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ABSTRACT 

Excavations carried out at the Yenikapı quarter of Istanbul under the Directorate of the Istanbul Archeological 
Museum between 2004-2013 and have brought the historical importance of the port to light. During the salvage 
excavations in Yenikapı, hundreds of leather sandals and leather objects from the Byzantine period have been 
uncovered. The aim of this study is to determine both tanning and coloring materials of eight leather objects 
belonging to the Byzantine period and physicochemical characterize the leather structure. A complementary 
analytical approach has been used to characterize leather objects. The ATR-FTIR analysis revealed that the 
leather objects were tanned with vegetable tannins (gallotanins, condensed tannins and hydrolyzable tannins). 
By HPLC-DAD analysis, it is known that tannin dye plants were used to color the leather (Quercus infectoria 
or Quercus ithaburensis). The EDS analysis result showed the possible use of cupric sulfate (CuSO4) for 
preliminary preparation before tanning leathers during the Byzantine period. In addition, SEM was used for 
visual assessment of the degree of deterioration of leathers. Based on the EDX analysis, biological deterioration 
factors and changes in the element ratio have shown that the leather objects deteriorate. In addition, pH, 
moisture content and CIE* Lab values show that there is a deterioration in the structure of leathers under the 
sea. The study will sheds light to leather conservation studies. 
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1. INTRODUCTION 

In 2004 Istanbul Archaeological Museums initiated 
salvage excavations at the Uskudar, Sirkeci and Yeni-
kapı station sites of the Marmaray Project, which 
unites Asian and European continents in Istanbul by 
rail for the first time in history via a crossing under 
the Bosphorus. The excavations lasted for nine years 

without interruption and were completed in 2013 
(Kocabas, 2019; Akkemik and Kocabaş, 2014; 
Kocabaş, 2015). The excavation area in Yenikapı lies 
within the region that is known as Langa Gardens in 
the Ottoman Period and located in Istanbul's Aksaray 
district (Öncü and Sırrı, 2015). The Yenikapı (MRY) 
excavation area is presented in (Figure 1). 

 

Figure 1. Aerial view showing the Yenikapı (MRY), area and borders of the excavation site (Kocabaş, 2015). 

In the project, a total area of 58,000 sqm of approx-
imately +3(plus three) to -9(minus nine) meters sea-
level was excavated (Öncü and Sırrı, 2015). This exca-
vation consists of the Early Turkish Republican Pe-
riod to Ottoman, Byzantine, Roman and Hellenistic 
Periods (Düzgün and Emre, 2018). In addition to 
thousands of archaeological artefacts, 37 excavated 
shipwrecks from the Byzantine period, also provide 
new information about the commercial life of the city 
during these periods (Akkemik and Kocabaş, 2014; 
Akkemik et al., 2019; Kiliç, 2016; Kocabas, 2019; 
Namik and Kiliç, 2018; Polat, 2019; Turkmenoglu, 
2018; Kocabaş, 2015). The findings demonstrate that 
the port was a vibrant commercial center for the Ro-
man and Byzantine Empires. In the Byzantine Period 
4th-5th century, it is known that many goods came to 

Constantinople (Constantinople is an ancient city in 
modern-day Turkey), especially from India and Iran, 
China, Egypt, and Russia (Asal, 2010). One of the 
most important pieces of evidence of trade in the Byz-
antine Period were leather goods and objects. 

Hundreds of leather sandals and unidentified 
leather objects found from Yenikapı (MRY) excava-
tions are under the inventory of the Istanbul Archeol-
ogy Museum. In this study, only eight leather objects 
were analyzed among hundreds of archeological 
leather objects. The studied leather objects were 
found at about -3.85 and -4.50 meters below sea-level 
(Table 1). While selecting leather objects for the study; 
attention was paid to the fact that they were from the 
same period but in different regions of Yenikapı exca-
vation and in different years. 

  



PHYSICOCHEMICAL CHARACTERIZATION OF LEATHER OBJECTS OF THE BYZANTINE PERIOD 109 

 

Mediterranean Archaeology and Archaeometry, Vol. 20, No 3, (2020), pp. 107-119 

Table 1. Location of the leather objects. 

Samples № Excavation 
area 

Year of excavation Plan square Code (sea-level) Dates of the objects  

1(a) MRY'11 2011 J1 -4.30/ -4.40 5th century 
2(b) MRY'06 2006 3.Unknown - - 
3(c)  MRY'11 2011 J2 -4.03/ -4.08 5th century 
4(d) MRY'10 2010 J147 -4.06/-4.16 5th century 
5(e) MRY'08 2008 A28 -4.50 5th century 
6(f) MRY'08 2008 M25 -4.15/ -4.30 5th  century 
7(g) MRY'11 2011 J144 -4.31/ -4.39 5th century 
8(h) MRY'06 2006 G15 -3,85 4th century 

MRY - Marmaray Yenikapı archaeological site and year of excavation, Plan square- Yenikapı area, Code- Sea level. 
 

Analytical techniques used in the study of archae-
ological leathers are important tools to identify the 
components and distortions that make up all objects. 
It is known that the object should be researched and 
analyzed very extensively before conservation stud-
ies. In recent years, analytical studies have been car-
ried out on archaeological leathers. Regarding analyt-
ical studies, Ganitis and others determined with FTIR 
and SEM analyzes that lead white, caput mortuum 
(cardinal or royal purple), bonnet tenon, red and yel-
low ocher, cinnabar, carbon black and smalt were 
used for coloring the leather used in the Byzantine pe-
riod St Nicholas Icon [located in the city of Kastoria in 
Northern Greek (Macedonian)] (Ganitis et al., 2004). 
 Malea and others exposed problems of deteriora-
tion on fifteen archaeological wet leathers from Great 
Britain and Greece using pH, Ts, HPLC, SEM analyt-
ical methods (Malea et al., 2010). 
 Mansour and others detected the fungi 
Cladosporium cladosporioides, Aspergillus tamarii, 
Eurotium chevalieri, Aspergillus fumigatus, Walle-
mia sebi and Fusarium poae fungi by FTIR and SEM-
EDX analytical methods that cause deterioration of 
archaeological leathers (Mansour et al., 2017). Using 
the ATR-FTIR, Falcao and Araujo produced herbal 
tanning materials in historical leathers (Falcão and 
Araújo, 2013). 
 Carşote and others performed FTIR analytical 
analysis in the Slavo-Byzantine Research Center (Ivan 
Dujčev) to evaluate the damages affecting parchment 
manuscript and leather binding of the Byzantine pe-
riod (Carşote et al., 2014). 
 By FTIR, HPLC and SEM-EDX analysis Elnagger 
and others determined using of vegetable tannins, 
alum salts and natural dyes in tanning and coloring 
materials of Ancient Egyptian leathers (Elnaggar et 
al., 2017). 

In the study of Al-Gaoudi, the mummy gland 
(excavated in one of the major excavations in Deir El-
Bahari in Luxor 1891, the Bab El-Gasus tomb) of 
Khonsuemrenep (a priest from the 21st Dynasty and 

the author of Amun) was examined by using many 
analytical approaches. She explained the properties, 
methods and materials used in the production of a 
textile object with analytical techniques and the 
strategies of the protection processes (Al-Gaoudi, 
2020). 

Characterization and provenancing, dating 
methods, cyber-archaeology, location of ancient 
works with geophysical methods, archeoastronomy, 
bioarchaeology, geoarchaeology, conservation 
sciences and main applications are discussed for 
archeometry or archaeological sciences (Liritzis et al., 
2020).   

This study revealed the characterization of eight 
leather objects belonging to the Byzantine period cur-
rently preserved in the Istanbul Archaeological Mu-
seum. pH, moisture content and L* a* b* values of 
leather objects were measured, and tanning tannins 
were analyzed with ATR-FTIR, dye pigment was an-
alyzed with HPLC-DAD, surface image was analyzed 
with SEM-EDX. With this study, which was carried 
out with complementary analytical approaches, new 
information about Byzantine leather workmanship 
was obtained and some deterioration factors in un-
derwater leather finds were identified. 

Determination of materials used in archaeological 
leathers from Yenikapı excavation and evaluation of 
the causes of deterioration also attract the attention of 
archaeologists and conservator. Innovation and high 
technology analysis in this work have important re-
sults for archaeological academy, conservator and 
restorators. 

2. MATERIALS AND METHODS 

2.1. Sampling 

In this study, eight leather object samples (Byzan-
tine period, 4th-5th century, which was named as Con-
stantinople) obtained from the (Istanbul, Turkey), Is-
tanbul Archaeological Museum. Analysis of leather 
objects were shown in (Fig. 2) and (Tab. 1). 
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Figure 2. Scale photos of leather objects; a (MRY’11), b (MRY’06), c (MRY’11), d (MRY’10), e (MRY’08), f ( MRY’08), g 
(MRY’11), h (MRY’06). 

2.2. Measurement of pH 

 Leather objects are kept in pure water in proper 
storage. pH measurements were analyzed in two 
types. First the pH of pure water (Hanna HI 99171 Ph 
meter) was measured, then the pH of the leather sur-
face was measured. Analysis results are given in (Ta-
ble 2). 

2.3. Moisture content 

 The leather objects were removed from the pure 
water and 1 cm² samples were prepared. Samples 
were placed in incubator in the laboratory for thirty 
minutes at 110°C. Samples were then left under ap-
propriate atmospheric conditions. The moisture level 
of leather objects was measured using the Hygrome-
ter (4000 TC Thermohygrometer. Bresciani Srl Via 
Breda 142 - 20126 Milan - Italy) The results are shown 
in (Table 2). 

2.4. Colour coordinates 

 Color measurement on the leather objects were car-
ried out by using Konica Minolta (CM-700d. Sensing, 
Inc., Japan) (D65 illuminant, 10° standard observer) 
and the results are shown in (Table 2). The system is 
a three-dimensional space, with coordinate axes L*, a* 
and b*. The L* axis denotes the lightness of the color 
(an L* of 0 corresponds to black, while an L* of 100 
denotes white), a* represents the green–red axis (a* 
negative: green, a* positive: red), and b* represents 
the blue–yellow axis (b* negative: blue, b* positive: 
yellow) (Güzel and Karadag, 2019; Karadag and 
Yurdun, 2010; Pizzi et al., 2004). 

2.5. ATR Fourier-transform Infrared 
Spectroscopy (ATR-FTIR) 

 FTIR (Fourier transform infrared spectroscopy) 
analyses were carried out using a (Perkin Elmer Spec-
trum UATR Two FT-IR) spectrometer in reflectance 
mode using an attenuated total reflectance (ATR) 
slide-on accessory with diamond crystal, spectral 
range 4000–400 cm−1 and resolution 4 cm−1, to attempt. 
FTIR has been described as useful analytical tool for 
the molecular characterisation of leather samples. 

2.6. High - performance liquid 
chromatography (HPLC-DAD) 

 Chromatographic measurements of leather objects 
were carried out using an Agilent 1200 series system 
(Agilent Technologies, Hewlett-Packard, Germany) 
including G1322A Degasser, G1311A Quat pump, 
G1329A auto-sample, G13166 TCC, and G1315D Di-
ode-Array Detector. DAD detection was performed 
by scanning from 191 to 799 nm with a resolution of 2 
nm, and the chromatographic peaks were monitored 
at 255, 268, 276, 350, 491, 520, 580, and 620 nm. A Nova 
Pak C18 analytical column (39 × 150 mm, 4μm, Part 
No. WAT086344, Waters) was used. Analytical and 
guard columns were maintained at 30°C and data sta-
tion was the Agilent Chemstation. Two solvents were 
utilized for chromatographic separations of the sam-
ples; solvent A: H2O- 0.1% TFA and solvent B: CH3CN 
- 0.1% TFA.  

The dye compositions were based on the literature, 
the chromatograms and the absorption spectra ac-
quired with the standard reference compounds 
(Deveoglu et al., 2012). 8.0 mg of each sample was 
weighed before the dyestuff analysis. The samples 
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were hydrolyzed in 400 μL of 37% HCl/MeOH/H2O 
(2:1:1, v/v/v) kept at 100°C for 8 min to extract the 
organic dyes. Then, the samples were evaporated un-
der gentle nitrogen flow. The dry residue was dis-
solved in 400 μL MeOH/H2O (2:1, v/v) and the sam-
ples were centrifuged. If necessary, further dilution 
was carried out (and then centrifugation 4000 
rpm/25°C/10 min.) and HPLC analysis was per-
formed. All the samples were injected in 100 μL to 
HPLC system. Identified colouring compounds based 
on the dyestuff analysis are shown in (Tab. 5). Scan-
ning Electron Microscopy with EDX (SEM-EDX) 
 The leather objects were analyzed by Scanning 
Electron Microscope equipped with Energy Disper-
sive X-ray Spectrometer (SEM-EDX) for surface imag-
ing and elemental analysis. In this study, TESCAN 
VEGA3 SEM (Brno, Czech Republic) and Bruker EDX 
detector (Massachusetts, ABD) were used. EDX has 
600 Mini silicon drift detector (SDD), a small electron-
ics unit and the intuitive software ESPRIT Compact 
(Esprit 1.9). The system performs qualitative and 
quantitative analyses of all materials within the ele-
ment range from boron (5) to californium (98). Quali-
tative microanalysis was carried out using the ZAF 
method, which is based on the correction of the ma-
trix effect in multi-elemental analysis that takes place 
in the simultaneous determination of the concentra-
tion of each element present in a multi-element mate-
rial. 

The leathers were coated using Au/Pd (60/40) tar-
get in a sputter coater for surface imaging. The SEM 
images of the leathers are shown in (Figure 6), the re-
sults of elemental analysis are also shown in (Table 5). 
The samples for elemental analysis were coated with 
a carbon target. Therefore, the carbon element was ig-
nored in the analysis results. 

3. RESULTS 

3.1. pH  

 The pH values of the leather objects were measured 
between 4.69 and 7.20, (Table 2). pH values of number 
MRY’11 (c) and MRY’10 (d) samples have shown sim-
ilarity with studies on vegetable tanned leather. His-
toric leather that has not deteriorated normally has a 
pH between 2 and 6, depending on the conditions un-
der which they are stored (Larsen, 2000). pH value of 
the all samples were shown similarity with studies on 
historical leathers showed that a safe pH range lies 
between pH 4 and 8 (Strzelczyk et al., 1997). For his-
torical leather it is reported that when pH values are 
above 8 then the leather becomes darker in colour, 
tends to be stiff and cracks (Bowes and Raistrick, 1961; 
Malea et al., 2010). In general in the archaeological 
leather has been found in old cities or villages, in cess-
pits and in dumped levels with wet bog or clay soils 
whose pH is <7 (Van Dienst, 1985).  

3.2. Moisture  

 Measurements of moisture content are given in 
(Table 2). Leather objects showed a moisture content 
of 0.7 to 3.8% by weight. Only one example showed a 
6.8% higher value. The display of different values (%) 
of the samples maybe depends on the type of leather, 
the production stage and the historical process. 

3.3. Color  

 CIE* Lab color values of leather objects are given in 
(Table 2). When color measurements of leather sam-
ples are evaluated; showed that the surface image (L*) 
was severely darkened and that a small amount of 
redness and yellowness was noted in a * and b * val-
ues. 

Table 2. pH, moisture and color measurements of the leather objects. 

pH value    Moisture content Colorimetric measurement 

Number       Samples pure            
water 

wet leather     (% w/w)  L* a* b* 

1(a) MRY'11 7,80 6,82  3,4  19,11 3,57 3,57 
2(b) MRY'06 7,45 6,61  1,5  16,15 0,72 0,69 
3(c)  MRY'11 4,93 5,37  2,1  15,20 0,99 1,07 
4(d) MRY'10 4,97 4,69  6,8  13,94 1,02 0,65 
5(e) MRY'08 7,44 6,76  3,8  18,93 1,08 1,49 
6(f) MRY'08 7,78 6,97  3,1  19,03 1,28 1,80 
7(g) MRY'11 8,23 7,20  0,7  19,70 3,11 3,94 
8(h) MRY'06 7,94 7,03  1,9  14,94 1,02 0,65 

 
3.4. ATR-FTIR 

ATR–FTIR spectroscopic study of leather samples 
was performed and the major bands of the eight his-
toric samples are presented in (Fig. 3). In this study, 
the spectral data confirmed that leathers have been 
vegetable tanned. As expected, the five common 
bands of tannins are present: 1615–1606 and 1452–

1446 cm−1 (aromatic ring stretching vibration), 1211–
1196 and 1043 1030 cm−1 (C-O bond stretching vibra-
tion) (Koochakzaei and Achachluei, 2015) and 1518–
1507 cm-1 (Amide II band of leather protein) (Puică et 
al., Florescu, 2006; Mansour et al., 2017; Falcão and 
Araújo, 2018; Rushdya, 2016; Papliaka et al., 2017). 
The presence of the four strong bands at 1615–1030 
cm -1, as referred above, is a strong indication that the 
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material had been tanned with vegetable tannins, 
(Falcão and Araújo, 2013, 2014; Falcão and Araújo, 
2018; Giurginca et al., 2007). 

The protein materials were detected by broad band 
at 3281- 3307 cm−1 (due to O–H). The broad band at 
2325 cm−1 in the MRY'06 (b) sample can be sulfur (S). 
The band can be drive from pollution in the environ-
ment (Rushdya, 2016). Amide bands (amid I: 1646-
1640 cm−1; amid II: 1536-1554 cm−1 and amid III:  1300-

1250 cm−1) of the collagen structure of the leather are 
shown in (Tab. 3). 

Hydrolysable tannin compounds were determined 
in the 1317-1388 cm-1. Gallotannins were determined 
in the 1088-1082 cm-1 and condensed tannin com-
pounds were determined in the 1116-1110 cm-1 and 
844-842 cm-1. Condensed tannins were determined in 
the MRY’11 (c) and MRY’08 (e) samples and gallotan-
nin was determined in the MRY’08 (f) sample. 

Table 3. Characteristic bands of leather objects. 
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Figure 3. FTIR spectra of leather samples; a (MRY’11). 

3.5. HPLC-DAD  

Eight archaeological leather objects were analyzed 
in this study. Dye identification of archaeological ob-
jects is generally based on comparison with standard 
reference materials (paint materials) (Kahraman and 
Karadag, 2017; Karadag and Dolen, 2007). Leather ob-
jects; HPLC-DAD chromatograms and spectras (Fig-
ure 4). (Figure 5), identified coloring compounds and 
probability biological sources are given in (Tab. 4). 

The colored compounds were identified by HPLC-
DAD, and dye source of the archaeological leathers 
are given in (Tab. 4). The leathers were determined to 
contain gallic acid, ellagic acid and their derivatives. 
It is known that tanning plants are used in leather col-
oring (Quercus infectoria or Quercus ithaburensis) 
(Karapanagiotis and Karadag, 2015). (Quercus infecto-
ria or Quercus ithaburensis) was used for both tanning 
and coloring of leathers. Peak area percentages of the 
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colored compounds were determined semi-quantita-
tively by High Performance Liquid Chromatography 

(HPLC) using Diodes. HPLC-DAD is ideal for identi-
fying natural dyes found in such materials. 

 

Figure 4. Chromatograms of the leather objects; a (MRY'11). 
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Figure 5. Spectra of identified coloring compounds; a (MRY'11), b (MRY'06), c (MRY'11), d (MRY'10), e (MRY'08), f 
(MRY'08), g (MRY'11), h (MRY'06). 

 

Table 4. Identified colouring compounds  and possibility biological sources. 

Number Samples Identified dyestuff Possibility Sources 
 
 

1(a)  

 
 

MRY’11 
 
 

gallic acid 
ellagic acid 

gallic acid derivative 
ellagic acid derivative 

malvidin-3-p-coumarylglucoside 

Quercus infectoria 
or 

Quercus ithaburansis 
or 

Tannin  dye plants 

 
 

2(b) 

 
 

MRY’06 

 
ellagic acid 

ellagic acid derivative 

Quercus infectoria 
or 

Quercus ithaburansis 
or 

Tannin  dye plants 
 
 

3(c) 

 
 

MRY’11 

 
gallic acid 

gallic acid derivative 

Quercus infectoria 
or 

Quercus ithaburansis 
or 

Tannin  dye plants 
 
 

4(d) 

 
 

MRY’10 
 
 

gallic acid 
gallic acid derivative 

punicalin A 
punicalin B 

 

Quercus infectoria 
or 

Quercus ithaburansis 
or 

Tannin  dye plants 

 
 

5(e) 

 
 

MRY’08 
 

gallic acid 
gallic acid derivative 

punicalin A 
punicalin B 

Quercus infectoria 
or 

Quercus ithaburansis 
or 

Tannin  dye plants 
 

6(f) 
 

MRY’08 
gallic acid 
ellagic acid 

 

 
 
 

7(g) 

 
 
 

MRY’11 
 
 

 
gallic acid 
ellagic acid 
punicalin A 
punicalin B 
kaemferol 

Keampferol darivative 

 
Quercus infectoria 

or 
Quercus ithaburansis 

or 
Tannin  dye plants 
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8(h) 

 
 

MRY’06 
 

 
gallic acid 
ellagic acid 
punicalin A 
punicalin B 

Quercus infectoria 
or 

Quercus ithaburansis 
or 

Tannin  dye plants 

    

3.6. SEM-EDX 

 SEM presented the surface morphology of the 
leathers. EDX analysis gave the results of all elements 
such as C, O, Na, S, Al, Si and Cl (Table 5). The results 
of SEM obtained (Fig. 6), showed that the structure of 
the leather is disrupted. When the SEM surface image 
is examined, cracks and splitting of the leather objects 
in the fibers are clearly visible. In addition, there are 
large and small crystal (salt) particles among the 
leather fibers. Crystal particles also affected the colla-
gen structure of the leather. Most forms of the disrup-

tion shown by SEM are caused by submarine chemi-
cals and the marine environment (Hadîmbu et al., 
2018; Della Gatta et al., 2005). The EDX results of the 
leather objects revealed many chemical elements 
identified in all examples (Tab. 5), (Fig. 6). The ele-
ments C, N and O found in the leather objects almost 
correspond to the main components of the leather. 
However, none of the leather objects contains nitro-
gen (Mansour et al., 2017). Small elements that do not 
constitute the main component of the leather may 
have originated from different chemicals in sea water 
or some materials used in the production of leather. 

    

    

Figure 6. SEM micrographs of the investigated leather objects; a (MRY’011; 775x), b (MRY’06; 780x), c (MRY’11;441x), d 
(MRY’10; 492x), e (MRY’08; 542x), f (MRY’08; 731x), g (MRY’11; 734x), h (MRY’06; 583x). 

Table 5. Elemental analysis of the leather objects. 

Chemical composition (wt% detected elements) 

Samples C O Na Mg Al Si P S Cl     K Ca Ti Fe Ba C
u 

Zu 

1(a) 58.68 33.44 - 0.23 0.79 1.74 0,03 0,43 0,02 0,27 2,54 0,07 1,75 - - - 

2(b) 56.60 33.32 0.15 0.33 0.99 2.39 0,01 0,23 - 0,23 2,13 0,10 2,60 - 0,4 0,8 
3(c)  62.91 33.25 - 0.02 0.23 0.39 0,02 0,69 - 0,05 0,97 - 0,49 - - - 

4(d) 56.07 36.43 - 0.21 0.81 1.18 - 1,12 0,04 0,12 1,28 0,20 2,55 - - - 

5(e) 54.21 32.52 - 0.25 0.15 0.40 0,03 1,42 - 0,04 3,57 - 7,41 - - - 

6(f) 51.60 39.45 - 0.31 0.55 1.21 0,02 0,93 - 0,10 1,65 - 4,20 - - - 

7(g) 50.54 20.86 - 0.03 0.30 0.43 0,02 0,04 - 0,05 0,19 - 27,53 - - - 

8(h) 49.07 42.42 - 0.35 0.89 1.46 - 1,08 - 0,14 1,91 - 2,55 0,13 - - 
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4. DISCUSSION 

 When the characterization of the leather ob-
jects was examined, it showed a similar chemical 
composition and biological degradation. The pH 
value and moisture content of wet leather is im-
portant before canning (Van Dienst, 1985). Therefore, 
the values of these properties were obtained for wet 
archaeological leather, pH values were found be-
tween (4.69 and 7.20) and moisture content (0.7 and 
6.8). If the archaeological leather is covered with wa-
ter, it can be assumed that hydrolysis occurs to some 
degree without the catalytic effect of acids (Larsen, 
2008). pH values showed that samples showed signs 
of oxidative deterioration. Moisture varies according 
to the thick and thin leather. In addition, excess mois-
ture inflated the fibers of the leather, thereby became 
a cause of its deterioration. L* a* b* values have been 
shown to be low as a result of the reactions between 
salt and ferrous ions and tannins coming from leath-
ers' sunken area (Jenssen, 1987). Therefore, the color 
of the leather was found very dark brown. Archaeo-
logical leather materials can carry proof of vegetable 
tanning even after thousands of years. Two-thirds of 
the leather samples showed the presence of vegetable 
tanning between BC 2500- BC 1750 (Kite et al., 2006). 
In FTIR analysis, protein materials were detected with 
wide band at 3281- 3307 cm-1 (depending on O-H), 
since the leathers were found in aqueous media. It 
also showed the breakdown of the collagen complex 
in the leather structure. In the MRY'06 (b) sample, 
wide band (sulfur ion tension band) at 2325 cm-1 was 
detected (Rushdya, 2016). Sulfur ion is generally re-
garded as the primary substance of acidic hydrolysis 
in historical leathers, caused by environmental pollu-
tion. These sulfur ions break the connections between 
the amino acids in the collagen polymer chain 
(Florian, 2006). FTIR analysis revealed the presence of 
characteristic tanning tannins of leather, gallotanins, 
condensed tannins and hydrolyzable tannins. There-
fore, it can be assumed that tannin mixture is present 
in tanning of leathers (Falcão and Araújo, 2013). The 
spectrum of the identified coloring compounds of the 
leather objects (Figure 5), and the determined color-
ing compounds and probability biological resources 
are given in (Tab. 4). Using HPLC analysis, the leath-
ers were determined to contain gallic acid, ellagic acid 
and their derivatives (Karapanagiotis et al., 2011). It 
was difficult to determine the type of leathers in the 
SEM surface image. Due to the biological degradation 
under the sea, the bristle points on the leather are 
closed and worn. EDX results revealed many chemi-
cal elements (Table 5). Elements C, N and O almost 
correspond to the main components of the leather. 
None of the leather objects contain nitrogen (Mansour 

et al., 2017). The low calcium content may have been 
caused by underwater fungi. High Fe ratio dark 
brown iron oxide Fe2O3 can be shown in MRY11(g) 
sample (Mabrouk, 2020). A small amount of sulfur, 
aluminum and potassium were also found in leathers. 
This indicates that the leather was probably prepared 
with screed and vegetable tannins. While sodium and 
chlorine may be associated with wet salting of the 
leather, the presence of sulfur and copper revealed 
the presence of CuSO4 in leather making MRY'06 (b) 
Cu (0.4%). Cupric sulfate has been used as a leather 
protector before tanning in traditional leather making 
recipes (Koochakzaei and Achachluei, 2015). Na 
(0.15%) was found in the MRY'06 (b) sample, Cl 
(0.02%) was found in MRY'11 (a) sample and Cl 
(0.04%) was found in MRY'11(c) sample. Their for-
mation may indicate halite (rock salt) NaCl (Mabrouk, 
2020). In general, the analytical results of archaeolog-
ical leather objects primarily reveal the deterioration 
agents and the leather production stage. 

5. CONCLUSIONS 

 Morphological examinations of archaeological 
leather objects provide new information about Byzan-
tine leatherwork. Physicochemical characterization of 
leather objects by using ATR-FTIR, HPLC-DAD and 
SEM-EDX chromatographic research, the following 
are defined related to Byzantine leatherwork; 

• By ATR-FTIR analysis, it is seen that vegetable 
tannins (gallotanins, condensed tannins and 
hydrolyzable tannins) are used in tanning of 
leathers. The reason why archaeological leath-
ers can survive until the present day is the use 
of vegetable tannins as tanning material. 

• HPLC-DAD analysis revealed that vegetable 
tannins are used for dyeing leather. As tannin 
dyes; (Quercus infectoria or Quercus ithaburansis) 
are known to be used (Karadag and Dolen, 
2007; Falcão and Araújo, 2013; Alpaut, 1957). 

• SEM combined with EDS allows the qualitative 
determination of the chemical elements of the 
sample under investigation. In addition, or-
ganic components in the leather structure were 
determined by SEM examination.  Analysis 
with EDS showed the possible use of cupric 
sulfate for leather preparation prior to tanning 
in the processing of leathers in Byzantine.  

 All results show that there is a deterioration in the 
structure of leathers found under the sea. It was de-
termined that vegetable tanning and natural dyes 
were used in the processing of leathers (usually pieces 
of sandals were used in the study) during the Byzan-
tine period.   
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