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Abstract

The Egyptian Pharaonic temples are traditionally made of different stones
(limestone granite, diorite, or sandstone and quartzite) shaped into large
heavy blocks or as Colossal statues. One of these is the colossi of Thutmose II
and Amenhotep III at Karnak temple which made out of red quartzite from
Gebel el-Ahmar, located at north-east of Cairo. Quartzite is one of the famous
stones that were widely used during the heights of ancient Egyptian civiliza-
tion. The Colossi of Thutmose II and Amenhotep III were subjected to many
exogenous and endogenous deterioration factors which causes of a severe
damage of the stone materials. In this study we documented the weathering of
these quartzite colossal statues using field recording and laboratory analysis to
evaluate their conservation state. Weathering and deterioration aspects noted
through light optical microscope (LOM), polarizing microscope (PM) and
scanning electron microscope (SEM). The mineralogical characterization was
performed using X-ray powder diffraction (XRD) and Energy dispersive anal-
ysis (EDX). The mineralogy and weathering study of quartzite on the Colossi
of Thutmose II and Amenhotep III illustrate a succession of geochemical
processes which have taken place at the colossi and it revealed that, they need
for quick intervention.
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1. Introduction

The experimental studies in decay of Quartzite Colossus in Egypt are extremely
rare and all agreed that the deterioration of these statues is a complex process in

which physio-chemical and biological mechanisms are usually considered the
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main factors, it generally starts before discovering with alteration processes due
to the synergetic action of archaeological environment during burial in land
which leads to immediate deterioration and after discovering by moisture, wind,
sunlight and thermal cycles. Casciati S. and Osman A. 2004 [1] revealed the
strong influence of ambient vibration for damage of Memnon Colossi using the
finite element method and the results indicated that the distributed cracks cha-
racterizing the current state of the structure, play a significant role in the static
and dynamic response of the monument. Casciati S., Borja R.I 2005 [2] pre-
sented a methodology for non-linear dynamic SFSI analysis of an important
landmark, the South Memnon Colossus. Knox W.O.B. et a/. 2009 [3] try to study
the source of quartzite of Memnon Colossus by mineral fingerprinting using the
method of heavy-mineral analysis, they points conclusively to a Gebel Ahmar as
a source for the two Colossi. Heldal T. et al. 2005 [4] studied the silicified sand-
stone quarries of Gebel Gulab and Gebel Tingar at Aswan, an examination of the
extraction sites indicates an overwhelming use of fire-setting to extract the stone
during the Pharaonic Period and to a lesser extent the wedging technique applica-
ble to the Roman exploitation. Raza M. et al 2010 [5] studied the weathering his-
tory of quartzite. Paper reports the results of a geochemical and petrological study
of Naharmagra quartzite that are the oldest known clastic sedimentary rocks of the
Aravalli craton and the data are used to assess the influence of sorting and recy-
cling, source rocks weathering and composition of provenance. Friitsch F., 2011
[6] studied the weathering of quartzite under cryogenic conditions SEM and TEM
studies. This paper trying to highlight the deterioration and diagnosis assessment
of weathered Quartzite Colossi of 18" Dynasty from Karnak temple; the results are

not only novel but also essential for the future restoration project.

1.1. Archeology of the Quartzite Colossi

Quartzite Colossal built in Karnak temple by the pharaohs of Thutmose II (some-
times read as Tuthmosis II) and Amenhotep III (18" Dynasty) to represent a huge
doorway of the main entrance of Karnak temple, where the two principal axes of
the complex intersected, one last resting place for the god before he set out on
his journey south (Blyth, E., 2006) [7] (Figure 1). The colossus to the west of the
Eighth Pylon doorway, immediately beside the door of the pylon is made out of
red quartzite, representing Thutmose II sitting on his throne in regal position
with his hands on his knees [8], at the belt and side of the throne are the car-
touches of Thutmose II. Remnants of a small statue of his daughter, princess of
Mut-Neferet, that she was dead at the time of erection the statue, stand at the
right leg of the King in smaller scales. The upper part of the statue to the chest
area or center was missing, its 7 m height, without the base and restored by
Thutmose III in the year 22 of his reign [9]. It was found in the upper part of the
excavation, but a very bad condition and was placed on a bench near the statue
site. The 2" Quartzite huge statues at Karnak temple is the two colossi of
Amenhotep III. The colossi were erected in front of southern gate of 10" pylon

of Karnak and facing the south, both of them bearing the names of the king
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Amenhotep III. Amenhotep son of Hapu prepared these colossi for the celebra-
tion of his Lord’s first jubilee (Heb-sed) [10]. The base of western colossus
(which was to be originally Amenhotep III) was reused by the king Horembheb,
who restored the western quartzite pedestal with sandstone blocks (Talatates) of
Amenhotep IV and decorated again its previous lack face with his scenes, offer-
ings and gods [11]. Both colossi were quite damaged, may have been fallen vic-
tim to earthquakes in the past and that were accompanied by a vast array of
fragments left were they fell. After the collapse of these colossi, just the quartzite
pedestals still in their original place, while all fragments moved to put on mod-
ern Mastaba (built by archaeologists made of cement and red brick) east of
Khansou temple in southern part of Karnak temples. In spite of great hardness
and toughness of Quartzite, which makes it difficult to work, the ancient Egyp-
tian artist had carved many of the inscriptions with sunken reliefs on both sides
of the colossi and pedestals, a horizontal line of text on the facade of the qua-
rtzite pedestal, on both sides of the ankh of the axis was done, gives the car-
touches of Nebmaatre (Amenhotep III) which are labeled fraction of Ra on the
side with the setting sun and heir of Ra on the side with the rising sun. Each
holds a panther paw in their left hands, while with the right they present their
speech. In the center on both sides of the disk, two falcons wearing the double
crown are perched on the Horus name of the king framed by the ka which rests
on an ensign holder provided with two arms, one of which holds up the long
staff crowned with the emblem of the royal ka. On the west face of the quartzite

pedestal, the first eight nomes of Lower Egypt are represented.

1.2. Uses of Quartzite (Silicified Sandstone) in Ancient Egypt

In spite of great hardness and toughness, which makes it difficult to work, qua-
rtzite was used not infrequently in ancient Egypt in sculptures and architecture
from the Old kingdom to Roman period (Bloxam, 2007) [12]. It was used as
grinding stones and occasionally for pounders and other tools, but also as an
ornamental stone (James A. Harrell, 2012) [13]. Later quartzite was used in a
wider range of objects such as Pylons, obelisks, stelae, offering tables, sarcophagi,
colossal statuary, shrines and false door (Verner, 2002) [14]. The first utilitarian
use of quartzite sandstone was the Middle Paleolithic time in Upper Egypt and
Lower Nubia by the early Nile Valley dwellers as tools (such as abrasive rubbers,
grinding stones and borers to hollow stone vessels). The use of quartzite was al-
most exclusively by royalty and the elite. Some examples include Life-sized sta-
tue of 4" Dynasty of King Djedefre, which has been connected with the emer-
gence of the title “Son of Ra” during his reign (Bloxam, 2007). The rock is tech-
nically known as Quartzite (orthoquartzite) or “silicified sandstone”. Unmeta-
morphosed quartz sandstone (clastic rock) with a silica cement (Prichystal,
2010) [15]. Some geologists prefer to call this rock ‘siliceous sandstone’ to dis-
tinguish it from metamorphic quartzite, but Egyptologists have long referred to
it simply as “quartzite”. The geological term “quartzite” usually refers to a me-

tamorphic rock although the quartzite used by the ancient Egyptians is entirely
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of the sedimentary variety (Aston, e/ al, 2000) [16]. Quartzite is composed of
quartz (a crystalline form of silica) grains solidly cemented with chemical silica,
so the cement and the grains are of the same material as a result of the silicifica-
tion process, which made the rock much harder and more durable than the”
original” arkosic sandstone (Klemm and Klemm, 2008) [17]. Egyptian quartzite
is usually white, with reddish, yellow, and orange varieties, the colors being
produced as a result of iron oxides content, according to (Kozloff and Bryan,
1992) [18]. Quartzite or silicified sandstone was essentially quarried at two loca-
tions in Egypt from Pharaonic times to the Roman era at Gebel el-Ahmer, and
Aswan quarries complex. According to (Harrell, et al, 1996) [19], the Gebel
el-Ahmer, (30°3.15'N, 31°17.8'E) located at north-east of Cairo, is one of the
most well-known ancient Egyptian quarrying areas. Gebel el-Ahmer or Red
Mountain today the name has changed to Gebel Akhdar, because of the increas-
ing amount of planting and construction work (Storemy, P. 2009) [20]. While
the Aswan quarries complex, Gebels Gulab and Tinger near ruins of St. Simon’s
Monastery; on west bank opposite Aswan (24°6.4'N, 32°52.6'E), the stone is light
gray to mainly various shades of brown, fine-medium-grained, occasionally peb-
bly, quartz-cemented (orthquartzite), belonging to (Umm Barmil Formation of
the Nubia Group, Upper Cretaceous) (Harrell, et al, 1996).

1.3. Conservation State

The structural behavior of large, monolithic, ancient monuments consisting of
heavy stone blocks connected one to the other by the gravity load alone, without
using mortar. These monuments derive their stability from the contact pressure
and the corresponding shear friction acting between the heavy stones which
form the monument body. Such a rationale, coupled with the relatively low
height-to width aspects ratios of their elements, has allowed these monuments to
survive for thousands of years, with few exceptions (Casciati and Osman, 2005).
Like the previous example, the quartzite sandstone Colossus of Amenhotep III,
20.95 meters tall in the past, after its a total collapse, now both of his feet rested
on the pedestal made from a separate block of the same quartzite, still in its
original position, the rest of statues fall down, and moved to put on modern
Mastaba (built by archaeologists made of cement and red brick). The Colossi of
Amenhotep III and Tuthmosis II were subjected to many exogenous and endo-
genous deterioration factors. Deterioration of historical monuments is a com-
plex process, which is the result of the interaction between physical/mechanical,
chemical and anthropogenic deterioration factors in addition to their nature,
composition and properties which causes of a severe damage of the stone mate-
rials. It is worth mentioning that quartzite sandstone of these Colossi came from
Gebel el-Ahmer near Cairo, and now at Karnak temple, Luxor, which represents
a different pattern of climate, so the main external deterioration factor in the
new site is the daily and annual temperature variation. The recording meteoro-
logical data showed that, isolated air temperatures ranging up to 53°C during the

summer months, during the whole year the air temperatures 40°C are common
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and decrease to about 20°C during nights during the same months and varies
from less than 5°C during winter nights with the exception of November to
February rain occasional Thundershowers. The result of these cycles of expan-
sion and shrinkage producing stress and strains on quartzite sandstone minerals,
leading to cracks, macrocracks and fissures (Figure 1(a), Figure 1(b)), vertical
fractures (Figure 1(c)) and contour scaling (Figure 1(d)) in these colossal sta-
tues and its pedestals. The formation of cracks not only caused decrease the
stiffness of the structure of these colossi but also the material mass also decreas-
es. The Quartzite statues in Karnak also suffer from roughening (Figure 2(a)),
pitting and surface punctures (Perforations) (Figure 2(b)), granular disintegra-
tion and exfoliation (Figure 2(c)). Field observation indicated also, the wall re-
liefs at the statues suffer from Coloration, discoloration and staining (Figures
3(a)-(c)), according to the experiments of (Moody, 1976) [21] the color of qua-
rtzite sandstone change from brown to red at highly periodical temperatures,
and that comes about when limonite and other ferric oxides which are present as
impurities are losing water and are being altered to ferrous oxides including he-
matite, this causes the rock to be blotched. Microbiological colonization by
higher, Vascular plants and roots are growing near the colossus of Tuthmosis II,
(Figures 4(a)-(c)) which disfigured the statue and caused both mechanical and

chemical deterioration.

Figure 1. Deterioration features of quartzite colossi at Karnak temple; (a), (b) cracks,
macrocracks and fissures, (c) vertical fractures, (d) contour scaling.

Figure 2. The Quartzite statues in Karnak suffer from; (a) roughening, (b) pitting and
surface punctures (Perforations), (c) granular disintegration and exfoliation.
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Figure 3. Discoloration of quartzite colossi at Karnak temple, and staining; (a), (b) colo-
ration and discoloration of relives, (c) Loss of iron-rich component.

Figure 4. (a) Soiling, staining and bird droppings, (b) Vegetation & higher plant growing
near the colossus of Tuthmosis II, (c) Filled lacunas with ancient mortar, soiling and loss
of plaster layer (coating).

2. Experimental

Different series of laboratory tests were applied to samples in order to determine
their basic characteristics. A representative sampling from Amenhotep III and
Tuthmosis II at Karnak temple were performed. It was cared to collect samples
as small as possible in size from removing the fragments removed from the sta-
tues. Quartzite fragment and polished cross sections were examined using Leica
DM 100 stereomicroscope under normal reflected light at 40x to 100x magnifi-
cation. The photomicrographs recorded with a Leica EC3 12 megapixel digital
camera. Thin sections were prepared from quartzite fragments, each about 0.8
cm in diameter. The minerals and texture of quartzite samples was determined
using Olympus BX51 TF Japan petrographic microscope attached with digital
camera under magnification 20x up to 40x. The Samples were investigated by
Scanning Electron Microscope (SEM). Observations were done using JEOL JSM
6400 coupled with an EDX. Semi quantitative analyses of elemental composition
were obtained using an EDAX, X-ray energy dispersive spectrometer analyzer
with at an acceleration voltage of 200 v-30 keV. Mineralogical structure quartzite
were determined by X-ray diffraction (XRD) analyses performed by PW 1840
diffractometer equipped with a conventional X-ray tube, CuKa radiation, 40 kV,
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25 mA, point focus.

3. Results
3.1. Light Optical Microscope (LOM) Results

Stereomicroscope image of quartzite samples illustrates fine grains of quartz on
the matrix (quartzite texture) and different texture of quartzite. The weathered
sample contains high concentration of leached iron oxides (yellow color Limo-
nite) and voids, high portion of iron oxide (yellowish brown color), large grains
of silica and losses cement between grains. The image illustrates large chert peb-
bles in quartzite’s texture. It also the samples suffer from several deterioration of

its structural coherence. Granular disintegration, fractures was detected clearly
(Figures 5(a)-(f)).

3.2. Petrographical Investigation

Superior general observation from the petrographic study of thin sections of qu-
artzite samples taken from colossal statues at Karnak temple revealed that, the
quartzite consists mainly of monocrystalline grains of quartz detrital, which
represent the majority of rock texture. The quartz grains range from moderately
to well-sorted from rounded to sub-rounded in the shape and from fine to very
coarse in size. These grains are enclosed by thin rim of dark material, this exter-
nal color resulting from the occurrence of iron oxide; limonite, which easily dis-
tinguished in the micrograph by its dark color. Limonite distribution varies in
the samples and is limited exclusively to the spaces between the original sand
grains (Figure 6(a), Figure 6(b)). The quartz grains are cemented by one of two
types of the silica cement; a very common type in the sections is known as, syn-
taxial quartz overgrowth; is composed of relatively large quartz crystals that have

grown in crystallographic continuity with the individual detrital quartz

Figure 5. Micrographs of investigated quartzite samples by LOM (4x); (a) Granular dis-
integration and fractured, (b) large chert pebbles in quartzite’s texture, (c) fine grains of
quartz on the matrix (quartzite texture), (d), (e) Iron oxides staining the texture of qua-
rtzite, (f) different texture of quartzite.
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grains that they surround. Quartz overgrowths are separated from the core by
thin layer of iron oxide (Figure 6(c)-(e)). The other type is microcrystalline
quartz fringe, which composed of clusters of small quartz crystals that radiate
out wards from the surface of the sand grains. Quartz grains are cemented by
chalcedony crystals (first generation) and later by quartz overgrowth, and highly
packed and interlocked forming a mosaic texture. Some of these grains show
wavy extinction as a common feature in this quartz, this feature indicates that
the quartz was subjected to strong stress (Figure 6(f), Figure 6(g)). The rock
also contains a few grains of feldspars like plagioclase, little of these grains still
fresh, whereas the main grains are altered to clay minerals. A few of micritic cal-
cite grains that filling the pores. One of the most important features in this rock
is the presence of chert fragments, which vary in size from fine to very coarse.
Some micrographs reveal that the deterioration of quartzite from thin sections
represented by corrosion, intrafractures, cracks within quartz grains as a result
of mechanical stress (Figure 6(h), Figure 6(i)), in addition to alteration of pla-
gioclase crystals to clay minerals especially kaolinite as a result of chemical wea-
thering (Figure 6(j), Figure 6(k)). Some weathered grains stained by iron oxide,
which gives them brown pigmentation as a result of hydration and dehydration
processes of iron oxides. In general, the rock has subjected to mechanical defor-

mation in addition to chemical weathering.

3.3. Scanning Electron Microscope (SEM) Results

The quartzite is a very compact and hard stone due to the secondary silicifica-
tion processes which lead to deposit the silicic acid (quartz) in the open intersti-
tial spaces of the sandstone grains. Scanning Electron Microscope Investigations
of some weathered samples show that, there is a high variation and high contrast
in the thickness and distribution of the cement material in the same sample;
some areas have a very thick layer from the cement while others loosen the ce-
ment (Figure 7(a)).This kind of deterioration phenomena lead to formation of
large cavities between mineral grains. The structural interlocking of quartz
grains and loosens the high amounts of cements leading to high porosity and in-
ternal spaces that give the increase of granular disintegration (Figure 7(b)). The
increase of porosity also is due chiefly to the intern mineral porosity and it is re-
lated to the rate of leaching of the elements, which responsible for the decay of
quartzite especially in its overgrowth structure (Figure 7(c)). Large cavities and
vugs also originate from the dissolution processes and losing the binder material
or cement between quartz grains, these cavities and vugs in the samples vary in
the shape from rounded to irregular and in the size from microscopic to ma-
croscopic scale in diameters, Figure 7(d) shows that the most mineral grains are
loosened from each other. SEM micrograph shows microfractures within miner-
als grains and inside individual grain of quartz in addition to dissolution pits
and etching the grains boundaries (Figure 7(e)). The high percentage of loosen
in the cement, the presence of high proportion of cavities and fractures in addi-

tion to the quartz overgrowth structure of the weathered samples help to the
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decay process in the shapes like separation and dislocation of quartz grains and
the formation of the residual pores (Figure 7(f)). Many cracks, fractures and

cavities in addition to the high porosity allow to the saline solutions from soil or

ancient restoration mortars like gypsum (dissolving of soluble minerals like

Figure 6. Petrographic view of quartzite thin section, (a) The interstitial spaces between rounded sand grains have been filled with
small quartz crystals, thin layer of iron oxide, (b) Thin layer of iron oxides; limonite (darker material) outlines the quartz detrital
grains, (c) Sub-rounded to rounded, poorly sorted quartz grains with common quartz overgrowths & thin layer of iron oxide, (e),
(e) Syntaxial quartz overgrowths, (f) Well-sorted quartz grains, secondary quartz with wavy extinction phenomena in quartz
grains, (g) Wavy extinction phenomena in quartz, (h) the quartz detrital grains contain some cracks, with thin layer of iron oxides;
limonite (darker material), (i) Syntaxial quartz overgrowth crystal contain crack, (j) Corrosion, intrafractures, cracks within quartz
grain, (k) Plagioclase crystal altered to clay minerals (Kaolinite), (1) Large crystal of plagioclase altered to clay minerals (Kaolinite).
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gypsum in rainwater) to penetrate towards inside, and lead to more destruction
to the stone structure (Figure 7(g)). The microorganisms play an important role
in the collapse of internal structure of quartzite with the formation of pitting due
to the presence of hyphate growth and penetration inside the stone texture
(Figure 7(h)).

3.4. X-Ray Diffraction Analysis (XRD)

X-ray diffraction results of quartzite samples from colossal statues identified,
presence of quartz as major mineral in all samples and iron oxide (Hematite),
Anhydrite and Titanium oxide (anatase) respectively are the minor minerals in
weathered samples. Anhydrite is assumed to be the result of transformation of
the gypsum, which caused the surface layer detachment. The cause of presence
in the deterioration of these statues, the increasing in the mount of iron and Ti-

tanium oxides are the results of weathering of the quartzite (Figures 8(a)-(d)).

3.5. Energy Dispersive X-Ray Analysis (EDX)

The comparison between the results of EDX analysis for weathered and unwea-
thered samples (Table 1) shows that, the higher concentration of iron, calcium,
sulpher and Titanium oxide (Figure 9) The high iron concentration may be re-
sulted from ferromagnetic minerals; the apparent depletion in Fe,O; may be at-
tributed to removal of iron oxides attached to statues, in which transforms ferric
iron to the more soluble ferrous type which cause the staining with reddish
brown colors. While the increase of calcium and Sulphur due to gypsum which
transformed into anhydrite at relatively high ambient temperatures. The in-
crease of Titanium (Ti) and Potassium (K) correlated with the content of alu-
mina or alteration processes (Pettijohn1963) [22] On the other hand there is a
depletion or loss of in the silica due to its dissolution by the weathering, in addi-

tion, the potassium is most readily fixed in clay mineral.

4. Discussion

Thin section investigation indicated that, the samples are petrographically charac-
terized as orthoquartzite, the samples consists many of monocrystalline grains of
quartz detrital. The quartz grains range from moderately to well-sorted from
rounded to sub-rounded in the shape. These grains are enclosed by thin rim of
dark material (probably iron oxides which easily distinguished in the micrograph
by its dark color). The grains are cemented by chalcedony crystals (first genera-
tion) and later by quartz overgrowth, and highly packed and interlocked forming a
mosaic texture. Feldspar grains are found. The investigated elements of quartzite
samples indicated that, unweathered samples composed of SiO, ranges from 75 -
96 but weathered ranges from 30 - 53, Fe,O; ranges from (unweathered 0.7% -
18%) weathered (20% - 41%), TiO, ranges from (unweathered none %, weathered
(0.57 - 2.99). CaO is present in low ratio in unweathered samples (0.58 - 1.74) but
reaches 5.22% - 13.13% in weathered samples, this may related to calcitic second-
ary cement in the stone. High concentration of sulfate SO; (4.76 - 11.07) was found
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in the weathered samples. Traces elements were also detected, the significant one
are K;O, P,Os, MnO with average values 1.78 - 3.57, 0.07 - 2, 0.15% - 34% respec-
tively. LOM micrograph indicated large chert pebbles in quartzite’s texture.

%330 50pm 0000 JSM-5500LV

30k *1,100x 10pm 0000 JSM-5500LV]

Figure 7. SEM micrographs of quartzite samples from colossal statues at Karnak temple,
(a) leaching and heavy concentration of the cement (right) resulting from silicification
processes, (b) the structural interlocking of quartz grains, loss of the cement and forma-
tion large cavities between quartz grains, (c) quartz overgrowths and completely leaching
of the cement causes large cavities, (d) cohesion between quartz grains due to dissolution
of the cement, (e) etching, microfractures and dissolution pits within quartz grain, (f)
dislocation, separation of the grains, formation of anhydrite and residual pores, (g) salts
and deep cavities in quartzite texture, (h) collapse of internal structure of stone with
presence of fungal hyphate.
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Figure 8. XRD patterns of quartzite samples taken from colossal statues at Karnak tem-
ple; (a) unweathered sample, (b), (c) weathered sample (b) from AmenhoteplII and (c)
from TuthmosisII) (d) plaster sample.
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Table 1. EDX results of quartzite sample taken from colossal statues at Karnak temple.

Sample Unweathered quartzite Weathered quartzite

Elements Sample A Sample H Sample T Sample A Sample H Sample T

SiO2 75.6161 80.3904 96.8049 30.7362 53.7381 38.2700
Fe205 7.5902 18.5606 0.7870 41.4712 31.3137 20.1962
TiOa - - - 2.9939 0.5712 2.0325
SOs 1.6469 0.2767 0.7760 4.7662 4.8754 11.0763
CaO 1.7473 - 0.5846 7.2570 5.2240 13.1372
ALOs 3.6297 0.2645 0.1165 2.9744 1.3479 6.5288
Na.0 2.3585 0.1916 - 0.0303 - 0.4878
MgO 1.3314 - - 0.6060 0.0089 1.4148
K0 1.7864 - - 3.6143 0.5018 3.5728
P,0s 0.5542 0.0719 0.5924 1.5852 1.9015 2.0074
MnO - 0.1528 - 0.3318 0.2653 0.3442
Cl 3.7393 0.0914 - 3.6334 0.2521 0.9320
BaO - - 0.3384 - - -

XRF and LOM study declared that, the ratio of the component of fresh sam-
ples from the quartzite statues at Karnak temple similar to a large extent with
those components and structure in quartzite especially from Gebel el-Ahmer
quarry according to Klemm, R. and Klemm, D. 2008. XRF also revealed a high
concentration of sulfate S (7.88%) and calcium Ca (7.27%) ions which may be
attributed to the crystallization of gypsum and anhydrite salts which caused big
problems in the relives at the statue. In addition, the high amount of potassium
(K;0) and Aluminum ALO; attributed to ph-silicate group which a production
of alteration process of feldspar in the Quartzite to clay minerals. The low ratio
of magnesium ions MgO, TiO,, P,O, was detected. The source of magnesium
may be from groundwater contamination and dissolution of dolomite or leach-
ing from clay sediments from Esna shale (Nabil A., 2014) [23]. The presence of
titanium oxide and Diphosphorus Dioxide in quartzite due to atmospheric pol-
lution and it plays an important role in deterioration.

Considering the analyses which have done to the quartzite samples taken from
colossal statues at Karnak temple and field observations, it can be concluded
that, these colossal suffer from a lot of deterioration aspects related to many ex-
ogenous and indigenous factors. The first reason for the deterioration was
earthquake, both colossi of Amenhotep III were quite damaged, may have been
fallen victim to earthquakes in the past and that are accompanied by a vast array
of fragments left were they fell, after the collapse of these colossi, just the qua-
rtzite pedestals still in their original place, while all fragments moved to put on
modern Mastaba (built by archaeologists made of cement and red brick) east of
Khansou temple in southern part of Karnak temples. (Kebeasy, 1990) [24] Stated
that the damages in the Luxor and Karnak temples were related to some histori-
cal earthquakes. However, evidence of an earthquake in 27 B.C near Luxor pos-

sibly and caused the destruction for many historical monuments in the region,

K2
035: Scientific Research Publishing

63



A.E. A El-Badry et al.

one of them was the colossi quartzite statues of Amenhotep III. The fallen parts
of the statues were buried in contact with saline mud for long time and this me-
chanism response for the degradation of statues. Penetration of saline ground
water into the statues through capillary and moisture played a severe role in the
degradation of the stones and the results are decomposition and destruction of
the outer parts of the statues.
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Figure 9. EDX patterns of quartzite samples taken from colossal statues at Karnak temple.
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Thin section investigation indicated a few grains of feldspars like plagioclase,
little of these grains still fresh, whereas the main grains are altered to clay miner-
als and XRF analysis indicated low proportions of K,O in unweathered samples
but reaches 3.57% in weathered samples, this may be due to alteration of feldspar
to clay minerals. This declares the great problem of hydric expansion and shrin-
kage due to absorption and loss of water. Hydric expansion is one of the most
important reasons for deterioration of sandstone and quartzite. The aggrega-
tion/disaggregation or swelling/shrinking of the clay particles occurs when these
particles interact with water causing a whole series of identifiable pathologies in
the stone.

Salt weathering is one of the principle deterioration factors in quartzite colos-
si. XRD and XREF result indicated halite and sulphide CaSO, salts in the compo-
nent of quartzite. The contamination of the sandstone with soluble salts, mainly
sodium chloride and calcium sulphate bears a considerable risk for the preserva-
tion which causing several damages and cracks. Water penetrates those cracks
and causes the surface layer to peel off, detachment of the superficial layers of
relives and cause large stone blocks to fall off and SEM micrograph reveled that.
Many cracks, fractures and cavities in addition to the high porosity were found
which allow to the saline solutions from soil or ancient restoration mortars like
gypsum (dissolving of soluble minerals like gypsum in rainwater) to penetrate
towards inside, and lead to more destruction to the stone structure. Large cavi-
ties between mineral grains also were detected. The structural interlocking of
quartz grains and loosen the high amounts of cements leading to high porosity
and internal spaces that give the increase of granular disintegration. SEM mi-
crograph shows also microfractures within minerals grains and inside individual

grain of quartz in addition to dissolution pits and etching the grains boundaries.

5. Conclusions

From the paper we concluded that:

* Quartzite or silicified sandstone was essentially quarried at two locations in
Egypt from Pharaonic times to the Roman era at Gebel el-Ahmer, and Aswan
quarries complex.

* Optical observation and lab analysis indicated that, The Colossi of Amenho-
tep III and Tuthmosis II were subjected to many exogenous and endogenous
deterioration factors as result of the interaction between physical/mechanical,
chemical and anthropogenic deterioration factors in addition to their nature,
composition and properties.

* The main weathering mechanisms involved in the quartzite colossi and its
pedestals was cracks, macrocracks, fissures, vertical fractures and contour
scaling and the sunken relives in the colossi suffer from roughening, pitting,
surface punctures (Perforations), granular disintegration and exfoliation.
Field observation indicated also, the wall reliefs at the statues suffer from
Coloration discoloration, and staining.

* XRF, LOM, PM study declared that, the ratio of the component of fresh samples
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from the quartzite statues at Karnak temple similar to a large extent with
those components and structure in quartzite especially from Gebel el-Ahmer
quarry, these means, the source of quartzite colossi of Amenhotep III and
Tuthmosis II was Gebel el-Ahmer quarry.

* The lab analysis indicated that, the statues suffer from salts weathering, espe-
cially sodium chloride and calcium sulphate which causing several damages
and cracks.

* SEM indicated network of cracks and macrocracks inside the colossi and
quartz grains which caused decrease the stiffness of the structure of these co-

lossi and material mass decreases.

6. Recommendations

The lab analysis and field observations have shown that the quartzite statues at
Karnak temple suffer from many aspects and factors of damage. Therefore, the
statues need to carry out different treatments and conservation processes, such
as:

* One of the most important of these factors, the presence of these colossi sta-
tues on the body and separate blocks shown in different sites of the temple
which reduces the aesthetic and archaeological value, so it has to be used
modern computer modeling and simulation programs (GPU-- etc.) in an at-
tempt to conceptualize the form of those colossi and try assembled it.

* Completion of archaeological excavations around the bases quartzite statues
and enriched the work of scanning integrated with statues of the surrounding
area.

* Survey of the crack pattern and deformation of structure must be carried out.

* The movement of cracks must be studied by fixing dabs of plaster to the basic
masonry.

* Removal of all deteriorated and deformed mortar and stone blocks must be
carried out.

* Assembling discrete blocks of the Colossi of Amenhotep III (on the masta-
bas) with each other using an appropriate type of epoxy and steel bars.

* Completion and strengthening the bases of statues using appropriate mate-
rials and suitable blocks of quartzite stone from the same quarry Gebelel-
Ahmer (Red Mountain) to compensate the loss of the deteriorated stone be-
cause the lab analysis indicated similarities between the quartzite stone of the
colossi with these the kind of quartzite.

* Strengthen the weak, crumbed, separated parts of the blocks and the pedes-
tals of quartzite statues must be carried out using suitable strengthening ma-
terials containing ethyl silicate material.

* Install separate blocks (upper part) of the statue of Thutmose II (18" pylon)
on the remains of the statue in the current position.

* When the impossibility of installing two colossal statues of Amenhotep III
(10™ pylon) on the current pedestals after assembly, can be placed on modern

mastabas near the current bases (pedestals).
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According to the obtained data from the lab analysis, it was found that the
salt which threatened the stone was sodium chloride. So, mechanical me-
thods (brushing) can be used for removing the fine grains of crystallized salts
and scalpels were used to remove thicker layers of salts, in addition, it can use
Sepollite poultice with distilled water to the stone surface for completely re-
moving.

and two poultices were easily removed and did not require an intervention
layer of clay

Cleaning and removing of vegetation should be carried out to reduce the
negative impacts by trees, plants, shrubs roots for all archeological remains at
the site by mechanical removal for roots and Rhizomes and chemical removal
by using chemical pesticides.

Establish a high wall of stone near bases statues of Amenhotep III (10 py-
lon) to the west, to prevent vandalism and throwing more waste and human
excreta after cleaning the archaeological setting and restoration of the qua-

rtzite statues.
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