result provides strong evidence for the presence of an iron-based pigment that 

is most likely hematite Fe2O3. Natural iron oxides occur plentifully in Egypt and the majority of 

a 

b 
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red pigments used in ancient Egypt were earthen based colors containing iron oxide. Hematite 

(αFe2O3) was very common and has been reported by many authors [50-52]. The presence of 

calcium and quartz refer to the white preparatory layer. 

The (FT-IR) spectrum of the red pigment (Fig. 15b) showed the presence calcium 

carbonate (bands in 1796, 872 and 712cm−1), quartz (band at 780cm−1), silicate (band at 

523cm−1) and iron oxide band at (467cm-1). Hematite-based pigments can show variations in the 

position of the hematite bands in IR spectra due to differences in particle shape and size [53-

55]. The FT-IR spectra also suggest the presence of organic material, as shown by the 

absorption band at (3234cm-1) attributed to hydroxyl group (OH), The C─H stretching 

vibrations occurred in the region (2915- 2849cm-1) stretching of hydrocarbons groups, the band 

at 1407cm-1 is assigned to C─H group, which by its chemical composition is similar to natural 

hydrocarbons such as gum Arabic. A band at 1031cm-1, due to C─O, indicated the 

characteristics of polysaccharides, absorption bands at 1145-1076cm-1 are attributed to C─O 

stretching bands, the binder material may be Arabic gum [56, 57]. 

 
Fig. 15. Micro analysis of the red pigment (a) EDX analysis (b) FT-IR spectrum 

 

Yellow pigment 

The microanalysis data obtained by the energy dispersive X-Ray (ESEM-EDX) (Fig. 

16a) proved the presence of high concentration of calcium (Ca) and silicon (Si) due to the 

preparatory layer which contain calcium carbonate, while the presence of sulphur (S), arsenic 

(As) and iron elements (Fe) suggest that the yellow pigment principally is due to using orpiment 

(As2S3) and may be mixed with small portion of goethite αFeO·OH [53],  In earth hues like red 

and brown, (Al) and (K) elements are prevalent contaminants. Hematite and goethite, which are 

used to make ochre colors, can also be found in association with rutile (TiO2), cuprite (Cu2O), 

microcline (KAlSi3O8), and other minerals [58]. 

In (FT-IR) spectrum of the yellow pigment (Fig. 16b), bands at 3108cm-1 assigned to 

(OH) group, The C─H stretching vibrations occurred in the region (2914- 2848cm-1) stretching 

a 

b 
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of hydrocarbons groups, bands at 1796, 872 and 712cm−1attribute to calcium carbonate, bands 

at 1397cm-1 are assigned to C─H group which by its chemical composition is similar to natural 

hydrocarbons such as gum Arabic, band at 1030cm-1 due to C─O, indicated the characteristics 

of polysaccharides. Absorption bands at 1162-1082cm-1 is attributed to C─O stretching bands, 

the binder material may be Arabic gum, bands at 597-523cm-1suggests the possibility presence 

of orpiment (As2S3) and iron oxide at 464cm-1 [59, 60]. 

 

 

       
Fig. 16. Micro analysis of the yellow pigment (a) EDX analysis (b) FT-IR spectrum 

 

Green pigment 

In energy dispersive X-Ray (ESEM-EDX) analysis of the green pigment (Fig. 17a), the 

highest concentration elements were: (C), (O), (Si), (Ca) and (Cu); besides low portion of (Al), 

(Fe) and (Mg), and traces of (Cl), (P), (K) and (S). The presence of (Cu), (C) and (O) elements 

indicate that the green color due to copper-based pigment may be  malachite CuCO3Cu(OH)2 or 

verdigris, Cu (CH3COO)2.2Cu(OH)2, while the presence of Al, Fe, Mg and K suggest the 

presence of low portion of green earth, a mixture of celadonite and glauconite, K[(AlIII, 

FeIII)(FeII,MgII)], (AlSi3, Si4)O10(OH)2 since the (EDX) technology can only reveal the 

elemental composition of the tested substances, not their chemical forms. Green earth, 

malachite, and verdigris were all used in ancient Egypt, according to reports. [11, 25, 58]. The 

presence of (Ca) and (Si) are referring to the calcium carbonate and quartz from the preparatory 

layer, the presence of trace of (P) indicates that may be a proteinaceous material has been used 

as binding medium. 

The (FT-IR) spectrum of the green pigment (Fig. 17b) showed band at 3200 cm−1 

assigned to (OH) group, the band at (1615cm-1) C ═ O stretching band is assigned to amide I, 

while the band at (1538cm-1) (C─N─H) is assigned to amide II indicates using proteinaceous 

based binding media. bands at 1395-1321cm-1 are assigned to C─H group which by its chemical 

composition is similar to natural hydrocarbons such as gum Arabic, absorption bands at 1163-

b 

a 
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1040 cm−1 are due to C─O indicated the characteristics of polysaccharides. The authors think 

that the proteinaceous-based binding medium used for the preparatory layer, while Arabic gum 

used as binding medium for the green pigment or mixed with small amount of another protein 

material. The bands at 872 and 712cm−1 attribute to calcium carbonate, while band at 780cm−1 

due to quartz [56, 57, 60]. 

 

 

 
 

Fig. 17. Micro analysis of the green pigment (a) EDX analysis (b) FT-IR spectrum 

 

Black pigment 

In the energy dispersive X-Ray (ESEM-EDX) data of the black pigment microanalysis 

(Fig. 18a), (C) and (O) elements exhibit the highest concentrations. This result suggests the 

possibility of carbon-based black pigment; the presence of (Ca), (Si), (Al) and (Fe) may be 

related to calcium carbonate, quartz and clay minerals in the preparatory layer below or the 

black pigment is contaminated with significant amounts of other pigments such as iron oxide 

and green earth [62, 63]. The presence of trace of (P) indicates existence of a proteinaceous 

material has been used as binding medium in the preparatory layer. 

The (FT-IR) spectrum of black pigment (Fig. 18b) showed the C─H stretching 

vibrations occurred in the region (2914-2848cm-1) stretching of hydrocarbons groups, 

characteristic of lipids, the band at 1642cm-1 attributed to C═O stretching group, bands at 

1404cm-1 are assigned to C─H, C─O stretching bands at 1078-1038cm-1 indicated the 

characteristics of polysaccharides. Calcium carbonate (absorptions in 1796, 872 and 712cm-1) 

and quartz (absorption at 782cm−1) can be detected [47, 63]. The particle sizes are modest, and 

there is no indication of a second phosphate peak about 960cm-1, which would imply the usage 

of a black pigment generated from bone or ivory burning. Although these pigments might have 

come from crushed charcoal, the small particle size and lack of evidence of cellular structure 

indicate that they are most likely lamp black or soot, which is created by the burning of 

vegetable materials or oil [42]. 

a 

b 
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Fig. 18. Micro analysis of the black pigment (a) EDX analysis (b) FT-IR spectrum 
 

Preparatory layer 

All the energy dispersive X-Ray (ESEM-EDX) spectra, acquired on the surface of the 

Bastet statue, even on areas with no pictorial layers, showed the peaks of calcium and silicon, 

related to calcite (CaCO3) and quartz (SiO2) of the preparatory layer. (Mg), (Al) and (Cl) 

signals were also observed. These elements can be found as common impurities in rocks used to 

prepare ground layers.  

The microanalysis of the preparatory layer obtained by the energy dispersive X-Ray 

(ESEM-EDX) (Fig. 19a) shows a high concentration of (Ca), (O), and (C) this indicate that the 

preparatory layer, mainly, is calcium carbonate while the presence of (Si) suggests the presence 

of quartz.  

The (FT-IR) spectrum (Fig. 19b) indicates that the band at (3315cm-1) represents (OH) 

hydroxyl stretching due to intermolecular hydrogen bonding of the hydroxyl group and NH 

stretch of aliphatic primary amine, C─H stretching vibrations occurred in the region (2917- 

2849cm-1) stretching of aliphatic groups, bands at (1408, 871 and 712cm-1) are attributed to 

calcium carbonate and the weak peaks at 1796 and 2513 cm-1, which are combination and 

overtone bands. The band at (1622cm-1) (C ═ O stretching band) is assigned to amide I, while 

the bands at (1576-1538cm-1) (C─N─H) are assigned to amide II. Quartz can be detected by the 

presence of a band at (781cm-1). The binder medium used with the preparatory layer is 

identified as proteinaceous-based medium may be animal glue [11, 64]. 

a 

b 
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Fig. 19. Micro-analysis of the preparatory layer (a) EDX analysis (b) FT-IR spectrum 

 

Identification of Gilded layer 

Gold's unique properties, which have made it such a valuable element in business and 

art, were recognized by the ancient Egyptians from the beginning of history. Artefacts, or pieces 

of objects, created entirely of gold or decorated in part with gold, have been discovered in 

tombs of the first dynasty, dating back to at least 3000 B.C. [65]. 

The results obtained by the energy dispersive X-Ray (ESEM-EDX) analysis (Fig. 20a) 

indicate that analyzed gold leaf is composed of a mixture of gold (Au) 87.85% and silver (Ag) 

7.15%, in additions to some impurities; according to [7, 66]. A thin sheet of pure gold or gold 

alloyed with minute quantities of silver, copper, or other metals was hammered into gold leaf. 

Traces of impurities includes (K), (Cu) and (Zn) elements can be detected, while (Ca) due to the 

preparatory layer. 

The data obtained by (FT-IR) analysis (Fig. 20b) indicate that the sample is mainly 

composed of calcium carbonate (absorption bands at 871 and 712cm–1) and the weak peaks in 

1796 and 2513cm–1, which are combination and overtone bands. The 1622cm–1 band (O─H) 

may be relating to strongly held water molecules and calcium oxalate, a compound that is likely 

to originate from alteration processes of the original paint medium [47], the band at 1405cm–1 is 

assigned to C─H group, which by its chemical composition is similar to natural hydrocarbons 

such as plant Arabic. A band at 1035cm–1 due to C─O indicated the characteristics of 

polysaccharides; the binder material may be Arabic gum. 

a 

b 
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Fig. 20. Micro-analysis of the gilded layer (a) EDX analysis (b) FT-IR spectrum 
 

Identification of waxy coating material 

Visual assessment and the data acquired by visible-induced ultraviolet luminescence 

(UVL) (Fig. 11b) indicate the presence of organic material randomly applied over most of the 

painted surface of the pedestal in the antiquity interventions. 

The (FT-IR) analysis (Fig. 21) showed the absorption features ascribable to a wax. bands 

at 2915 and 2848cm–1 due to stretching C-H vibrations indicated the presence of free fatty acids 

and the presence of the carbonyl (C═O) stretching band at 1736cm−1, that is seen in natural 

waxes (such as beeswax), absorption bands of C─H bending bands appear in the 1472-1463-

1377cm-1 and 1174-956-730-719cm-1 (C─O) stretching band Their position and intensity match 

the spectrum profile of a natural wax, may be beeswax [28, 47]. 

Concerning organic materials, Due to the presence of organic coatings on the exterior 

surfaces, detecting and identifying binders is challenging. We identified beeswax as a covering 

and potentially a gum as a binder, which is consistent with similar findings in the literature [28, 

47, 67-69]. The suggestion of using a proteinaceous-based medium in the preparatory layers 

and gum Arabic in mixture with a small amount of another protein material as a binding 

medium for the paint layers is supported by the results of an analysis by [47, 70]. 

 

a 

b 
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Fig. 21. FT-IR spectrum of the waxy coating material on the surface of pedestal 

 

Conservation procedures 

 

Condition of Bastet statue 

The statue is broken into two parts the body and pedestal; in addition to, cracked, 

cupping, and flaking on the gilded face of Bastet. The polychrome pedestal is separated into 

small pieces of wood, closer visual examination revealed heavy damage including dirt, friable 

painted layers, fallen flakes, partly lifting painted layer, cracked, cupping, missing parts, and 

flaking polychrome on upper surfaces. There were also layers of dirt and incrustations such as 

mud, minerals, dust, and grimy patches inside the hollow pedestal (Fig. 22). The authors think 

that these aspects of deterioration are due to several factors; some of these factors include the 

difference in response to the changes of ambient environment (e.g. relative humidity, 

temperature) for the organic materials (Wooden support and textile) and inorganic materials 

(preparatory layer, inlaid materials), in addition to environmental of bury, environmental shock 

during excavation, and techniques of statue making in ancient Egypt particularly the pedestal. 

 

 
 

Fig. 22. Aspects of deterioration include: (a) loose and cracks of gilded layer. (b), (c) Loose, cracks and partly 

separation of white gesso layer. (d) Broken pedestal into many wooden pieces. (e) Deep cracks, friable and loose of 

painted layer. (f) Accumulations of sands and dirt 
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Treatment processes 

Securing painted layer, Surface cleaning, and reassembling 

Before any effective restoration action, the fragile gesso paint layer is protected by 

applying strips of Japanese paper glued with 1% w/v hydroxy propyl cellulose (Klucel G) in 

ethyl alcohol (Fig. 23a). After securing the paint, the restoration process included the next steps; 

loose dust was removed by gentle brushing. After removing grim dirt suspended using 

mechanical means (e.g., a scalpel and dental instruments), cotton swabs dipped in toluene and 

alcohol were rolled over the uneven surface to remove dirt (Fig. 23b) [1]. Wooden pieces of the 

pedestal were reassembled again by gluing with 60% paraloid B-72 in acetone (Fig. 23c) and 

clamping (Fig. 23d) [71]. 

 

 
 

Fig. 23. Conservation processes include: (a) Securing lifting flakes. (b)  Cleaning and removing dirt. 

 (c), (d) gluing, Reassembling and clamping pedestal wooden pieces 

 

Reattaching lifted and fallen paint layers 

Steps of reattaching the lifted and fallen painted layer include:  

- Reinforcing the fallen flakes by back lined with strips of Japanese paper glued with 1% 

w/v klucel G in ethyl alcohol and left them to dry. 

- A solution of 3% w/v klucel G in ethyl alcohol was used to reattaching the fallen 

flakes to their original place on the wooden support by brushing.  

- The lifted painted layers (the face and the pedestal of the statue) were dampened on the 

surface with 1% methylcellulose in distilled water, and then we left it enough time 

before totally dried. 

- To reattach lifted painted layers to wooden supports, a 3% w/v klucel G in ethyl 

alcohol solution was injected below the layer.  

- To move the now somewhat flexible raised flakes back onto the support, treated 

surfaces were gently pushed with a Teflon sheet on a fingertip (Fig. 24) [2]. 

Fixing the statue on its pedestal 

- In order to fix and reinforce the statue body on the pedestal, two cushions of balsa 

wood strips were fixed inside the hollow pedestal in the position of the legs and statue 

body (Fig. 25a &b) by 60% paraloid B-72 in acetone. For filling gaps between the 

statue and pedestal, cotton fibers saturated with paraloid B-72 dissolved in acetone 

15% (1g/15mL) were used for filling gaps in lines of collecting points (Fig. 25c) [72]. 
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The authors developed the ancient Egyptian technique of applying textile on the wood 

before applying the ground layer, the same technique has been used after substituting 

the natural adhesives with synthetic adhesives; textile by gauze applied on balsa wood 

for loss compensation; gesso layer by a mixture of 15% w/v paraloid B-72 in acetone, 

glass micro balloons, and earthen oxides; was applied over the gauze until the outer 

surface reached the expected level (Fig. 25d, e  and f). After preservation, the statue is 

ready for storing or exhibition (Fig. 26). 

 

 
 

Fig. 24. Reattaching fallen flakes: (a) & (b) Lining (c) Reattaching 

 

 
 

Fig. 25. Fixing statue on its pedestal include: (a), (b) cushions of balsa wood strips. (c)  Filling gaps. (d), (e) and (f) 

shaping balsa wood and developing ancient Egyptian techniques for missing part 

 

 
 

Fig. 26. Bastet’s statue after conservation 
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Conclusions 

 

This study gives an account of the archaeometric and manufacturing techniques found in 

the goddess Bastet polychrome statue dates back to (late period, 664-332 BC), discovered in 

Saqqara necropolis by the Egyptian mission headed by the general secretary of (SCA). The 

combination of optical microscopy, technical photography (TP), and spectroscopy techniques 

(EDX and FT-IR), along with the visual inspection of the artwork, indicates that unusual and 

distinguish techniques have been used in manufacturing this statue. 

The results showed that the wood used on the statue is not limited to one or two species, 

but instead, six species of wood. Sycamore fig (Ficus sycomorus L.), Tamarisk (Tamarix 

aphylla L.) and the Lebanese Cedar (Cedrus libani A.Rich.) were used in manufacturing the 

body and pedestal, while dowels were made of Christ’s thorn (Ziziphus spina christi L.Willd), 

Nile tamarisk (Tamarix nilotica Ehrenb.) and common box (Buxus sempervirens L.). 

Stratigraphy structure of the studied statue showed several and rare techniques of 

statuary-making; These results reveal that the Egyptian artisans used wraps of textile as a main 

component for the body and wooden pieces at the statue's backbone and legs to impose it the 

enough strength to fix on the pedestal, while for making the pedestal, slightly complex, small 

pieces of wood, whatever the most readily available in the workshop, irrespective of its 

particular properties, were collected together by wooden dowels, and then coated with a 

decoration layer made of a white preparatory layer followed by black pigment, and then another 

white preparatory layer painted with several pigments and coated with waxy material in some 

areas. 

Spectroscopy techniques (EDX-FTIR) and (TP) images obtained by Dino-Lite USB 

digital microscope provide valuable information about the pigments, organic media and coating 

material. UV-induced luminescence revealed the presence of a yellowish emission from 

luminescent natural wax on the pedestal surface used in the antiquity interventions. Visible-

induced infrared luminescence (VIL) photography allows mapping and detecting Egyptian blue, 

Egyptian blue pigment shows up as bright white areas against a dark background. Infrared 

reflected photography (IRR) revealed the black outlines, which did not clearly appear in the 

visible light due to the negative impacts of the dirt. The chromatic palette used in the statue 

identified as calcium carbonate (chalk) for white, Egyptian blue for blue, hematite for red, 

orpiment and may be mixed with small portion of goethite for yellow, malachite with low 

portion of green earth for green and carbon from lamp black or soot origin for black. The 

(EDX) results proved that the gilded layer is composed of a mixture of gold and silver.  

For the organic materials (binders and coating), Due to the presence of organic coatings 

on the exterior surfaces, detecting and identifying binders is challenging. We could recognize 

beeswax as a coating layer and plant gum as a binder for the pigments of red, yellow and black, 

while possibly plant gum mixed with small amount of another protein material for the green 

pigment. Proteinaceous-based binding medium possibly animal glue used for the Egyptian blue 

due to its grains relatively large size and also with the preparatory layer. 
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