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Abstract 
The compartment of Philip Arrhidaeus is one of the most significant Roman landmarks in 
Karnak Temple. It is exposed to various damage factors. For example, ground water is rising 
in the study area, causing serious damage to granite used in the compartment� Granite was 
variously used in Ancient Egypt, both in statues and obelisks. Samples were collected to 
study their mineral and chemical composition using polarized microscopy, X-ray diffraction, X-
ray fluorescence, and scanning electron microscope. Finally, results showed the source of 
granite, mechanical damage, and the proposed treatment. 
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1. Introduction 

Karnak Temple dates back to the 
third family, an archaeological evidence 
shows that the site has been used since 
the era of the Middle Kingdom until that 
of the Romans. It contains many complex 
buildings that belong to various periods. 
Ancient Egyptians, like all ancient societies, 
reused raw materials, especially the con-
struction ones for religious or economic 
reasons. They used to re-use the building 
materials, particularly precious ones in 
private buildings from their predecessors 
to legitimize new facilities or for economic 
or political reasons, where restored buildings 
were destroyed in the era of Akhenaten [1]. 
Also, many of the Ptolemaic kings renov-
ated many patterns and constructed new 
buildings close to the Egyptian people [2]. 
For more than 1,500 years, the Temple of 
Amun-Ra at Karnak experienced stages 
of construction, destruction, renewal and 
expansion [3]. Ptolemaic kings built many 

prominent temples in Egypt, e.g. Edfu, 
Dandara, and Philae in Egypt's informal 
style with some additions. Moreover, some 
additions were made to ancient Egyptian 
temples, such as the Holy of Holies, 
built by Philip Arrhidaeus [4]. The com-
partment of the Holy of Holies in Karnak 
Temple was established by Philip Arrhi-
daeus (C.356-317). Potentially, Philip 
Arrhidaeus ordered the construction of 
the compartment in the place of an old 
compartment dating back to the reign of 
Thutmose III. It contained two rooms in 
the shape of a rectangle; the length of the 
first was 6 meters and the second was 8 
meters. They covered the most important 
religious scenes on the south wall (right) 
and those of the coronation of the King, 
worshiping God, and Amun�s sacred boat 
procession.  Landscapes� colors have not 
changed. Egyptian granite is classified as 
follows: 1) Older granite, constituting 
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about 27 % of the Eastern desert Preca-
mbrian rocks, covers the composition 
spectrum of torndhjemite, tonalite, gran-
odiorite and rare granite [5], known as 
grey granite [6]. 2) Younger granite 
constitutes about 16 % of the Eastern 
desert Precambrian rocks and comprises 
late to post-orogenic pink and red granite 
that ranges in composition from calc-
alkaline to alkaline. It is classified into 
three phases; I, II and, III [7]. Several 
studies were conducted on Aswan granite 
due to its importance as an antique building 
stone [8]. It is called monumental granite 
in Aswan, and represents large-scale 
tectonic processes that occurred along 
the contact between the Arabian Nubian 
Shield and the Saharan Metacraton [9]. 
Gindy and Tamish (1998) [10] identified 
four types of post-collisional, largely 
undeformed, granites occurred in Aswan 
area: a) Coarse-grained, porphyritic, and 
fairly mafic ��granodiorite��; b) Famous 
coarse-grained, pink to red, and porphyritic 
monumental granite with rapakivi texture in 
places; c) Fine-grained, mostly pink granite; 

and d) High-Dam Granite, which is a 
coarse-grained, mostly non-porphyritic 
biotite granite. Finger et al. (2008) [11] 
used the term Aswan Tonalite instead of 
granodiorite. They added that tonalitic 
gneiss with a volcanic arc type geoche-
mical signature gave a zircon age of 
622_11 Ma, while the Aswan Tonalite and 
the monumental granite intruded at 606_1 
and 606_2 Ma, respectively. High-Dam 
granite dates back to 595_11 Ma. The 
regional distribution of these granitoids 
is shown in fig. (1). Contact relationships 
indicate that Aswan Tonalite is the oldest 
intrusion. Monu-mental granite and fine-
grained Saluja-Sehel granite was then 
intruded [10]. These three form a composite 
pluton to the south of Aswan. High-Dam 
granite is the youngest intrusion [10]. It 
is the largest body and it is located to the 
farthest south with prominent outcrops 
near ��High-Dam�� of the Nile reservoir. 
This article is concerned with the archaeol-
ogical history of granite blocks of Philip 
Arrhidaeus compartment and its quarries. 

 
 
  
 
 

 

 
 

 
 

 

 

 

 

Figure (1) Shows distribution of Egyptian older and younger granites (Modified from the Geological 
map of Egypt, 1981). 

 

1.1. Field observations and degradation causes 
Many ancient quarries were used 

in ancient Egypt in many constructions 
[12]. Some scientists report that water 
in any state physics is the greatest cause 
of damage processes [13-15]. The granitic 

rocks are more responsive to the action 
of biological activity, air pollution [16], 
and water where potassium feldspars 
are converted to kaolinite, with the pro-
duction of potassium ions, silica and iron 
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where the latter produces rust [17, 18]. 
The main weathering forms in Philip 
Arrhidaeus compartment are exfoliation, 
granular disintegration, scales, plates, 
and efflorescence [19, 21], fig. (2-a, b, 

c) The disintegration of granules in the 
granites is attributed to the difference in 
thermal conductivity of the minerals in 
the surface layer [22, 23].   

 
 
 
 
 
 
 
 
 
 
Figure (2) Shows a. the entrance of Philip Arrhidaeus compartment, where pitting, grains losing and 

exfoliation of two sides, b. Disintegration of granite surface, c. exfoliation and granular 
disintegration. 

 

1.2. Geology and hydrogeology of the study area 
The study area lies within the 

sedimentary rocks that belong to the 
Upper Cretaceous era, tertiary, and qua-
ternary. It is a part of complex hydrological 
systems that dominate the Nile Valley 
in Upper Egypt, which include many of 
the aquifers, such as Paleogene, quaternary, 

pre-Cenomanian, and Pliocene aquifers 
[24]. Its southern part is overland by 
Nubian sandstone which belongs to the 
Upper Cretaceous age [25]. Geomorpho 
logically, the site is characterized by hydro-
graphic basins, alluvial plain, structural 
plains, and river course [26]. 

 
2. Materials and Methods 

To define the source of the granitic 
quarry, the authors collected some granitic 
samples by using non-destructive from 
Philip Arrhidaeus compartment. These 
samples were petrographically studied 
using the polarizing microscope and were 
chemically analyzed by XRF techniques. 
Moreover, representative granite samples 
were powdered and x-rayed to identify, 
quantify, and characterize their mineral 
species. The mineralogical analyses were 
carried out by conventional procedures 
using X-ray diffraction (XRD) technique. 

XRD patterns of powdered bulk samples 
were recorded using a Philips X-ray 
diffraction equipment model PW/1710 
with monochromator, Cu k -á radiation 
( ë=1.54 Å) at 40 kV, 35 m A, in the 
Department of Physics, Assiut Univ., 
Egypt. After that, diffraction data were 
analyzed following El-Shater (2013) 
[27]. Finally, Scanning Electron Microsc-
ope (SEM) was used to study the micro 
texture, degradation, and deterioration 
characters of the studied granites. 

 
3. Results 
3.1. Petrography 

These rocks are pink, coarse-
grained, and massive. A thin section shows 
that the rocks are composed of quartz, 
feldspars (microcline, microcline perthite, 
and plagioclase), and biotite. Zircon, 
sphene, and opaque are accessories. The 
secondary minerals are represented by 

sericite, chlorite, calcite, and epidote. 
They are characterized by hypidiomorphic 
texture, fig. (3-a). Alkali feldspars are 
represented by microcline perthite and 
orthoclase perthite. Microcline perthite is 
characterized by vein, patchy, and flame 
perthite type. Microcline is characterized 
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by dense crosshatching twinning, fig. (3-
b) and including quartz crystals. Ortho-
clase perthite occurs as subhedral tabular 
crystals, slightly kaolinitized and displays 
flame perthite type. Quartz occurs as 
anhedral coarse crystals showing wavy and 
undulose extinction. It encloses feldspars, 
mafic, opaque, and apatite, fig. (3-c). Plagi-
oclase is represented by oligoclase forming 
subhedral prismatic elongated crystals, cha-
racterized by albite twinning and slightly 
kaolinitized and sericiteized. Some plagioc-
lase crystals are enclosed within microcline 
and display oscillatory zoned with altered 
core and fresh rim, fig. (3-d). Mafics are 

represented by biotite and arfvedsonite. 
Biotite occurs as subhedral to anhedral 
flakes, up to 1.3 mm long, strongly pleoc-
hroic, and pale yellow to dark brown, 
fig. (3-e). Biotite commonly encloses tiny 
zircon, fig. (3-f). Arfvedsonite occurs as 
anhedral crystal of dark green colour and 
strongly pleochroic from green to dark 
green. It commonly encloses small opaque 
crystals and sometimes zircon. Opaques 
occur as isolated grains in different shapes 
and some of them are perforated by quartz 
grains. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3) Shows a. Hypidiomorphic texture in granite, b. Microcline perthite (Mic), c. Deformed 
quartz crystals, d. Plagioclase crystals (Plag) and arfvedsonite (Arfv) enclosed by microcline 
perthite, e. paques perforated by quartz of light colour, Chlorite (Chl) of green colour and 
Biotite (Bio), f. Zircon (Zr) enclosed by biotite in extinction position 

 

3.2. Scanning electron microscope (SEM) 
SEM results indicate that the 

investigated granite samples were highly 
affected through many deterioration forms 
these forms such as gaps, grains degra-

dation, presence of some salt species and 
clay minerals in addition, micro fissures 
were noticed, fig. (4-a, b). 

  
 
 
 
 
 
 
 
 
 
Figure (4-a, b) Shows SEM photomicrographs displaying damage features in the crystals of granite 
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3.3. Geochemistry 
To deduce granite rocks of Philip 

Arrhidaeus compartment, the authors col-
lected eight samples from Aswan granitoid 
rocks area [11]. Granite sample from Philip 
Arrhidaeus compartment were analyzed 
and listed in tab. (1). Therefore, the authors 
constructed Harker variation diagrams for 
some and trace elements versus SiO2. 
From the plotted samples, the following 
could be observed: 1) from most major 
oxides (i.e., Al2O3, MgO, CaO, Fe2O3, 
TiO2, Na2O and K2O) versus SiO2, the 
analyzed granite samples are close to the 
monumental Aswan granite, fig. (5-a). 
2) the same feature is re-confirmed by 
plotting Zr, Y, Ni, Zn, Ga, and Sr versus 

SiO2, fig. (5-b). On the (Na2O + K2O) 
versus SiO2 (TAS) diagram, fig. (5-c) 
[28], the analyzed granite samples fall 
within the granite field and are close to 
the monumental Aswan granite. Aswan 
granitoid rocks and the analyzed granite 
sample from Philip Arrhidaeus compar-
tment are plotted on the A/CNK versus 
SiO2. Hence, it is indicated that the granite 
under study is of metaluminous type (i.e., 
A/CNK ratio < 1) and similar to the mon-
umental Aswan granite, fig. (5-c). Mor-
eover, the analyzed sample can be 
described as high-K, fig. (5-c) [29] and 
similar to mon-umental Aswan granite. 

 

Table (1) Geochemical analyses for the granitoid rocks from Aswan and the granite under study 
Sample 1 2 3 4 5 6 7 8 9 

Major oxides (wt %) 
SiO2 70.48 71.80 58.93 63.50 72.58 68.50 52.49 53.00 72.18 
TiO2 0.52 0.60 2.11 1.23 0.25 0.50 1.80 2.12 0.39 
Al2O3 12.80 13.59 12.40 13.50 14.16 15.20 10.83 11.40 12.33 
Fe2O3 3.32 3.20 10.09 7.47 1.40 2.09 10.20 12.01 3.11 
MnO 0.06 0.04 0.16 0.15 0.04 0.06 0.14 0.14 0.05 
MgO 0.61 0.40 2.35 1.33 0.31 0.49 5.80 4.42 0.60 
CaO 2.26 1.70 5.81 4.00 1.05 1.81 9.25 9.77 1.32 
Na2O 3.21 3.35 3.07 3.37 3.32 3.75 2.16 2.39 3.80 
K2O 4.75 4.90 1.97 3.17 5.14 5.65 2.51 1.11 4.46 
P2O5 0.27 0.20 1.04 0.57 0.07 0.15 0.28 0.25 0.16 
LOI 1.31 0.71 1.49 0.86 1.39 0.97 3.90 2.90 1.00 
Total 99.59 100.49 99.42 99.15 99.71 99.17 99.36 99.51  
A=CNK 0.88 0.98 0.70 0.83 1.09 0.98 0.47 0.50  

Trace elements (ppm) 
Zr 386 335 585 911 190 355 165 175 500 
Y 43 20 54 60 27 34 25 31 40 
Ga 20 21 23 23 19 21 18 17 20 
Ni 6 6 18 13 3 4 43 57 80 
Cu 20 18 35 39 14 19 23 18 30 
Zn 75 61 162 159 33 66 85 132 10 
Sr 211 185 493 357 122 467 245 273 190 

1 & 2= Monumental granite, 3 & 4= Aswan Tonalite, 5= Saluja-Sehel granite, 6= High-Dam granite, 
7 & 8=Tonalitic gneiss (from Finger et al., 2008).  9= granite under study. 
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Figure (5-a) Shows variation plot of major oxides versus SiO2. symbols as follow: (Diorite ), (Tonalite 

), (Granodiorite  ), (Granite  ).        
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Figure (5-b) Shows variation plot of some trace elements versus SiO2 for the studied granite and the other 

Aswan granite. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (5-c) Shows 1. A/CNK vs. SiO2, 2. K2O vs. SiO2 (Pecerillo and Taylor, 1976), 3. TAS diagram 

for the studied rocks and Aswan granite (Wilson, 1989) The dividing line is from [30] 
Symbols as in figure 5. 

 

3.4.-XRD analysis of granite bulk samples: 
The x-ray diffraction analysis of 

the powdered bulk samples reveals that 
the mineral composition of these granites 
was dominated by feldspar (microcline (53 
%); albite (16 %), and anorthite (1 %)), 
quartz (10 %), mica (muscovite (5 %), 

phlogopite (4 %) and biotite (0.4 %), fig. 
(6-a, b). The morphology of d-spacing of 
(001) reflections of the main mineral spe-
cies constituting the studied samples gives 
conclusive information about the degree 
of crystallinity of the samples under study, 
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especially about the stacking defaults along 
the c-axis. The method of Scherrer uses a 
single X-Ray reflection for the calculatio-
ns of mosaic size, but it provides no 
information on the 'strain' (å), since this 
affects the profile differently in each 2Ə 
value. The crystallite thicknesses of the 

studied profiles of mica range from 16 
to 21 nm, quartz from 16-17 nm, albite 
from 10-11nm, fig. (6-c, d, e). Additiona-
lly, following the Williamson-Hall method, 
the highest strains (0.981) were recorded 
in the mica crystallites, fig. (6-f), contrary 
to those of the quartz (0.046), fig. (6-g). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (6) Shows a. representative XRD pattern showing the d-spacings identifying the mineral species 
forming the studied granites, b. XRD patterns showing the similarity of the mineral 
composition of granite under study, c. crystallite thickness equation of the muscovite, d. of 
the quartz, e. of the albite in the study granitic samples calculated by scherrier, f. Non-
uniform strain of muscovite of granite under study, g. Non-uniform strain of quartz of 
granite under study calculated by the Williamson-Hall method. 

 
4. Discussion  

The study area lies within sedi-
mentary rocks that belong to the Upper 
Cretaceous, tertiary and quaternary periods. 
Its southern part belongs to the Upper 

Cretaceous Nubian sandstone. Geomor-
phologically, the area includes hydrogra-
phic basins, alluvial plain, structural plains, 
and river course. It is part of complex 
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hydrological systems that dominate the 
Nile Valley in Upper Egypt, including 
many aquifers, such as: Paleogene, qua-
ternary, pre-cenomanian, and Pliocene 
aquifers. They represent changes in the 
climatic factors that cause the damage 
of granite. While monthly changes in air 
temperatures in the study area are (14.7 
and 32.4 oC), the average monthly relative 
humidity is (13.0 and 53.0%). Wind speed 
reaches a monthly average of 2.6 to 17.0 
Km/hr. Rains are rare, with a monthly 
average of 0.0 to 0.mm, according to the 
2015. Evaporation varies with time and 

place, with a monthly average of 4.7 to 
27.3 mm. Accordingly, many changes 
occurred on the surface of granite and 
cracks. For example, gypsum and halite 
crystallized, resulting in salts that attack 
granite causing different micro cracks.  
Finally, granite is damaged. The collected 
samples were examined using X-ray dif-
fraction, polarizing microscope, XRF 
and SEM. They show a fracture in the 
inner edges of the grains that may be a 
result of mechanical damage, fig. (4. a, 
b). 

 
5. Recommendations  

The best solution to the problems 
of granite damage in the study area is to 
reduce ground water levels. This can be 
done by drilling wells around the study 
area after studying their direction, quantity, 
and validity. It should also be noted that 
water is pumped from wells till preventing 
the withdrawal of the clay because it causes 
weakness and failure of the bearing soil, 
resulting in partial or total collapse of the 
building. Additionally, irrigation network 
and agricultural drainage should be devel-

oped and Nitrogen fertilizer should be 
avoided. In addition, sewerage network 
should be improved and the levels of 
their lines should be re-examined to make 
sure that there are no leaks. Furthermore, 
modern consolidation materials that have 
been previously used in the consolidation 
of granite exposed to the damage, due 
to ground water, sewage or fluctuation 
of temperatures could be used; the most 
suitable of which are (MTMOS). 

 
6. Conclusion 
It could be concluded that: 1) The collected sample from the compartment of Philip 
Arrhidaeusis composed of granite which is mineralogically similar to that of Aswan. 2) The 
geochemical investigations indicate that: * On the TAS diagram, the studied sample is of 
granite composition which runs in harmony with the petrographic description. * The Harker 
variation diagrams for the major and trace elements show that the compartment of Philip 
Arrhidaeusis is similar to the monumental Aswan granite. * On the A/CNK and K2O versus 
SiO2 diagrams, compartment of Philip Arrhidaeus granite can be said to meet aluminous 
(A/CNK<1) and as high-K type which is very similar to the monumental Aswan granite.  
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