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Abstract 

This paper will present the results of a multianalytical study on an ancient mirror disk stored at the Grand 
Egyptian Museum (GEM). The metal mirror disk was discovered at the Tura El-Asmant archaeological site in 
the governorate of Cairo, Upper Egypt, dating to the Late Period. The mirror is in poor condition and covered 
with corrosion layers which required suitable conservation treatments in order to preserve and display it in 
the GEM. The primary goals of the study are to identify the various types of corrosion and deterioration that 
have degraded the mirror in order to determine the most suitable method for the conservation. The study 
uses many techniques, including scanning electron microscope (SEM), radiography, metallography examina-
tion, and portable X-ray fluorescence, which allows compositional analysis and gets information about the 
technique used to produce it. The mirror’s past, present, condition, documentation, conservation techniques, 
preservation, and storage recommendations will be explored in this contribution. 
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بموقع طره الأسمنت  فلزيةالمرآة ال قديمة محفوظة بالمتحف المصري الكبير. تم اكتشاف فلزيةيتضمن هذا البحث نتائج دراسة تحليلية متعددة لمرآة 
جات الحفظ بمحافظة القاهرة، والتي يعود تاريخها إلى العصر المتأخر. المرآة في حالة حفظ سيئة ومغطاة بطبقات من التآكل مما يتطلب التدخل بمعال

الأهداف الأساسية للدراسة كانت التعرف على أنواع التآكل والتلف المختلفة التي  المناسبة من أجل الحفاظ عليها وعرضها في المتحف المصري الكبير.

الدراسة العديد من التقنيات، بما في ذلك المجهر الإلكتروني الماسح،  استخدمتأدت إلى تدهور المرآة من أجل تحديد الطريقة الأنسب للمحافظة عليها. 

مكونات سبيكة  علىائي، والتحليل بواسطة إستخدام تفلور الأشعة السينية المحمولة، مما يسمح بالتعرف السينية، وفحص التركيب البن بالأشعةوالتصوير 

الحفاظ عليها المرآه والحصول على معلومات حول التقنيات المستخدمة لإنتاجها. سيتم استكشاف السياق التاريخي للمرآة وحالة حفظها وتوثيقها وتقنيات 

 .ي هذه الدراسةوتوصيات الحفظ والتخزين ف

 ، مثبطمنت، مصر، العصر المتأخر، تآكل، حفظسرمزية، طره الأ: المفتاحية الكلمات

1. Introduction 
Mirrors were very popular in Ancient 
Egypt. If not earlier, the Old Kingdom (3rd 
through 6th Dynasties; circa 2675–2170 
BCE) is when the Egyptians first began to 
use mirrors (Lilyquist 1979: 47–77; Bé-
nédite 1907: 81–88). The copper mirror 
(case study) was at the Atfih Storerooms 
and then moved to store at the Grand 
Egyptian Museum-Conservation Center 
(GEM-CC) with the accession number 
GEM. No. 40220 and dates to the Late Pe-
riod (664–332 BCE). It is 13.04 cm high, 
12.7 cm wide, and 4.54 cm thick and 

weighs 264.4 g. The mirror is in poor 
condition, and its whole surface was cov-
ered with corrosion layers which re-
quired suitable cleaning and conservation 
treatments. It was discovered in the Tura 
El-Asmant site, located about halfway 
between Cairo and Helwan (Figure 1). 
The site was very important in antiquity 
when it was the primary quarry for lime-
stone in Ancient Egypt and one of the im-
portant centers of Early Dynastic funerary 
activity (Nicholas 1988: 27, Charlton 
1978: 128). 
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FIGURE 1: Tura Al-Asmant Location Site © 
Google. 

Degradation occurs, when objects are 
made and when they react to archaeologi-
cal burial and continue till post-
excavation conditions. As a result, the 
majority of excavated copper artifacts are 
covered in corrosion products and lost 
their original colors and their shiny sur-
faces like in the case of the studied mir-
ror. More importantly, understanding the 
production techniques and corrosion 
characteristics of these artifacts is crucial 
for proper artifact preservation (Cho et al. 
2021: 1–15).  

Artifacts made from copper and its alloys 
buried for a long time eventually corrode, 
changing their morphology to a stable 
state and forming different corrosion 
products. Typical copper corrosion prod-
ucts include cuprite (Cu2O), tenorite 
(CuO), malachite (Cu2CO3(OH)2), and par-
atacamite (Cu2Cl(OH)3). Here, various 
factors, including the artifactʼs composi-
tion, manufacturing technique, size, and 
burial environment, have an impact on 
the type and shape of the corrosion prod-
ucts. Furthermore, based on the corrosion 
products and varying conditions, the bur-
ial environment can be inferred (Scott 

2002: 35–40). Also, to properly evaluate 
the studied copper disk mirror, it is im-
portant to consider factors like metallur-
gy, corrosion, and encrustations. This can 
provide beneficial insights regarding the 
preservation condition of the object and 
information for the proper treatments 
(Yokota et al. 2003: 268–276).  

In this paper, the historical symbolism 
and representation of mirrors in Ancient 
Egypt will be discussed before summariz-
ing the various scientific investigations 
carried out on this particular mirror. 

2. History and Symbolism of 
Mirrors in Ancient Egypt 
Egypt is appropriately regarded as one of 
the origins of mirror-making. Although 
there is no evidence that metallic mirrors 
existed in Predynastic Egypt, researchers 
have found objects in the burials of the 
so-called Badari culture (c. 45000–4500 
BCE) that might be the earliest examples 
of manufactured mirrors. They were pol-
ished disks made of a highly polished sel-
enite flake put into a wooden frame that 
has been dated to the Badarian age show-
ing an incredible skill in the creation of 
this early prototype (Lilyquist 1979: 78–
82, James et al. 2000: 31–41). Such early 
mirrors were probably employed not just 
as cosmetic items but also as ritual ob-
jects, symbolizing deities, and they were 
probably not utilized as mirrors in the 
modern sense (Mahran et al. 2016: 11–13, 
Pendergrast 2004; 245-246). They were 
used to be buried with the dead, close to 
their hands or feet, as one of the funeral 
objects (see Figure 2). This practice per-
sisted in a significant fashion until the 
Second Intermediate Period. However, 
with the beginning of the Third Interme-
diate Period, mirrors appeared less fre-
quently among funerary items.  
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FIGURE 2: Buried Egyptian Male and the mirror, 

between upper left and lower left arm (Reisner et 

al. 1908). 

Only one mirror that belongs to Hor-
Nakht was found in Tanisʼ royal cemetery 
as proof of this tradition (Anderson 2007: 
1–15). 

Egyptian mirrors also were associated 
with Hathor, the goddess of love, fertility, 
beauty, and dance. Hathor was usually 
represented as cow-headed, her horns 
enclose a sun-mirror disk, and she was 
identified as the eye of the sun god. Per-
haps, this is why some Egyptian mirror 
representations have magical eyes paint-
ed in their center. The ankh-sign, the 
Egyptian symbol of life, looks like a mir-
ror; it is shaped as an egg, with a T-handle 
attached at the small end. The long name 
for the mirror is ankh-en-maa-her, poten-
tially meaning something like “life-force 
for seeing the face,” and was shortened to 
“see-face” (Lilyquist 1979: 83–89; Bianchi 
1985: 10–18; Coşkunsu et al. 2019: 1–7). 

Mirrors frequently played a cultic role in 
Egypt and were presented as dedications, 
with their circular reflected surfaces 
thought to symbolize the sun (Thomas 
and Acosta 2017: 1–30). Mirrors have 
been linked to Hathor throughout Egyp-

tian history and Aphrodite during the 
Greco-Roman era. Mirrors had both prac-
tical function and religious connections to 
both the Sun God Ra and Hathor the god-
dess of love and beauty (Thomas and 
Acosta 2017: 1–30; Backhouse 2021).  
Ancient Egyptians and many other an-
cient peoples interred their dead with 
metal or stone reflectors in order to keep 
the soul, ward off evil spirits, or allow the 
body to inspect its look before making the 
final journey to the afterlife (Anderson 
2007: 1–15; Pendergrast 2004; 245-246; 
Stoneman 2016: 239–243).  

Among the objects that were represented 
under the chairs on the tombs were mir-
rors. Depictions of mirrors under the 
chairs of men accompanied by other ob-
jects are to be seen during the Sixth Dyn-
asty. They were used to serve personal 
purposes and religious ceremonies in the 
afterlife (Mahram et al. 2016: 11–14). 
Mirrors made of polished metal have 
been found in the Sixth Dynasty (c. 2345 
BCE) tombs. Also, in New Kingdom tomb 
scenes, mirrors are frequently placed un-
der the chairs of women, as well as in 
scenes from menʼs tombs (Bianchi 1985: 
10–18; Coşkunsu et al. 2019: 1–7). 

Symbolism and representations of mir-
rors are usually accompanied by inscrip-
tion. For those reasons, associated objects 
are not often important in establishing 
the date of the mirrors (Lilyquist 1979: 
79–89). Therefore, it is challenging to in-
terpret the symbolism and representation 
of the copper mirror under study because 
it lacks inscriptions or has faded as a re-
sult of deterioration (Figure 5). 
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3. The Manufacturing  
Techniques of Ancient  
Egyptian Mirrors  
As mentioned above, mirrors made of 
polished metal have been found in the 
Sixth Dynasty (c. 2345 BCE) tombs. Many 
of them had forms that suggested they 
might have had handles made of wood or 
ivory (Coşkunsu et al. 2019: 1–7; Enoch 
2006: 775–781). 

Mirrors gradually advanced in sophistica-
tion, adding an elaborate handle and a 
well-rounded metal disk that is highly 
polished.  The handle of the mirror was 
made of wood, metal, or ivory (Lilyquist 
1979: 41–47; Chavez 2010: 23–26). The 
first mirrors were made of copper dated 
around 2900 BCE. Then, later ones were 
composed of tin and copper alloys 
(bronze), and ultimately silver and gold 
were added (sometimes, although rather 
rarely, they were entirely made from sil-
ver).  

Mirror manufacturing processes evolved 
during the New Kingdom and Late Period, 
as evidenced by numerous diverse shapes 
that differed from the conventional up-
side-down pears with handles shape that 
was prevalent from the earliest times un-
til the end of the New Kingdom.  

A few were slightly convex or concave, 
polished on both sides, and somewhat 
elliptical (wider than high) with a sharp 
metal tang at the bottom that fit into a 
handle made of wood, stone, ivory, horn, 
metal, or clay. Cloth, animal hide, or wo-
ven rushes were used as coverings for the 
highly polished surface (Pendergrast 
2004: 245-246). 

Egyptian mirrors generally consist of 
three parts. The mirror disk could have 
been made of highly polished copper or 

bronze alloy but sometimes gold and sil-
ver. The disk is usually flat and has a 
sharp tang in order to connect it to a han-
dle. An umbel, usually in the shape of a 
papyrus flower, connects the mirror disk 
to the handle which is normally made 
from wood, ivory, bone, or metal alloys 
(OʼNeill 2011: 1–16). There was a mirror 
in Tutankhamun tomb housed in a spe-
cially made wooden box, which was inlaid 
with colored glass, carnelian, and quartz 
and embossed with sheet gold (Carter No. 
269b). The typical oval disc was replaced 
by a circular form during the Eighteenth 
Dynasty. There were many different 
shapes for handles, including those of an-
imals, adolescent girls, and papyrus flow-
ers (Mahran 2011: 11–33; Bianchi 1985: 
10–18; Elhosary 2022: 130–133). As for 
the producing techniques of the ancient 
mirrors, they were made by solid cast in a 
single piece (Scott 2014: 67–90). 

 

FIGURE 3: The parts of a typical ancient Egyptian 
mirror (by the author). 

http://www.griffith.ox.ac.uk/perl/gi-ca-qmakesumm.pl?sid=5.21.125.209-1728509707&qno=1&curr=269b
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FIGURE 4: (a) Mirror under the chair of the wife of Tjetu I “5th-6th dynasties” (Mahran & El-Kilany 2016). (b) 
A scene from Turin papyrus showing a lady holding a mirror. Cat. 2031. http://collezioni.museoegizio.it/ 
(Accessed 23.02.2023).

4. Materials and Methods 

4.1. State of Preservation of the  
Mirror 
The studied object is an Egyptian copper 
disk mirror (GEM No. 40220, in storage, 
inorganic lab, Grand Egyptian Museum). It 
was discovered at the Tura El-Asmant 
site, Lower Cairo, Egypt, and is dated to 
the Late Period. It is slightly oval in shape, 
with a tang for handle attachment (wood-
en or metallic). There are similar exam-
ples in many different museums, for ex-
ample, a mirror on display at Bristol Mu-
seum & Art Gallery, Egypt Gallery (acces-
sion no. H19), and two mirrors at the 
Royal Museums of Art and History 
(RMAH) collection, Belgium (accession 
no. E.01969 and E.04267) (Rademakers 
et al. 2021). It is undecorated and in poor 
condition. The whole surface of the mir-
ror disk is heavily encrusted with corro-
sion products, soil deposits, and encrusta-
tions. Corrosion products and encrusta-
tions are present and display different 
colors (white, red-brown, black, greenish 
blue, light-green, and green) covering 
both sides of the mirror, which is typical 

for ancient Egyptian copper and copper 
alloy objects. The handle of the mirror is 
missing (Figure 5). 

4.2. Documentation 
The physical deterioration and corrosion 
products of the copper disk mirror were 
documented and mapped using AutoCAD, 
and the corrosion products were identi-
fied based on X-ray diffraction analysis. 
This helped in assessing the current con-
dition of the studied object, emphasizing 
areas of weakness and active corrosion 
that needed immediate treatment, which 
has since been addressed. It also helped 
to distinguish the overlap between the 
corrosion compounds and deterioration 
aspects, such as cracks, incrustations, and 
stains. Each aspect and corrosion product 
were characterized with a specific color 
or symbol, red-brown (cuprite), green 
(malachite), light green (copper chlo-
rides/atacamite), black (tenorite), and 
beige (soil deposits) (Figure 6). 

Most soils do allow corrosion due to the 
presence of oxygen. In contrast, in the 
soils of an anoxic condition, it prevents 
the formation of corrosion products. 

a b 

http://collezioni.museoegizio.it/
https://www.researchgate.net/publication/351782048_From_desert_ores_to_Middle_Kingdom_copper_elemental_and_lead_isotope_data_from_the_RMAH_collection_Belgium?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHVibGljYXRpb24ifX0
https://www.researchgate.net/profile/Frederik-Rademakers?_sg%5B0%5D=6khKsRTwjqARgK8s9p37EJqi6wFyguLmHOfiAy_SGART-tUjzVtyHlGL64tCNxfWXUjWV6A.zIot2cJ0fMPdJPMe12QhHbNRi3tHbY5-ErKJeONmygxUQWS-G8uqXPHl1SmhRKi1Q07YbGdGkbolghfmFi8BFA&_sg%5B1%5D=JDfPP_zB-0ye8t6DNqCzAf-f2k42A6fet-SuuD-DCltQ0lXHiUAv1yE0jODRPPVXeH9m_ro.3yC7d0IzSYj423UloDI_o2Fe4nz3gw95g7pTVW12X3zs40B3B_mISEpo-_0Rc8HPvabAFzhlKdf1BzkrV-T1mg&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
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Based on the corrosion products formed 
on the surface of the uncovered artifacts, 
it could determine the nature of the soil 
and environment from which the objects 
came (Scott 2020: 39–53; Ingo et al. 2006: 
513–520). The presence of cuprite, mala-

chite, and atacamite was confirmed by X-
ray diffraction analysis concluding that 
the soil contained high chloride content 
and high quantities of organic materials 
(Scott 2002: 100–125). 

 

 
FIGURE 5: The copper disk mirror (case study). 

 

 

FIGURE 6: Documentation of the deterioration aspects and corrosion products of the copper mirror using the 
AutoCAD program.
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The analytical techniques selected to con-
duct this investigation are based on the 
suitability for characterizing metal object 
materials. Therefore, the instrument pa-
rameters must meet conservation stand-
ards regarding sampling, where minimum 
or no samples should be taken from art-
works: Stereo Microscope, X-radiography, 
scanning electron microscope (SEM), 
Metallographic examination, portable X-
ray fluorescence (pXRF), and X-ray dif-
fraction (XRD).  

4.3. Multispectral Imaging  
Ultraviolet light, as provided by a VISTA 
UV HANDLE H.F lamp with 360 nm wave-
length emission, was used to illuminate 
the mirror in order to detect any organic 
residues, resins, or adhesives or modern 
restoration evident on the mirror. Visible-
induced infrared luminescence (VIL) us-
ing a Sony A6000 digital camera modified 
to “full spectrum” with a 90C IR Filter and 
a LED lamp to view the fluorescence (lu-
minescence) was used in order to identify 
structural inhomogeneity in the manufac-
turing technique of the mirror and to re-
ceive a VIL imaging of ancient pigments 
remains on the surface such as Egyptian 
blue. 

4.4. Stereo Microscope  
Microscopical investigation was per-
formed on a ZEISS Stereo Discovery V20- 
AxioCam MRc5 in order to evaluate the 
condition of the disk mirror and to under-
stand the nature of surface and corrosion 
products (Odler et al. 2020; 241). 

4.5. X-Radiography 
The mirror was photographed with port-
able X-radiography (Radioflex RF-
200SPS) to examine the surface morphol-
ogy and understand the casting features. 
Radiographed image was captured at 80 

kV, 2 mA, and 6 second exposure (Figure 
8).  

4.6. SEM 
A scanning electron microscope (SEM; 
FESEM/Quanta FEG 250, MADE IN NL) 
was used for structural observation and 
to assess the metal and its corrosion. Im-
ages were obtained at 30 kv with working 
distance of 12.4 and 12.5 mm. SEM imag-
es indicate not only the distribution of 
copper but also its particle size. 

4.7. Metallography 
A small discrete sample was taken from 
area already damaged (debris) during 
excavation. It was mounted with an epoxy 
resin (araldite 2020) for metallographic 
study and polished using silicon carbide 
grinding pads (300, 500, 1200, and 2000 
grit) with water-based suspensions on a 
microcloth pad. The sample was etched 
with a 3% ferric chloride (FeCl3 + HCl + 
ethyl alcohol) solution for 2 to 3 seconds 
during the final step according to ASTM 
E407-07. Meanwhile, the microstructural 
observation was performed using an 
Olympus PMG-3 Metallographic Micro-
scope restored (Ingo et al. 2006: 513–
520; Scott 2014, 67–90). 

4.8. p-XRF 
A handheld Bruker Tracer Spectrometer 
(Alloy Modes: Metal Alloy, Electronics 
Alloy, Precious Metals, 40 kV high voltage, 
20 A anode current, 40 seconds live time 
irradiation) at the GEM-CC was used as a 
noninvasive method to provide broad 
insight of the surface elemental composi-
tion via spot testing.  

4.9. XRD 
A sample of the corrosion products was 
examined with X-ray diffraction (XRD) at 
GEM-CC to better understand the compo-
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nents of the corrosion layers and their 
nature. The corrosion sample was ground 
using an agate mortar for obtaining 5–10-
micron grain size. The X-ray diffractome-
ter system (PANalytical, XʼPert Pro, PW 
3040/60 model) was used, with a Cu an-
ode, working at 30 mA/40 kV at a 25°C 
with a step size (2Ѳ) of 0.033. An X-ray 
tube produced a monochromatic Cu Kα 
radiation of wave length 0.154 nm, rec-
orded from (2Ѳ) 5° to 70° in the case. 
Samples were grinded using an agate 
mortar for obtaining 5–10-mi-cron grain 
size. XʼPert high score data acquisition 
and an interpretation software (Malvern 
PANalytical, Malvern, UK) were used for 
interpreting the results. 

5. Conservation and  
Preservation Processes  

5.1. Active Corrosion Test 
The silver nitrate chloride spot test was 
used to assess active corrosion prior to 

treatment. Minute samples were taken 
from areas exhibiting powdery bright 
green corrosion. The samples were put on 
a glass slide, and then a drop of 2.5% ni-
tric acid (in deionized water) and a drop 
of 3% silver nitrate were each added (in 
deionized water). The appearance of a 
white precipitate suggests the presence of 
chlorides and, thus, active corrosion 
(Scott 2020: 39–53; Laver 1978: 1–11; 
Riss 1993: 1-2). 

5.2. Temporary Consolidation  
To prevent the mirror from additional 
damage brought on by the pressure of the 
mechanical cleaning process, one side of 
the mirror was initially supported with 
thin strips of Japanese tissue attached 
with 0.5% of Klucel-G (hydroxypropyl 
cellulose) in ethanol by brushing (Figure 
7). The weak parts were consolidated 
with paraloid B-72 3% in acetone by 
brushing. The same process was done on 
the reverse side of the mirror. 

 

 

 

 

 

 

FIGURE 7: Appling a facing layer using tissue Japanese paper with 0.5% of Klucel-G in alcohol as a temporary 

consolidation/support of the copper mirror.

5.3. Surface Cleaning 
The cleaning process to get rid of any in-
crustations and corrosion products was 
chosen based on the condition of the cop-
per mirror. All mechanical cleaning was 
done following conservation guidelines 
(Rifai et al. 2023: 26–33; Koh 2006: 1–4). 

5.4. Coating and Stabilization  
Due to the mirrorʼs poor preservation 
state and the presence of active corrosion, 
a corrosion inhibitor in addition to a pro-
tective coating layer had to be applied. 
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6. Results and Discussion 

6.1. Characterization and the  
Condition of the Mirror 
According to visual observation and mi-
croscopic investigation, the mirror is cov-
ered in a thick layer of encrustations, soil 
deposits, and corrosion products, which 
disguise any ornamentation that may be 
on the surface of the mirror. The corroded 
layer and encrustations have a varying 
surface morphology and texture; in some 
areas, it is loose and less thick; in others, 
it is compact. The surface is covered with 
corrosion products and soil deposits. The 
mirrorʼs surface is distinguished by a 
rough, corrosive surface and pits with a 
variety of corrosion products in various 
colors, including dark green, light green, 
greenish blue, and white-gray surfaces 
covered in soil residues. Moreover, some 
areas present active corrosion, further 
demonstrating the corrosion processʼ on-

going progression (Pollard et al. 1989: 
557–563; De Ryck 2004: 189–195).  

Sand and soil deposits found on the sur-
face of the mirror indicate the type of soil 
and environment in which it was buried, 
which is consistent with the type of soil 
and environment at the Tura Al-Asmant 
site, being sandy desert soil. 

6.2. Stereo Microscope 
Microscopic images showed that the cor-
rosion products and soil deposits are a 
complex formulation that includes nu-
merous ingredients. The different patina 
layers and areas where original surface 
remains could be distinguished using a 
stereo microscope. In addition to the soil 
deposits, photomicrographs show various 
colors of corrosion products on various 
areas of the mirrorʼs surface (Figure 8) 
(Weichert 2004: 149–159; Figueiredo 
2010: 13–28). 

 

 

 

 

 

 

 

 

 

 

FIGURE 8: Encrustation under higher magnification showed quartz crystals and soil deposits (a, b). Complex, 

uplifted green, and light green corrosion on the surface of the mirror indicates active corrosion (atacamite) as 

confirmed by XRD, and area of flaking (c). An accession number of the mirror is written directly on the sur-

face of the mirror (d). Different forms of corrosion and soil deposits (e). Red cuprite corrosion and an area of 

flaking (f). 

5 mm 10 mm 

5 mm 10 mm 5 mm 

5 mm 

a b c 

d f e 
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6.3. X-Radiography 
Radiographs demonstrated the mirrorʼs 
structural integrity and confirmed it was 
solid cast. The casting of the mirror might 
have a flaw, the lighter areas show where 
the metal is more stable and complete, 
and the darker patches reveal areas of 
imperfections. For the purposes of this 
study, the term of “black fibers” will be 
introduced which is unexpected and unu-
sual phenomena that have not seen be-
fore on copper objects investigated using 
radiography. Since these fiber formations 
are very radio-transparent, these areas 
represent places where the metal is actu-
ally missing or very thin. Since most are 
around the edges, my hypothesis is it may 
be a corrosion process resulting from 
metalworking stresses. These stresses 
provide areas of increased corrosion 
rates. The branching fibers may represent 
metal that has been converted to corro-
sion products, following crystal bounda-
ries formed during the cooling pace as 
part of the production process, or the 
“stretch-patterns” in the metal from cold 
shaping.  This hypothesis is supported by 
the visible corroded area appearing in the 
reverse photo that seems to correspond 
to the centralized knot of dendrites in the 
X-ray (Figure 9).  Another hypothesis is 
that this object is made using a solid cast 

technique which often has a secondary 
work performed by hammering which 
caused these black fibers (Scott 2002: 
318–334). 

 

FIGURE 9: Radiography of a mirror, revealing 

only minor casting defects, small black fiber for-

mations, and patches. 

6.4. Multispectral Imaging  
Ultraviolet and Visible-Induced Lumines-
cence imaging did not indicate any pres-
ence of pigment remains on the surface of 
the mirror (Figure 10). 

 

 

 

 

FIGURE 10: Detail of multispectral imaging. Normal light (left), ultraviolet visible fluorescence (UVF) (cen-

ter), and visible-induced infrared luminescence (right). 

 

VIS VIL UV 
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6.5. Optical Microscope and  
Metallography Results 
The mirror sample’s metallographic anal-
ysis confirmed that there is an original 
metal structure (core) preserved between 
the altered layers. The black layer is clear-

ly evident at the level of the original met-
al. This layer has only been identified vis-
ually. The results also revealed that the 
mirror alloy is characterized by hard 
crust and heavy corrosion layers. The cor-
rosion products formed an inhomogene-
ous layer on the surface (Figure 11). 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 11: Optical micrograph of a cross-section of the ancient copper fragment. A mirror sample and its 
layers’ facsimile (schematic illustrating) (a, b). Stratigraphy of the metal core and corrosion layers (c). 

The formation of corrosion layers is typi-
cal for ancient copper with layers of CuO 
and Cu2CO3(OH)2.  

6.6. SEM Results 
Figure 12 presents SEM images (micro-
graphs) of the corrosion layer and soil 
deposits samples, respectively. Results 
indicate that the corrosion layers on the 

surface of the mirror are nonhomogene-
ous and a bit thick. 

6.7. XRF Results 
It is important to recognize that due to 
the thickness of the surface corrosions 
and the low surface penetration of the 
pXRF, selected areas of the mirror’s sur-
face on both sides were cleaned mechani-
cally until reaching the original surface. In 

Stone Deposit 
Soil Deposits 

Altered Zone (Corrosion Layers) 

Base Metal 

a b 

1 mm 

Mounting Epoxy  

Corrosive Area 
 

Base Metal 

Corrosive Area 

Soil Deposits c 
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addition, the mounted sample was ana-
lyzed using portable XRF. The sample 
components have been fully identified 
based on their molecular structure, and 

the results were quantified by obtaining 
the average value of the analysis for vari-
ous elements. 

 

 

 

 

 

 

FIGURE 12: SEM images show the original microstructure without (a) and with nonhomogeneous corrosion 
and cracks (b, c).  

The XRF results indicate that the mirror 
sample is composed of copper (Cu) with a 

variable trace of arsenic (As) and iron 
(Fe) (Table 1, Figure 13). 

 

FIGURE 13: XRF spectra of the mirror sample.

TABLE 1: Elemental composition of sample using 
pXRF. 

Elemental Cu As Fe 
Percentage (Wt.%) 97.97 1.63 0.4 

Those additional trace elements apparent 
in the mirror are also seen in other an-
cient copper alloy artifacts. Arsenic and 

iron are regarded as impurities from the 
unrefined base ores accessed in antiquity. 
The presence of arsenic (deliberate or 
accidental) probably was to produce an 
alloy with a golden color and good hard-
ening properties required to get a shiny 
mirror. In addition, it gives it properties 
similar to those of tin bronze, such as 

(a) (b) (c) 

Non corrosive area 
corrosive area (nonhomogene-

ous) 
corrosive area 

cracks 



Studies in Egyptian Archaeology and Science                                                            SEAS-532, 2025 

13 
 

hardness and ductility (Scott 1991: 1–7; 
Odler 2016: 238–248). 

6.8. X-Ray Diffraction (XRD) 
The presence of sediments, soil deposits, 
and incrustation on the surface of the 
mirror gives a clear indication of the type 
of sandy and rocky environment in which 
the mirror was buried, which is mainly 
consistent with the soil and nature of the 
site of Tura Al-Asmant based on the au-
thor’s observation. The XRD results also 

gave valuable insight into the corrosion 
layers. The use of XRD has revealed the 
presence of quartz (SiO2), as well as cop-
per species such cuprite (Cu2O), car-
bonates like malachite (Cu2(OH)2CO3), 
and atacamite (Cu2(OH)3Cl) (Table 2). 
This information provides evidence that 
the outermost corrosion layers are 
formed also through a strict interaction 
between soil constituents (Cl, Si, Ca, and 
CO2) and metal corrosion products, pri-
marily constituted of copper (Figueiredo 
2010: 13–28). 

TABLE 2: Corrosion products analyzed using XRD. 

Sample 
Corrosion 
product 

Chemical name 
Chemical  
formula 

Density 

g/cm³ 
Percent. 

% 

copper corrosion 
products 

Cuprite copper (I) oxide Cu2O 6.1 15.4 
Malachite copper carbonate hydroxide Cu2(CO3)(OH)2 3.8 28.8 

Quartz silicon dioxide SiO2 2.65 26.2 
Atacamite copper (II) chloride hydroxide Cu2Cl(OH)3 3.76 29.6 

 

6.9. Conservation Processes 

6.9.1. Cleaning Process 
Investigation and analyses have been use-
ful in revealing minute features of the 
mirror’s surface, elemental composition, 
and preservation condition. It also helped 
in understanding its alloy, as well as as-
sisting in making good decisions regard-
ing conservation plan and long-term care, 
and whether or not they should be sub-
jected to proper conservation methods. 
Moreover, metallographic images made it 
easier to comprehend and track the layers 
of corrosion and their sequence, which in 
turn contributed in performing effective 
cleaning procedures without harming the 
original surface of the mirror, which must 
be preserved (Figueiredo 2010: 13–28). 

Care was taken during the mechanical 
cleaning process to avoid scratching the 
mirror’s original surface. Brushes, scal-
pels, micromotors, and ultrasonic pen 

(Woodpecker/DTE USD-P) were used to 
mechanically remove the corrosion prod-
ucts from the mirror’s surfaces. A cleaned 
area was examined under a stereo micro-
scope after mechanical cleaning (Figure 
14). After removal, the following treat-
ment involved the mechanical removal of 
the copper chlorides using a needle and a 
scalpel until bare metal was exposed. The 
excavated zone was then coated with a 
paste of silver oxide powder dissolved in 
ethanol, to fill the pits and arrest the ac-
tive corrosion. 

Following mechanical cleaning and visual 
observation, the surface morphology of 
the studied mirror started to appear. At 
this time, it was decided to forgo further 
cleaning procedures because the mechan-
ical cleaning method had already pro-
duced the desired effects while protecting 
the cooper mirror’s original surface. 

https://www.researchgate.net/profile/David-Scott-4?_sg%5B0%5D=sakWk5B2XyX58bK-Dn5rwYTZzeROYfRyTk1Ah6hBjOrZdtIr_pZQoi1Rq7h38rc9qqahwhg.a9a88S99YrA5UkDhyyJfXecf18rq_k2fFf1x-xi6xu_Bfrm5spYlrrkLhnk84oAtPAhac3wERJ_r4HgEFyOXtw.LEVJMgkCuboMMq9N2CPvFX8Y7vHi0pDzcCy2f8JZCDMSOfXITbw21yjjmX5QdWMHoZEMiXf3OWvkXMooT9ZEgA&_sg%5B1%5D=fMce0ijdmIwPUt1MOxI2vBZqfnG9i6TcjULJFwxdT5VDNhctenZ_uz6-ekl4pnzPB_ug2kU.e1wyaaZutx92HAv6cT9K-2k5B6DHGOxp2VD4S4fbjAPicoZvWnha9UAUq-2NNEBSDQSgZOjoBrkXaWbgJy3TSg
https://en.wikipedia.org/wiki/Copper(I)_oxide
https://en.wikipedia.org/wiki/Silicon_dioxide
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During the cleaning process of the mirror, 
it was necessary to perform a temporary 
preservation procedure on the mirror in 
order to carry out the conservation pro-
cess optimally because the study and con-
servation process took several months. 
The copper mirror was temporarily pre-
served by sealing it within an acid-free 
carton-board box to isolate it from the 
surrounding environment. Silica gel (100 
g, transparent balls, pores diam. 4.5–7.0 
nm nbsp) was placed inside the box (de-
signed for mirror preservation) to keep 
the relative humidity below 35% (Figure 
15). 

 

FIGURE 14: Details of the corrosion layers and 
soil deposits on the surface of the mirror, and 
assessment of mechanical cleaning using a stereo 

microscope (left area before cleaning, and right 
area during/after cleaning). 

 

FIGURE 15: Placing the mirror in an acid-free box 
with blue silica gel as a desiccant while undergo-
ing conservation operations. 

6.9.2. Stabilization and Coating 
Before applying the corrosion inhibitor to 
the mirror’s surfaces, both of its faces 
were cleaned with alcohol to remove any 
dirt or dust. Using a brush, three layers of 
black seed extract (40 ppm) were applied 
to the mirror surfaces to prevent further 
corrosion and deterioration from envi-
ronmental conditions while in storage at 
the museum. 

 

 

 

 

 

 

FIGURE 16: Mechanical cleaning processes of the mirror using various tools. 
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FIGURE 17: The copper mirror before (a), during (b), and after conservation and removal of the corrosion 

products (c).

7. Conclusion 
Identifying the preservation condition of 
the copper disk mirror required mul-
titechnique analyses due to being covered 
with different corrosion layers and soil 
deposits. Advantages of each technique 
(SEM, pXRF, and XRD) were pointed out 
to present a broader knowledge of the 
preservation condition of the mirror and 
identify the nature of the deterioration 
aspects and the corrosion products. The 
black fiber pattern was unexpected, and 
an unusual phenomenon of the copper 
objects was investigated using radiog-
raphy. As a result, this study hopes to 
serve researchers who specialize in the 
study of ancient metals to gain further 
insight into this phenomenon, interpret it 
in more detail, and establish connections 
between similar objects based on factors 
like producing technique, corrosion pro-
cess, and the location of discovery. 

Based on the results of the technical study 
of the mirror, it was necessary to remove 
corrosion layers and encrustations from 
the surface of the Tura Al-Asmant site 
mirror that was the subject of the study 
due to its poor preservation condition. To 
prevent corrosion and further deteriora-
tion processes, an extract of black seed at 
40 ppm in alcohol was brushed over the 

mirror’s surface as a green corrosion in-
hibitor. 

In conclusion, this case study provides 
archaeologists, conservators, and conser-
vation scientists with information regard-
ing the composition and conservation 
methods applied to a copper mirror, ap-
plicable to other copper items from an-
cient Egypt. 
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