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Abstract 
By studying the phenomena of limestone built from the White Monastery in 
Sohag Governorate damage where this study discusses the results of the ana-
lyzes and the study’s petrographic limestone, we can study and discuss what 
has been done to analyze X-ray diffraction and X-ray flourecence, and by scan-
ning electron microscope in order to determine the cause of the damage and 
to study the properties of limestone to choose the most appropriate treatment 
methods especially the internal structure affected by the environmental condi-
tions surrounding the private and increasing ground water levels along with 
the use of the most appropriate ways to buffer water to conserve the limestone 
of the environmental factors that damage it. 
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1. Introduction 

The famous White Monastery Archimandrite is located near Sohag city in Upper 
Egypt (Figure 1). It covers an area about 12,800 acres and contains several churches 
and buildings attached to private services and outbuildings, where there are 
kitchens, warehouses and rooms for resident monks. White monastery church is 
the most famous ancient Egyptian church and called after the monastery’s name 
[1]. The monastery has been built from limestone from the nearby area quarries 
[2] [3]. The church in the white monastery has a rectangular shape with dimen-
sions of (74.85 m × 37 m). The four walls of the church are built from limestone, 
the western, northern and southern walls have two entrances and two rows of 
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Figure 1. Site area of the white monastery, Sohag, google 2016. 

 
windows, walls have been built sloping towards inside, resembling the walls of 
Pharaonic temples and the system bearing walls [4]. The building planning of 
this church shows a lot of ambiguity about its history, where it is observed that 
the overall planning of a basilica with three galleries, and structure of the three-apses 
belongs to the fourth and seventh centuries AD, and the architectural elements 
such as Corinthian columns are closely related to those that have spread in the 
Byzantine era [5] [6] [7]. 

1.1. Aim of the Present Study 

The present work aims to study the deterioration phenomena in White monas-
tery walls and blocks and to propose the suitable methods of restoration. 

1.2. Deterioration of Limestone of White  
Monastery Monument Stones 

Historically stone masons have been worked with different stone materials as 
limestone, which was primarily used in building massive structures, to sand 
stones, clays, granite and marble which were more commonly found in statues 
and monuments. Since prehistoric times, and up till now, limestone is consi-
dered to be one of the widely common types of building stone, and in conserva-
tion practice as a replacement material for the reconstruction of monuments. 

Calcite represents the main mineral constituent of the limestone, but the mi-
nor mineral constituents as well as structures and textures may result in a com-
plicated weathering behaviour.  
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The ICOMOS-ISCS [8] defined deterioration as the “process of making or 
becoming worse or lower in quality, value, character, etc.” and decay as “any 
chemical or physical modification of the intrinsic stone properties leading to a 
loss of value or to the impairment of use”. Degradation is defined as the “decline 
in condition, quality, or functional capacity”. Weathering is generally defined as 
“any chemical or mechanical process by which stones exposed to the weather 
undergo changes in character and deteriorate” [9]. 

The White Monastery limestone bricks and walls have been affected by several 
weathering factors, all together controlled the type and extent of stone decay, 
[10]. The observed stone deterioration phenomena were: 

1) Stone material fatigue: occurs as a result of temperature changes between 
day-night, as well as seasons, leading to volume changes expressed as expansion 
and shrinking, the continuous temperature change causes cracks and fractures 
on stones as a result of the material fatigue [11] (Figure 2). 

2) Internal disintegration: expressed as powdering of the stone behind the 
skin (surface crust), as a result of breaking down of the internal structure of the 
rock. This may be due to retention of fluids which are not allowed to escape by 
normal evaporation due to the impermeable nature of the skin. Some sets of 
cracks are noticed developed parallel to the exposed stone surface, and the in-
ternal structure is effectively shattered (Figure 3). 

3) Efflorescence: soluble salts are considered to be the main cause of stone 
decomposition. Salts are usually cause stone damage in several ways. The most 
common is the growth of salt crystals in the stone pores, resulting in stresses that 
may overcome the stone’s tensile strength [12] [13] [14] [15]. The efflorescence 
action may proceed as long as the soluble salts remain in the stone, by time, the  
 

 
Figure 2. Stone material fatigue in. 
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Figure 3. Internal disintegration. 

 
soluble salts dissolved in the fluids are concentrated, and on crystallization, the 
crystallized salts initiate the disintegration.. The soluble salts may, also crystallize 
on the stone surface forming unsightly deposits, known as “efflorescence”. The 
effect of salt deterioration is expressed on the limestone of the walls as shown in 
Figures 4-6. 

4) Crust removal: the temperature change produces stresses resulted from the 
differential expansion, such stresses tend to cause delamination of the surface. When 
the wet stone surface warms by long exposure to the sun, as well as warm atmos-
phere, the surface expands and, contemporaneously, evaporation-precipitation 
processes takes place. Calcium sulphate crystals may be deposited in the fine cracks 
developed during the expansion phase. The repetition of these processes may 
produce an observed expansion and/or blistering of the crust (surface layers) 
(Figure 7). 

5) Biodeterioration: the biologic activities of bacteria and algae, negatively, 
affect the stone mechanically and chemically, Mechanical damage is caused by 
penetration of the hyphae into the stone and by the expansion and contraction 
of the thallus (the vegetative part of the fungus) under changes of humidity. 
Chemical damage [16], however, is more important and may arise in three ways: 
by the secretion of oxalic acid, by the generation of carbonic acid, and by the 
generation of other acids capable of chelating ions such as calcium [17]. The li-
mestone of the walls shows borrowings and detachments due to biodeteriora-
tions (Figure 8). 
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Figure 4. Continuous deterioration action resulted from ef-
florescence and salt crystallization. 

 

 
Figure 5. Foundations affected by ground water. 

 

 
Figure 6. Detachment and salt crust on limestone surface. 
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Figure 7. Loosening of stone crust. 

 

 
Figure 8. Effect of borrowing on limestone. 

2. Materials and Methods  

The nature of the limestone used in the construction of white monastery is stu-
died and the nondestructive samples were collect to show its ability to deteri-
orate and to propose the suitable restoration procedures, Petrographic using 
Nikon polarizing microscope, scanning electron microscope using JEOL 
JSM5500LV, south valley University, Egypt, XRD analysis (using Philips diffrac-
tometer, Cu K radiation of 2 - 60 degrees, Department of Physics, Assiut Uni-
versity, Egypt). And chemical analysis methods were performed using (Axios 
advanced, sequential wd_XRF Spectrometer, PANalytical 2005) at the analysis 
and consulting unit, National Research Center in Cairo. The physical and me-
chanical properties of the limestone samples were also studied in lab of building 
materials properties, National Research Center in Cairo. 
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3. Results and Discussion 
3.1. Petrographic Examination 

The studied limestones are Nummuliticbiomicrites and represented by a varying 
amount of fossils and fossil fragments embedded in a micritic matrix (Figure 9 
and Figure 10). Allochems consists mainly of different types of foraminifera 
(Nummulites is the most dominant type). Nummulites content ranges between 
20% - 30% by volume, the other bioclasics form about 10% and represented, 
mainly, by randomly oriented algal remnants and fossil fragments (Figure 11). 
Most of fossils were, partially, replaced by sparry calcite, while lesser amounts of 
fossils were partially recrystallized and others were subjected to partial dissolu-
tion, in their cores. The inner cores of Nummulites are filled with micritic 
and/or sparritic calcite (Figure 12). The allochems embedded in the matrix are 
composed mainly of micrite. The micritic matrix shows slight neomorphism in-
to microsparite. Terrigenous material (mainly fine detrital quartz) occurs scat-
tered in the micritic matrix. 
 

 
Figure 9. Fossil embedded in micrite. 

 

 
Figure 10. Fossils and fossil fragments. 
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Figure 11. Fossils and algae. 

 

 
Figure 12. Fossil filled with sparry calcite. 

3.2. Scanning Electron Microscope Study (SEM) 

The study of the limestone samples with the scanning microscope show the 
presence of micropores and microcracks (Figure 13 and Figure 14). The surface 
of the calcite crystals show dissolution features (Figure 15). Crystalline salts and 
gypsum crystals are also observed (Figure 16). 

3.3. X-Ray Diffraction (XRD) 

The resulted XRD charts show that the stones are composed mainly of calcite. 
Minor salts (Halite) and gypsum are observed with quartz (Figure 17). 

3.4. Chemical Analysis by XRF Fluorescence 

The study of Chemical analysis of three limestone samples revealed CaO is the 
dominant oxide which ranges from 54.03% - 55.11% which reflects that the 
stones are mainly limestone with calcium carbonate content ranges from 96.11 
to 98.37% (Table 1). SiO2 show very minor amounts with an average of 0.58%,  
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Figure 13. Some micro pores in limestone. 

 

 
Figure 14. Some fractures result of dissolution. 

 

 
Figure 15. Damage surface of calcite crystals result of dissolution and salts. 
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Figure 16. Gypsum and micro cracks in stone. 

 
Table 1. XRF analysis of the studied limestone samples. 

White monastery  
limestone (3) 

White monastery  
limestone (2) 

White monastery  
limestone (1) 

Main constituents  
Wt% 

0.59 0.56 0.58 SiO2 

0.01 0.01 0.02 TiO2 

0.13 0.13 0.12 AI2O3 

0.08 0.08 0.07 Fe2O3tot. 

0.14 0.14 0.13 MgO 

54.66 55.11 54.03 CaO 

0.48 0.47 0.45 Na2O 

0.09 0.08 0.07 K2O 

0.04 0.04 0.04 P2O5 

0.14 0.13 0.12 SO3 

0.35 0.35 0.33 CI 

43.25 42.86 44.002 LOI 

   Total 

0.019 0.019 0.019 MnO 

0.005 0.005 0.005 NiO 

0.014 0.014 0.014 SrO 

 
Al2O3 shows an average of 0.12% which could be an indication of the presence of 
very minor clay minerals. MgO shows an average of 0.13% and Fe2O3 show an 
average of (0.07%). SO3 shows an average of 0.13% which indicates the presence 
of minor gypsum, Gypsum formed when calcium carbonate react with sulfur 
dioxide ([18] & [19]). 
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Figure 17. XRD patterns of the studied limestone sample. 
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3.5. Physical and Mechanical Properties 

Table 2 shows the measured physical and mechanical properties of the studied 
limestone. The average specific gravity of the limestone is 2.06 g/cm3 which 
shows that the stone is classified as low density limestone according to the li-
mestone specification ASTM c 568. The average water absorption is 9.26% is less 
than the maximum permitted limit of the low density limestone. The average 
compressive strength value is 16.04 Mpa is higher than the lower limit of the low 
density limestone (12 Mpa) in the limestone specification ASTM c 568. The av-
erage measured flexural strength values of the limestone samples is 3.6 Mpa 
which is higher than the flexural limit of the low density limestone (1 Mpa) in 
the ASTM c 568. 

1) Stone Restoration and Conservation 
The severity of stone deterioration depends on complex interactions between 

a number of environmental and intrinsic properties, as well as on the duration of 
exposure. Based on mineral composition and structures, stone is an extremely 
complex material-a complexity that is reflected in its behavior against weather-
ing and its response to the natural and the built environment [20]. 

Active conservation is mainly concerned with doing something directly to the 
stone itself and the following practices are very frequent: 

a) Cleaning 
A lot of techniques and methodologies are available for natural stone cleaning, 

some techniques are intended for use on large facades, and others are intended 
for use on finely delicate and carved sculpture. Most of these techniques are 
mentioned and reviewed by many authors: Ashurst 1994 [21]; Verges-Belmin and 
Bromblet 2000 [22]. 

b) Desalination 
In cases where soluble salts are the major factor for stone deterioration, it is 

worthy to remove these salts. Desalination is usually recovered through various 
types of poultices, consist mainly of a different types of materials (e.g. clays, 
sands, as well as paper pulps) [23]. 
 
Table 2. Physical and mechanical properties. 

Flexural  
strength (MPa) 

Compressive  
strength (MPa) 

Water  
absorption (%) 

Specific  
gravity (g/cm3) 

Sample No. 

2.77 17.74 9.01 2.07 1 

3.56 15.66 9.27 2.07 2 

3.54 14.34 8.70 2.09 3 

4.03 15.98 9.80 2.05 4 

3.40 17.44 9.47 2.02 5 

4.31 15.11 9.31 2.08 6 

3.60 16.04 9.26 2.06 average 
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c) Consolidation 
Consolidation process is applied when the rock is severely deteriorated by de-

cay. Consolidation processes aim to conserve the stone strength, and maintain 
its strength as it was originally [24] & [25], in order to be more resistant for fur-
ther decay 

Most of materials that have been used as stone consolidators are organic po-
lymers. On the other hand, inorganic consolidator materials deserve a particular 
mention, as their working mechanisms are quite different: slaked lime (calcium 
hydroxide) and barium hydroxide. 

d) Surface Coatings 
Surface coating materials are a bit of a catchall category that include a wide 

range of materials used as stone protective water repellent, ant-graffiti coatings, 
emulsion, protective oxalate layers, salt inhibitors, colloidal silica, biocides, bio-
remediation treatments and sacrificial lime coatings. 

e) Penetrating Sealers 
The alkoxysilanes and alkyl alkoxysilanes, also known as “silanes” for short, 

are the most widely used as stone consolidators especially in the last twenty years 
[24]. Two main compounds, in particular, have been dominated: methyl trime-
thoxysilane [MTMOS] and tetra ethoxysilane [TEOS]. The silanes should be hy-
drolyzed with water to produce silanols, silons are then polymerize through 
condensation reactions resulting in silicone polymers. 

2) Preservation of the Limestone in the White Monastery 
The function of treatment is to reduce the weakness of the stone structure by 

improving its properties to resist various deterioration factors [26]. They must 
improve the properties when treating stones, Salt weathering and gypsum pose a 
significant risk of limestone and causing a big problem in the ways of preserva-
tion of cultural heritage [27]. The weathering rates in different climatic condi-
tions are due to the interaction of water molecules with a mineral surface [28] 
[29] [30]. Sealers are proposed to protect the stone from the effect of water or 
humidity. 

3) Penetrating Sealers 
The stone samples were treated with penetrating sealer of (Aqua Mix). The 

results of the treatment are shown in Table 3. 
Images of the scanning electronic microscope show the extent of the penetra-

tion of the material between the granules, and their ability to encapsulate the li-
mestone granules on a regular basis, and the absence of calcification or inappro-
priate gatherings (Figure 18). 

From the table it is shown that the water absorption of the limestone samples 
(average 9.26%) is reduced after the treatment with penetrating sealer to 1.22% 
which will protect the limestone from the action of the ground water and reduce 
the possibility of efflorescence formation. 

4. Conclusion and Recommendations of Conservation 

The bulk sample of ancient building stone of White Monastery is composed  
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Figure 18. SEM of limestone samples after treatment. 

 
Table 3. Results of water absorption of the limestone before and after treatment with sea-
ler. 

Water absorption (%), after sealing Water absorption (%) Sample No. 

1.93 9.01 1 

1.4 9.27 2 

0.78 8.70 3 

1.37 9.80 4 

0.33 9.47 5 

1.52 9.31 6 

1.22 9.26 Average 

 
mainly of calcite (87.5%) with remarkable minor amounts of halite, gypsum and 
quartz. Crystallization of salts inside the limestone is considered one of the main 
reasons for the damage, since each different salt degree, with different capacity 
in absorbing water from the atmosphere, and some salt changes shape as a result 
of hydration and dehydration. Away from moisture, building stone weathers 
very slowly. Moisture favors, not only condition for chemical deterioration, but 
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also absorb sulphur and carbon dioxide gases, sulphate and carbonate particles 
from the air. Surface moisture accelerates the rates at which stone deteriorates. 
The use of penetrating sealers reduced to a great extent of the absorption ability 
of the limestone and hence will minimize the moisture level that will deteriorate 
the limestone. 
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