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Abstract 

Karst aquifers are unique hydrogeological environments that are characterized by 

their complex surface and groundwater drainage systems such as dolines, sinkholes, caves, 

springs, and karst lakes. The present paper aims to investigate the distribution pattern of 

karst features and analyze their associations with other geomorphological lineaments in 

two large karst areas of Libya, namely, Al-Jabal Al-Akhdar–Benghazi Plain, which is 

located in northeastern Libya, and Tripolitanian Pre-desert, which is located in 

northwestern Libya. The study used Sentinel-2 multispectral satellite imagery, normalized 

difference water index (NDWI), 12.5-m ALOS PALSAR digital elevation models (DEMs), 

and Geographic Information System to delineate karst landforms and analyze their 

relationships with lineament density. The study revealed several karst landforms, including 

dolines, sinkholes, closed depressions, caves, springs, and karst lakes. These karst 

landforms were delineated and extracted from the input data by using different thresholds. 

In addition, lineaments were extracted from the input imagery and analyzed for their 

density and water-related anomalies. Subsequently, thematic karst density maps were 

generated and compared to identify karst variability. The study showed that Al-Jabal Al-

Akhdar–Benghazi Plain has a more developed karst system, as demonstrated by the 

presence of well-developed doline fields, larger and deeper closed depressions, higher 

number of springs and karst lakes, and higher density of large-scale karst features. On the 

other hand, the Tripolitanian Pre-desert is generally more arid and contains a lower number 

of closed depressions, dolines, and caves. The study’s results also indicate that dolines are 

distributed according to the pattern of lineaments, suggesting that these features were 

formed as a result of carbonate rock dissolution through infiltration groundwater flow and 

enhanced by structural discontinuities. In addition, karst density analysis revealed local 

areas with high concentrations of karst features that may be prospective for groundwater 

exploration and sinkhole hazard assessment. Finally, the creation of an integrated 
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preliminary karst-susceptibility map revealed that the areas in northern Libya, particularly 

in Al-Jabal Al-Akhdar–Benghazi Plain and Tripolitanian Pre-desert, have higher levels of 

karst susceptibility due to the presence of carbonate rocks, lineaments, associated 

groundwater features, and karst landforms. Overall, the present study demonstrated that 

the analysis of satellite imagery, combined with 12.5-m ALOS PALSAR DEDMs, NDWI, 

and GIS analysis can be useful in delineating karst-susceptible areas and assessing 

groundwater potential and sinkhole hazards in Libya. 

Keywords: Remote Sensing, GIS, Karst Landforms, Al-Jabal Al-Akhdar–Benghazi Plain, 

Tripolitanian Pre-desert, Libya. 

 

تقييم تطور التضاريس الكارستية في ليبيا باستخدام الاستشعار عن بعُد ونظم المعلومات الجغرافية: أدلة من منطقة  

 سهل بنغازي ومنطقة ما قبل الصحراء في طرابلس-الجبل الأخضر

 

 3، مصطفى بن حكومة2، كمال أبراهيم المهدي2، فراس خميس محمد 2، صالح علي محمد1أسامة رحيل الشلطامي 

 
 قسم علوم الأرض، كلية العلوم، جامعة بنغازي، ليبيا 1

 قسم علوم الأرض، كلية العلوم، جامعة عمر المختار، ليبيا 2
 مركز أبحاث التنمية المستدامة، أوباري، ليبيا 3

 الملخص

تعُد خزانات المياه الجوفية الكارستتتتتية بيهات هيدروجيولوجية فرتدم تتميز بةنتمة تصتتتترتل معادم للمياه الستتتتطحية 

، والفجوات الانهتداميتة، والكهو ، والينتابيو، والبحيرات ل معتالم ملتل المنخفتتتتتات الكتارستتتتتيتةوالجوفيتة، وتشتتتتمت 

الكارستتتيةت تهد  ه ه الورقة البحلية ىلى اراستتة نمز توزتو المعالم الكارستتتية وتحليل ارتباباتها بالستتمات الخطية  

ل الجيومورفولوجية الأخرى في منطاتين كارستتتيتين كبيرتين في ليبيام منطاة الجبل الأختتتر وستتهل بنغازي   تتما

الأقمار الصتناعية   تر  ليبيا،، ومنطاة ما قبل الصتحراف في برابلس   تمال  ري ليبيا،ت استتخدمد الدراستة صتور  

، ونتم المعلومتات الجغرافيتة  5ت12، ونمتاج  الارتفتاا الرقميتة بتدقتة متعتدام الأبيتا ، ومر تتتتر الفر  المعيتاري للميتاه

افة الستتمات الخطيةت كشتتفد الدراستتة عن وجوا عدم أ تتكال لتحدتد أ تتكال التتتتارتس الكارستتتية وتحليل عبقتها بكل

تتتارتستية كارستتية،  تملد المنخفتتات الكارستتية، والفجوات الانهدامية، والمنخفتتات المغلاة، والكهو ، والينابيو،  

لفةت والبحيرات الكارستتية  حي  تم تحدتد ه ه المعالم واستتخبصتها من البيانات المدخلة باستتخدام عتبات تصتنيل مخت

وبالإضتتافة ىلى جل ، استتتخُلصتتد الستتمات الخطية من الصتتور وحُللد من حي  الكلافة والشتت وجات المرتبطة بالمياهت 

وعاب جل ، أعُدت خرائز موضتتتوعية لكلافة التواهر الكارستتتتية وقورند ببعتتتتها لتحدتد التباتن في الخصتتتائ   

غازي تتمتو بنتام كارستتتي أكلر تطورا ، وهو ما الكارستتتيةت وأرهرت الدراستتة أط منطاة الجبل الأختتتر وستتهل بن

تتتتتح من وجوا حاول واستتعة ومتطورم من المنخفتتتات الكارستتتية، ومنخفتتتات مغلاة أكبر مستتاحة  وأكلر عماا ، 

وعدا أكبر من الينابيو والبحيرات الكارستتية، وكلافة أعلى للمعالم الكارستتية واستعة النطا ت وفي الماابل، تتستم منطاة 

ل الصتتتتحراف في برابلس بترو  أكلر جفتافتا  بشتتتتكتل عتام، وتحتوي على أعتداا أقتل من المنخفتتتتتات المغلاتة  متا قبت 

والمنخفتتات الكارستتية والكهو ت كما تشتير النتائل ىلى أط توزتو المنخفتتات الكارستتية تتبو نمز الستمات الخطية،  

عل تدفق المياه الجوفية المتستتربة، وهو ما تعزز  مما توحي بةط ه ه المعالم تشتتكلد نتيجة جوباط الصتتخور الكربونية بف

بوجوا الاناطاعات البنيوتةت وعبوم على جل ، كشتتتل تحليل كلافة التواهر الكارستتتتية عن وجوا منابق محلية جات 

تركيزات عتاليتة من المعتالم الكتارستتتتتيتة، والتي قتد تكوط واعتدم لاستتتتتكشتتتتا  الميتاه الجوفيتة وتاييم مختابر الفجوات 

ةت وأخيرا ، كشتل ىعداا خرتطة أولية متكاملة لاابلية التتتارتس الكارستتية للتشتكل عن أط المنابق الواقعة في الانهدامي

تتمتو بمستتوتات    -ولا ستيما منطاة الجبل الأختتر وستهل بنغازي ومنطاة ما قبل الصتحراف في برابلس  - تمال ليبيا  

، وستتتتمتات ميتاه جوفيتة خطوب بنيوتةور كربوناتيتة، وأعلى من الاتابليتة للتكوط الكتارستتتتتي  وجل  نترا  لوجوا صتتتتخ



Remote Sensing and GIS-Based Assessment of Karst Development in Libya: Evidence from the Al-Jabal 

Al-Akhdar–Benghazi Plain and Tripolitanian Pre-desert 

 

2312 
 

ماترنا   -مرتبطة بها، وتتتتارتس كارستتتيةت وبشتتكل عام، ألبتد الدراستتة الحالية أط تحليل صتتور الأقمار الصتتناعية 

، ومر تتتتر الميتاه ، وتانيتات نتم مترا  المستتتتتمتدم من الامر الصتتتتنتاعي  5ت12ببيتانتات نمتاج  الارتفتاا الرقميتة  بتدقتة  

تعُد أاام مفيدم لتحدتد المنابق الاابلة للتكوط الكارستتي، وتاييم ىمكانات المياه الجوفية ومخابر   -المعلومات الجغرافية  

 الحفر الانهدامية  في ليبيات

ستتهل -، التتتتارتس الكارستتتية، الجبل الأختتترن بعُد، نتم المعلومات الجغرافيةالاستتتشتتعار ع  الكلمات المفتاحية:

 بنغازي، منطاة ما قبل الصحراف في برابلس، ليبيات

 

1. Introduction 

Karst landscapes are characterized by a variety of unique surface and subsurface 

features that arise from the breakdown of soluble rocks including gypsum, marble, and 

limestone. The existence of subterranean drainage systems, where water can flow quickly 

thru interconnected conduits, is one of the most significant features of karst settings. Karst 

aquifers can therefore supply significant amounts of water, but their quick groundwater 

movement also makes them especially prone to contamination (Dussart-Baptista et al., 

2003; Einsiedl, 2005; Bonacci and Roje-Bonacci, 2008; Cooper et al., 2011; Zajc et al., 

2014; Bin et al., 2017; Zhao et al., 2020; Luo et al., 2023; Jiang et al., 2026). Contrarily, 

siliceous karst forms in rocks that are often far less soluble than those linked to 

conventional karst. However, processes like chemical dissolution can create distinctive 

structures like sinkholes, caves, and leftover rock towers over extended weathering times. 

The mineral makeup of the bedrock, the presence of acidic organic compounds in 

precipitation, heavy rainfall, and extended weathering all have an impact on the formation 

of siliceous karst. When combined, these processes can accelerate the siliceous rocks' 

ordinarily sluggish breakdown and eventually create landscapes that resemble karst 

(Piccini, 1995; Vaqueiro-Rodríguez, 2004; Vasconcelos et al., 2013; Hardt et al., 2022). 

 

Fig. 1 represents the karst system as a connected surface and ground water drainage 

system. The source of the recharge is rainfall which infiltrates the ground and becomes 

groundwater. This process consists of the dissolution of carbonate rocks by water 

infiltrating through the ground and dissolving existing fractures and planes, which are later 

expanded by the same process. The natural formations of the area such as fractures and 

bedding planes dictate the flow of groundwater, which later can form interconnected 

passages and caves. The further dissolution can cause sinkholes and cave collapses while 

the groundwater flows towards the coastal discharge points. Groundwater circulation and 

karst development are closely related, as Fig. 1 illustrates. The original groundwater 

circulation paths are governed by the geological structure, and water-rock interactions 

progressively alter and expand these pathways thru disintegration. The ensuing network of 

caverns, conduits, and fissures eventually takes over as the primary groundwater flow 

route. In the end, this ongoing interaction between water and bedrock creates a highly 

interconnected aquifer system that can supply significant groundwater resources but is still 

susceptible to contamination and other environmental stresses, especially in areas where 
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groundwater is quickly moved from recharge areas to coastal discharge zones. The Libyan 

karst has been the subject of numerous investigations (Hunt et al., 1985; El Amawy et al., 

2010; Ajazzwe and Ashahomi, 2018; Al Shible, 2019; Abousaif et al., 2022; Zafir et al., 

2025; Shaltami et al., 2025; Al Faitouri et al., 2026). 

 

Fig. 2 demonstrates that the Libyan karst is not evenly spread. Where carbonate 

rocks are exposed or found close to the surface, the primary karst zones are located. There 

are six main regions: (1) Tripolitanian Pre-desert Karst Region (northwestern Libya); (2) 

Al-Jabal Al-Akhdar–Benghazi Plain Karst Region (northeastern Libya); (3) Jebel Nafusah 

Karst Region (northwestern interior); (4) Cyrenaica Interior Karst Province (eastern 

Libya); (5) Murzuq Basin Karst Region (southwestern Libya); and (6) Kufra Karst Plateau 

(southeastern Libya). Thus, it can be concluded that the northern part of Libya is dominated 

by carbonate sediments, which leads to the development of karst processes. Moreover, the 

recharge of groundwater is higher in this region, resulting in the formation of extensive 

karst areas. In contrast, carbonate sediments are sparse in the southern part of the country, 

leading to the development of only a few local karst regions. 

 

 
Fig. 1: Conceptual model showing relationships among rainfall, carbonate dissolution, 

fractures, caves, groundwater flow, sinkholes, and coastal discharge. 

2. Objective 

 The aim of this study is to detect and characterize karst landforms in the Al-Jabal 

Al-Akhdar–Benghazi Plain Karst and Tripolitanian Pre-desert Karst regions using satellite 

images, digital elevation models (DEMs), and GIS-based spatial analysis. The obtained 
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knowledge can be used to delineate karst regions with a high risk of specific hazards related 

to the development of karst processes. More precisely, the research seeks to: (1) Inventory 

dolines, sinkholes, closed depressions, karst lakes, springs, and caves; (2) Analyze the 

relationships between karst forms and the amount of moisture, drainage ways, topography, 

and geological structures; (3) Identify faults and lineaments that could be the control factors 

of groundwater movements and karst development; (4) Determine zones with a large 

number of karst forms; (5) Combine geological, geomorphological, hydrological, 

structural, and remote sensing data to create a preliminary karst susceptibility map for 

Libya; and (6) Provide a basis for groundwater exploration, assessing karst hazards, 

managing ecological systems, and developing infrastructure projects. 

 

 
Fig. 2: Location and geological framework of major karst regions in Libya. 

 

3. Methodology 

The study analyzed karst landscapes using Sentinel-2 satellite imagery, the 

normalized difference water index (NDWI), digital elevation models (DEM), and 

geographical information systems (GIS). Sentinel-2 imagery was utilized to identify 

dolines, sinkholes, springs, and karst lakes by applying a false-color composite. The NDWI 

method highlighted water contents and water-related hazards. A 12.5m ALOS PALSAR 

DEM was employed to examine lineaments and closed depressions using a hillshade 

model. The identified dolines, sinkholes, caves, springs, and lakes were compiled into a 

GIS karst-geometry inventory, revealing karst feature hotspots. A tentative karst-
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susceptibility map was developed by integrating geological, structural, topographical, 

hydrological, and karst-geomorphological information. 

4. Results and Discussions 

Fig. 3 shows that the regional pattern of karst development is different in two study 

areas. In Al-Jabal Al-Akhdar-Benghazi Plain, doline fields, sinkholes, springs, and karst 

lakes are more numerous, interconnected, and intensive, which indicates a more advanced 

stage of karst development or better regional infiltration and circulation of groundwater. 

Meanwhile, the study area of Tripolitanian Pre-desert is featured by an extended 

occurrence of dolines and sinkholes, yet they are poorly grouped, which is probably related 

to local dryness. Thus, in both cases, the karst development is manifested in the presence 

of carbonate rocks and their dissolution; however, the structural pattern of individual 

dolines and sinkholes is different, and this is associated with differences in the movement 

and circulation of groundwater. Thus, the analysis using the multi-spectral satellite imagery 

can provide the necessary information about the potential karst occurrences in Libya, and 

Sentinel-2 can be used for such identification and mapping purposes successfully. 

 

The Al-Jabal Al-Akhdar–Benghazi Plain is characterized by more prominent and 

connected doline fields, sinkholes, springs, and karst lakes, compared to the Tripolitanian 

Pre-desert (Fig. 4). This suggests the existence of a more developed and integrated karst 

system in the former region. Meanwhile, the latter region exhibits a greater number of 

isolated dolines and sinkholes, which may be related to the area’s arid climate. In both 

cases, the observed circular depressions suggest the prevalence of carbonate dissolution 

processes and the influence of groundwater activities on the development of karst 

topography. Thus, the study concluded that the Sentinel-2 satellite imagery can effectively 

support regional identification and delineation of karst landforms in Libya. 
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Fig. 3: Sentinel-2 false-color image showing representative dolines and sinkholes in the 

Al-Jabal Al-Akhdar–Benghazi Plain Region (a); and the Tripolitanian Pre-desert Region 

(b). 
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Fig. 4: NDWI/moisture-anomaly map highlighting karst lakes, springs, and water-related 

depressions in the Al-Jabal Al-Akhdar–Benghazi Plain Region (a); and the Tripolitanian 

Pre-desert Region (b). 

 

Fig. 5 clearly shows that lineaments play an essential role in the distribution and 

development of dolines in Libya’s two karst regions. Dolines are distributed either along, 

near, or at the intersection of major structural trends, probably because of the augmented 

fracturing that promotes water infiltration, as well as the enhanced flow of ground and 

fracture waters and carbonate dissolution processes. The higher density of large dolines 

observed in Al-Jabal Al-Akhdar compared to the Tripolitanian Pre-desert indicates a more 

intensive development of karst there. Using the DEM-based closed depression analysis is 
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a great way to identify potential doline and sinkhole occurrences (Fig. 6). It can be seen 

that Al-Jabal Al-Akhdar has more widespread large and deep depressions within the 

limestone belt compared to the Tripolitanian Pre-desert. This suggests that Al Jabal Al 

Akhdar possesses more developed karst landscapes. In turn, the latter area contains more 

chaotic doline clusters occurring in association with seasonal water accumulations. It can 

be concluded that overall, the topographical properties of the region, along with carbonate 

dissolution, groundwater circulation, and structural geology, influence closed depression 

development patterns in the given area. The identified features must be considered 

sinkholes and dolines that require further field investigation. The two regions are clearly 

different, as seen by the karst-feature inventory (Fig. 7). Al Jabal Al Akhdar–Benghazi 

Plain has a well-developed and mature karst system with a large number of dolines, several 

giant depressions, caves, springs, and karst lakes. In contrast, the karst system in the 

Tripolitanian Pre-desert is less developed and has more isolated dolines, sinkholes, caves, 

and seasonal water-related features. In both areas, the spatial association of dolines with 

caves, springs, and/or depressions suggests the presence of an integrated surface–

subsurface karst system. This system is controlled by a network of fractures and solution 

openings that allow water to infiltrate the bedrock and form caves, springs, and large 

depressions such as dolines and giant sinkholes. 

 

The density maps (Fig. 8) indicate that the karst development in both study areas 

was uneven. While Al-Jabal Al-Akhdar–Benghazi Plain shows moderately wide and 

strongly connected areas of high density, implying a more developed karst, the 

Tripolitanian Pre-desert appears to be dominated by isolated areas of high density and 

doline fields. The zones of highest density can be outlined as karst-prone areas where the 

density of dolines, sinkholes, caves, springs, and closed depressions are presumably the 

highest. Thus these zones should be prioritized in groundwater potential assessment 

studies, as well as sinkhole hazard analyses, with consideration of the density distribution, 

geology, lineament patterns, hydrology, and fieldwork results. 
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Fig. 5: DEM hillshade with extracted lineaments and mapped dolines in the Al-Jabal Al-

Akhdar–Benghazi Plain Region (a); and the Tripolitanian Pre-desert Region (b). 
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Fig. 6: DEM-derived closed-depression map showing potential sinkhole and doline 

locations dolines in the Al-Jabal Al-Akhdar–Benghazi Plain Region (a); and the 

Tripolitanian Pre-desert Region (b). 
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Fig. 7: Karst-feature inventory map showing dolines, sinkholes, caves, springs, and karst 

lakes in the Al-Jabal Al-Akhdar–Benghazi Plain Region (a); and the Tripolitanian Pre-

desert Region (b). 
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Fig. 8: Karst-feature density map of the Al-Jabal Al-Akhdar–Benghazi Plain Region (a); 

and the Tripolitanian Pre-desert Region (b). 
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The tentative karst-susceptibility map (Fig. 9) reveals a substantial variation in the 

potential for developing carbonate rocks across Libya. Localities with very high, high, 

moderate, low, and very low susceptibility account for most of the country. The highest 

karst susceptibility values (red, orange, and yellow colors) are observed mainly in 

northwestern Libya, in the Al Jabal al Akhdar-Benghazi Plain, and the Tripolitanian Pre-

desert, with the presence of carbonate rocks, lineaments, geomorphological depressions, 

groundwaters, dolines, and sinkholes. Thus, this area has the highest potential for 

developing dolines, sinkholes, caves, springs, grottoes, underground drainage, and karst 

lakes. The central, southern parts of Libya, the Sahara Plateau, and the Libyan Desert are 

characterized by moderate, low, and very low karst susceptibility. Only several localities 

in the southern and southwestern parts of the country have high, very high, and extreme 

karst susceptibility. Although the Sahara plateau and the Libyan Desert are poorly suited 

for carbonate rocks development, karst may appear there due to the presence of carbonate 

rocks, groundwater, and specific structural discontinuities. It may lead to the formation of 

caves, grottoes, sinkholes, and dolines. 

 

 
Fig. 9: Preliminary karst-susceptibility map of Libya. 

5. Conclusions and Recommendations 

This study proves that remote sensing, DEM, and GIS are accurate and effective 

tools for identifying and analyzing karst landforms in Libya. Using Sentinel-2, NDWI, 

ALOS PALSAR, DEM data, lineaments, and existing information about geological and 

karst features enabled us to estimate the areal distribution of dolines, sinkholes, closed 

depressions, caves, springs, and karst lakes. In particular, the two regions differ 
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significantly in several aspects. The Al-Jabal Al-Akhdar–Benghazi Plain has a more 

developed and complex karst system than the Tripolitanian Pre-desert because it has more 

numerous and interconnected doline fields, large closed depressions, caves, springs, and 

karst lakes. This complexity and interrelation imply a more substantial groundwater system 

and carbonate dissolution in this region. On the other hand, the Tripolitanian Pre-desert has 

a significant number of dolines, sinkholes, closed depressions, caves, springs, and karst 

lakes that are poorly interconnected and sometimes grouped in larger clusters. Seasonal 

water accumulation and moisture are also typical for this area. This difference can be 

explained by the fact that the Tripolitanian Pre-desert is a drier region, so its karst features 

are more isolated and local. The association of karst features with lineaments is also crucial: 

many doline fields are related to one or more of these structural disturbances. It can be 

explained by the fact that they control the pattern of fracturing and, thus, the flow of 

groundwaters and water circulation processes that lead to carbonate rock dissolution. This 

hypothesis is supported by the closed-depression analysis that also highlights the 

importance of local topography, carbonate rock dissolution, groundwater flow, and 

structural geology in doline and sinkhole development. All the identified areas with closed 

depressions should be considered potential karst features that require further ground survey 

and analysis. The karst-feature density is another crucial indicator of the regional analysis. 

It implies that the Al-Jabal Al-Akhdar–Benghazi Plain has larger karst areas that are more 

complex and interconnected, while the Tripolitanian Pre-desert has some highly dense, 

isolated regions. Such sites are also valuable and should be explored in detail. Using the 

developed density analysis, it is possible to identify prospective areas with complex 

groundwater systems, caves, dolines, sinkholes, closed depressions, and springs. On the 

country scale, most of the karst susceptibility areas are located in the north of the country, 

while the central and southern parts have only a few isolated karst features. Local 

accumulations of potential dolines, sinkholes, caves, and springs in the center and south of 

the country are also possible, but they are not as significant as in the north. In general, this 

study proved that remote sensing and GIS methods can contribute to the accurate 

identification and analysis of karst features in Libya. 

 

Here are some of the recommendations based on the performed research: 

(1) It is recommended to make field checks of identified positive holes and depressions 

found in the DEM to differentiate sinkholes from other types of depressions. 

(2) It is necessary to perform geological and structural investigations in high-density and 

high-susceptibility zones to identify the relationships between carbonate rocks, faults, 

fractures, lineaments, and karst development. 

(3) Groundwater investigations should be focused on high-density karst zones. It is 

recommended to start with the areas where dolines, springs, karst lakes, closed depressions, 

and lineaments are associated. 
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(4) Sinkhole-hazard assessments should be considered in the development of 

infrastructure, land-use planning, and management in large dolines, deep closed 

depressions, sinkhole clusters, and highly susceptible regions with significant karst cover. 

This factor should be taken into account for the sustainable use of this ecosystem. 

(5) There is a need to consider seasonal variations for mapping water-related features in 

the karst landscape of the Tripolitanian Pre-desert. Such information will help understand 

the hydrological regime of the area by monitoring the dynamic changes in spring outcrops, 

seasonal lakes, and seasonal depressions. 

(6) It is recommended to use higher-resolution remote sensing data for future studies 

focused on the detailed inventory of small dolines, sinkholes, fractures, and other 

geomorphological features. 

(7) It is necessary to expand hydrogeological investigations in major karst areas and study 

fractured and karstified carbonate rocks to understand the groundwater recharge 

mechanisms and flow regimes in these regions. 

(8) The identified national-scale susceptibility map should be considered a screening-level 

assessment tool only and should not be used as a primary hazard assessment guide at the 

national level. Different karst areas require more detailed geological, hydrological, 

geotechnical, and field investigations to evaluate their potential for detailed hazard 

assessments related to sinkholes. Thus, the susceptibility map should be used as a regional-

level guide to prioritize areas for further detailed analysis. 

(9) The karst areas identified as highly susceptible to sinkholes should be considered when 

developing sustainable water resources management plans, environmental protection 

strategies, infrastructure construction, and sinkhole hazard assessments, especially in 

northern Libya. 
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