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Study of chemical and biological weathering effects on building stones of the
Ancient City of Sabratha, NW-Libya

Ismail Elforjani Shushan', Saddik Bashir Kamyra?, Hitham A. Minas®
12Geology Dept., Faculty of Sciences, University Elmergib-Alkoms-Libya
Former Geology Dept. staff member, Elmergib University
elforjismail@yahoo.com

Abstract: This paper dealt with the study of chemical and biological weathering
factors and their damages on different types of building stones of Sabratha
Archaeological City. This study is based on discussing group-2 of weathering that
proposed by Fitzner and Heinrichs (1999, 2000 and 2004) which known as
"Discoloration/Deposit”. According to field observations, six (6) main weathering
forms has been found to effect the building stones of Sabratha archaeological City
which specifically are: soiling effect, biological colonization effect, biological
colonization to crust effect, discoloration effect, loose salt deposits effect and hard
crust deposit effect. These included nine (9) individual weathering forms which
precisely are: soiling due to anthropogenic impact, soiling by droppings, colonization
by higher plants, microbiological colonization, colonization to dark-colored crust
tracing the surface, bleaching, coloration, efflorescence and light-colored crust tracing
the surface. The damage degrees of these weathering forms varied from non-visible to
moderate with spreading degrees varied from very-limited to widespread. The linear
and progradational indices of this group of weathering showed damage degrees varied
from non-visible to moderate and from very-slight to moderate respectively and were
widespread. Generally, the obtained results concerning biological and chemical
damages on the building stones of Sabratha Archaeological City mentioned in this
research, portending to some more deterioration in future and in order to protect the
monuments of the city, some kind of remediation should be intervening.
Keywords: chemical & biochemical weathering effects, ancient building stones,
ancient city of Sabratha
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1- Introduction
Following the classification of weathering damages on archaeological building stones
proposed by Fitzner and Heinrichs (2001, 2004) and Fitzner et. al., (1999, 2002),
accordingly, weathering damages of Sabratha ancient city building stones are
classified into four (4) main groups. Group-1 (Loss of stone material) which has been
discussed by Ismail F., Shushan, et. al., (2019a), Group-2 (discoloration/deposit)
which is the purpose of this paper, Group-3 (detachment) which has been also
discussed by Ismail F. Shushan et. al.,, (2019b) and Group-4 (fissures and
deformation) which planned to be discussed in future.
Weathering is the natural way of stone decay into smaller particles. It is a slow
continuous process that affects all substances exposed to the atmosphere. Chemical
weathering results from chemical changes of minerals that become unstable when
they are exposed to surface conditions. Some minerals, like quartz, are almost
unaffected by chemical weathering, while others, like feldspar, are easily altered. In
general, the degree of chemical weathering is greatest in warm and wet climates, and
least in cold and dry climates. The important characteristics of surface conditions that
lead to chemical weathering are the presence of water (in the air and on the ground
surface), the abundance of oxygen, and the presence of carbon dioxide, which
produces weak carbonic acid when combined with water. Processes by chemical
weathering may include: Hydrolysis “the breakdown of rock by acidic water to
produce clay and soluble salts”, Oxidation " the breakdown of rock by oxygen and
water, often giving iron-rich rocks a rusty-coloured weathered surface", Solution " the
removal of rock in solution by acidic rainwater, Carbonation " the weathering of
limestone by rainwater containing dissolved CO, (Gore, Pamela J. W., 2013, Earle,
S., 2015). Biological weathering is the process by which minerals of the rocks become
broken down and altered as a result of physical and chemical agents of organisms.
Organisms may react chemically with rocks in order to obtain different types of
minerals which as a result changing and altering the original material of the rocks. It
has been thought that the secretion of chemical materials and weak acids by lichens
and bacteria on rocks is the manner by which these organisms may obtain their diet to
persist and in such way could harm and alter the rock substrate (Roger D. Finlay et.
al., 2019, Jie Chen et. al., 2000. Plant roots may act as destructive mediator for rocks
through secretion of organic acids and enlarging the cracks. When water inter the
cracks between rock blocks and become frozen, rocks will break down. Wastes of
bats, animals and birds can be also a destructive mediator for rocks as they contain
chemical materials able to affect mineral particles that form the rocks. The
decomposition and deterioration of organism's residues (in the form of humus) may
produce acids and gases (e.g.: CO,, NH3, HNOg3, and organic acids) which change and
weaken the original rock material and soils. All these factors may enhance the ability
of water to break down and dissolve rock materials, and as a result, the rates of
weathering become accelerated.
2- Location of Study Area
The ancient City of Sabratha is located along the Mediterranean Sea coast, northern
Libya and is situated about 70 km west of the Capital City of Tripoli within
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coordinates 32°47'32"N and 12°29'03"E. It is surrounded by the sea from north, Zawia
City to the east, Jafara to the southeast, Yefren to the south and Zuwarah City to the
west (Figure-1). 18 buildings were selected for this study (Figure-2).

_Algeria

Figure-1: Location of the study area (yellow arrows)
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Figure-2: The (18) buildings selected for study within Sabratha Archaeological City

3- Aims of Study

This study aims to investigate the effects of chemical and biological weathering
features on building stones that establishing the ancient City of Sabratha. The study
will determine the main and individual weathering forms that collaborating in the
destruction of building stones of the city. Likewise, the degree of damages and their
distributions will be identified in order to appraise the risks that the City might
challenges. Moreover, the study discusses the effect of linear and progradational
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indices of this group of weathering and determine their damage intensities on building
stones of the ancient City of Sabratha.

4- Method of Study

This research will apply the systematic scheme used to classify the group-2 of
weathering so-called "Discoloration / Deposit™ introduced by (Fitzner and Heinrichs,
2002, 2004). Intensity of different individual weathering form damages will be
estimated and contour maps for every kind of damages throw-out the city will be
constructed. Linear and progradational indices will be estimated according to (Fitzner
and Heinrichs, 2002, 2004).

5- Stratigraphy of the Study Area

The area of study is covered by rock units limited between the Late Triassic and
Quaternary. The rock succession scheme of the area of study is the same as that used
to classify the rock succession of Gharyan area " Jabal Nafusa" and surrounding areas
suggested by El-Hinnawy and Cheshitev (1975) shown on Figure-3.

Lithologic and Thickness(m) Formation.
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columns Member.
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asr alhaj Gargaresh and
65-45 a ! g Pleistocene
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L
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100 - 140 E Abregh Member
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Figure-3: The stratigraphic succession of study area (El-Hinnawy and Cheshitev,
1975)
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6- Presentation of Results
According to field investigations done within the area of study and referring to the
scheme proposed by (Fitzner & Heinrichs, 2002, 2004) concerning group-2 of
weathering "Discoloration/Deposits”, the following results were reported in table-1
and table-2 as follows:
Table-1: Results of the main and individual biological and chemical weathering forms
and their damage effects on building stones of Sabratha Ancient City, in accordance
with (Fitzner et. al., 2002).

Group of Weathering Forms

Group-2: Discoloration/Deposits

Main Individual Damage Effect Widespread | Occurrence and
Weathering Weathering Degree Type Degree Characters
Form Form
southern parts of
Soiling due to very- widespread Arch. Sabratha
Soiling (dirt anthropogenic | slightto | Chemical City= very-slight
deposits on impact non- damage,
stone surface) visible Temple of Isis +
middle & northern
parts= non-visible
damage (PI-
1"Map-1")
Soiling by non- Bio- very-limited | SE Temple of Isis
droppings visible | chemical + NE Theater (PI-
1"Map-2"), (PI-
3"Fig-1"")
Biological Centre +SW=
Colonization Colonization Biological moderate
(colonization of by higher moderat NW+NE-= slight
stone buildings plants eto E+SE= very-slight
by plants & very- (PI-1""Map-3"),
micro- slight widespread (PI1-3"Fig-2")
organisms) S-Centre=
Microbiologic Bio- moderate
al colonization Chemical SE+SW+Centre=
slight
NE+NW+E= very-
slight
(PI-1"Map-4"),
(PI-3"Fig-3"")
Biological
Colonization to | Microbiologic | very- Centre +S + NW +
Crust al colonization | slight to | Biological SE = very-slight
(transitional to dark- non- damage,
form between colored crust | visible N-C+ NE= non-
http://tarbawej.elmergib.edu.ly 969
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biological tracing the visible
colonization & surface (PI-1"Map-5"),
crust) (Pl-4"Fig-1)
Discoloration NW + W-C = very-
"*Staining” Bleaching Chemical very- slight
(change of the limited Rest of buildings=
original color of non-visible, (PI-
stone building) 1"Map-6"")
moderat S = moderate
Coloration eto Bio- N = very-slight
very- Chemical || widespread C =slight, (PI-
slight 2"Map-7"), (PI-
4"Fig-2)
Loose Salt Temple of Isis,
Deposits non- limited Christian Baslicas,
(deposition of Efflorescence | visible Temple of
less consolidated Chemical Hercules, Baths of
salt clusters) Oceanus, Theater,
Forum,
Byzantinane Gate,
Curia, Mausoleum
of Bes
(PI-2"Map-8")
Crust Scrapis Temple =
(deposition of || Light-colored very- Less very-slight.
highly crust tracing | slight to widespread | Rest of buildings =
consolidated the surface non- non-visible.
crusts on stone visible (P1-2,"Map-9"),
surfaces) (P1-4"Fig-3)

Table-2: Results of the linear and progradational indices and their damage effects on
building stones of Sabratha Ancient City.

Group-2: Discoloration/Deposits

Weathering by Chemical & Biological Agents

Weathering Index Damage Widespread Occurrence and Characters
Degree Degree
S-C parts + Byzantinane Gate =
Linear Index Moderate to widespread (moderate),

Non-visible

SE, SW, NE, W-C parts = slight
NE, NW = very-slight
Isis Temple, Sea Baths = (non-
visible), (PI-2,"Map-10")
Note: increasing damage
intensity away from sea coast.
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Progradational Index

Moderate to
very-slight

S, Byzantinane Gate =
(moderate)

Forum, Baslicas, Temple of
Hercules, Baths of Oceanusm
Curia, Scrapis Temple,
Mausoleum of Bes, Christian
Baslicas, Theater, Captiolium,
Antonine Temple, Bisilicas of
Justinine (slight)

Rest of buildings = (very-
slight)
(P1-2""Map-11"")

Note: increasing damage
intensity away from sea coast.

Table-3: (%) estimations of deterioration intensities caused by different types of
damages belonging to group-2 of weathering (discoloration/deposits) that effects
buiding stones within Sabratha Archaeological City in accordance with (Fitzner et. al.,

2002).
i Cerordingtes Grgup-1| Damage Categoneiy
E Sites ¥ - [Eagtern] |Y - [Horthern) | Very slight %] slight % | Moderate 36| Sever 8 |[Very sever 3
d Byranthane Gate 124031k 12 E0554 & 14 5 53 2]
-} Sl Forum Tenaple 1r.4gish Tr.EG24 5 o 1A 1 o
C The Bazllics L3 ag31a3 I3 E00L52 i_il' _il.'n- 14 23 0
_D_ flglh:-ﬂim 12 48002 32 20081 HE-] 8 L a 1)
E Scrapls Temple & SH0a] 32,0 44 Bl 14 ) 5]
F Bailllea af J ini 1 aH0ET Er.EO7A% qr 17 a1 [4] =]
E | The Haiiie of leda palntiag 1348117 Tr. 8075 50 a1 ] 4] ]
L Seawand Eaths LT 43195 T2 EOT5T Al 16 ] i [u]
(1| The Amtomine Temple 1248159 37 BT ai 13 “a a "
J Temple of Liber Paler 13 ARI6LS X, M1 O ar £ £ 1] =]
L3 Foaram 12.4A108 BrEDGED 20 L1 L 4} =)
L T B oof Hlereiiles 1248400 Ir.&062E i3 I3 5 44 0
M| Christian Wasilias | 1248507 | 32.8068% 53 16 N a 0
'r'l_ Bathz of Oceanus 12 A5G Iz E071E = o Ha a 2]
=] Tﬂl"l’-l wof Inlx 12 AnrEn B2, H0 S0 =9 &1 i w1 =]
| Theater 13 4A%1A T EO52T FE iy 1% [4] [&]
O Criria 12 4d0E2e 3r.&0715 L@ EL EF) 0 0
A &1 1! af Bei 12 A0 rEAL1E Fd =5 >0 0 o
- E -
35 | l B AR 1348 74BN 7400 K2 ER) STHRA GT4RS 1340 13T BT ABA
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23 -

15 - - -

8 14 20 |~ 26

Table-4: Estimations of deterioration intensities caused by different types of damages
belonging to group-2 of weathering (discoloration/deposits) that effects buiding stones
within Sabratha Archaeological City in accordance with (Fitzner et. al., 2002).
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z|= E| E= T gl 3| A £
z i
3 Byzantiane Gate 1248213 3280584 [ 4 |1 |3 O Q[0 ] L gloj0 0 0 0 0|0 4] 4 1] [ 0 2
a4 | SouthForumTemple |12.45148 3280624 | 2 |1 |2 | 0|0 |0]0] 0 | o0 |o|o]|o] 0 o] o0 |6 0|23 [0 0] o0 2
| &5 The Basilica 1248103 3280652 | 3 |1 | 2|0 | 0|01 0 0 g|ojo 0 1 0 0lo])2 4 0 0 0 2
s Captiolium 128062 | 3280881 | 3 [ 1|20 ofol1] o | o JoloJol o [1ofolols|3lo el 0] 2
7 Scrapis Temple 1248041 2280702 | 2 [ 1|2 |0 o |1|0] o | o JoloJo| o 1|0 o al2[3]e6 0] 0] 2
[ s Basilica of Justiai 1248067 2280739 | 2 [1 [ 3o efofo o [ o JoJoJol o [t[ofololt1]s[e el 0|1
[ 9 |The House of ledapainting |12.48117| 328075 | L | 1|0 | 0|0 |0]0] 0 | 0 |6/o|o]| o o] o o o|1[2[6][6] 0|1
| 10 Seaward Baths 1248195 3280757 | 1 [1 1| ofelola[ o [ o JoloJol o lolofoloelalzalo ol o[
11 | The Antonine Temple | 12.4813 [3280671 | 3 | 1 |1 | 0|0 |0[1] o0 | o |o|o]o] o o] o |6 0|23 @6 0] o |1
| 12 Temple of Liber Pater 1248162 3280706 | 2 |1 |1 OO ([2]1 ] 0 g|0]0 0 0 0 0|0 1 3 ] 1] 0 1
| 13 Forom 1248108| 3280692 | L |1 |2 |0 [0 |1|¢C 1] 0 jo|jojo] O 1 0 clo)2]3 1] 1] 0 2
1 Temple of Hercules  [12.43008 | 32.80621 | 2 |1 | 1 [0 [0]0[0| 0 | o0 |o]|o]o| 0 (6] 0 |o o 2 [+ a0 0| 1
15 Christian Basilicas | 12.48502| 32.80689 | 2 |0 |1 [0 |0 |1]0o| o0 | o Jolojol o o] oo o3 [oa o] o1
16 Baths of Oceanus 1248526 32808 | L |1 (1|0 [@Q |00 ] O |ojojo] 0 (o] O ¢cloj1]3 0 0 0 ]
17 Temple of Isis 1248785 | 3280764 | 1 [0 0|0 e l1]1][ o [ o JoloJol ololofololslzalo ol oo
[ 18 Theater 12.48518| 3280527 | 3 |0 |2 |06 |2|1] 0 | o |t1|o|o| o 1| o |o|o|z2|t]6 6] 0|2
| 20 Curia 1248082| 3280715 | 2 |1 (2| 0[O |OD|O ] ¢ |0|0D)J0O] O 1 0 0| o] 2]3 1] L1} 0 1
[ n Mausolenmof Bes | 12.45096| 3280516 | 3 | 1|2 | 0|0 0o|1] 0 | 0 JoloJo] o o o o]ol2]3]o] 6] 0] 1

Table-5: Approximations of the linear (Lin) and progradational (Prog) deterioration
indices for group-2 of weathering that effecting building stones within Sabratha
Archaeological City.

. ~ Lin Prog
Code Sites M-Aois  |Y-Axis (Group-1T) {Gmu;_:.-m

) Bryrantiane Gate 134831 | 32.8054 3.2 3.4
B Soorh Forems Temple 13 4815 | 32.8062 2.1 2.2
C The Basilica 12481 | 32.806 2.4 2.5
D Captiolium 124806 | 32.806 2.4 2.5
E Scrapis Temple 12 4804 | 32807 2.0 2.1
F Basflica of Justiaian 12 4807 | 32.8074 2.0 2.2
G [The Howmse of beda painsing | 125812 | 32,8075 1.4 1.5
H Seaward Baths 12482 | 32.8076 1.2 1.2
| The Antopine Temgple 12,4819 | 32.8067 2.0 .2
] Temple of Liber Pater 12,5816 | 32.8071 1.8 1.9
K Forum 124811 | 32.806% 2.2 2.3
L Temple of Hercales 12,2841 | 32.8062 2.7 2.9
M Chrisfiaa Basilicas 12485 | 32.8069 1.8 .0
N Baths of Oeeanos 12 4853 | 32.8072 2.2 2.4
0 Temple of Isis 12,2879 | 32.80T6 1.4 1.5
P Thester 12 4852 | 32.8053 1. 2.0
1] Curia 12 4808 | 32.8072 2.2 2.3
R Aansolenm of Bes 12.481 | 32.8062 2.0 ]

Table-6: Assessment of the weathering damage categories and the recognition of
linear (DI-lin) and progradational (DI-prog) indices of group-2 of weathering
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(discoloration/deposits) that influence building stones within Sabratha Archaeological
City in accordance with (Fitzner et. al., 2002).

| Weathering damage categorels
Groups of Very Very
Ma. g Sites M-Axis | Y-Axis sighe | S6P | Moderste| severe Dl-lin| Dl-prog

I!dl ll 1227 124 (‘l 0. veti e 0 ﬁd‘ ﬂ‘ 2Mr 1240
Map-2: Soiling by droppings Map—l Soiling due to anthropogemc impact

ununn--w&wunuu-mna U (e e e beld el (24 (24w 1z zew

Map-4: Mlcroblologlcal colonization MEP'-” Colonization bV h'EhE" plants

The U thatl ibeh theth (e ek 1 (aP e ' We 1M e e b e 245 Lem (TN 2ue
Map-6: Bleaching Map-5: Microbiclogical colenization to dark-
Colared crusttracingthesurface

Plate-1: Contour maps showing the distribution of damage intensities of different
biological and chemical individual weathering forms that influence building stones of
Sabratha Archaeological City (map-1 to map-6).
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Map-10: Linear Index Map-9: Light-colored crust tracing the surface
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Map-11: Progradational Index
Plate-2: Contour maps showing the distribution of damage intensities of different
biological and chemical individual weathering forms that influence building stones of
Sabratha Archaeological City (map-7, map-8, map-9). Maps (10 & 11) representing
the distribution of damage intensities of the linear and progradational indices of
group-2 of weathering (discoloration/deposits). Note: {the color and degree of
damage intensities as indicated from bottom to top as follows: white color = 0 (no
visible damage), cream color = 0-1 (very-slight damage), yellow color = 1-2 (slight
damage), orange color = 2-3 (moderate damage), light red color = 3-4 (sever damage),
dark red color = 4-5 (very sever)}.

b A ” 2 B ~ i .

Microbiological colonization: (micgnisms on basalt & granite)
Crustose Lichens known as ” Caloplaca trachyphylla”

A: Sabratha Archaeological City (Libya)

B & C: Europe, N-America, N-Asia (John Muir Laws , 2007)

Plate-3: Soiling and biological colonization weathering forms that effect building

stones of Sabratha Archaeological City. Fig-3B & 3C are comparable examples of

nicrobiological colonization from Europe, North America and Northern Asia.

Fig-3:
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Fig-1: Microbiological colonization to
colored crust tracing the surface

Fig-3: Light-colored crust tracing the surface
Plate-4: Biological colonization to crust, discoloration and crust weathering forms that
effect building stones of Sabratha Archaeological City.

7- Discussion

Weathering of ancient stone buildings in Sabratha City through "soiling” was
apparent in two ways: 1- "soiling due to anthropogenic impact" which was resulted by
human activities and included different types of inscriptions, decorations, paintings
and sculpturing that used different types of chemical materials which altered the
origin color of stone buildings 2- "soiling by droppings™ resulted by wastes of the
different birds that colonize the City of ancient Sabratha buildings which as a result
changing the color of stone surfaces and may grooving them as well due to the
reaction between chemical materials that composes bird wastes and between minerals
that constitutes building stones of the city.
Weathering through "Biological Colonization”™ was evident by tow means: 1- "
Colonization by higher plants”, which had a biological effect where plants and trees
grown between stone or rock fractures that form the buildings. As trees or plants
grown-up, walls of buildings became departed and broken. 2- "Microbiological
colonization”, which had a bio-chemical effect on the building stones and has taken
place by the action of a variety of micro-organisms such as: bacteria, fungi, algae,
lichens and biofilms. These micro-organisms secrete weak acids which could dissolve
and destroy minerals that constitute the building stones (Roger D. Finlay et. al., 2019,
Jie Chen et. al., 2000). Weathering through "Biological Colonization to Crust" is
observed to have a biological effect through an individual weathering form known as
"Microbiological colonization to dark-colored crust tracing the surface™. It is a
transitional form between biological colonization and crust and takes place when
humidity missing from the environment where micro-organisms lived (in this case
walls of buildings are the environment). During summer and due to high
temperatures, walls became dry and black remnants left over wall surfaces which may
harm the building (its known that, humidity considered to be the main source for
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micro-organisms to extract their diet from rock material. If humidity missed, they will
no longer survive). Another weathering form that was notable during field
investigations within Sabratha archaeological City is the "Discoloration™ or "Staining"
that worked out through tow (2) individual weathering forms known as "Bleaching"
and "Coloration™. Bleaching is the process by which the original color of building
stones is washed out or leached and as a result minerals that compose rock stones
become weathered by chemical means (ex: reduction of iron and manganese
compounds). While coloration is the process by which the external surfaces of ancient
buildings become colored, either through chemical weathering of rock minerals that
form the buildings (ex: oxidation of iron and manganese compounds) or through
staining by biogenic pigments and other coloring materials coming from surrounding
medium (Siegesmund, S. et.al. 2019). Deposition of less consolidated salt clusters
(designated as "weathering by loose salt deposits™) as well as deposition of highly
consolidated crusts (designated as "weathering by crust") on stone surfaces are two
additional weathering forms that observed to effect buildings of Ancient Sabratha City
by chemical means. Efflorescence phenomenon (belonging to the first weathering
form) which is the deposition of loose salt clusters on building stone surfaces or
within pore spaces of the stones have been found to affect Sabratha monuments. The
source of salts is thought to be come from limestone rock blocks that used in
construction or come as a result of chemical decay processes of rock blocks when
come in contact with contaminated atmosphere. The growth of these salt crystals will
damage the framework of the building stones slowly until become demolished. Salts
have long been known to damage porous materials, mainly through the production of
physical stress resulting from the crystallization of salts in pores. Salts can also
damage stone through a range of other mechanisms, such as differential thermal
expansion,osmotic swelling of clays, and enhanced wet/dry cycling due to
deliquescent salts (Rothert, E. et. al., 2007, Siegesmund, S. et.al., 2019). The
combined effect of physical degradation by lichen hyphae penetrating in a rock and
chemical attack by organic acid with associated growth of inorganic salts leads to
accelerated weathering. Different types of weathering discolorations associated with
fungal and bacterial activities were observed to yield extensive corrosion and
dissolution of mineral surfaces beneath them (Siegesmund, S. et.al. 2019). Basically
all types of building materials are colonizable by microorganisms. Often, surfaces are
covered with a rigid layer composed of microbial cells and extracellular biofilm. Bio-
deterioration of building material is determined by the metabolic activities of the cells
as well as the impact of the extracellular biofilm (Roger D. Finlay et. al., 2019).
Deposition of Light-colored crust tracing the surface of building stones of Sabratha
monuments (belonging to the second weathering form) has worked through the
deposition of light-colored and massive mineral crusts as a result of precipitation
processes by rain.The overall rating of weathering damages of the archaeological
buildings and monuments can be delineated by the estimation of the linear and
progradational damage indices. According to (Fitzner et. al., 2002, and 2004), the
damage indices range between 0 and 5.0. (0: no visible damage), (0-1: very slight
damage), (1-2: slight damage), (2-3: moderate damage), (3—4: severe damage), (4-5:
very severe damage).

The linear damage index corresponds to the average damage category, whereas the
progradational damage index emphasizes the proportion of higher damage categories

http://tarbawej.elmergib.edu.ly 976



ﬁ g 3=l A
: Journal of Educational 1.63 (ooa) il Jalaa
L‘ ISSN: 2011- 421X 23 ol

Arcif Q3

(Heinrichs, K. & Fitzner, B, 1999 and Fitzner et. al., 2000). Linear and progressive
damage indices in Sabratha archaeological City is varied from (non-visible to
moderate "from 0 to 3") and from slight to moderate "from 2 to 3") respectively,
which alerts to the necessity and urgency of remediation and restoration intervention,
in order to protect the archaeological buildings of Sabratha City.

8- Conclusions

According to the chemical and biological weathering factors that led to the
deterioration of building stones of Sabratha archaeological City and based on the
previous discussion, we conclude the following: It has been found six (6) main and
nine (9) individual weathering forms were found to deteriorate the building stones of
the Ancient City of Sabratha somehow chemically, biochemically and biologically.
These were known as: a) Soiling, which involved two individual weathering forms
specifically: "soiling due to anthropogenic impact™ and "soiling by droppings”, b)
Biological colonization, which involved two individual weathering forms specifically:
"colonization by higher plants™ and " Microbiological colonization™. c) Biological
colonization to crust, which acted through an individual weathering form designated
as "microbiological colonization to dark-colored crust tracing the surface". d)
Discoloration or "Staining”, which performed through two individual weathering
forms namely: "bleaching™ and "coloration". e) Loose salt deposits, which performed
through an individual weathering form namely: “efflorescence”. f) Crust, which acted
through "light-colored crust tracing the surface" individual weathering form. The
damage degree of these weathered forms varied from non-visible to moderate with
degree of distribution varied from very-limited to widespread.

The linear and progradational weathering indices of this group of weathering showed
varied degrees of damage, which was from non-visible to moderate with increasing
effect away from sea coast and were widespread in such case alarming to the
necessity of building stone remediation and restitutions of the archaeological City of
Sabratha.
Acknowledgments

The authors of this research are very much grateful to the "Authority of Natural
Science Research and Technology" for the financial support they offered to this
research.

References

1. Earle, S., (2015). Physical Geology. Victoria, B.C.: BCcampus. Retrieved
from https://opentextbc.ca/ geology/

2. El Hinnawy & Cheshitev ,( 1975) Explanatory Booklet for geological map

of Libya(sheet Tripoli , industrial research centre. Libya.

3. Fitzner, B., Heinrichs, K. & La Bouchardiere, D., (2000). Damage index for
stone monuments, Proceedings of the 5" International Symposium on the
Conservation of Monuments in the Mediterranean Basin, Seville, 5-8.

4. Fitzner, B., Heinrichs, K., (2001). Damage diagnosis of stone monuments -
weathering forms, damage categories and damage indices. -In: Prikryl,R., Viles, H.A.
(eds.): Understanding and managing stone decay. - Proceedings of the International
Conference 'Stone weathering and atmospheric pollution network (Swapnet 2001).

5. Fitzner, B., Heinrichs, K., La Bouchanjiere, D., (2002). Limestone weathering
of historical monuments in Cairo, Egypt. -In: Siegesmund, S., Weiss, T., VolXbrecht,

http://tarbawej.elmergib.edu.ly 977



o~ 9= i) Alaa
/-\ Journal of Educational 1.63 (ooa) il Jalaa
L‘ ISSN: 2011- 421X 23 ol

Arcif Q3

A. (eds.): Natural stone, weathering phenomena, conservation strategies and case
studies. - Geological Society London, Special Publicationl, 205, 217-239.

6. Fitzner, B. and, Heinrichs, k, (2004). Photos, atlas of weathering forms on
stone monuments.

7. Gore, Pamela J. W., (2013). Weathering Archived at the Wayback Machine.
Georgia Perimeter College.

8. Heinrichs, K. & Fitzner, B., (1999). Comprehensive characterization and
rating of weathering state at monuments carved from bedrocks in Petra/Jordan —
weathering forms, damage categories and damage index, Annual of the Department of
Antiquities of Jordan, XLIII, pp. 321-351, Amman.

9. Ismail F. Shushan, Sadik B. Akhmyra, Haitham A. Minas., (2019a).
Evaluation of the physical weathering damages on building stone materials at the
Archaeological Site of Sabratha, Northwest Libya, Journal of Academic Researches,
No. (13), Jan-2019, The Libyan Academy of Misuratha, pp. 345-357.

10. Ismail F. Shushan, Sadik B. Akhmyra, Haitham A. Minas., (2019b). The
Detachment Physical Weathering Form Group Affecting Stone Building Materials At
The Archaeological Site of Sabratha, Northwest Libya, 2019. Journal Of Marine
Sciences & Environmental Technologies, Vol. 5, Issue No. 1, June-2019, (pages:E-
1:E-14).

11.  Jie Chen, Hans-Peter Blume, Lothar Beyer, (2000). Weathering of rocks
induced by lichen colonization — a review, 0341-8162r00r$ - see front matter q 2000
Elsevier Science B.V. All rights reserved.P1l: S0341- 8162 99 00085- 5

12.  John M. L. (2007). The Laws Field Guide to the Sierra Nevada, Sierra
Nevada of California, https://www?2.palomar.edu/users/warmstrong/pljan98b.htm.

13. Roger D. Finlay, Shahid Mahmood , Nicholas Rosenstock , Emile B. Bolou-Bi
, Stephan J. K::hler, Zaenab Fahad, Anna Rosling, Hokan Wallander, Salim Belyazid,
Kevin Bishop, and Bin Lian., (2019). Biological weathering and its consequences at
different spatial levels from nanoscale to global scale. Manuscript under review for
journal Biogeosciences Discuss., https://doi.org/10.5194/bg-2019-41c ,CC BY 4.0
License.

14, Rothert E. T., Eggers, J. Cassar, J. Ruedrich, B. Fitzner, & S. Siegesmund,
(2007). Stone properties and weathering induced by salt crystallization of Maltese
Globigerina Limestone. Geological Society, London, Special Publications, 271, 189—
198., 0305-.

15.  Siegesmund, S., Weiss, T. & Vollbrechr, A., (2002). Natural Stone,
Weathering Phenomena, Conservation Strategies and Case Studies. Geological
Society, London, Special Publications, 205, 1-7.

http://tarbawej.elmergib.edu.ly 978



http://facstaff.gpc.edu/~pgore/geology/geo101/weather.htm
https://web.archive.org/web/20130510224332/http:/facstaff.gpc.edu/~pgore/geology/geo101/weather.htm
https://en.wikipedia.org/wiki/Wayback_Machine
https://www2.palomar.edu/users/warmstrong/pljan98b.htm
https://doi.org/10.5194/bg-2019-41c

£

Journal of Educational

(5 9= i) Alaa
1.63 el Ll Jalze

ISSN: 2011- 421X 23 22l
Arcif Q3
o —edd!
dseiyall Eoll ol Caondl Olgis Oy
Manal Mohammed An optimal fuzzy zero point method for solving
1-10 . . 1
bilkour fuzzy transportation problem
Assessing the Adaptability of Students and Teachers
. in the Faculty of Arts at Alasmarya Islamic
11-24 MOhamli(:nSi?Sh" M. University to the Sudden Transition to Online 2
Teaching and Learning Processes during the COVID-
19 Pandemic
. Environmental study for Cyanobacteria Blooms
25-34 Dawi Muftah Ageel using Envisat data at the western coastal of Libya 3
35.53 Nuria Mohamed Hider Possible solutlpns to ensure data_protectlon in cloud 4
computing to avoid security problems
54-60 Gharsa Ali EImarash A printed book or an e-book? 5
Najla Mokhtar Student Preferences & Reasons
Jugd Olodw Liua . . - -
61-75 @ ‘“f;‘i];; . S &gz o0 (gl duolgdl @3lge pe (39 ASIYI pg sl
Sl dhas 436 iy Aoy Obwsd)l b &5 dbs 6
L Ll ds sles el dpeer O TR
Hamza A. Juma
Saif Allah M. Abgenah Designing an Autonomous Embedded System for
76-89 Mustafa Almahdi Algaet Temperature Monitoring and Warning in Medical 7
Munayr Mohammed Warehouses
Amir
90-101 | Tareg Abdusalam Elawaj prog g g gp 8
. An experimental study of computer departments
Milad Mohamed Alhwat : L
students at Elmergib University
Suad Mohamed
. Ramadan . Performance analysis of different anode materials of
Zainab Ahmed Dali g .
102-110 double chamber Microbial Fuel Cell technology 9
Ahlam Mohammad : :
. using different types of wastewater
Aljarray
Zenoba Saleh Shubar
Faiza Farag Aljaray . . .
111-116 Saad Belaid Ghidhan Evaluation of Hardness for Electroless Ni-P Coatings | 10
Saleh Meftah Albo_url Using Smartphone in Education: How Smartphone
117-128 Hadya S Hawedi . . : . 11
. has impacted in Education, A Review Paper
Mansur Ali Jaba
129-139 Ibrahim O, Sabri The Concept of Illegal Imr_nlgratlo_n and Its Causes in 12
North Africa Region
AS. Deeb Solution of a problem of linear plane elasticity in
140-151 | A S Gjam region between a circular boundary with slot by 13

boundary integrals

http://tarbawej.elmergib.edu.ly




£

§ 9= i) Alaa
Journal of Educational 1.63 ol il Jalas
ISSN: 2011- 421X 23 222l
Arcif Q3

Transforming TESOL Pedagogy: Navigation

152-173 | Musbah Ramadan Elkut . . 14
Emerging Technology and Innovative Process
] . I Dl (3 coudd] s Gl sl
174-192 sohsd ol Je @Il 1 Loy ol 15
, . 21 Gy Bole] Wls (3 walsadl dm> e Bl lsljis!
193-217 =8l e 4y Aalola)l o o 16
. Loyl Ll @il (3 WySly Dogalll drlg sVl
218-238 Sl 7o Bl (35051 &) omyall o 91 Gyt 17
R Aol Ololasy akae S (sgall sl e 0315 (2ol Lyl
239-256 gl doga) ugwe dgazxa S Godlas A 18
257-272 dua Olan) eelyl AW AT Lol Dlgy (§ 35S eudly] die (319,01 3l 19
273.279 B3ga>! s pualyl )l Dyl b glasll 3 (zxdliwd! Judoell -
dogoyl e opdlyl el plusuinl 381 e dadadal dulys
En!:g]aElll d||:n it]uégaga Petrography of Abushyba Formation columnar-
280-294 Salah El di.n Mg g jointed sandstones (Triassic-Jurassic) from Jabal 21
Elgarmadi ' Nafusa- Gharian, NW-Libya
995-307 Samera Albghil Multlm_odal dlscours_e analysis of variations in 99
Islamic dress code in Bo-Kaap, Cape Town
o QA (§ A (56 ladiddlg ddlyaaedl Gloglandl plad plusuil )
W Sl i addalliae | RGOS0 J el
308317 | T ﬁ@ﬁﬁ ;’0)*‘ - o] Bgun dilarey ddomall dadl e 08y (lyenll g0l | 23
e (Ld / uad)
318-331 el @Ol e Ol Ologlaoll 4ud5 sl dlaa)l wlodsdl gk "
) B9 Cyau dadle (35031 &ylaadl Olausel) gyt gudas )
332-338 Mahmoud Mohamed Hepatoprotective Potential of Propolis on 75
Howas Carbontetrachloride-Induced Hepatic Damages in Rats
339-352 u:.:m,w.” wbﬂ.&zm{gy ( sl &;ojgt—mmi—mw) 26
sl f\”b Joelo] args @ 0yl Jeladl peg Jelall slidl (§ dadl sly8)1 (M
353-371 T yone 5 ldn 3l sal 27
Syolall Wl ,alall Jlise @l el
379376 Jodas gl o el e Lyl Sbewdl jans (§ Gnathia sp. HLadl Sde e dulys ”
IS Olasy duas lud = el £ olgd (y B3Uasasll
. (! e g 0 880 J3-513) pdl S Olo)
- 2 | | M
317-392 S Gedix3g dunlys 21014 L 3 5l HWI e Sl 29
SUaYI 951 wad Coaldadl Ogue 78 § Gatlgall Jiad
393-421 @”L‘*' IS g (BJLGJQJ‘ uUSu.A ;34b3)| ub:ebig ¢loiiw 3’\) (»1009) 30
g duslyd
. L W| 5.\.7-3)\ g_Swua.O}L"gégLA L}JM @JL&_)\ GA[J)J
422-439 ddac M L= el gl £l 31
i Speaker recognition from speech using Gaussian
440-457 Hanan A. Algrbaa, mixture model (GMM) and (MFCC) 32
458-467 o Je plia Jhal die e &l pglall 3laiell d8Me 33

http://tarbawej.elmergib.edu.ly




£

Journal of Educational

(5 9= i) Alaa

ISSN: 2011- 421X
Arcif Q3

23 224l

1.63 el Ll Jalze

Ggddl solgdl Wl -0 plusiwl dojledl dduoladdl S¥olaald Gsuall J gl
468-476 S S : . 34
4dg) dexl ) duaSH|
) ) daled) )95 (e duingudl iloglas @las 3G
478-500 Syl Do ke ol o] s y1o] Ao giaelss danlys " 35
501-517 0955 ol s jguaie L)loY) ogalge s (§ duwoydall BVl (§ o)l Byl 36
) VBl QLS § Bgydall O § gl apslodd] Adall sl
518-533 oSl s 83518 ol 0l Gl s 37
L"SJSA dZe D gans Do (Jb1073) L.S)L;aj})\
Sxball e pasylliee Ovesailly oLl o sl B9,
548-559 | _suall eyl dae wualy] @S OLall (e LT e ddudas duslys 39
uall ko Sl "l A g duslys”
560-565 Ayda Saad Elagili An Application of "Kushare Transform" to Partial 40
Abdualah Ibrahim Sultan Differential Equations
566-598 &3] v o o u:yﬂ‘mn ‘;j;ﬁ? dise dtf - duys | 41
oehgel das Aabld petadl doye Slolass i tj;}”" e Az glyse dub
Ot
S ddloee (s
e ,"’%"“f"’*‘ Aolid! 839291 8y10) t50lee Gaabaiy dnylanid] Byl plUI (Suko
599-623 e (C8ya)l €58 gl Copan e duihbn duelya) 42
ulawi’l pdlie dawe : 02 Qsgell Span = Y
624-633 Abdulrhman Igneebir Determination of Some Physical and Chemical Parameters 43
Khaled Muftah Elsherif of Groundwater in Ashafyeen-Masallata Area
634-650 (545!}J| &33@0 ul.c Jdas C)L«J}” e L@,{oj\}(‘—j @lﬁ;}j\ ‘:K:J 44
Ll plasao S . .
651-671 il ! Ol AL Ol W 8Ll g dar gl didMeg uiasdl dadl | 45
672-700 £9SWl drax dabld el Gyl OWT 8392 las 46
daw (p e Oleo)|
dad> gl e Bkal dudll doylxddl CBylasl) Sl ela¥ 3 AW, bolseadl i
701-718 ) § T - g 47
Dl Ugxe yos (2011-2017)¢y
4l a9
i S Dl Hlgall B)lo) ruws (§ ddyanll Bylal J-Ide )90
719-730 Srss ol gua o] Saogal 48
Khaled Abdusalam B. A
Ema'r&llé/lh(;f(;?]rnmed Antimicrobial Activities of Methanol Extract of
731-739 . Peganum harmala Leaves and Seeds against Urinary | 49
Tasnim Adel Betro . .
. Tract Infection Bacteria
Amera Lutfi Kara
Mawada Almashloukh
740-750 e b 49 Aa3lgl) By 900 3 Aludl 500 50

Srball o bl

http://tarbawej.elmergib.edu.ly




£

§ 9= i) Alaa
Journal of Educational 1.63 ol il Jalas
ISSN: 2011- 421X 23 222l
Arcif Q3

Phytochemical, Heavy Metals and Antimicrobial

7o1-757 Afifa Milad Omeman Study of the Leaves of Amaranthus viridis >1
758-765 )l draz slawd )50 dis el dslgd 52
766-777 ol Whe uewe zy8 21969 — £1963 (olll sLaidYly Jaaill 53
M‘ ‘QM‘M)A.C £ R T et % o
778-789 o) Gl L, eIl i Uasdl Jial) dys o3 54
uge Olany duxe Py L1 3K 5 e s
790-804 o] elondl e I sl Al Jilwadl OUS (o Il dlied| diidlin 55
805-823 Olper Auxe ool duosid 599)l Wllama (e W (Sl gl el g dihain § 56
b3 yee dxlbo (5 4ud grac 45 e Jgaml] pudie Com)
824-856 eI s dus L) dousall 3o g qunid! Jasyall ! yan 57
356 s e b GOBIDl Bohuo glais delatl dnap Slass
857-871 G dgdey (zuall gladll e ddulas 45bas] duwlys sl (pusiy | 58
o o glhde Je : 2l
Mona A. Sauf
Fathi Shakurfow Isolation of Staphylococcus Aureus From Different
872-879 Sana Ali Soof Clinical Samples And Detects on Its Antibiotic 59
Abdel-kareem EI- Resistance
Basheer
Combined Method of Wavelet Regression with Local
880-885 Wafa Mohamed Alabeid Linear Quantile Regression in enhancing the 60
Omar Alamari Alshbaili performance of stock ending-prices in Financial
Time Series
059L ue W oL P
886-901 5 o] WS G ring Ganb Lgdde 0319 dulll gl an> 61
Amna Ali _Almashrg)_/ EFL Instructors' and Students' Attitudes towards
902-918 Hawa Faraj Al-Burrki Using PowerPoint Presentation in EFL Classrooms 62
Khadija Ali AlHebshi g
919-934 bead! Sl e Aol Aol 390l gBdle g Al duasadl Ol ks 63
Common English Pronunciation Difficulties
935-952 Samah Taleb Encountered by Third Year Students at the Faculty of | 64
Education- English Department- Elmergib University
. A Study on Bacterial Contamination of Libyan
953-958 Hassan M. Krima Currency in Al-Khoms, Libya 65
A New Application of Kushare Transform for
959-964 Jamal Hassn Frjani Solving Systems of Volterra Integral Equations and | 66
Systems of Volterra Integro-differential Equations
Ismail Elforjani Shushan | Study of chemical and biological weathering effects
965-978 Saddik Bashir Kamyra on building stones of the Ancient City of Sabratha, 67
Hitham A. Minas NW-Libya
: >V il 4 I 4y daslaiml B
979-991 Qs el s s G Floazdlial) Lol 48l deelarzd 63 68

Aol Olaodizzall

http://tarbawej.elmergib.edu.ly




=3

(9 |

Journal of Educational

(5 9= i) Alaa
1.63 el Ll Jalze
ISSN: 2011- 421X 23 saall

Arcif Q3

992-998

Ismael Abd-Elaziz

Molecularly imprinted polymer ( poly-pyrrole )
modified glassy carbon electrode on based

69

Fatma Kahel electrochemical sensor for the Sensitive Detection of
Pharmaceutical Drug Naproxen
I Olasy U
Gl o o Jardl o
999-1008 e o el e (S oysidl 5By 3 gdl sl 70
1009-1014 ) g}‘f” St 4,?05 Comparing Review between Wireless 1
8 pasl dox! Olag! Communication Technologies
1015-1024 Khairi Alarbi Zaglom The importance of Using Classroom Language in 79
Foad Ashur Elbakay Teaching English language as a Foreign Language
o s s e )y pobaisYl s (31 g calizall U5V
1025-1042 09,8 &) (2 By (5 Al Auily3) 73
. sl dgde (3 Adaalall A WYl Y|
1043-1052 | su st slod el dipee § Al Lgaall SLIN g JLiil e
1053-1067 | dbo vewl pdbo &y 5,51 850 3 &3l (s) Y Lam 75
. &S de dududad duslyd Sloglaoll plas Jadg mlxd Jalgs
1068-1085 |  duac! @ySldus Juslowsl sy g2 Aalall JA2S) 76
1086-1098 gl (S92 " Jalal) doledl Aol sl cedlly dslaxd Sle )" | 77
Seham Ibrahim abosoria
Fatheia Masood Alsharif L -
1099-1105 Abdussalam Ali Mousa The Error Correction in second language writing 78
Hamzah Ali Zagloum
. o bl Juamadl gddles Lullgh dolaodl Ll
1106-1128 Aibic GAS Oguro (o) dinor ol s LS il o s (5 79
Majdi Ibrahim Alashhb . . .
11261135 | Mohammed Alsunousi |  QUAIIy Of E-Leaming Learning Based on Student | g
Salem Mustafa Aldeep P y y
1136-1150 Ekram Gebril Khalil The Importance of Co_rrectlve Feedback in leaning a 81
Foreign Language
Dlyll Golgl 4 Dyl o9y &gl HLas) I 3 dxelazadl GBI Kb
1151-1164 Ol dzee (S99 - (25505 19 0ub inils) 82
S8l Obag) dagles s '
A comparative study of the effects of Rhazya stricta
1165-1175 | Salma Mohammad Abad | plant residue on Raphanus sativus plant at the age of | 83
15 and 30 days
1176-1191 | ol 4udll uzxe s uxe o i IS (y0 A 0)liaily (§ dapll i JIAeYl cabgs | 84

http://tarbawej.elmergib.edu.ly




