
PM

An International Journal of
Mineralogy, Crystallography, Geochemistry,
Ore Deposits, Petrology, Volcanology
and applied topics on Environment, Archaeometry and Cultural Heritage

PERIODICO di MINERALOGIA
established in 1930

Periodico di Mineralogia (2021) 90, 261-275

INTRODUCTION
Many of the heritage sites and monumental buildings 

around the world are vulnerable to several impacts of 
environmental disasters as an ascertained danger (Nicu, 
2017) and human hazards as a potential danger (World 
Heritage Committee, 2009). The possible risks related 
to man-made and natural disasters have been evaluated 
and predicted to realize damage maps in considerations 
for the possible deterioration phenomena linked to slow 
changes (Lazzari et al., 2006; Bonazza et al., 2018). 
From a specialized point of view, these risks resulted 
from human activities, such as war (Teijgeler, 2006), 
despoliation, vandalism (Kuzucuoglu, 2009), urbanization, 
encroachment, unsustainable tourism, negligence, 
vibration, etc. In Egypt, there are many archaeological 

sites and Pharaonic temples in the southern part, especially 
Luxor, Qena, Esna, and Aswan. These buildings mostly 
suffer from different deterioration factors that may cause 
complete destruction (Yocom, 1958; Moncmanová, 2007). 
Such deterioration phenomena began from the moment 
they were quarried due to the natural weathering (Winkler, 
1996; Webster and May, 2006) caused by physical, 
chemical, and biological factors (Marey et al., 2010; 
Daly, 2011; Quinn et al., 2014). The relative importance 
of each factor depends, on one hand, on the dominated 
environmental conditions, e.g. the stone type, location 
on the monument, and preservation state (James, 1980; 
Papida et al., 2000). On the other hand, the climate-related 
deteriorations result from temperature variations between 
day-night and summer-winter (El-Gohary, 2010), water 
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movement within the pores due to capillarity (Borrelli, 
1999), etching effects of rainwater, particles carried by 
wind erosion (Yaldiz, 2010), and some pollutants that 
affect the groundwater characteristics. Similarly, other 
factors, such as the crystallization of soluble salts, air 
pollution (El-Gohary, 2008), biological colonization 
(Geweely and Afifi, 2011), soot, drops of bat blood (Abd 
El-Aal, 2012), and wild bee nests (Sleater, 1973) cause 
deterioration. In addition, shallow groundwater is a major 
factor in the deterioration of the Pharaonic monuments 
in Egypt (Campos, 2009). Deterioration phenomena 
resulting from human activities are the most effective 
forces of the archaeological sites and Pharaonic temples 
in the southern part of Egypt (Elbeih et al., 2010). These 
sites and temples are subjected to variable deterioration 
factors and related to their mechanisms attributed to 
human activities (Abdalla et al., 2016). They include four 
major mechanisms, namely the effects of ground waters, 
deliberate damage, undeliberate damage, and improper 
conservation works. The present paper provides a brief 
overview of the destructive processes that result from 
severe human activities and cause alteration or loss of the 
archaeological features in Esna Temple (El-Gohary, 2000).  

Historical background to Esna temple 
The Temple was built in Esna Town (Figure 1a) that lies 

in (25°18′N, 32°33′E). This town is known as Ta-Senet 
in the Ancient Egyptian Language, Latopolis in Greek, 
Sne in Coptic, and Esna in Arabic (Wilkinson, 2000). The 
town is located on the west bank of the Nile River, about 
60 km to the south of Luxor. Approaching its temple, a 

visitor first perceives the roof because the temple still 
stands on the original ground level, although the modern 
town rises 9 m higher on top of the remains of the ancient 
town and its descendants, which grew up around the 
temple over the last 2,000 years (Bunson, 2002). The 
temple (Figure 1b) was built during the reign of Ptolemy 
V (205-180 BC) (Arnold, 1999) to memorialize the god 
Khnum (Montet, 1961) “the holy local god” (Figure 
1c). It was built using Nubian sandstone (Klemm and 
Klemm, 2001) characterized by better external features 
and internal characteristics compared with other types of 
sandstones (El-Gohary, 2013). 

Environmental status in the study area
Some affecting parameters are directly related to human 

activities. They play important roles in the accuracy 
of deterioration cycles around the temple site and 
facilitate the effects of other degradation mechanisms. 
They include the meteorological conditions, geological 
features, topographical features, hydrological system, and 
stratigraphic scheme.

Meteorological conditions 
The study area is located in dry climatic conditions that 

are characterized by long hot summers and short warm 
winters (Basheer, Mosaad, 2018). It is one of the most 
effective environmental factors in the deterioration of the 
temple’s building materials, especially the porous ones 
(Riganti et al., 1993; Gimez Moral, 1994). In addition, 
the area belongs to the continental semi-aired zone that 
was influenced by hotness and orbital currents and was 

Figure 1. a) Esna town, b) Esna temple (1- Hypostyle hall, 2- Hypostyle chamber, 3- Sanctuary, 4- Gallery), c) Khenom “holy local 
god of the region.
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characterized by a wide range of annual temperature 
degrees; summer is likely to be extremely hot and winter 
is extremely cold (El-Bayomi, 2007). Moreover, the two 
most important meteorological conditions data (AT and 
RH) were collected over the last 50 years (EMO, 2000). 
They were classified seasonally as listed in Table 1. The 
data illustrate that these conditions play an important 
role in the deterioration cycles affecting the study area, 
especially through alternative mechanisms between hot 
(dry) and cold (snowy) (Akmeşe et al., 2019).

Geological and topographical features 
Esna (Figure 2a) is one of the ancient Egyptian regions 

that belong to one of the major Egyptian geological 
structures; it is a stable shelf (Awad et al., 1963). This 
area is a part of a strap surrounded by unknown borders 
composed of Nubia stone (Pettijohn, 1983; El-Gohary, 
2013), and continental and semi-continental sediments 
from the Late Cretaceous and the Early Tertiary (Singer 
and Amiel, 1974). The Temple is 180 m from the west 
bank of the Nile River; about 8.80m below street level. 
It is encompassed by recent houses and other civil and 
religious buildings (Figure 2 b,c). 

Hydrological system and stratigraphic scheme 
The study area is highly influenced by the Nile water 

flow because of the direct hydraulic connection between 
the Nile River and the quaternary system in the Nile 
Valley (El-Fakharany and Fekry, 2014). This effect may 
be due to groundwater flow, which is primarily toward 
the river from the valley walls, with a slight northward 
(downriver) gradient present (Brikowski and Faid, 
2006). Also, it may be attributed to the high index of 
hydraulic conductivity characterizing the bedrocks of 
the area, including dense stone materials “sandstone 
and limestone” (El-Gohary, 1996) or the low index of 
hydraulic conductivity characterizing the soil of the area, 
including clay and pebble materials “gravel and silt” 
(Figure 3a). The hydrological studies done to evaluate the 
quantity and quality of the water well within the temple 
and other wells in the surrounding area revealed many 
points. The 1st point is that the Nile mostly charges the 
wells both in and around the temple, which attests the 
hydraulic conductivity (0.016 mm/m) from the Nile to the 
wells (Figure 3b). The 2nd one shows that the temple’s 
building materials are an easy target for the physical and 
chemical attacks due to the eccentric site of the temple  

Meteorological 
Elements

Winter Spring Summer Autumn

Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov.

AT oC 16.6 14.9 16.8 20.9 26.0 30.1 32.4 32.6 32.5 30.4 27.4 21.7

RH % 51 50 42 35 26 23 33 29 30 34 36 46

Table 1. Seasonal average of meteorological elements of the Esna temple area last 50 years.

Figure 2. a) Esna temple encompassed from all sides by recent houses and buildings, b) the relation between the temple and the river 
Nile, c) geological features of Esna area.
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(8.8 m below street level). The 3rd one is that the 
stratigraphic scheme of the temple area (Figure 3c) 
composed from Esna shale belonging to the Eocene 
Epoch (Beadnell, 1905; Said, 1961) is characterized by 
different features, as listed in Table 2. 

HUMAN ACTIVITIES, DETERIORATION PROBLEMS, AND RELATED 
FORMS

The massive investment in protecting the monuments 
makes it essential to utilize any scientific knowledge of 
weathering processes (Cardella, 2008). Stone weathering 
phenomena, resulting in external stress and internal 
strains, are mostly involved in the deterioration cycle 
of archaeological buildings and destroy their main 
materials (Bland, 1998). The temple was highly affected 
by the successive numerous deterioration factors of 
human activities, as well as other extrinsic and intrinsic 
factors (Hoyos et al., 1998; El-Gohary, 2012). Thus, it 

is important to understand the processes, factors, and 
mechanisms that are caused by human activities and 
threaten archaeological buildings. It has been illustrated 
that drainage water, agricultural drainage water (Cunliffe, 
2014) and domestic wastewater (Pulido‑Bosch et al., 
2018) are the most important sources of groundwater 
and have affected the temple area (El-Gohary, 1999;  
El-Gohary, 2000). These water sources cause some 
physical, chemical, and biological deterioration 
mechanisms. Moreover, other human activities, i.e. 
deliberate and undeliberate damage, result in destructive 
effects. The deliberate damage is intentional and results 
from direct or deliberate human activities, such as looting 
(theft) and vandalism. Looting and vandalism remain 
ongoing problems at archaeological sites in many parts of 
the world as attested by Kersel, Chesson (2013). They are 
exacerbated or brought on by the tragic political conflicts 
(Atwood, 2009), stories of ancient treasures, antiquities 
trade (Renfrew, 2000; Vella et al., 2015), etc. While the 
undeliberate damage is mostly unintentional and covers 
the effects of wars and firing in the aired area, the improper 
conservation works due to using unsuitable materials, 
such as black cement and reinforcement concrete, or 
applying wrong conservation techniques play a role 
(Urban woodland management guide 1, 2002; Cohan, 
2004; Elizabeth, 2008; El-Gohary, 2007). According to 
Kühlenthal and Fischer (2000) and El-Gohary (2010), the 
close inspection and complimentary survey (CICS) was 
adopted to evaluate the structural features and the past 
evidence of the temple and its surrounding area and to 
focus on the different deterioration activities. The study 

Figure 3. a) topographic features of the Esna temple, b) Hydraulic section in the temple, c) Hydro-stratigraphic system of temple area.

Stratigraphic layers layers 

Silt -clay 20-22 m

Sand and gravels 5 m

Lower-Middle Pleistocene sand 200 m

Clay of Pliocene Un-defined

Table 2. Stratigraphic scheme of the Esna temple.
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revealed that the temple is highly affected by deterioration 
mechanisms and there are several deterioration forms, 
such as:

1. The spread of saline groundwater containing 
different sources of salt below the temple foundations, 
salt crystallization, collapse of the ground due to losing 
internal cohesion, and leaching of mortar beds and silica 
content between stone blocks (Figure 4a).

2. The spread of soot particles and the growth of 
sulfate-rich crusts on the internal parts of the temples due 
to cocking and full inhabitation inside the temple, the 
mechanical destruction due to intentional damage, and 
the presence of soiling and crusting layers on the stone 
surface (Figure 4b).

3. The collapse of the sandstone structure due to the 
disintegration of ferrous cement material resulting from 
salt crystallization, as well as brittleness and fracture 
symptoms due to alternative cycles between hydration 

and crystallization processes (Figure 4c).
4. The destruction of the stone body due to using 

improper treatment materials in the past such as black 
cement and other organic materials (rags) (Figure 4d).

MATERIALS AND METHODS
From different locations of the temple, 25 structural 

sandstone samples, weathered surfaces, and mortars 
were collected. They were targeted to different analytical 
and investigation techniques to define the deterioration 
products and their different features. According to De 
Geyter (1985), Hardy et al. (1989), Rollinson (1993) 
Hughes et al. (1976), and Fidelibus (1993), these samples 
were investigated and analyzed using Leica Polarizing 
Light Microscope at 50-200x magnification (PLM). 
Shimadzu Lab X, XRD 6000 X-Ray Diffractometer (XRD) 
was adapted to define the mineralogical composition 
of stone samples and their optical characteristics. The 

Figure 4. Deterioration symptoms affected Esna temple.
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Energy-Dispersive X-ray Analyzer EDS INCA300 
attached to a LEO1450VP Scanning Electron Microscope 
(SEM-EDS) was utilized to investigate the morphological 
features of the deteriorated samples and their chemical 
components. Finally, Perkin Elmer AAS Analyst 400 
Spectrophotometer “Unico-1200” (AAS) was performed 
to evaluate the chemical and mineralogical characteristics 
of the groundwater samples. 

RESULTS
The obtained results strongly indicate that the temple 

site, structure, and different components were highly 
affected by complex deterioration mechanisms and forms. 
These results are concluded, as follows: 

PLM and XRD results
Petrographic examinations help determine the specific 

minerals, rock textures, coarseness, as well as relative or 
quantitative percentage of various constituents (Reedy, 
1994). In addition to the identification of the exact 
typology of the stone, its physicochemical properties and 
deterioration state are also defined (Corbeil, 2004). XRD 
measurements and petrographic features of the samples 
illustrate that the main compositions are divided into two 
groups. The 1st group includes major minerals [Quartz 
SiO2, Halite NaCl, Anhydrite CaSO4 and Niter, KNO3], 
while the 2nd group covers minor minerals [Calcite 
CaCO3, Dolomite CaMg (CO3)2, Sylvite, KCl, Kaolinite 
Al2Si2O5 (OH)4 and Biotite (Al, Fe) Si3O10 (OH,F)]. 
These constituents are detritus grains with angular, sub-

angular, rounded, and sub-rounded shapes in siliceous 
and ferrous cement materials (Figure 5 a,b,c). 

SEM-EDS results
The morphological examination by SEM reveals that 

several deterioration symptoms affect the sandstone as 
a building material that includes the severe etching of 
quartz grains, the spread of salt crystals in cubic shape 
(Halite), in addition to the rarity of stone cement material. 
Moreover, the brittleness and weakness of quartz grains, 
the presences of some pits stone crumbs, and the granular 
disintegration result from the effects of saline water 
(Figure 6 a,b,c). The EDS results suggest that the samples 
are composed essentially of ideal elemental components 
characterizing the Egyptian sandstone, where the average 
elemental ratios are (Si 42.17%, Ca 20%, Cl 15.2%, 
K 8.3%, Na 5.3%, Fe 4.4%, S 4.3%, then Al 2.5%, in 
addition to some traces 0.01). 

AAS results
Geochemically, groundwater quality was defined using 

AAS and chemical titration analyses at the Facolty of 
Ingegneria-Politecnico di Bari, Italy. The analyses attested 
that TDS has very high values due to the variety of water 
sources (River Nile, Rammady canal, domestic sanitary 
wastewater of the surrounding houses, and drainage 
water). Furthermore, water has some characteristics of 
seawater, as has been argued by Tulipano et al. (1994) 
and Klark and Fritz (2013). The obtained data are listed 
in Table 3.

Figure 5. Mineralogical composition of deteriorated samples collected from Esna temple a) by XRD patterns b) by PLM micrographs.
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DISCUSSION
The interaction between the deterioration factors 

affecting the monumental sites was almost cleared 
and varied according to the dominant environmental 
conditions. The human actions are the most severe 
environmental and extrinsic factors that have caused 
the deterioration of Esna Temple, as illustrated in 
(Figure 4 a,b,c,d). Although all building materials have 
a stable environmental state, a significant change in the 
environment may force the materials to be transformed 
into others with a new stable state. These processes are 
known as weathering or deterioration (Camuffo, 1995; 
Barroso et al., 2006; Mora Navarro et al., 2016; Pozo-
Antonio et al., 2018). They are often attributed to different 
reasons, especially breaking the rules and laws prescribed 
by some governing authorities (Chakrabarti B. et al., 
1996; Elia, 1997; Canti and Linford, 2000; Silva et al., 
2005; Daly, 2011; Rodríguez-Pascua et al., 2011). In the 
case under study, many sources of groundwater have 
affected the body of the temple, including drainage water, 
agricultural drainage water, and domestic wastewater 
(El-Gohary, 2000). Although traditional agriculture is 

an important economic activity in the study area, the 
destruction of the archaeological sites is occasionally 
caused by drainage water as has been discussed in a 
similar case (Zimmerman et al., 1988). In other words, the 
agricultural activities cause several deterioration features, 
in addition to brittleness and fracture symptoms (Halsey, 
1996) caused by alternative cycles between hydration 
and crystallization actions (Vicente et al., 1994) due to 
the presences of aggressive fertilizer types. Accordingly, 
it could be said that the types of water are the main 
factor of deterioration that results from dissolution and 
ion exchange between the building materials and the 
dominating salts in water. The alternative cycles between 
drying and wetting play a role, as well.

Through analyzing the XRD data (Figure 5), it could 
be asserted that Halite is a ubiquitous soluble salt (Lubelli 
et al., 2006a) belonging to the chloride species. It is one 
of the main salts characterizing the bedrock and hole of 
the Egyptian soil (Gauri and Holdren, 1981; Wüst and 
Schülchter, 2000). In the study area, halite comes from the 
domestic water and severely affects the temple’s stones 
because of the synergetic reaction with other soluble 

Figure 6. a) EDX patterns b, c) SEM photomicrographs of deteriorated samples collected from Esna temple.

Cations (mg/l) Anions (mg/l)

Ca++ Mg++ Na+ K+ HCO3
- CO3

-- Cl- SO4
-- NO3

-

73.5 215.4 1069.6 477.9 454.0 70.8 1136.0 723.9 1413.8

Other Properties

TDS: 4.2 g/l pH: 8.7 Hardness: 106.9 EC: 6930 E: -0.25%

Table 3. Chemical analysis of groundwater of the Esna temple well by AAS.
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salts. This effect causes the maximum deterioration and 
corrosion of the stone body, including the presence of the 
white layers of salt efflorescence, the disintegration of 
ferrous material, and the surface brittleness (Smith and 
McGreevy, 1988). Sylvite is ranked second in the chlorides 
of our case. It is composed through ion exchange between 
calcite in the water below the temple and potassium nitrate 
used as a fertilizer in the agriculture activity. It is extremely 
dangerous because of its high ability to crystallize in hot 
environments and re-crystallize in humid environments 
(Amoroso and Fassina, 1983). Moreover, anhydrite is 
the most important sulfate resulting from the chemical 
reactions between the aggressive sources of saline water 
and the different components of the building materials 
(El-Gohary, 2011). These reactions commonly originate 
from wet and dry deposition processes in which sulfate 
products cause the loss of the mass, as well as strength 
and stone cracking due to expansion and contraction 
mechanisms (Skoulikidis and Beloyannis, 1984; Charola 
et al., 2007). The growth of the sulfate-rich crusts on rocks 
has been explained recently by increased air pollution due 
to anthropogenic activity (industry, coal burning, urban 
traffic, etc.) (Siedel and Klemm, 2000). These processes 
may be attributed to the surface-treated materials. In the 
same context, the formation of the sulfate-rich exo-crusts 
on stone surfaces is more likely linked to restoration/
conservation steps. This could be explained, on one 
hand, by mineralogical and chemical homogeneity of 
sandstone with clay matrix on the broad variability of 
sulfates in exo-crusts. On the other, the effects of the 
mineralogical variability of exo-crusts reflect different 
periods of sculptures’ origin and later surface treatments 
(Přikryl et al., 2004). According to Laue et al. (1996), 
niter is attributed to the use of nitrates as a fertilizer or 
the decomposition of organic matters. It normally gives 
thick efflorescence that is easily eliminated, creating some 
disintegration actions less than those of sulfates (Feilden, 
2003). This salt may have been introduced from external 
sources, such as rising damp from the soil or through some 
species of microorganisms and other biological activities 
(Berry, 1994). It may also result from the bio-deterioration 
processes originating from the abundant guano deposits 
(Hernanz et al., 2008). Kaolinite is the most important clay 
mineral in sedimentary rocks (1:1, dioctahedral) (Ruedrich 
et al., 2011). It is a simple and common aluminosilicate 
composed of tiny sheets of triclinic crystals with pseudo-
hexagonal morphology (József and Williams, 2005). In our 
case, it acts as a key factor controlling the petrophysical 
properties of the sandstone (Kassab et al., 2017) and may 
result from kaolinization due to the effect of hydration 
and hydrolysis mechanisms (Robertson and Eggleton, 
1991; Humble, 2019). These mechanisms are caused by 
the absorption and chemical reactions affecting different 

silicate species. As a result, clay minerals swelling are 
enhanced (Delgado Rodrigues, 1976; Nascimento et al., 
1968) depending on the presence of some kinetic factors 
(e.g., pH, temperature, activation energy, and the degree of 
saturation) (Helmi, 2000; Metz and Ganor, 2001). All of 
these salts lead to the degradation of detritus quartz grain 
“the main component of sandstone”, as shown in (Figure 
5b), changing their ideal shape from angular and sub-
angular grains (77.65% measure 0.095-0.35 mm) to round 
and sub-round grains (22.34% measure 0.075-0.48 mm). 
Such changing processes essentially result from different 
weathering processes, stress, and strain mechanisms (De 
Geyter, 1985; Appolonia et al., 1985; Queisser et al., 1985). 
EDS data (Figure 6a) show the main elemental components 
of minerals obtained data by XRD. That is, Si is the main 
component of quartz, Ca is the main component of calcite, 
Na and Cl are the main components of halite, K is the main 
component of niter and sylvite, Fe is the main component 
of biotite, S is the main component both of anhydrite, and 
Al is the main component of kaolinite. They all suggest 
the presence of other trace minerals, such as dolomite and 
ferruginous cement. SEM results (Figure 6b) reveal that 
there are abundant ideal crystalline phases of both quartz 
grains halite and etched cement materials resulting from 
the aggressive effects of saline groundwater and other 
deterioration features, which can be visualized in different 
images, as has been argued in similar cases (Benavente 
et al., 2004; Steiger, 2005; Lubelli et al., 2006b). Finally, 
AAS analytical data (Figure 7) show the soluble salts 
characterizing the geological structure, water seepage 
from the surrounding houses, and nearby cultivated lands 
caused by a high index of saline ions. Subsequently, the 
deterioration processes become more effective because 
the TDS of the analyzed sample equals 4.2 g/l, making its 
chemical characteristics similar to seawater, as discussed 
by Jakhrani et al. (2012). These characteristics almost 
cause severe deterioration forms, as argued by El-Gohary 
(2011, 2012).

Although “groundwater as a human activity” is believed 
to be the most influential factor in the deterioration of 
the Esna Temple area, other factors cause more effective 
deterioration forms, such as vandalism and theft (looting) 
as deliberate damages, firing as un-deliberate damages, 
in addition to improper conservation works. Vandalism 
is one of the most critical concerns for land managers 
and professional archaeologists. It causes the destruction 
of the vestiges of the nation’s historic and prehistoric 
cultural resources (Nickens et al., 1981; Lahiri, 2001). 
Vandalism and its resulting damage range from graffiti 
to the complete destruction of the monuments or 
even the entire archaeological sites. This act can be 
opportunistic (unplanned) or premeditated (planned). 
Thus, it is important to define the type that takes place 
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on the site (Huges, 1995; Sivan, 1997; Urban woodland 
management guide 1, 2002). Theft (looting) of antiquities 
and destroying the different important aspects of the 
nation’s cultural heritage may be due to a lack of security. 
According to numerous reports, the direct damage 
and breakdown of archaeological sites have increased 
looting. Looting is either unplanned or planned (Brodie 
and Renfrew, 2005; Stone, 2008). The archaeological 
sites are also abused by looters using amateur techniques 
that destroy or cause the loss of some features. This 
may be done by looting sites completely and destroying 
irreplaceable archaeological data (Elizabeth, 2008; 
Cohan, 2004). Fire is one of the primary threats to historic 
property (Kidd, 1995) that stands out among decay agents 
because it generates irreversible decay of stone, with 
long-lasting effects, in a very short time (Gomez-Heras, 
2009). It is caused by accident - dropped cigarettes and 
neglected sites (Bond et al., 2008). According to Stovel 
(1998), fire may be caused by arson, careless hot working 
and other building works, kitchen-related accidents, faults 
in electrical installations, discarded burning cigarette 
ends, and climate change. In the case study, the fire has 
mostly affected different internal parts of the temple due 
to the inhabitation by Christian, especially during the 
Roman Era in Egypt (Perera N., 2017). These processes 
cause several deterioration forms, especially the spread 
of soot particles on the surface due to cocking and full 
inhabitation inside the temple (Figure 4d) and mechanical 
destruction due to intentional damages. In addition, soiling 
and dusting have formed layers of dirt with the presence 
of RH and affected the entire stone structures (Camuffo, 
1995; El-Gohary, 2010). The improper conservation 
works were conducted without considering the code of 
ethics and the code of practice (El-Gohary, 2007). In 

addition, the improper selection and use of conservation 
materials result in different forms of damage, especially 
salt crystallization, cracking, scaling, and partial loss of 
mortar and stone (Szemerey-Kiss and Torok, 2017). In 
the case under study, the old conservation works were 
done using improper materials, such as black cement as a 
mortar (Ostrasz, 1997; Meloni et al., 2015) and fragments 
of red brick and/or rags, as mentioned in (Figure c). In the 
same context, mineral transformation is another serious 
symptom that affected some parts of the stones because 
of improper conservation materials (Emara and Korany, 
2016). Their effects resulted essentially from acid rock 
drainage and contact water (Price and Errington, 1998). 
This symptom caused swelling of some clay types through 
expanding their crystal lattice as an intraparticle swelling 
mechanism, as argued by Delgado and Rodrigues (2001). 
Finally, all of the previous deterioration symptoms were 
enhanced by the abnormal variations of the climatic 
conditions, as listed in Table 1, especially the alternative 
cycles of drying and wetting, where the minimum degree 
of AT is constantly in January and the maximum is in 
July. Furthermore, the minimum degree of RH is almost 
in December and the maximum is in May (Figure 8). 

CONCLUSION
Through the scientific overviews given by the previous 

investigations, it could be concluded that human activities 
affecting Esna Temple proved that its building materials 
were highly affected by many deterioration mechanisms, 
such as groundwater, deliberate and undeliberate damage, 
vandalism, theft, and looting. Many deterioration 
forms are manifested, including the spread of saline 
groundwater, some salt species, soiling and crusting 
layers, leaching of mortar beds and silica content, collapse 

Figure 7. Diagram shows the salty elemental ratios in Esna temple well and other surrounded wells in the area.
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of sandstone structure, as well as some brittleness and 
fracture symptoms. Accordingly, some recommendations 
are made: 

- Catching the looters through national and international 
efforts, especially by developing the active preservation 
programs to handle these threats.

- Constructing a drainage system comprising wells and 
pumps within and around the temple boundary to ensure 
adequate protection against groundwater.  

- Strengthening the building elements and existing 
masonry constructions using some basic methods, e.g., 
repairing of cracks, re-pointing the joints with suitable 
mortars, grouting with modified cement, or epoxy grouts.

- Preserving the different deterioration of the temple’s 
building materials through conservation programs, 
depending on two essential steps. The 1st step is the actual 
work and preventive conservation strategy, whereas 
the 2nd one is conducting a pilot study of the temple’s 
structural conservation. 
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