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Abstract

This study aims to examine the impact of natural hazards on morphology of two
Archaeological sites of Leptis Magna and Sabratha during period from 1980 to 2020 Leptis

Magna located in the eastern part of the Tripolitania region, on the Mediterranean coast at

the mouth of Wadi Lebda, approximately 3 km east of the city of Al-Khums and about 120

km east of the capital Tripoli. Meanwhile, Sabratha is situated in the western part of the

Tripolitania region on the Mediterranean coast, about 70 km from Tripoli.

Geographic Information Systems (GIS) were utilized to develop a database of the natural
hazards affecting both archaeological cities, using Arc Map 10.5 for mapping purposes.
The ABC risk analysis scale was employed to assess the severity of these hazards on
archaeological features, along with repeated field surveys to observe and document their
morphological impact, supported by photographic evidence.
Study vyielded several important findings. Leptis Magna and Sabratha are prominent
archaeological sites with significant historical value, having been established by the
Phoenicians in the 1st and2nd centuries BCE as trading posts. These cities later came under
the influence of various civilizations, most notably the Romans—who transformed them
into comprehensive urban centers—and the Byzantines, who fortified them with churches
and defensive walls, remnants of which still exist today. The natural geographical
characteristics of these sites initially contributed positively to their development and the
succession of civilizations. However, following their abandonment due to conflicts that

destroyed their defenses, both cities became increasingly vulnerable to natural hazards.

Study revealed that weathering—chemical, mechanical, and biological—has significantly
impacted the morphology of these sites. Using the ABC scale, mechanical weathering in
Leptis Magna was found to be the most severe, scoring 10 out of 15, primarily due to
susceptibility of limestone and calcareous rocks to flaking and disintegration. In Sabratha,
biological weathering was found to be the most severe, scoring 13 out of 15—a catastrophic
level—due to extensive growth of the Suaeda shrub, whose roots have penetrated
archaeological soils to depths exceeding one meter, causing structural cracks and
weakening the stones’ resistance to collapse.

Rain erosion also had a negative impact on the morphology of both cities. Leptis Magna was
affected by all three types of rain erosion: sheet erosion, rill erosion, and gully erosion—

the latter being the most dangerous. This was confirmed by the ABC scale, which scored

gully erosion at 12 out of 15, indicating a catastrophic level, particularly during rare but

destructive events such as the 1987-1988 floods of Wadi Lebda, which damaged eastern

and central monuments of city. In Sabratha, sheet erosion was identified as the most

hazardous, with a risk score of 10, largely due to city’s composition of friable, water-

soluble calcareous sandstone

Wind erosion also posed a significant threat to both cities. All wind erosion processes—
deflation, abrasion, and deposition—were present. In Leptis Magna, aeolian deposition
posed the highest risk (10 out of 15), due to sand accumulation from the northern coast and
Wadi Rasf in the southwest, as well as from the east at the mouth of Wadi Lebda. In



Sabratha, deflation was the most critical wind erosion process, also scoring 10, owing to
the vulnerability of city’s calcareous sandstone to wind-induced particle removal.

Coastal erosion has also endangered monuments adjacent to sea. The shoreline has retreated
by up to 37 meters in Sabratha from 1966 to 2022, with an annual average retreat of
approximately 0.5 meters. In Leptis Magna, the shoreline has receded by 26 meters, or
about 0.46 meters annually. This has resulted in the erosion of significant portions of
northern coastal monuments, including harbors, temples, squares, and baths.

Furthermore, both sites have suffered from pollution—including gaseous, solid waste, and
visual pollution. Air pollution, particularly from nearby oil and gas refineries, power plants,

and cement factories, has negatively affected the monuments. According to the ABC scale,

the pollution risk level in Leptis Magna reached 10.5 out of 15, categorizing it as the most

serious threat. In Sabratha, visual pollution was found to be the most significant, scoring

12.5 out of 15, due to dense growth of Suaeda shrubs obstructing visibility and distorting

the historical landscape.

study recommends collaborative efforts between geographers, geologists, archaeologists,
and architectural engineers to develop effective strategies for mitigating these risks. Such
efforts should be supported by policymakers and heritage conservation authorities to ensure
the highest level of protection for Libya’s tangible and intangible cultural heritage.

Keywords: Natural Hazards, Morphology, Archaeological Monuments, Geographic
Information Systems (GIS), ABC Risk Analysis Scale.
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