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Abstract

In order to ensure the sustainability of cultural, historical and architectural heritage, preserving and restoring historical
buildings and transferring them to future generations is one of the important issues of today. Restoration decisions
regarding the repairs of historical buildings are of great importance in this context. Developing correct intervention
decisions requires the thorough analysis of the structure, the determination of the structural and material proper-

ties meticulously, and the use the most appropriate materials for repairing it. However, only physical and chemical
analyses are not sufficient to determine material properties of historical buildings; therefore, archaeometric analyses
are needed to determine them more appropriately. In this study, it is aimed to determine the components and char-
acteristics of the filling mortars of Oshki (Osvank) Church, one of the most magnificent structures of the Eastern
Anatolia region, in order to preserve the masonry structure and guide the restoration studies in the light of archaeo-
metric analyses. The raw material properties of the samples taken from the filling mortars of the church were
determined by the physical, chemical and petrographic analyses. As a result of the analyses, the aggregate-binding
properties of Oshki Church filler mortars were determined. It was revealed that the aggregate content was deter-
mined as petrographic, lime was used as a binder and all samples contained pozzolan whereas no cement was used
in any of the samples, and the samples did not contain marble rice/powder and organic additives like oil, protein etc.
It has also been observed that the aggregate in the mortar content is compatible with the geological formations

of near surrounding of the church. In this context, this study emphasizes the importance of archaeometric analysis

in restoration of historical buildings. Moreover, differing from other studies in the literature, this study proposes mortar
recipe to be used in the restoration of the church, which can pioneer to future studies in the field of architectural
restoration.
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Introduction

The most important inference adopted jointly in the
internationally accepted conventions like Carta Del Res-
tauro [1], the Venice Charter [2] and ICOMOS Charter
on the Built Vernacular Heritage [3] can be summarized
as such: the restoration is a work requiring expertise,
the purpose of the restoration should be to preserve and
reveal the aesthetic and historical value of the monu-
ment, the restoration is based on the original material
taken as a basis and respectfully connected to reliable
documents, where traditional techniques are insufficient,
the monuments can be consolidated using contemporary
techniques validated with scientific data and experiments
for protection and construction, and an archaeological
and historical examination of the monument should be
carried out before and after starting and finishing any
restoration work [4].

Masonry structures are structures that carry loads
horizontally and vertically with walls built using binding
mortar between artificial or natural blocks. The material
that connects the blocks such as stone, brick, etc. used
during the construction of the load-bearing walls of the
masonry structures in order to work with each other as
a whole is called mortar [5, 6]. The mixture ratios of the
mortar used, the amount of moisture, the mortar thick-
nesses between the joints and the deformation properties
are among the factors affecting the compressive strength,
tensile strength, and shear stresses of the masonry struc-
tures. In this context, since it is an important factor that
directly affects the structural strength and seismic behav-
ior of masonry structures, revealing the true properties
of mortars used are of great importance [7-9]. This sub-
ject has become more crucial today in the restoration of
historical buildings.

There are many cultural assets built by different civi-
lizations in different periods in Tiurkiye. Materials and
mortars used in these buildings, which reflect the cul-
tural, architectural, and aesthetic characteristics of
the period in which they were built, show differences
according to where and when they were built [10]. In
this context, the most variable material among the build-
ing materials that make up the historical buildings is the
mortar. The correct material selection and/or produc-
tion in the repair of historical buildings depends on the
accurate determination of the material properties of the
building [11, 12]. Therefore, before finalizing the inter-
vention decisions, original mortar properties should be
accurately determined by experimental methods and
intensive care should be taken to ensure that the materi-
als to be used in the restoration of the building are com-
patible with these properties [13—15].

Characterization of materials used in an object and/
or a building with a historical value is an important issue
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and the first step for the preservation and sustainabil-
ity of cultural heritage. In the literature, there are sev-
eral studies focusing on the archaeometric analysis and
characterization of materials, building components and
objects like stone [16], brick [17], tile, metal [18], wood
[19], plaster [20], ceramic [21] and mosaic [22] used in
historical buildings, as well as weaving [23], fresco, hand-
carved decorations, painting [24], paper [25] and pig-
ment [26] etc. mostly using non-destructive methods in
parallel with the developments in the analysis technology.
However, there are very limited number of studies on
mortars [27, 28] and pozzolanic materials [29], which are
abundant in historical archaeological sites.

The characterization of building materials used in his-
torical buildings is examined within the scope of a mul-
tidisciplinary science called archaeometry. Thanks to the
archaeometric assessment that sheds light on the history
by determining the material properties of archaeological
findings as well as architectural elements, the raw mate-
rial contents of the samples, binders and additives etc.
can be determined [30, 31]. Characterization studies of
both archaeological findings and building components
and materials are guiding both in terms of material con-
tent and in terms of the construction technique and tech-
nology of the period [32, 33]. When evaluated within the
framework of protection and restoration, it is possible to
repair, complete, strengthen and reproduce the building
elements and materials identified by archaeometry with
materials that are compatible with the original and/or
very close to the original. Thus, historical buildings can
be transferred to future generations by preserving their
cultural values and original characteristics [34, 35].

The Bagrat Kingdom is a civilization that built monu-
mental buildings in the Tao-Klardjethie region in the
seventh-twelfth centuries. Among the religious struc-
tures built in the Tao-Klardjetie region during the Bagrat
Kingdom, Oshki Church was selected to be examined in
this study since it is considered to be the most monu-
mental and magnificent monastery of the northeast Ana-
tolia region [36]. Standard analytical experiments applied
for mortars cover only several physical and chemical
analyses like unit weight, specific mass, porosity, water
absorption by weight, water absorption by volume, com-
pactness and sieve. However, these are not sufficient to
determine material properties appropriately [37, 38].
Within the scope of archaeometric analyses, it is aimed
to determine the content and physical, chemical and
microstructure (petrographic) characteristics of the mor-
tar samples taken from the structural walls of the church
by applying the necessary tests and experiments, together
with the standard analytical experiments. In this context,
this study emphasizes the importance of archaeometric
analysis in restoration of historical buildings. Moreover,
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differing from other studies in the literature, this study
proposes mortar recipe to be used in the restoration of
the church, which can pioneer to future studies in the
field of architectural restoration.

Oshki (Osvank) church
In the historical resources, in the region covering the
borders of Artvin, Ardahan, Erzurum, Kars provinces of
Tirkiye, in the Coruh Valley, starting from the first cen-
tury BCE, the existence of independent Georgian prin-
cipalities is known. Since Tao and Klardjetie were the
most powerful principalities among the Klardjetie, Chav-
chetie, Artahani, Tchildir;, Kola and Tao principalities
known to live in the region, the whole region was known
as "Tao-Klarjetie" (Fig. 1) [39]. In Tao-Klardjethie region,
Bagratids were the builders of the most of the monumen-
tal churches between 7-twelfth centuries [4, 36], among
which Oshki Monastery was selected to be studied in the
scope of this study due to its distinctive architectural fea-
tures and historical value.

Oshki Monastery is located in Camliyamag Village of
Uzundere district of Erzurum province in Tiirkiye. The
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monastery takes its name from the old name of the vil-
lage, Osvank (Oshki) (Fig. 2). In addition to the church,
Oshki Monastery consists of dining hall (refektorium),
manuscript room (skriptorium) and chapel structures.
The church of the monastery is today largely intact and
standing. On the other hand, only the main walls of the
dining hall, manuscript room and chapels in the north
of the monastery have survived to the present day [36].

The Oshki monastery, which was founded during the
reign of Georgian King III. Kuropolat Adarnese’s sons
David (961-1001) and Bagrat, was first studied scien-
tifically by Takaichvili [43], and he noted that the con-
struction of the church was initiated by Adarnese in
958. Djobadze [44], on the other hand, states that the
construction of the church started on March 25, 963
and was completed in 973, based on the inscriptions
of the building. Mesipaschvili and Zinzadze [45] stated
that it was recorded in the inscriptions on the church
that the Oshki Monastery was built by an architect
named Oshki Grigol who grew up in Osvank Village.
The name of this architect can be found in three differ-
ent places: on the south door pediment of the church,
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Fig. 1 Location of Oshki Church on the map of Erzurum, Turkiye (left) [40] and the Tao-Klardjetie region (right) [41], and general view of Camliyamag

Village [42]
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Fig. 2 Oshki Church South (left) and east (right) facade [48]

on the column to the south of the western cross arm,
and on the eastern facade [36].

The church is dedicated to John Prodromos, who is
called John the Baptist, and depictions of John the Bap-
tist are included in various parts of the church. From
the inscriptions in the church, it is understood that the
dome was damaged and repaired between 1022 and
1025 during the reigns of the Byzantine Emperor Basil
II and Constantine VIIL. In the eleventh-twelfth cen-
turies, manuscripts of sacred texts and the Bible were
reproduced in the church, and the monastery gained
fame in this respect [46]. In the same century, the
narthex was added to the west of the church and por-
tico was added to the southwest. Until the fourteenth
century, the church was used as an episcopal office.
This village is referred to as "Vank-1 Osk" in the six-
teenth century Ottoman records [47]. The church was
converted into a mosque in the nineteenth century and
was used as a mosque until 1980. The church, which
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was abandoned and not actively used by the construc-
tion of a new mosque to the west of the church, was
deformed after the abandonment [36]. The church
was registered as an immovable cultural asset with the
decision of the High Council of Immovable Real Estate
Antiquities and Monuments dated 9.9.1978 and num-
bered 1297; and the Library and Chapel were regis-
tered as an immovable cultural asset with the decision
of the Erzurum Regional Council for the Protection
of Cultural and Natural Assets dated 25.12.2008 and
numbered 1156.

According to the information obtained from the lit-
erature, the church, built by an architect named Oshki
Grigol in the name of Yahya the Baptist, has a very
impressive appearance with both its architecture and
its figurative reliefs. Oshki Church, 49.76 m x29.80 m,
is built on a rectangular area and has a mixed plan lay-
out in which the Greek cross, trikonkhos and basilical
plan scheme are used together [36] (Fig. 2).
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Experimental method

Materials and preparation techniques

During the field studies, the samples were taken by
assessing the building on site. A total of 5 mortar samples
were taken from the original rubble fillings on the interior
walls of Oshki Church to be examined within the scope
of material characterization studies (Fig. 3). The samples
were photographed and documented before the analysis,
and coded for laboratory studies as H1, H2 etc. (H.2; H:
code name and 2: sampling location) (Fig. 4). Since the
recent restoration history of the building is known, a
special attention was paid to sampling from the areas of
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the building that have not been intervened, that is, which
were considered to be original mortars. Special measures
were taken not to damage the structure while sampling.
In this context, the samples were taken from the inner
part of the collapsed interior walls while not giving any
deterioration to the masonry structure of the walls. The
details of mortar samples are described in Table 1.

Characterization of materials

The raw material properties of the samples taken from
the filling mortars of the church were determined by
physical, chemical, and petrographic analyses. In this

Fig. 4 Macro photos of the samples
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Table 1 Mortar samples

Sample name Description Function
H1 From the collapsed section of the western wall of the western crucifix Rubble Filler
H2 From the part of the window that collapsed on the western wall of the western crucifix Rubble Filler
H3 From the collapsed column of the north wall of the western crucifix Rubble Filler
H4 From the collapsed east wall of the apse section Rubble Filler
H5 From the collapsed western wall of the northern arm of the cross Rubble Filler

context, the physical tests applied to the samples of the
filling mortars: water absorption rate by weight and vol-
ume, unit volume weight and specific gravity determi-
nation and determination of porosity and compatibility.
In the context of chemical tests, conductivity analyses,
water-soluble salt analyses, silicate aggregate/binder
analysis, granulometric sieve analysis- particle size distri-
bution in the aggregate, gravimetric analysis, X-Ray Flu-
orescence analysis, PED, XRF analyses were performed.
The petrographic thin section optical microscope exami-
nations were performed in the context of petrographic
analysis. Some of the chemical analyses and petrographic
analyses were carried out in Ankara University Earth Sci-
ences Application and Research Center (YEBIM), some
of the chemical analyses were carried out in Kastamonu
University Central Laboratory (MERLAB); other analy-
ses were carried out by the authors in Erzurum Restora-
tion Conservation Regional Laboratory Directorate. The
detailed information about the applied experimental pro-
cedures and methods can be obtained from the authors’
previous study [4]. The findings of the archaeometric
analyses are presented in the following sections.

Findings and results

As a result of physical analyses; porosity and compact-
ness values, water absorption percentages by weight, spe-
cific gravity and unit volume weights were determined
(Table 2). When the physical analysis results of the mor-
tar samples taken from the structure are examined, it is
seen that the porosity percentages vary between 10.27

Table 2 Physical analysis results of mortar samples

and 23.01; the compactness percentages vary between
76.99 and 85.79, the porosity average is 16.50%; and the
compatibility average is 83.50. It was determined that the
water absorption percentages by weight varied between
8.67 and 15.91 and the average was 10.92, the specific
weights (density) varied between 1.72 and 1.92 g/cm?,
and the unit volume weights varied between 1.41 and
1.72 g/cm?. The average of the specific weights (density)
was calculated as 1.87 g/cm?; the average of the unit vol-
ume weights was calculated as 1.54 g/cm® While the
lowest porosity value is seen in H5 sample, it is seen that
H3 sample has the highest porosity value. Similarly, the
lowest water absorption value of the samples is seen in
H5 sample, while the highest one is H3.

In order to determine the chemical properties of the
samples; conductivity analyses, acid treatment and gran-
ulometric sieve analyses, spot salt tests (water-soluble
salt, chloride, phosphate, nitrate detection), X-Ray Fluo-
rescence (PED-XRF) and FTIR analysis were performed.
In the context of chemical analyses, acid loss experiment
was first performed on mortar samples, and the remain-
ing material after acid treatment was evaluated as aggre-
gate and the particle distribution ratios were determined
by sieve analysis (Table 3). In addition to the binder
material, aggregates containing calcite such as limestone
and marble and lost in acid were also included in the total
loss rate (Fig. 5).

Considering the loss/remaining data of the samples: it
was determined that the loss rate varied between 29.61%
and 41.50%, and accordingly, the remaining rate varied

Sample Porosity (%) Compatibility (%) Percentage of water absorption  Specific gravity (Density) Unit volume
by weight (Sa) (%) (8) (g/cm?) weight (8) (g/

cm?3)

H1 17.61 82.39 11.20 191 157

H2 1348 86.52 8.67 1.80 1.55

H3 23.01 76.99 1591 1.88 145

H4 18.13 81.87 12.86 1.72 141

H5 10.27 89.73 5.98 1.92 1.72

Average 16.50 83.50 10.92 1.87 1.54
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Acidic Aggregate/Binder analysis
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Loss/Remaining ratio

mLoss (%)

Fig. 5 Acidic aggregate/binder analysis results of mortars

between 70.39% and 58.50%. The average loss was calcu-
lated as 36.64%; 63.36% of the total remaining average.

In the Turkish Standard titled as TS 1500 Classification
of Soils in Civil Engineering [49], materials smaller than
75 pm are classified as clay/silt, materials between 75 pm
and 0.2 mm as fine sand, materials between 0.2 and 0.6
mm as medium sand, materials between 0.6 and 2 mm as
coarse sand, materials between 2 and 6 mm as fine gravel.
The aggregates of the mortar samples taken at the end of
the sieving using different sieves were classified accord-
ing to TS 1500 (Fig. 6) and their distribution was made
and shown in Fig. 7.

Considering the granulometry data of the samples; in
H1; it was determined that the most material was col-
lected in a 1mm sieve (approximately 33%), most of the
aggregate (approximately 45%) consisted of fine gravel,
the amount of sand in its content was approximately 54%,

120,00
100,00
80,00
60,00
40,00
20,00

-

0,00 ——

0 0,063mm  0,125mm 0,25mm

Fig. 6 Diagram showing the results of aggregate sieve analysis

0,5mm

Remaining (%)

the amount of gravel was approximately 45%, and the
remaining material was clay/silt. In H2, it was determined
that the highest amount of material was collected in a 5
mm sieve (approximately 37%), most of the aggregate was
composed of fine gravel (approximately 53%), the amount
of sand in its content was approximately 46%, the amount
of gravel was approximately 53%, and the remaining
material was clay/silt. In H3, it was observed that the
highest amount of material was collected in a 1 mm sieve
(approximately 55%), the majority of the aggregate con-
sisted of coarse sand (approximately 76%), the amount of
sand in its content was approximately 83%, the amount of
gravel was approximately 15%, and the remaining mate-
rial was clay/silt. In H4, it was observed that the high-
est amount of material was collected in a 1 mm sieve
(approximately 53%), the majority of the aggregate con-
sisted of coarse sand (approximately 73%), the amount of

H1

H3

1mm 2,5 mm 5mm 10mm
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Granulometric Analysis
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Fig. 7 Acidic aggregate granulometric analysis results

sand in its content was approximately 81%, the amount of
gravel was approximately 18%, and the remaining mate-
rial was clay/silt. In H5, it was determined that the maxi-
mum amount of material was collected in a 5 mm sieve
(approximately 36%), most of the aggregate was com-
posed of fine gravel (approximately 55%), the amount of
sand in its content was approximately 44%, the amount of
gravel was approximately 55%, and the remaining mate-
rial was clay/silt.

The moisture, molecular water, organic matter, carbon
dioxide loss and calcium carbonate percentages in the
material are determined by the calcination analysis made
by pulverizing the binder part of the mortar samples and
presented in Table 4.

Considering the gravimetric (calcination) data of the
samples, it was determined that the humidity ranged
between 0.99% and 2.13%; the organic loss ranged
between 1.98% and 6.38%; the carbon dioxide loss ranged
between 12.77% and 16.33%; and the calcium carbonate

Table 4 Gravimetric (calcination) analysis results

500-1000 pm

m1000-2500 um  ®2500-5000 pm  ® 5000 pm <

ratio ranged between 29.01% and 37.11%. The aver-
age moisture loss was calculated as 1.65%, the average
organic loss as 3.31%, the average carbon dioxide loss as
14.33% and the average calcium carbonate as 32.57%.

Considering the amount, conductivity value and salt
percentages of water-soluble chloride (Cl7), nitrate
(NO,"), phosphate (PO,*") salts of the samples (Table 5):
it was determined that chlorine varied between "too
many" and "yes—no", nitrate varied between "too much"
and "yes", and phosphate varied between "yes" and "no".
The conductivity value was measured between 129 uS
and 580 pS, and accordingly, the salt amounts were calcu-
lated as 0.72% and 3.22% (Table 5).

X-Ray Fluorescence (PED-XRF) analysis was applied
to determine the chemical compositions of mortar sam-
ples, and the results were evaluated. The basic oxide
compound values determined as a result of the PED-
XRF analysis of the mortar samples are as presented in
Table 6.

Sample Humidity (105 °C, %) Organic loss (H,0) (550 °C, %)  Carbon dioxide loss (CO,) (1050 °C, Calcium
%) carbonate
(CaCO; %)
H1 1.01 3.03 13.13 29.84
H2 2.08 313 14.58 33.14
H3 099 1.98 14.85 3375
H4 2.04 2.04 16.33 37.11
H5 213 6.38 12.77 29.01
Average 1.65 3.31 14.33 32.57
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Table 5 Qualitative and semi-quantitative analysis of water-soluble salts of samples and protein and fat analysis results

Sample Cl~ (Chloride) NO;™ (Nitrate) PO, 3~ (Phosphate) Conductivity (pS) Amount
of salt (%)

H1 ++++ ++ + 507 2.82

H2 ++ +++ + 456 2.54

H3 + + + 129 0.72

H4 ++ . + 471 262

H5 +++ ++++ + 580 322

(—: None; £: Yes-No; +: There are few; ++: Yes; +++: There are more; ++++: There are too many)

Table 6 Basic oxide compound values obtained as a result of  Table7 Calculated Cementation Index (Cl) values of the
PED-XRF analysis of the samples samples
Basic oxide H1 H2 H3 H4 H5 Sample Cl (Cementation Index) Binding
compounds (%)

H1 457 NC/C
Na,O 0.600 0.800 0.083 0.270 0.650 H2 556 NC/C
MgO 1.166 1.456 1.077 1274 1431 H3 374 NC/C
Al,O; 5343 6362 4942 5587 5691 4 471 NC/C
Sio, 37440 43.780 35920 40.210 40.690 H5 545 NC/C
P,0s 00573 00622 00508 0057 0079 pverage 481 NC/C
SO, 0.085 0114 0.056 0.084 0.066

<0.30 Oily Lime; 0.30-0.50 Weak Hydraulic Lime; 0.51-0.70 Average Hydraulic
d 0531 0.208 0022 0152 0355 |ime; 0.71-1.10 Hydraulic Lime; 1.11-1.70 Natural Cement; > 1.70 Natural
K,0 0.679 0817 0675 0.795 1.084 Cement/Cement; NC: Natural Cement; C: Cement
Cao 23.230 21.770 27560  24.030 20.600
TiO, 0.363 0.396 0.301 0.345 0.380
V,0s 0014 0014 0009 0016 0015  mortars is quite high. Mortars with a total aggregate ratio
Cr,0, 0.003 0.002 0022 0003 0002 above 5% are called hydraulic mortars, and the CaO rate
MnO 0079 0083 0101 0092 0096  of these mortars is low. Silicon dioxide (SiO,), aluminum
Fe,0, 4188 4050 3838 4201 4390 oxide (Al,O;) and iron oxide (Fe,O;) ratios are high in
Loss of ignition 26.49 20.85 2574 2256 2476 the composition of such mortars [50, 51]. Based on the
Total 10027 10077 10042 9968 10029 chemical compositions of the mortar samples, Cementa-

Considering the oxide compound data obtained from
the PED-XRF results of the samples, it was determined
that the magnesium oxide (MgO) ratio varied between
1.077 and 1.456%, the aluminum oxide (Al,O;) ratio
between 4.942 and 6.362%, the silicon dioxide (SiO,) ratio
between 35.920 and 43.780%, the calcium oxide (CaQ)
ratio between 20.600 and 27.560%, and the iron oxide
(Fe,O3) ratio between 3.886 and 4.390%. In addition, the
mean magnesium oxide (MgO) was calculated as 1.281%,
the mean aluminum oxide (Al,O;) as 5.585%, the mean
silicon dioxide (silica, SiO,) as 39.608%, the mean cal-
cium oxide (CaO) as 23.438%, and the mean iron oxide
(Fe,O3) as 4.145%.

Cementation Index (CI) is described as the ratio of the
acid-soluble part to the base-soluble part. Lime mor-
tars are distinguished as oily mortar or hydraulic mor-
tar depending on the binder content and aggregate type.
Mortars with a total aggregate content of less than 5%
are called oily mortars, and the lime (CaO) ratio of these

tion Index (CI) values were calculated, and binder types
were determined (Table 7). The Cementation Index (CI)
data of the samples ranged from 3.74 to 5.56, and the
average was calculated as 4.81. All samples were found to
be in the natural cement/cement (NC/C) range.

The mortar samples analyzed were grouped by show-
ing their positions in the Keily diagram according to their
chemical contents and oxide compound ratios (Fig. 8). It
was determined that the samples were located near the
region of the blast furnace slag in the Keily diagram.

As a result of the FTIR analysis applied to the H1 and
H2 samples; 1405cm™ peak and 872cm™! band indicat-
ing the presence of lime in the H1 sample; 3450cm™
band and 1028cm ™! peak indicating the presence of clay;
872cm™ peak and 464cm ™! band indicating the presence
of silicate; 1405cm™ peak and 711cm ™! band indicating
the presence of nitrate were observed in the H1 sample
(Fig. 9). In the H2 sample, 1409cm™! peak and 873cm™*
band indicating the presence of lime; 3452cm™ band and
1035cm ™! peak indicating the presence of clay; 873cm™
peak and 457cm™' band indicating the presence of
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silicate; 1409cm ™! peak and 844cm ™! band indicating the
presence of nitrate were observed (Fig. 10) [53].
Petrographic examinations were carried out under a
polarizing microscope by preparing thin sections and the
mineralogical properties of the samples were determined
(Fig. 11). When the petrographic properties of the sam-
ples were evaluated, it was determined that all samples
were collected in a single group, 25% of their contents
were binder and 75% were aggregate (Table 8). It was
understood that 80% of the binding part consisted of lime
and 20% of clay, and cement or plaster was not added to
the mixture. It has been determined that the aggregate
part contains some rock fragments and minerals (sand-
stone, basalt, biosparitic limestone, biomicritic lime-
stone, granite porphyry rock fragments, chert, quartz and
plagioclase minerals). In addition, based on the aggregate

forms, it was observed that the material used was stream
sand. In the thin-section (micro) photographs of the sam-
ples, it was concluded that the aggregates in the mortar
were river sand due to their rounded edges (Fig. 11). On
the other hand, the results showed that the samples did
not contain marble rice/powder and organic additives
like oil, protein etc.

Discussions

With this study, it is aimed to define the characteristics
of the filling mortars of Oshki (Osvank) Church through
archaeometric analyses. In this context, physical, chemi-
cal, and petrographic analyses were applied to the mor-
tar samples taken from the structure and the evaluations
made in the light of the data obtained are discussed in
this section.
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Fig. 10 FTIR spectrum graph of H2

As a result of physical analyses, based on the poros-
ity and density values of the samples, it was concluded
that the filled volume of the samples was high density

although there observed voids in sample. The filled vol-
ume outside the void volume was high density. The mor-
tar samples show different physical properties according
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H5

Fig. 11 Micro photographs of the samples taken under the polarisone microscope

to the type and mixture ratios of the materials that make
up their contents. As porosity increases, the resistance
of mortars against freezing/thawing and water-soluble
salts decreases, however, since it is known that it causes
discontinuity in load transfer, it is possible to say that the
most resistant mortar against physical and chemical fac-
tors among the samples is H5.

As a result of the acid treatment analyses, the loss
average of the samples was calculated approximately,
and it was observed that the loss values of the samples
were close to the average. Based on the determination
of the amount of binder as 25% in the petrographic

analyses, it was concluded that the difference of
approximately 12% between the data obtained as a
result of acid treatment and petrographic analysis was
due to other calcite-containing materials other than the
binder in the mixture.

As a result of the granulometry analyses, it was
observed that the material ratios collected under the
sieve (<63 y, clay/silt), 63y, 125 and 250y sieve were
close to each other. While the material ratios collected
in the 500p and 2500u sieves were partially close to
each other, it was determined that the differences in
granulometry were caused by the 1000p and 5000y
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sieves. It was determined that the largest grain size
was over 5 mm and most of the aggregates consisted of
sand.

As a result of the gravimetric (calcination) analyses, it
was determined that all values were close to the average,
the highest moisture and organic loss was at H5, and the
highest calcium carbonate ratio was at H4. However, it
was observed that the least moisture and organic loss was
at H3 and the least calcium carbonate loss was at H5.

As a result of the amount, conductivity value and salt
percentages of chloride (CI7), nitrate (NO,~), phosphate
(PO,>") salts; it was determined that the amount of chlo-
ride varied between the samples and was found to be
at H1 at most, and it was found to be very small in H3
unlike other samples. It was observed that the phosphate
was close to each other in all samples and was found in
small amounts. It was determined that the presence of
nitrate varied among the samples just like the presence
of chloride, while it was at a very high level in H5, it was
at a very low level in H3. It was determined that the con-
ductivity values were close to each other except for H3,
and that H3 was at a very low level in the conductivity
value as in the presence of chloride and phosphate. Based
on the conductivity value, the amount of salt was calcu-
lated at least at H3. Since it is known that the presence
of chloride is caused by materials such as cement, soil,
sea water or sea sand that cannot be cleaned sufficiently
or from the ground, it is assumed that the chloride dif-
ferences between the samples are caused by the material
forming the mortar mixture. However, since nitrate and
phosphate salts are generally known to be caused by the
wastes of living creatures (birds, microorganisms, etc.) or
environmental factors (fertilizer used around the build-
ing, waste, etc.), it is thought that the nitrate differences
between the samples are caused by the bird and other
animal wastes exposed due to the fact that the church
is open to external conditions. When the salt tests per-
formed and the chloride (Cl) data obtained as a result
of PED-XRF analysis are compared, it is seen that the
results are consistent. The amount of salt was calculated
very high in all samples. Because>0.15% in the soil indi-
cates a high amount of salting [54, 55].

As a result of PED-XRF analyses; magnesium oxide
(MgO), aluminum oxide (Al,O;), iron oxide (Fe,O,),
silicon dioxide (SiO,) and calcium oxide (CaO) ratio
were found to be close to each other. While the CI value
increases as the silicon dioxide (SiO,), aluminum oxide
(Al,O;) and iron oxide (Fe,Os;) values increase, the CI
value decreases as the calcium oxide (CaO) and magne-
sium oxide (MgO) values increase. In this context, the
fact that the oxidized compound values of the samples
were close to each other and the high percentage of those
that increased the CI value caused the CI values to be
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calculated close to each other and high. The fact that the
CI value is high is an indication that the mortar strengths
are also high.

When the Keily diagram is evaluated, it is seen that
the samples are located near the blast furnace slag. Since
there are also contemporary materials (blast furnace slag,
silica fume) that cannot be used in the Oshki Church
examined within the scope of the study within the scope
of the Keily diagram, it would be more accurate to evalu-
ate the regions where the mortars are located in terms
of the rates of oxidized compounds (Al,O; Fe,O;, MgO,
CaO, SiO,) in the mortar content rather than which
material they correspond to. When the subject is evalu-
ated from this point of view, it becomes clear that there is
a pozzolan in all samples.

As a result of FTIR analyses; strong 1405-1417cm™!
and 844—872cm™! characteristic bands indicating the use
of lime are seen [53]. While the sulfate band was promi-
nent in the samples, it overlaid the peaks 1415-1419 on
the lime peaks in the other examples. These results are
also consistent with Cl tests. No trace of protein or oil
use was detected in any of the samples, and although the
positive effects of the mortars are known, the fact that no
additives are used in the filler mortars brings to mind the
idea that economic or other conditions do not allow it.

As a result of the petrographic data, it was determined
that the binding content of the samples consisted of lime
and clay, and no trace of cement or gypsum was found
in any sample. It would be correct to evaluate the clay
(20%) detected in the binder content as pozzolan. The
high Cementation Index (CI) values already support the
fact that mortars contain pozzolan. The rock fragments
forming the aggregate were classified as igneous rocks
(depth-surface-vessel), metamorphic and sedimentary
(carbonate and crumbly) rock fragments. Magmatic
rocks are grouped as vein-diabase, depth-granite, surface
rock-basalt. Sedimentary rocks were separated from car-
bonate rocks as limestone, biosparitic and biomicritic,
and clastic sedimentary rocks were found to be chert and
sandstone. Metomorphic rock fragments were observed
to be marble and quartzite. Minerals are divided into
quartz, beachoclase, calcite and opaque minerals. It
has been determined that there is stream sand in the
aggregate content. In the light of all data, it was under-
stood that lime was used as a binder, the samples did
not contain cement or plaster, and all samples contained
pozzolan. The results of the analysis obtained are sum-
marized in Table 9.

Conclusions

In order for the historical artifacts to be repaired in
accordance with the original and transferred to the
future; it is of great importance to analyze the damage
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detection, deterioration causes, material properties and
static situation [56]. In order to obtain accurate results,
it is important that these studies are carried out jointly by
the relevant professional groups. Since one of the most
criticized issues in today’s restoration studies is the use
of materials that are incompatible with the structure,
determining the material characterization and choosing
a repair material compatible with the original material
plays a major role in increasing the quality of restora-
tion [29, 35]. With this study, it is aimed to determine the
content and characteristics of the filling mortars of Oshki
(Osvank) Church, one of the most magnificent structures
of the Eastern Anatolia region, in order to preserve the
masonry structure and guide the restoration studies in
the light of archaeometric analyses.

The results showed that the physical properties of
the mortar samples taken from the church are not very
close to each other. However, based on the density val-
ues, it was concluded that the mortar used showed simi-
lar physical properties, and the porosity differences were
due to labor and compression between the applications.
The fact that the mortars have reached the present day
without dispersing under external conditions is the most
important indicator that the physical properties of the
mortars are in good condition.

It was determined that the loss rate of the mortar sam-
ples belonging to the church was not high in acid, and
lime and pozzolan were used as binders. In addition,
it can be said that some calcite-containing aggregate
is used in the samples. However, due to the differences
caused by the 1000u and 5000y sieves, it cannot be said
that the granulometry graphics are compatible. Based on
the aggregate forms, it has been determined that stream
sand is used in mortar samples. Since the region is rich in
rivers, it is thought that the sand in question is obtained
from the rivers and streams in the immediate vicinity.
Based on the macro-physical structures of the mortar
samples, it can be said that the rich aggregate type, which
is preferred as a result of a certain elimination, has a het-
erogeneous distribution and is compatible with the local
formation, participates in the mortars.

Since no cement or derivative material was detected in
the mortar content, it suggests that the presence of chlo-
ride in the samples originated from the ground or the
material (binder, aggregate, mixing water) that formed
the mortar. However, it was determined that the presence
of phosphate in the samples was very low, the presence of
nitrate varied and was high in some samples. Since it is
known that the presence of nitrate and phosphate is usu-
ally caused by the wastes of living things in or around the
structure, the location of the artifact and environmental
factors, it brought to mind the idea that the nitrate dif-
ferences between the samples are caused by the bird and
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other animal wastes as the church is exposed to external
environment.

Since the amount of salt is more than 0.15%in the soil,
which is known to indicate a high amount of salting [54],
it is understood that the amount of salt is very high in all
samples. Since it is known that the church has not been
restored for a long time, this cannot be associated with
a new application/intervention to the building. Then, the
high salt content in the samples suggests the possibility
that the material in the mortar content is due to mixing
water or soil.

The small differences between the oxidized compounds
(CaO, MgO, Al,O,, Fe,0,, SiO,) resulting from the analy-
ses of the samples with XRF are thought to be due to the
rock content used in the aggregate, as the binder/aggre-
gate ratios were found to be the same. The high CI values
of all samples are an indication that the mortar strengths
are also high. However, the fact that these values are high
should not bring to mind the idea that cement and simi-
lar materials are used in the mortar content. Because the
petrographic evaluation of the samples showed that no
cement was found in the mortar mix.

Lime/clay mixture was used as binder in all samples.
Since the amount of binder was kept low, it was observed
that it remained below the mixture ratio of 2:1 (aggregate:
binder), which is frequently seen in traditional applica-
tions. It was determined that local rocks in the immedi-
ate vicinity were preferred as aggregates, and consisted
of aggregates with certain grain sizes rather than random
mix of aggregate sizes. It was determined that grinded,
sieved brick/tile powder and/or volcanic clay/tuff powder
were added to the mortar content with pozzolanic prop-
erties, and although its positive effects on mortars were
known, it was understood that no additives such as oil
or protein were added to the church mortars. The lack of
additives in the filling mortars might result from the eco-
nomic situation at the time of the construction.

Despite the church has been located on highly seis-
mic area (East Anatolian Fault Zone) and it has survived
several sizable earthquakes throughout its life time, the
church is still structurally solid and standing. In general,
it was concluded that the building materials in the imme-
diate vicinity were used in the church, and it was built
with quality materials and workmanship.

There has been no research on the materials used
in other churches in the region, except from a master
thesis [4]. When compared with the results of the mor-
tar analysis of Barhal, Haho and Ishan churches, built
in the same period in the region by the Bagrat Kindg-
dom [4], the collective sizes of all churches appear to
be similar. In addition, the rock fragments that make
up the aggregate have also similar properties. They
are classified as igneous rocks (depth-surface-vein),
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Table 10 Oshki church filling mortar proposal for restoration

Total binding (1 Unit) Total aggregate (3 Units) Water
Lime 80% Natural or artificial pozzolan (Volcanic clay/ tuff powder) 20% Local rock fragments Adequately

5% Clay/Silt
75% Sand
20% Fine Gravel

metamorphic and sedimentary (carbonate and clastic)
rock fragments. It has been observed that the mortars
used in these churches belonging to the same culture.
No brick fractures were seen in the mortars of Barhal
Ishan and Oshki churches while the brick fractures
were detected in the mortars of Haho church. The first
use of brick was seen in the Bagrat Kingdom region in
the mid-tenth century. The fact that there are no bro-
ken bricks in the mortars in these structures, which
are thought to have been built before this date, is also
important in terms of reflecting the characteristics of
the period [57].

In the light of the data gathered from the archaeometric
analyses conducted within the scope of this study, mor-
tar prescriptions were proposed to be used in restora-
tion of the Oshki church as presented in Table 10 below.
Such studies can be applied for other historical buildings;
therefore, both material properties of the structures can
be determined more appropriately and the most appro-
priate mortar content for restoration works can be devel-
oped accordingly.

Consequently, deliberate care should be given to keep
the type and amount of the test wide during the mate-
rial characterization phase to be carried out as a guide to
the restoration works. Based on the data to be obtained
only from chemical or petrographic analyses, it should be
taken into account that determining the original mortar
properties may lead to erroneous results. After evaluat-
ing and comparing the data obtained from all experimen-
tal studies including physical, chemical and petrographic,
it was understood that they were consistent, and it was
concluded that it was a more accurate way to present the
results. In this context, the material mixes to be used in
the restoration of historical buildings can also be deter-
mined more accurately.

Author contributions

Conception of idea (EK, FZC); introduction (FZC, EK); archaeological overview
(EK); material and method, analysis and discussions, conclusions (EK, ME, MC,
FZQ).

Funding
This research study was funded by Atattrk University Coordination Unit for
Scientific Research Projects (BAP), with the project number FHD-2021-9906.

Data availability
Materials used for the study are available upon reasonable request.

Declarations

Ethics approval consent to participate
The authors declare the integrity of the scientific record. All authors, read,
reviewed, edited and approved the manuscript.

Competing interests
The authors declare no competing interests.

Author details

"Republic of Turkiye Ministry of Culture and Tourism, Erzurum Restoration
Conservation Regional Laboratory, 25030 Erzurum, Turkey. 2Department

of Archaeology, Kastamonu University, 37200 Kastamonu, Turkey. >Depart-
ment of Chemistry, Atattirk University, 25240 Erzurum, Turkey. “Department
of Architecture, Atatiirk University, 25240 Erzurum, Turkey. °FZC Architecture,
Planning and Design, Ata Teknokent, 25240 Erzurum, Turkey.

Received: 23 September 2023 Accepted: 8 November 2023
Published online: 17 November 2023

References

1. Carta Del Restauro (Restoration Charter), Advisory Council for Antiquities
and Fine Arts, Italy, 1931.

2. The Venice Charter: International Charter for the Conservation and Resto-

ration of Monuments and Sites, 1964.

ICOMOQS Charter on the Built Vernacular Heritage, 1999.

4. Kavali, E, 2022. Religious Building Mortars in Tao-Klardjetie Region, During
Kingdom of Bagrat (7-12th Century. Master’s Thesis, Atatlrk University,
Graduate School of Natural and Applied Sciences, Erzurum. (in Turkish)

5. Goban, G.2021. Investigation of seismic performance of existing masonry
structures according to Turkish Seismic Code 2018, Master Thesis, Afyon
Kocatepe University, Institute of Natural and Applied Sciences, Afyon,
Tarkiye. (in Turkish)

6. Rai DC, Dhanapal S. Mineralogical and Mechanical Properties of Masonry
and Mortars of the Lucknow Monuments Circa the 18th Century. Int J
Archit Herit. 2015;9(3):300-9. https://doi.org/10.1080/15583058.2013.
780109.

7. Lee G, Park JH, Lee CH, Lee S-M, Lee K. Mechanical and structural inves-
tigation of traditional masonry systems with diverse types of bricks and
hydrated lime mortars. Int J Archit Herit. 2023. https://doi.org/10.1080/
15583058.2023.2197405.

8. Parracha JL, Lima J, Freire MT, Ferreira M, Faria P. Vernacular Earthen Build-
ings from Leiria, Portugal — material characterization. Int J Archit Herit.
2021;15(9):1285-300. https://doi.org/10.1080/15583058.2019.1668986.

9. Panto B, Cannizzaro F, Caddemi S, Calio I. 3D Macro-element modelling
approach for seismic assessment of historical Masonry Churches. Adv
Eng Softw. 2016;97:40-59. https://doi.org/10.1016/j.advengsoft.2016.02.
009.

10. Dereli M, Tosun M. Analysis of the effects of adding pyroclastic rock to red
mud for the production of a baked building material in terms of its resist-
ance to frost actions. SN Appl Sci. 2020;2:1632. https://doi.org/10.1007/
$42452-020-03472-w.

11. Figueiredo M, Silva T, Veiga J. Analysis of degradation phenomena
in ancient, traditional and improved building materials of historical
monuments. Appl Phys A. 2008;92:151-4. https://doi.org/10.1007/
500339-008-4466-6.

w


https://doi.org/10.1080/15583058.2013.780109
https://doi.org/10.1080/15583058.2013.780109
https://doi.org/10.1080/15583058.2023.2197405
https://doi.org/10.1080/15583058.2023.2197405
https://doi.org/10.1080/15583058.2019.1668986
https://doi.org/10.1016/j.advengsoft.2016.02.009
https://doi.org/10.1016/j.advengsoft.2016.02.009
https://doi.org/10.1007/s42452-020-03472-w
https://doi.org/10.1007/s42452-020-03472-w
https://doi.org/10.1007/s00339-008-4466-6
https://doi.org/10.1007/s00339-008-4466-6

Kavali et al. Heritage Science

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2023) 11:240

. Oguz C, Turker F, Kogkal NU. Characteristics of mortars from the

Roman, Byzantine and Seljuk Periods in Andriake Port. Teknik Dergi.
2015;26(1):6994-7013.

. Antonelli F, Savalli A, Cantisani E, et al. Multianalytical approach to

diagnosis and conservation of building materials: the case of Punta
Troia Castle in Marettimo (Aegadian Islands—Sicily, Italy). Appl Phys A.
2016;122:264. https://doi.org/10.1007/500339-016-9803-6.

. Tamayo-Figueroa DP, Meneses-Martinez HO, Darghan-Contreras AE,

Lizarazo-Marriaga J, Branddo PFB. A comparison index in mortar repair
treatments by microbiologically induced carbonate precipitation and
its evaluation by a non-destructive technique. Eur J Environ Civ Eng.
2023. https://doi.org/10.1080/19648189.2023.2219289.

. De Santis S, de Felice G, Roscini F. Retrofitting of masonry vaults

by basalt textile-reinforced mortar overlays. Int J Archit Herit.
2019;13(7):1061-77. https://doi.org/10.1080/15583058.2019.1597947.

. Pinho FFS, Lucio VJG. Rubble stone masonry walls in Portugal: material

properties, carbonation depth and mechanical characterization. Int J
Archit Herit. 2017;11(5):685-702. https://doi.org/10.1080/15583058.
20171289424,

. Reedy CL, Reedy CL. High-resolution micro-CT with 3D image analysis

for porosity characterization of historic bricks. Herit Sci. 2022;10:83.
https://doi.org/10.1186/540494-022-00723-4.

. Calderini C, Piccardo P, Vecchiattini R. Experimental characterization of

ancient metal tie-rods in historic masonry buildings. Int J Archit Herit.
2019;13(3):425-37. https://doi.org/10.1080/15583058.2018.1563230.

. Blanchette RA, Haight JE, Koestler RJ, Hatchfield PB, Arnold D. Assess-

ment of deterioration in archaeological wood from ancient Egypt.

J Am Inst Conserv. 1994;33(1):55-70. https://doi.org/10.1179/01971
3694806066428.

Shekofteh A, Oudbashi O. Chemical and microscopic investigation of
ancient mortar and plaster from the Middle Elamite Period Tepti Ahar’s
Vaulted Tomb, Southwestern Iran. Int J Archit Herit. 2020;14(9):1269—
83. https://doi.org/10.1080/15583058.2019.1605550.

. Jin X, Wang X, Xue C. Nondestructive characterization and artificial

intelligence recognition of acoustic identifiers of ancient ceramics.
Herit Sci. 2023;11:144. https://doi.org/10.1186/540494-023-00990-9.
Avino P, Moioli P, Rosada A, et al. Obsidian use in the mosaic of the St.
Juvenal church, Narni (Italy): chemical characterization and origin. Herit
Sci. 2013;1:17. https://doi.org/10.1186/2050-7445-1-17.

Torgan Guizel E. Ottoman palace weavings between different

periods: material characterization, comparison and suggestions

for conservation. Herit Sci. 2023;11:179. https://doi.org/10.1186/
s40494-023-01016-0.

Yetis E, Eroglu M, Eskici B, GUr M, Deniz K, Kadioglu YK. Investigations
of painting techniques: Edirne Stleyman Pasha Mosque wall paintings.
Stud Conserv. 2023;68(4):418-31. https://doi.org/10.1080/00393630.
2022.2052642

Han B, Vilmont LB, Kim HJ, et al. Characterization of Korean handmade
papers collected in a Hanji reference book. Herit Sci. 2021;9:96. https://
doi.org/10.1186/540494-021-00570-9.

Palamara E, Das PP, Nicolopoulos S, et al. Towards building a
Cathodoluminescence (CL) database for pigments: characterization

of white pigments. Herit Sci. 2021;9:100. https://doi.org/10.1186/
$40494-021-00575-4.

Pecchioni E, Ubierna MG, Cagnini A, Galeotti M, Fratini F, Porcinai

S. Ancient and new repair mortars for conservation: application to

the case of San Leonardo Pulpit (Florence, Italy). Int J Archit Herit.
2014,8(4):556-80. https://doi.org/10.1080/15583058.2012.703758.
Anania L, Badala A. Mechanical properties and durability of ancient
mortars in the historic buildings of Eastern Sicily. Mech Adv Mater
Struct. 2022;29(3):372-83. https://doi.org/10.1080/15376494.2020.
1770383.

Pehlivan GF. Condition and characterization analysis of a twentieth
century cultural heritage through non-destructive testing (NDT) meth-
ods: the case of the Sivas industry school ironworking atelier in Turkey.
Herit Sci. 2023;11:62. https://doi.org/10.1186/540494-023-00889-5.
Al-Bashaireh K. Archaeometric characterization and provenance deter-
mination of sculptures and architectural elements from Gerasa. Jordan
Appl Phys A. 2018;124:135. https://doi.org/10.1007/500339-018-1556-y.

. DiBella M, Italiano F, Martinelli MC, et al. Archeometric characterization

of prehistoric grindstones from Milazzo Bronze Age settlement (Sicily,

32.

33

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Page 19 of 20

Italy). Archaeol Anthropol Sci. 2018;10:1571-83. https://doi.org/10.
1007/512520-017-0483-8.

Bayazit M, Isik I, Isst A, Geng E. Archaeometric investigation of the

Late Chalcolithic-Early Bronze Age | and the 1st-2nd millennium BCE
potteries from Kuriki-Turkey. Appl Clay Sci. 2016;126:180-9. https://doi.
0rg/10.1016/j.clay.2016.03.013.

Trojanowicz M. Modern chemical analysis in archaeometry. Anal Bioa-
nal Chem. 2008;391:915-8. https://doi.org/10.1007/500216-008-2077-x
Bayazit M, Yildiz D. Archeometric characterization of Fatih Pasha
Mosque (Diyarbakir) plaster and mortar samples. Dicle Univ Fac Eng
Eng J. 2019;10(2):709-20. https://doi.org/10.24012/dumf.408838. (in
Turkish).

Gheris A. New dating approach based on the petrographical, miner-
alogical and chemical characterization of ancient lime mortar: case
study of the archaeological site of Hippo, Annaba city, Algeria. Herit
Sci. 2023;11:103. https://doi.org/10.1186/540494-023-00942-3.

Ozkan H. Oskvank Monastery. Erzurum: Atatirk University Publications;
2010. (in Turkish).

Ahmad A. Archaeometric and provenance study of archaeological
marble from Gadara and Gerasa in Jordan. Appl Phys A. 2018;124:514.
https://doi.org/10.1007/500339-018-1940-7.

Mazzeo R, Roda A, Prati S. Analytical chemistry for cultural herit-

age: a key discipline in conservation research. Anal Bioanal Chem.
2011;399:2885-7. https://doi.org/10.1007/500216-011-4672-5.

Salia, K., 1983. The History of the Georgian Natio. Paris.

Map of Erzurum, Turkiye. https://4.bp.blogspot.com/-LwjO2gDUcL0/
XF2adhOVuULI/AAAAAAAAVA/9dOS5SUFfMN_g2vzsApN42dhpm_xbT3K
90ACLcBGAS/s1600/uzundere_erzurum.jpg. October 2023.

Map of Tao-Klarceti region, produced based on Berdznishvili, M.,
Shoshiashvili N., Map of the Kingdom of Kartvels (from Georgian Soviet
Encyclopedia, vol. 10, p. 462) and Ingorokva, P, Giorgi Merchule, p.
274-275, Thbilisi, 1954. https://commons.wikimedia.org/w/index.php?
curid=44299235. January 2022

General view of Camliyamag Village. https://www.facebook.com/
photo/?fbid=543719771136093&set=a.468576198650451. October
2023.

Takaichvili, E. 1917 Tclis Arkeologiuri Ekspeditsia Samkhret Sakartve-
loshi, Redaktori Sanidze, Thilisi, 1960.

Djobadze W. Early Medieval Georgian Monasteries in Historic Tao,
Klarjet'i and Savset'i. Stuttgart: Franz Steiner Verlag; 1992.
Mesipaschvili R, Zinzadze, W. Die Kunts des Alten Georgien. Berlin;
1977.

Kadiroglu M, Isler B. Middle ages of Georgian Art. Ankara: Onur Publish-
ing House; 2010. (in Turkish).

inbasi M. Tortum Sanjak under Ottoman Administration (1549-1650).
istanbul: Yeditepe Publishing House; 2008. (in Turkish).

Erzurum Cultural Heritage Preservation Regional Board Directorate
Archive, File no: 08.06.09, Erzurum, Turkiye.

TS 1500 Classification of Soils in Civil Engineering. TSE Turkish Stand-
ards Institution, Ankara, Turkiye, 2000. (in Turkish)

Boynton RS. Chemistry and technology of lime and limestone. 2nd ed.
New York: John Wiley and Sons Inc; 1980.

Eroglu, M., Archeometric Studies for the preservation of building mate-
rials of the late antique period settlement on Bogsak Island (Silifke,
Mersin). PhD Dissertation, Gazi University, Fine Arts Institute, Ankara,
2018. (in Turkish)

Ndiaye M, Diene M, Diop M, Ngom P. Pozzolanic activity of old vol-
canic tuffs of Mako Area (Senegal-Oriental, West African Craton): an
economic and environmental interest. Int J Geosci. 2019;10:225-37.
https://doi.org/10.4236/ijg.2019.103014.

Michele R. Derrick, Dusan Stulik, James M. Landry, Infrared Spectros-
copy in Conservation Science, in Scientific Tools for Conservation, the
Getty Conservation Institute, Los Angeles, Calif., 194, 1999.

Dursun H, Dizdar MY, Kinstioglu S, Ozcan I, Hamurkar Y. Soil and land
classification standards technical instruction and related legislation.
Ankara: Ministry of Agriculture and Rural Affairs, General Directorate
of Agricultural Production and Development Publication; 2008. (in
Turkish).

Akyol AA, Yilmaz M. Archeometric Analysis of Hasankeyf Er Rizk
Mosque Minaret Building Materials. TUBA-AR Turkish Acad Sci Archeol


https://doi.org/10.1007/s00339-016-9803-6
https://doi.org/10.1080/19648189.2023.2219289
https://doi.org/10.1080/15583058.2019.1597947
https://doi.org/10.1080/15583058.2017.1289424
https://doi.org/10.1080/15583058.2017.1289424
https://doi.org/10.1186/s40494-022-00723-4
https://doi.org/10.1080/15583058.2018.1563230
https://doi.org/10.1179/019713694806066428
https://doi.org/10.1179/019713694806066428
https://doi.org/10.1080/15583058.2019.1605550
https://doi.org/10.1186/s40494-023-00990-9
https://doi.org/10.1186/2050-7445-1-17
https://doi.org/10.1186/s40494-023-01016-0
https://doi.org/10.1186/s40494-023-01016-0
https://doi.org/10.1080/00393630.2022.2052642
https://doi.org/10.1080/00393630.2022.2052642
https://doi.org/10.1186/s40494-021-00570-9
https://doi.org/10.1186/s40494-021-00570-9
https://doi.org/10.1186/s40494-021-00575-4
https://doi.org/10.1186/s40494-021-00575-4
https://doi.org/10.1080/15583058.2012.703758
https://doi.org/10.1080/15376494.2020.1770383
https://doi.org/10.1080/15376494.2020.1770383
https://doi.org/10.1186/s40494-023-00889-5
https://doi.org/10.1007/s00339-018-1556-y
https://doi.org/10.1007/s12520-017-0483-8
https://doi.org/10.1007/s12520-017-0483-8
https://doi.org/10.1016/j.clay.2016.03.013
https://doi.org/10.1016/j.clay.2016.03.013
https://doi.org/10.1007/s00216-008-2077-x
https://doi.org/10.24012/dumf.408838
https://doi.org/10.1186/s40494-023-00942-3
https://doi.org/10.1007/s00339-018-1940-7
https://doi.org/10.1007/s00216-011-4672-5
https://4.bp.blogspot.com/-LwjO2gDUcL0/XF2adhOVuLI/AAA​AAA​AAvjA/9dO5uFfMN_g2vzsApN42dhpm_xbT3K90ACLcBGAs/s1600/uzundere_erzurum.jpg
https://4.bp.blogspot.com/-LwjO2gDUcL0/XF2adhOVuLI/AAA​AAA​AAvjA/9dO5uFfMN_g2vzsApN42dhpm_xbT3K90ACLcBGAs/s1600/uzundere_erzurum.jpg
https://4.bp.blogspot.com/-LwjO2gDUcL0/XF2adhOVuLI/AAA​AAA​AAvjA/9dO5uFfMN_g2vzsApN42dhpm_xbT3K90ACLcBGAs/s1600/uzundere_erzurum.jpg
https://commons.wikimedia.org/w/index.php?curid=44299235
https://commons.wikimedia.org/w/index.php?curid=44299235
https://www.facebook.com/photo/?fbid=543719771136093&set=a.468576198650451
https://www.facebook.com/photo/?fbid=543719771136093&set=a.468576198650451
https://doi.org/10.4236/ijg.2019.103014

Kavali et al. Heritage Science

56.

57.

(2023) 11:240

J.2020;26:159-75. https://doi.org/10.22520/tubaar.2020.26.009. (in
Turkish).

Karatas L, Alptekin A, Yakar M. Material analysis for restoration applica-
tion: a case study of the world’s first university Mor Yakup Church

in Nusaybin. Mardin Herit Sci. 2023;11:88. https://doi.org/10.1186/
540494-023-00935-2.

Bayram, F. 2023. Architecture of the monasteries along the itinerary of
Grigol Handzta mentioned in the tenth century manuscript, PhD Dis-
sertation, Ankara University, Institute of Social Sciences, Department of
Art History, Ankara. (in Turkish).

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 20 of 20

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.22520/tubaar.2020.26.009
https://doi.org/10.1186/s40494-023-00935-2
https://doi.org/10.1186/s40494-023-00935-2

	Archaeometric characterization and restoration proposal for filling mortars of Oshki (Öşvank) church
	Abstract 
	Introduction
	Oshki (Öşvank) church
	Experimental method
	Materials and preparation techniques
	Characterization of materials

	Findings and results
	Discussions
	Conclusions
	References


