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I. INTRODUCTION

The deteriorstion of Egyptien temples hes been of con-
cern to mepkind for & period of over 2000 years. Many
studies of temple deterioration since the High Dem's cons-
truction have been conducted, especially in the Karnak—
Thebes ares. Despite the quentitetive neture of these stud-
ies, 1t has not sppeered possible to answer even some of the
more fundamental questions, such as whether the construction
of the High Dem further endsngers Egyptien temples. In feact,
it was steted that the Dem's construction is beneficial,
because 1t prevents the snnual inundstions which damaged and
selinized the temples in the past. On the other hend, progr-
essive salinizetion of the land and its antiquities since the
construction of the High Dem is evident in many parts of Egypt,
end is a subject of concern twu i.s Government and its intiqu-—
ities orgenizetion; consequently, a deeper understanding of

the salinization processes is needed.,

In recent times, the interest in +the restoration and
conservation of Egyptier sntiquities sterted with +the discovery
of the tomb of Nefertare in 1904 where an stelier of restore-
tion was estableshed 4o teke care of this very important tomb,
The discovery of the tomb of Tut ink: 4 mon in 1923 witk its

very important royel collection ever discovered before insited
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the suthorety of the Egyptisn Antiquities department %o

" develop & chemicel laboratory to analyse and study the
ancient Egyptian materisls arnd industries mainly those of
migeun collections. The years 1920's and 1930's witnessed &
wide scope operation of arclietectural restoration of an-~
cient Egyptisn temples and tombs where cement ployed &
very lmportant role. None of these aperstions took into
consideration the origin and csuses of deterioration of

Egyptian Antiquites.

T+ was not until the lest five years that a charter
for the restoretion and conservation of Egyptien Antiqui-
+ies was established insisting on the role of science end
tecknology &s a besic tool for the study and restoration
of Egyptien intiquities.

Therefore, it was thought of interest to study the
causes of the deterioration which took place in Karnax,and

Hibis temples.,

Vud=bricks are worth to be considered as tne earliest
building meterials used in EBgyptian history s, they were

used Bince early predynastic periods.

Wud brick buildings were erected mainly in south
asmerics, Africs, the Kediterrsneen Region, the liddle East

end Indis. Some ancient structures have survived where the
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climate is extremely dry or where the ruins have been buried
and so protected from weathering sgents. Increasing awareness
of the importance of the culturel pertimony hes brought the
sttention of scholars and government officials not only to
+he noble stone monuments but also to the humbler mud struc-
tures which can yield & weelth of information to the expert
on the every dey life of pest sges.

Therefore, the mud bricks of ancient buildings in diffe-
rent plasces in Egypt were also considered in this study from
the stand point of clay minersal composition as well as other
chemical composition. These analyses will be useful for

restoration and preservation.
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2. REVIEW OF LITERATURE

Since the aveilable litersture concerning the causes
of deterioration of tombs and monuments are very limited,
certain literature has been selected and reviewed as

follows ¢

In the United Nations Educationzl, Scientific and
Cultursl Orgenization, Feilden (1979) stated on the cons-
ervation of cultural property, " of all the object of art-~
istic and historical velue created in the past, only a
smnell frection remeins, whet hss survived is our culturel
patrimony. Deterioration, and losses suffered by culturasl
property esre due to natural enéd humen forces which both
often ere acting together. Natural forces of deterioration
include unavoidable disssters such as earthguskes, floods
and hurricenes. less drastic, but none the less damaging,
are the prolonged actions of neturel weethering srd other
environmental factors such as pollution snd vibretion on

culturel property ".

The mein causes of decay and damege to culturel property
are tabulated in teble (1) by Plenderleith snd Werner (1979),
and Feilden (1979), Analysing the causes of deterioration
loss, the following three guestions were teker into

consideration -
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1. What esre the natural weaknesses inherent in the

component materials of the obJect ?

2. Whet are the possible naturel zgents of deterioration

thet could affect the component meterials ?

2, What are the possible human agents of deteriorstion

that could affect the component msterisls 7

They added that of &ll the factors thet meke up climste,
water in its meny forms, are the most dameging to cultursl

property for two essentisl reasons @

Hygroscopicty 2~

— o w— e w— e —

1. Esch component materiel is best suited to a specific and
often limited range of relative umidity and temperature,
this is especielly, end criticelly, true for mesterisals
which are hygroscopic, i.e. which absorb end lose mois-
ture relative to immediate environmental conditions.
(Such materials can be imegined as functioning somewhat
1ike & sponge, contracting asnd expanding in response to
Sheir water content), Thris process provokes mechanical
stresses msnifested e&s warping, cracking, splitting and
frecturing, and which would result in the detachment or

powdering of a peinted surfeace,
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2. Chemical reactions which damage cultural property

depend uporn the presence of water.

Feilden (1979) referred slso in his paper to a number

of potentislly demeging forms which can be erranged as

follows @
1) rein
2) frost

3) condensation

4) capillarity

5) chloridation

6) Relstive humidity and temperature
7) High temperature and Low humidity
8) Iight

Q) Erosion snd wind

10) Tectonics
11) Destructive insects

12) Destructive animsls

1) Rein

Rain is & naturel egent of erosion that, with timescan
turn mountains into pleins. Likewise, it can erode exposed
cultural property and structures, as infiltrstion rein can
enter structures and come into direct contact with culitursl

property.
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2) Frost @

Rein is the most direct meens by which moisture can
enter porous materials, which include most building stones,
mortars, wood snd stucco, There, with freezing temperetures,
the moisture turns to ice, Ice has & greater volume than
weter : as it expends it produces severe mechanical stress
within the structure of & meteriel, ultimately leeding to
fracturing, eplitting, scaling, and powdering. The " freeze-
thew", cycle is thus, extremely dangerous for sll materials
capable of even slight moisture absorption. Climates with
& large number of freeze-thaw cycles provoke rapid deterio-

ration of vulnerable msterials,

%z} Condensation @

Condensation consists of droplets of weter thet collect
on cool surfaces wnich sre in contaet with werm, moisture-
satureted air, Thus, in its neturel form, weter is free to
act upon any aygroscopic meterieis present and might provoke
chemicel resctions, &s well as creste the requisite condi-

tions for tre growtrn of micro-—-orgenisms and plants.

4) Cepillarity 3

Weter can rise is porous materials such as brick, stone

end mortasrs, Jjust as water rises through the capillaries of
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the trunk end branches of & tree. Cepillarity is = critical
problem because ground water inevitebly conteins soluble
salts. These selts are carried with the weter as it rises to
neights as great as five meters under exceptional conditionsg
two or three metres are quite common. AB water evaporates
through the materiel, selts recrystalise in the pores and on
the surfsce. As the salts solidify end increase in volume,
they cause great nechenical stress within the materiel. This
sction provokes & progressive internel rupturing which can
lead to the ultimete destruction of the material, The dangers
of capillarity were noted as long &go as the neolithic period
in the near eest (6000 years B.C.), where mud brick dwelling
were often built upon dense, less permeable stone slsbs, en
early ettempt at "Jampproofing" aimed at blocking the ascent

of ground water.

5) Chloridation @

This process cen occur wien cultural property 1is situated
near the Sea or ocean. The sodium chloride, or "salt™ dissolved
in the wefer is depocsited by moist winds on exposed materisls,
Salt is extremely hygroscopic, dissolving and recrystalizing
in relation to the surrounding reletive humidity. When salt
enters porous meterials, it induces deterioretion similer %o
thet provoked by cepillarity. Furthermore, selt is itself =

strong chemical reegent, affecting metals and other msteriels.
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6) Reletive humidity end tempereture @

A relative humidity of more than 70 percent and a
temperature of 25=30°C create optimel conditions for the
growth of microorganisms, such as bacteria, mould, fungi
end algae, &5 well as plants as lichens and mosses. All of
these growths damage cultural property. Bacteria, moulds
end fungi feed on most orgenic meterials, disfiguring,
weskening and ultimstely destroying them if left unchecked,
Lichens, algee and mosses implant themselves on building
materials and sculpture, where they deposit their corrosive

metebolic westes.

Suitable relative humidity and temperature, combined
with requisite levels of precipitetion, can alsc produce
favoursble conditions for the growth of plants in and asround
cultursl property. The resulting root penetration cen liters-
1lly push masonry apart, this is especially true in tropical
zones where, for exsmple, jungle growth has engulfed importart
lisyan temples in Yucaton, liexico and Khmer temples at Ankor

wat, Cambodis.

7) High tempersture end Low humidity

Llthough low humidity cean be ideal for preserving scme
objects, excessive dryness can lesd to the desiccation of

msny meterisls, eggravaeted in desert regilons by the reapid
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